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r. ${TROUTJCTIOilI

As a leadlrg deepurser operator in Sre G.rlf of Mexicc, BP has faced and found
scluttans ts nffir€ruls techrx$ogic# clnllerges posed by the deepnmter enylrqrnent-
Orn such challerqe is that of increasirg$ tinr+conwming, cosS subeea Sc\ilorlt
preventer (BOP) tests.

A 2003 Bp $tudy shotred the hQh-preseure s.txrt-in periods of zubsea SOP tests, wfrkh
must hoH tlle req{red press{re$ for 5 minutes, can take an hour or more for pressures
to stabilize acceg*ly- Thiq comt*red with Str stacks and drill sbinge requiring 1? or
more separate pre$sute lests, contributee tr prolonged delays of *ittirg aclivity durng
each periodc {lypically every 14 days} se* of BOP equipment tests.

The 2003 sttfify linked $e cause of lengtfry BOF tesr {mes to operations at grreater
uater deShs u,tlete fieilrd effsts are particufarly an{&nt rlvhen synthetic base drillirg
fluids are used. lle studi proposed that ccmg*a aidd analysis of shut-in presstlre
behavisr could gnedfy sped lhe interpretation d subea BOP tests- BP launched a
prqecl called.Digital BOP Tes$rE" in 2084 to develop a reliabte, tirne-saving computv

I 
iuola rnarrooforlnterpretirg s**a Bopte$ts. 

' ff' srr*-rqvilrs kvl*Plr

I
I BF subsequently develryed and *unrugl*y evaluated Digitial BOP Testing softumre,
I concludirq Se ssftware is accurate, relia$e arxJ capabh of reducing subsea BOP tmt
I tines S about 75%. The drirect vatue of this tinre sevings is es*imded at $3-4 million
I f annuaff per foating dn&irg ryration. Add€d berefib inc{ude reduced exposure of
I f personnel to pressurized lines, redred rirrear and tear m BOP equiprnent and quicker

| 
- resumption cf drlllirq operations while nretocean condillons ae favorable.

I gP advised MittS in July 2ffi of a proposed approach to irndernentation ol Dgitaf BOPI
I Testing in deepivater Gu:f of idexico drillirg opera{ions. BF presentd to Mt{S in March
| 2007 the drafi of a Naat Technology Aplaatiwr fur Dlgitaf SOP TeelirE. MMS response

I 
was faw*abb and led ta focu$ on the de{ails of implernenktion

I SP has enhanced {ts Drgital BOP Testirq softrrare to i"v$ler ard implementation, andI

I further delailed rts proposed approach to inphmentation. Ttcse are elaboratect lrt flns
I rr*ty revised l'lewTechnolcgyAppficalion for Digital BOP Te$ing

I
I *. cuRRExrsuBsEAEop rrsnfigFRAcrcE
I
I A lnerprctaSon wifh ChartR:csrdrr,:r
I Cunent subsea BQP testirg praclice {in U"S. and generally worftiride} is to visrr
I shut-in test pr€sures on circular chart recorders and wait unlil a 5..minute pericd
I of reasonably stade press{,res is obtdred tsee flg. 1}. The reaonably stable
I presstres must he grealer tlnn or eqtalto the required test pressure so, to allor
I fu ternpeeature-related pres ure declines, tesils are hitided well in srcess of
I required pres$rres. A 5-min$e period of reasulab$ siat*e pressues is required
I as proof af nonJeahrE tesls since, absefit additional analysis. tte periods of

avertly declintng sfittt-in Sre$$fiee cat"dd be indrcative of haks iR lile slstems.
I
I 
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S ,p'{.ror"#ffi*H;ffi

is;-i;ffiffi J3}*ff#?nil$Tdffi ffi ''S*'hI#IJ-1SL#ff*T

a ffi:;l;*H#$T""',fl;:;#":'",il,9:3'Lill*
- the pressure tsace begins to aryar steaq once pressure decline rates dimiaish

to the range -zt tc -3 psirYnin, makirq thi* fle as-practiced limit of circdar chart
resolutim. Given the sut{ective nature of visuat chart interpretation, tests are
scrnelimes stapped at greater or lesser pr*ttJre decline rates. We cansider -3
psi/min as representative of a hgh stardard of currmt lesting practice and
desgnak the presxrre at which fiis occurs as A ar the "pre$sure at
stiabilizaiisn..

B. Prrssuc BehaviorD$ring $ubsca BOP TrsE
lrdividual subsea gOP lests can require up*ards of an hour for gessures ta
stabilize *ceptabS. In the er€mple of Fig. 3, I Hpe rarn tests averaged $3.5
mfru$es each. 4 anoular preventer tests arreraged 16.9 minutes srh and the
tdal shtit-in tirne was 8.25 hcurs. The frkal comhred shutin time wouH be 1.0
hour girren tte U"S. Mirnrds lvbnagement $ervice th{|l{S} requirenTent trat each
of lhe 1? tests must hdd lhe requircd pre$ure tor 5 minutes, In this e:tamp{€ an
excess of t-25 hours wm experded waitir€ fcr presswes to st*,iliee.

.At curent sprexl raies, the value af that tinm appromim $250K and in the
course of ayear *ceeds $4 rnitlion oer floating drilting rig^

bS Fo{s$iffi g Fbo*riiiql hrg. F6ge ,{ of 45
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lftr r?s ttG] l&*t is.F,Eril: tam {rs .gF ff .G,F sts Olw,grm {*s *s. s$0 6;s tsfi rls

fb. 2 - A tfl$cd Jcrie* of subsffi BOp MF spilruiI|0 dout l{ ilsuru of sla0ssd tir*e. 3ome kigh-
fesrsre $st3 last ao hoilr or hr'er,

Pressure *cfirns of nonJeaking tests are dtrihded tCI cooliftg of tle ffuids in the
gressurized system {see FQ.3):

. Surfme-tetrperak*e flui6 are pumped fromthe eefilefiirE unit into the kill
andfor chake linds) to apply elevated pres$.,re to the subsea $OP
cornponents berq tested. TtE6e flurds arerryanner than their sunoundirgs.

r Fluids alrea$y in the hll an#or choke lirc{s} conpress as additional fluids
are prmped-in. These ffuids ara displad deeper to cooler surroundings.

Fluds tn the killandlor choke lin{s} undergp an intemd eneryry rise wfrn
they are cailnpressed. This heat of cornpres$ion causes a sligfrt elevation
of fluid ternperatures tlvor*Shq;t the syslem.

Oumg stut-in pertods the pressurized frdds in the till anffor ch*e finets)
cool as lhev lose heat to ttpir sunwndings,

Shut-i* test pressures decline as the te*tirq fluids cml. The rde of
Ffessufe dectine i* frutest in{tially when ths temperature difiwences {*T}
betv{een f[rids and sunourdirgs are greatest ard *ows as dT becanres
hss.

bg Asbrsf,ion * Prq&tftrr lr$. PcgB 5 of {5
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III. DIGITAI. BCP TT$T}IG*IFITS POIEilTTAL BENEFITS

Digi,tal BOF Testing offer$ a rnears to $ubstantially redwe the shut-in tlme needed to
conecUy interyret subsea BOP teste. The lerm'digitial. reters to:

r Test data ar€ tectrdd bry a corpder.

r A cwrqxrter analyzes the pressure decti*e,

r A eonuruter forecasts if $te tesl is positiv* or negative.

r A con{xrter gfifierates a sunfirary bst reFtrt.

Given regulatory appwal and a cornp*er-aided $orecastirE rmtbod that can be applied
safuly, a,curately ard reli&ly, the envisioned ber$ts sf Digilal BOP Testing include:

. Correctly inte$retisrg test* ffiore efficisrtU.

r Applied repeated$, sflnE ca. SS hours of crttical pa$| rlg time per tesl irderval
{$pically anery 14 @s}"

r S*irE ca. $$-4 n*llion ddlars annudly per fioatirg driflirrg operation.

r Interpreting tests in a cssistent, oQective rnanner.

r Reducirq personnd et$o6urs to hi$h Feg€{rre durirq subea BOP and surface
rnanifdd testing.

r Reduci'rg wear ard tear on BOF csnponer** and prnp$ng eqtripnrent.

. Makitlg nse efficient us€ of metocean condition* wfrile favoraHe for drilling"

bf WiopeFrqdrclilriln$. FqBTrf dS
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A corp#r Eretr,€s Pwnp Rane, Rnntr
\ro*xne ard Ftrry He*nre rtati rlufig
snneeaBOPtests.

Tl€ start da slr|t-ln EEI Fniod h
ffi6cted-

Tre fiIt{r prcs$re ftffiie trg|r, b
ilatY'zeft bf s*reral mh'ks"

the cocF0rerfis a rrxtsl b$e Fre$$fe
fem"

Tbe rn0[Fl nr€c# fie ms stp
Fr€s$redecf|e |or pf*tad stablr
pmsffe.

necocg#rlxlhdes f fte pErftbd
s staHepres$sehffietrbemrr|e

re$*ed *stpres$re-

Iu Digital FOF Tmfing$[orfdrm
BP deudo'ped a Digitat BOP Testlng Agori$rn b ena$e real tirne intergetatien of
sub€ea blcwwt pre\Enter tests. Tte dguithrn t*kes great carc tc 6lain accurate
pressure for*asts. An appropride mathematicd fumtbn with good predictive
capab*fity is fit tc tl€ oberred pressure data, lhe precsure bend is extrapolated and
a stnngent tes* is applied to cileclr for cmfi&nc* in the pressure {orecast.

Figrrc fi depicts the E-$epdEntaf algorithm.

ffi

\
i

ft
i"J

Fie. 5. Tbf Otigital BOP Tott$nf algorihm concFrisri rix {tefi.

Purnp rate, vdurne pumped and purnp pressure data are received in ca. 1-secsrd
interyals. TfFt€ rnea$ur€rn€fits are typically made at eementing units by cementirq
services prwiders- The end of purnpng and @innirq cf shut-in test periods are
detected. Dt*rlng shut-ln perlods a function of the fionn

h
P{r)  = l+  - i -=  , . . . ' . . . . ' . { i )

c + f *

Lr regressed b the entire tirne trtd pf€ssur€ data set whenerser fresh data arc
received. The vatu€s of A b, c ard m that provide the best lit of tte function to fre
dalia are coffp{Jted.

!Ffr@rsiiflreMrtbnInc Pegp I of 45
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DigfidFoFTer{rr€
Andhdu! for A|wr Tec}rdoqF

Gtven ihat Eq. I aqresses $tllt-in test presswe as a function of time, the Feszure
decline rda is ttn lst deriva{lve d Eq. 1

}f{r)= . . . . . . . .(z)

and for a particular vdue of tln derivative such as .P'r, the tirne at utrich that lmlue
occurs isstated by Eq. 3.

. i-p;(r*r" ): l;it=j  * :- ' ; -* :**;  |  . , . . . . . . (3)

LD*J

An itaative technique is enplcyed to s,ofve Eq. 3 for the iine at which a certain value
of floccurs- Eq 1 is then ssed to predictthe msmlated pre$$rre.

Within each cornpuatian cycle the tinte at stal*lizdion r, {when fFr = -3 pilmin) is
predicted with Eq. 3 usirg tfie cunent b€st ft of fn Eq, 1 fi"mction then the ffessure
at stabilizatio* P, is prednied with Eq. f, This is conrpaed with previous P,
torecasE ard a teetfor f,ofiveryierue to a stabb solution is applied. "StaHe sol$fion"
rneails lhe foreca$ does nat charqr apprecia$y ffi more data are ad&d
wtnreupan vte are confi&nt the sotutioir coriectty repiesents the pressure trrend and
can be used to intelpreithe BOP test.

v
ftr chosen "te$t for cffrv€rg€n€e to a sla$e soluthn* requires a minimum of S0
consecutilre & predictbm to be witrin 3 pst of one another. There are marry
possi$€ t'etts wist atte*dant tade$s of solution lime {elapoed shut-in tirne to
obtain tbe lntsta$e sok{ion} and pressure lorecasting accuracy, We invesligated a
range of these and found ttn corntindion of 80 ssnples and 3 psi tc be an
appropriate criterion inthe sutgect Oigitaf BOP Testing Algonhrn.

t1&en a stable solution is st{ained, the predlcted value of P, is cornpared to tre
reguired te$t pressure P,"r. lf F, is greater than qr equal to Fr"n ft test is declsed
successful {positive} and, glen tonfi&nce in tte interpretration, can be eilded in
or&r lc poced to tle next te$. fi "q i$ Iess than .Prrr, *re test is declared
unsucces$ul {negative} ard, givwr confidence in the interpretalion, can then be
"pumped up. or repeated.

Oigital BOP Tesling intelpre*ations haw been and will{or some trne cantinue tCI be
compared with chart recorder results wlrere ttc chart nelhod is presumed correct
and tfe digltal rrnthod may or may n{[ cslcur. lt is therefore necessary to calibrate
the digiial rnethod to Sle shart method to hcilitate compa*sons. The digital afgorithm
b iherefore focused on predictirq tre pressure f, at wtrich a test done by chart
rnethod is likely i,o be ended and interyreted, i.e., the shutjn prss$ne at rdrich Sle
pressure#clire rate is -3 psi/min

& bgludon e fts*fttion,$c. Fngn 9of {5
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Digfi*SApTssting
fdicabon tur ht# Technobqr

B. OigiEf Algorirhm P*rfotrnane $&dy
we quantfed the & prediclisn accgracy of the Digital BoP Testing Algorithm in a
stu$ gtwp of 98 higih pres'sure subsea BOF test$ osained frsm 17 fortnightly tesf
suites af! conducted on the same floating drilling rig in U.S. Gutf of Mexicc This
group is s(y$ficant in that dl tests were hdd shut-i,n lo prmzure declirn rates cf -3
psilmin or tess thus ena*ing direct cwpafson of P,r".r"u* ard &.*e*,

There is a postrve relatpn between r, {elapsed shutJn tirne at wfrich the pre$s{ne
decline rate is predicbd to be -3 psi/min) ani Digital EOP Tesling Algori$nn solution
tinus {see Flg- 6} The arrer4e scfution tirre in the g&test stu@ group rr*re 07:37
with a maxinrum of 829 ard a minirum of 01:14^

, . . . : . . , . . . . . t i ' s€ . ' . . .
fi!, f - tb*$ EOPTGttFng ffilutiori tines vrfy to prspodlsn b &s yilrre of r..

Tlrc poteulial time savings v{a Drgital BOP Testlng for a given test s€des are a lirsar
funclion CIf the tolal Efut-in lime required ts complet€ the series by chart recsrder
method. Digttat BOPTesting ean consistendy reduce the required shut-in time of the
chart recorder nnthod by ca. 68% or gneater {see Fig. 7}.

F50r t$ d*5
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Fig. X - Dr0ial BOPTeSing can redscc fis reqrirsd r|tutts ffis !y 68$e,

Flgrm I shcilre the cwnulatiw disfibution of P"predictbn errors in the study grqup"
The enor rarEe is -0.53% to $.$'196 with a nrean sf tl.!1% and standard deviation of
4.24o,6. Hence, if a chart recor&r test starb at 8,85{} pst and &e acfual P" vdue is
8.020 psi" we conclude that t€ Oigital BOP Tesfirg farecast will be within ttre rarge
S,010 psi to 8.048 psi with the npst likely vdue beirg 8,029 psi.

P" Flleion Erron P. {611,$ tlgorit}m

, trys

*4EImlil -_l-
I 'T
I 

r*r -1ooe6 r$16 
Jffi 

osos rrpe6 rEffi

I 
th. S - Ths md.l P: iorttrfring sHur i3 0.tl$ ritl ! stmderc d€vi*tbil of 0.a|$.

I ttgutt S shs;rs tfe data of fig. 3 in histogram fonnat with a "bell curve"
I superimposed. This indicaEs an approximalely normal dlstriilltion of enor

I 
vxues

I
I
I
I 
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Fl& 9 - Tha {Xll6t 8OP fefifrq Absrhfim pduduGes il approxftirltsty nafin8l dbirlbu$on ot
Pr Sorscs${ing eno|3.

Assumiag ttn rules of nonnal *stihrtions a@ to thes€ data" statistically
signifcant corclusions can be drarn tsom an enors analysis:

r Tlu nean P, gediction enor of a subset {the study group of 98 higfr-
- Fressure sukia BOP tsb held shut-in to'pressure decline rat€s oi-3
V psi/min or les) af *E btal populalion {alt subsea SOF tests d which fte

study grwp is represedative) fails wihin the range CI-l'lgo r 0.0S% 95%
af thetime{or l9tinesoutof 20}.

' Tle enor term tdls within the range -0,6?% to 0.75% 99.5% of lhe time
with 9506 confidence-

. The upFer bowud sror wifl be fess *tan 0.69% 199 times out of 200
{gg.S% of tetirne}.

The practlcal res{dt of this erors anary$is is that:

. Tte $!$taf 8OP Testing Afgonfim is sfsffn to be highly accurate, on par
wi& sr betler than measurernent accuracies of the pressure transducers
and chart recor&rs tpcdly in sse an cernentng units wfrere subsea
8OF tsis are interprefed.

r Knaujedge of fie SiEtal BOP Testing .eror hfid enables us in tfie
DbiE| BOP Tes[rE softmreto autornaticsl$ perfwm a "rralidation checlf
on alt pressure fss*ts.

!c Aq*(eigl & FH,*t*xr t{." Psss tl ol dF

v
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'V. $SITAL gOF T$THS SOFTIIVARE

Digkd SOF Testirq is irn$emented in sofuare wi$r intent of supporting the cunent
worHlow of suhsea 8OP testirg. The scfiunare is therelore designed to be seen ard
u$ed at cenenting units by cernentng unit operator$.

qegryning Nove*ber 2006 ard conlinuing throqh July ffi07, BFTA versiotr Digitd 8OP
Testitq soflware was run onbmrd Oeepttrsfer Pcrizan at every appcrtunrty cwrcunently
to BOP quiprent bdirq irderpreted via chart recor&r nrefrod Tte irnqes shorn in
Figures f0 ftraqgh t7 ffid in Figure* {3, 2C and frl rrrere gnnerated ry EE_IA version
Oighd BOP Testing software. These are sufficiendy similar to ttre images genenated by
cunent commercial version Otgrtal 8OP Testirg sofiivare to prorrk*e useful exan$es so
are ircluded in tffs docunent. Examples frsrn curent commercial version Digita{ BOF
Testing software m presen&d latsinthisdocwnent {Appendix 1, pp 32-42).

Figuns 10 ard {t depict the dlsplays seen dwirry inl$atbn cf high ffessure subsea
$OP lesis. A pumpin graph obtained durirg prrssurization shows the linear relation sf
press{re vs. volure, corrryuted in this exampfe to be 1,792 psi.lbbl. Once pumping
ends. a graph of shut-in pressiJre w. tirne appears and is updated with eash n*rrv
Hessure rneasurenent Ayelh*v'lighf is di$played while Digital SOP Testirg sofiunare
analyres ihe data and seeks a stable preseur€ forecast.

ftf-t|-G[rr*loit

ts
e
I

Ir
0 l 1 3 { s 6

?d'{.{ttt

fr*O*ru.or.||lrifl
''|trm atnctred tiiFAir** lr|r

Fig. t0 - DSital ffiP Te*ling sotf*urp dispfayr a prs$uru v* wfirmc Imph duri$g presssrirrtiofi.

Fh. t{ - Ift€ hitirl eh$tjn fs3iuru &st Sct! rr€ dlspilaycd ubfh bsins in*yred.

tg E&diort & Productbn Inr. Page !3 cf €
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# Dg[|dBOF,TBclrB
fppfieation foittcw :ecfrxobd

A pressur* forecast is displryed when tfe 1"'siable solution is obtaired {see Ftg. 1t)
and the les,t is interpreted m either Fosrtire or negative. The test is positive in $is
examd€ so the '|ffi" is green- The 'lighf would be red in the event of a n€gative test
inte$retalioill. Perdirg r€gufdsry approi.al, tte irSent is for a test tc erd soon (at tre
discrelion of tte rcspcnsible testirg personrel, a$ is pres€ftry the case) upan receig of
a conciusive interpetation. TIE test in this exanSe tlas shrlt-in lor 5'l rninuies
additional lirrp beczuse it ulas irderpreted by ctert recorder nethcd. This enables us to
see howwdlthe Sserved data orcrlay the press.lre brec*L

Fig, 12 * A gucsuru foncart as di3$ryBd {fld tbe test {tat! rrs ||tt+rp|€lEd o{lcs r sta le so**tion ir
obtr|os6.

Figura {t shurs Dbitat BOP Testing sofinare obtaired a st#e sdution 15.9 rnin poat
shd-in and frp,*inr.r vms 9,629 psi. TIE lest continrcd to a pnessure declire rate af -3
psllmin tom urhich P, *a.r rfias 9.S81 pi" The -32 psr difference between Pre*rc*r and
P* ."o""r E a foresastir€ enor cf "0-3396. D$itd BOP TestirE scftsare confftty
interpreted the tesl as positire but did sa S,| minutes *tead of the chart recsder res*tt.

Fig. 13 - ff {B tel| rxralfit sft$-ftr follrring t|ta iritial p{?rstlrs breccrt, addith*al prs$lu.rc drta
irs disptay€d rn{ s !e* lhs rccBrrcy sf SrG for[c**t Ths Eq. I yn||ls* ol fis pr*t|Ire forrcrsl rrs
A=8,986"5 [*2.SIE+5 c-?.?46E*2 m.{16?3.

Figuru f{ ihru 17 shaur simihr rsufts from Fn subea 8OF test condueted eubs€quent
totheexample of F$t. t0Sru t3.

Prgc 14 {rf45
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Ftg. td - The $H$f in grapn 3htrrr tlrs li*6r rdatbn of FrcrsurB v3. vdunsr
eraDBl€ ts be t,8'l$ psttDl,

€o|apuis{f in liis
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Fi6 15, Tft intid *hrun pe*i$rs t6st dat are {tispltyGd sttib annlrreC, in tftis ccss for lI.A man.

a.kt* kk

Fig. tS - A prg3$$re forGcst i$ tli$pb€{t once r r6ila lolution ie obtalnBd afil tfis to3t d{t! dre
anferpretsd (poritirrE |t| this €[firFkl.
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Ftg. 17 * Pr r$!3 prulkted sn& Sg.Itt ascsracl 48 adfiuls3 rh€td of Ut* chart r€cofll€r rs3nlt a|rd
Bi0ital 8(p TerffnF conactt iotcrprcbd fl€ t€rt ar posffye. Tls Eq, I vcfue* af lhs pmtiure
tor€ca$t are A{,802.3 b=}.689E+5 cEe804E+2 $F0.635.

The test was teld shutin for 65 mirrutes ts a pressure dectlne rate of -3 pifrnin. Dqital
SOP Testing soltware obbined a $tahte solution 17.2 minutes post shut-in ancl P, was
pred[cfed as 9,571 psi. 'P, *6s r4€s recorded as S,808 W. Fr t,*,a was 31 pi tess
than P, **a represenlirg a -8.32% furmmting error. Digikl BOF Testirg ctrrtrtly
interpreted fie test as positiw but dd so 48 minutes in adyance of fte chart rmsder
result.

Digitd tOP Tesiirq soft,wtre perfornxs similady wtnn applied lo f$gh pressure surface
nnnifold tests. &rrfffe nwrifaH testing is not neffssarily a "critical patff rig time
experditure where Digital BOP Testing can reduce rrell csst. Howevef, surface nnnifo{d
testnq is required along with subsea BOP testirg $o thefe is safety benefit ts reducd
person*el expo$ure to preszurized fines, wurk benefit to completing tasks rnore
efficien0y. reliabllity benefit to obiertively ir*erpreling each test dns il is pneferabb that
sl;beea SOP and $urhre manifoil tests are cordurted and documenled in the sarne
mannef-

Figura {S stdes tesutts frorn a series of t0 swke manifold te,sts held shut-in to
pressurE decline rates of -3 psltrnin or less thus enabting quantification of .P, prediction
accuracies and potenfal time savings offiinaHe through use of Oryital BOP Testirq
softsare. The average solulion tinp nns 6.9 minuEs with a rne6n enor of -0-08%
rf,04% yielding a BotentialS0% reduclion of the lotal shutjn tir*e reguired by tte chart
recorder nethod of inlerpneting gurface manifold tels.

bp Selordim I Rqdrcth lr4 Psgc t6 d45
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fio. tg - O$ilil €OF Te$n$ ioftxrlrs porfom$ tf$ {rlte$ frp!ffcd to bioh prsa*urB *$ftse flnnifold
tests.

Dbital SOP Testnrg schrare generates a sumrnary report for each s€ries of subsea
BOP and surtme rnanibld tesls {see Fig. fg}. This report is intended to be plaeed on
frle swne as circular chart records are kept onboard the rig.

U* S0hr€tiilt & Ftrqd,nl*n lrp.
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A" Sofrmr*Ortnfl*
Follou.ir€ are fwfier &tails of hs{ oigttal BoP Trsting is implemmted in
saftrare:

e Agreen "lighf is assigrred to a testwhen:

Pe prcdictions satisfythe {60,}} crituion asd
P, er* *4
tP'-ru lP': CI.135.

r A red .lighf is as,sigrred to a let wfen:

.P, predi*ions *uis$ the {60,3} criraim C*d
4<Prq&,
(P"-rJ i4>0.t?5.

r Th€ oigrtd Algorithm ssrndimes oilains stabb solulions durirE analysis
of high pres.*tr€ subeea BOP tests in less than 5 minutes of sfurt-in time.
$Jfret &ls happens, atd the interpretatlon is positive, Dbihl SOP Tesiing
scfrr,vare &es not display a green "lighf until at least 5 min. of shut-in
tiflE have dap6€d. This is in accordance wilh lhe MMS requirernent ol-each teet must lmld the required prsssure for 5 rnirurtes".

The green "l(Xhf requirement of {Pr - 4} i ,P" r 0.1 25 is explained as fotburs:

J1 is tfte pressuna *sociated with prediction of the tine t" $rhen t'r= -3
psilmin- P. is defned as lhe p{essure associated with predicCIon of lhe
time te l4hen P'3= -t p#min. Ttn pressue forecast is exarnirpd al tirnes
t' end t is to discem if ttle mo&hd pre6$Jre decline trerd exrapolates to
a reHiv$ hbh pressure {irdicative d nc leak} or a relatively tow
{possiily zero} presxre which uouH be irdicative af a leak. Tt}e
conditionaf vdm of t),125 was enpirica$y determined from a study cf !45
t*gh preestrre subsea BOP tests ta discem ihe rwqe af normal vs"
anontalous values of the quantity (&- fJ i f"-

The {f" - ft} J P, s 0"125 requirernent dresses irnprcbable. h.lt pocsibte,
instances of tests wilh very small leaks initiated at sufficbntly high pessures to
satisfr fte .P,: "P,n' reqrirerurt" This me of the Digftal BOP Testirq pressure
farec*l is npant to prudde an appropriate safquard, in addition to trose atready
descdbed, to assure Dbikaf 8OP Testing rneets or sceeds fie capability of the as-
pmticed cfarl recorder retfncl to conecfy interpret subsea BOP tests.

g. Salbguard* Against Erlor
This section drscussm how Orgrtal 8OP TeslirU sofiaare rwponds to pressure
tests potentidS indicative of lealcs. As pevious$ stat€d, the softurare inteprets
tests as regative {red "l$ht'} br eitrer of t*p neasons: eisrer {i} Pr4Poq tr tii} {f, -
Tr),'f, > S"125. This creates three possiHe comtinatisns of Ccnditb*s (i) and {ii}
that wrll rause a red.ligftr:

F€oe tS d*5

L
3.
3.

t .
3,.
J .
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l. (ilfrue {ii}Fa}se
2" {i}True {ii}Tnn
3. ti) False (iilTrue.

DBfia, B'op Teitirlg
-., ,,,,,, * ,, ,._,-, ,, ,,,. -, . ,.. ,. ,. ,,,,,'_tg#.*,ssyHiEl*fE

E*ch is discussed next:

L ti) True {ii} False
This indicates the presg"rre al slabilization P, is pedicted to be less ttran
requ{red hrf the m*hd pressure &cline trend extrapolates ts a
relafvely high pressure {indfcative of no ledr}. TtF recornnended
soMion is a pmpup to a suffician$y higft pressure such that the
prdicted vatm for.P" Fasses tfn t€st

Figrrr IS depicts such an exam$e. Digttal BOP TestirE assigned a .red light"
because F, v'ras predicted ta be 8,170 psi w" a required digital value of at least
8,2ffi psi" The tesl was held *hut-in to a gersure declire rate of -4.1 psi/min.
This is near the limits of chart recor&r resolution. nreanirg the pen sace rypeared
neady cCInstafit for at hasl 5 minutes at a pressure grealer than the required chart
vafue of Pno = &,2ffi psi, hence the test couH be deerned positirae per chad
recorder fTrdhod althongh Sre Dbital BOP Tesiirg inl,erpret*tion was negative"

Id llo" t , Eulnr ll& 16

g
3-
I
c

=ill -::-:;:H
I Ig15 1Se0 l$?5 1930 1536 1$10 1${5 1950 19;55

I *.OnlhlSltiq$r ltiir*c*-f0$Erdf

I
I frg, lg, IliS|rI EOP T*rdry bttrprytGd &is *:rt s r4rtlrl ltotrr F: ils fsdirerl to b. h*r ttrr
I nfdrtil. Ir pnctt*" tlt mMoa mdrl bc to sprr1rup" tlr prasmt npol t" bdkrdla of "rd Qlf
| :urlttlcacsnfrarhlHgit t30FT.i&g&rr&iinrr*rttrlrqdrt{

I
I The values of P" and.f' ttere 8,f 70 p$i and 7,936 psi rneaning (P,-P#f, : 0"02$ <
| 0.125 findbatire of rn bak). The reccmmeffled soliltion in this instance is far lfre
I cernerrtirlg unit operatqr to.prmput' the pressure to abor.rt 8,500 p6t lhen wait for
I Oigttal BW Testiry to analy:e the neur pre$$Jra *cline wifi ttle lilce{y outcome
I being a green 'li,gfrf. Tf€ total dapsed time wculd be less than tfe 47.2 min" of
I sh{rt-in time dep{cted in lta example, thus saving time and ryoducing an
I unambigucns result
I

I
I tO F:dqstim ff Ro*rqtirn lnq. Plse * €f *5

I
lo
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2. {i}True {il}True

This indicdes the pressure at stabtieatkn f, e predicted to be less than
required dus the nsdd€d pressurt decline trerd extr:apolates ta an
anorndously btv {po$sibry zero} pressure {irdircative of a leak). A p.rmp,
up is unlikely to remedy lhis so, unless a le* can be locateit and
renedied, repe*t* are lilely ta be negative #so.

Flgun* 2,l del*cts such an example. This conns ftom a slurly in u&ich a very srnall
cornsjtationally simdated leak rrym supertmposed on a real data s€t of a non-
leaking BOP test. The simulated lod< cat*sed the fnal pre$,sur€ decline rate to be -
7.2 psiJrnin {vs. 4.2 psilrnin in the non{e*irq case} ard the predkkd vafue of &
was 8.54d rer (w 9.414 Fi). The {fg,fJ,.'fi vafue correspsding to tt€ 1't stable
sclution in the rrcn-leakirry case vtra 2-9p,* and fsr ttn bakirg case Was 16.4s6.
This suppots lfte seteciion of 12.5% as the {,Pr-fjpip, cutoffivdue in Ccrdition {ir}.

r0.s&

;*

t0ffi ?000 Sm {O:Hl 5000
rm: tt

fry,ff..{,!.h:C* of r gbrhH lc.h"

3. {i} False {iD True

This indicates the pressure at statrilization Pn is predicted to be greater
than required but the moddd pres$,re decline trend extrapolates to an
anomdously kmr (possitrly zerc) prmsure {irdicative of a leak). Unless a
ledt can be located ard renedied, repeat tests are likely to be negative
afso.

This could occur if the leaking test in Flnure ll was pum@-r$ fu at least g0S ps
causing fie predlct€d due df, to be grederthan required. Howevr?r, the vah.re
of tP;-fs!''P' woufd fikely rernain > 12,5% tfnrs correctly car.ning a red "lighf
interpretation,

Very few irdarees d cmtrmed leaks have been observed durirg &velopnrnt of
DE tal BOP Testing, In the malris of instances ffre teaks have been imrndiatety

"_ s-w
*
* '"**

F.*CIS {ry
0E:#l

Pagc 21 d45

B P-HZN-2 1 79M D L0 257 4252
BP - HZN -2 1 7 9 M DL0257 4232

CONFIDENTIAL

Ep Edsrilrsr & P$odusl*r! krg.



BOPTeslirE
,ApdicdioD fur l.lrf* Tecffigy

Sviq.s whereupon the Wrnp operators qutclq reimsed the presxrre within
secards of inrtial shutin" Dbrtal BQP Testing ssftflare b not needed in such
tas€s, nor does it ofr{ain a slftHe pressure forecast within such a short tirne pefiod
henceths "lighf remains YELLOW

Vlle dtem$ed to ccate smali, stedy surface leaks dwing higtrpessure tesbng on
Seepwaler tlo*lizur W stbht$ cpening a rnede vdrc instal$ed €xpressty for this
purpose and obaerved:

1, Tte smdlest steady leaks caused pressures to fall within minutes to belour
ihe required test pesswes Digital BQP TestirE softr'vare did rpt obtai* a
sta$e pressure forec*t hence the *ligrht'rernained YELLOW until obvisus
that prcssures had becqrne too hlv u*eranpm the "lighf turned RED.

2. Srnaller "leaks" became smdler with tirne possrHy due to a l€ndeflcy
tor.ctrd plryging of the tiny vatw orifi*es. Dgital BOP TestirE softrare did
not obtain a stab& pressrJre fwecst dw to the unsiea$ p{es$ne
infiuence of the leaks heilce the 'lighf, remaired Y€LLOW. Pressures
eventually fell to be*w the required test pressures feading 10 ail abvious
negatfve test interpre{ation obtainable S either chart or digital rnetf}sds.

We conchded *tat Digital BOP Teslirg sofuirare eifier remains YELLCIIV in tre
pres€nce af the mmt lilcdy leaks ar will conectfy iru*cate RFtr as *n response to the
smaff, stea{ -3-0 ps#min lealc depcted in Figurc 2*. We have not seen ard dc nct
expect to see an instance yy{rere a leaking pr€ssure resporise was rnisinterpeted-

C. lm$rmrntalion $ffrs
The Digital tOP Testirg Atgnntfim was evaluated initidly through retrospective
ana$sis of hundre6 of dgitally recor&d suhe BOP tests conducl,ed in U.S. Gulf
of Mexico durirE &e pertoO July ?0O,t trough $egernber 2S05" Once the agorithm
was incoeorded in BETA version $ofirrnre then, comrr€ncirg October 200$, Oigital
3OP Testirg sofuvare wils {r$ in real time at every testing opporhrntty, f€motely tam
lald at nrst fotls'ned $ tive onboard operation. Our kncnivhrlge ard conclusio*s
about DigiH BOP Testirq are suppoded by a large data sample spanning greater
lhan 3 years of subsea BOPtest results.

Field bials have mconrgished the nc*-trivial chalblge to acquire suffcienlly high
quality data tcnnls and interface to existing sig*d processing intastruciure onboard
flmtirq drillfug operations

A dedhated Digital BOF Telirq romputeq rnonilor ard BETA versim s,cftrare rrere
installed in the cementing unitsr kansocr*aw freepwater tfuhon in Nwernher 2006
{sre Figtttu 22}. This urus accunpxtied b/ fainirq of cenrenting unit persannel.
Since then, CIrgilal 8OP Testirq sofhrare has been run corturenfly to the chart
recorder method of test intergetation {wfrich rerna{rs the deci+ling factor} wfunever
BOP tes*ing occurs.

P€se22d45
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lfdhatin for |,tgi' Tecfrutuqr

Figwe ?S depicts res*ts obtained dudrq inaugurd rse cf Digitd BOF Testnrg
sofrffare by cementilq unil personnel onbeard Mpuvater tiarizon

{s, r.4B 6* u$ iis 1a$ tril

f,rge23 d45

t uas rc$aced bry .rornnwcial

rclease softrare is considered
vaf'er t#ital
comnercial r
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The BETA vefsion soft,trare on Of€pwafer
r€lease'soft\,yare in Jub 2007. The
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fully verified ard ready for inaugurd a@ication as tfue pnmary sl&sea Bop test
interpetation rfiethsd.

S, grMd lnsblldiolr of Ol*itd SOP T*gting Sofrru*re
The DtEtal BOP Te*tirg soft/vse instaflatrail on kansocean Deep+rat*rHonaon is
schemdically depictd in Ftgun 24. cernentirE pump preisure, rate and volurne
rneasurernent3 are sent via intranet connection to the Digilal BoF Testiing
canputer located rnry the cenentirg unit. The ctrr!#rter is *tached to a loucf,
screen monitor located on the cernentirq unit u*rere Dtgital BOF TetirE software
images are displayed.

cortpuFrrunnfig o{gntr
B0PTlrftq rsltmr!

Tsuah raracr mqrf,oran
6am|ntftturltt

Fig !t" $cfunrf! sltt D*itrl t0f Trrri.t rftr*t irrrrlrth ol Trrlloclrn lkcpr*rllrrir*u

Fach installalion cocfgwdion nay vary sorre*frat from rig t6 rq hJt w{th the
ctltrlrilon requirernent that the Oigrtal BOP Tesfing coffFuter program furatomize
receives valkJ nnasr^renents qf g.rrrp pressur€, rate and volunn via an E$ternet
source. The general insbllatisn $heme fry any ng is depicted in Figrc 26.
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Ap$fis8ii$ fs ilsf ?ecrnohgy

I!

f8.!S. Gttcnbrd Digiht30P Ttstbg

SatS are iniiialfy capfured electronically by tfe or*oard c€rrlentirg or data loggng
semce csnFany ard internalried for storage. A service csnparry process {a
p'rogram acting as a server) makes the data avail$le o6 an Ethernet csnnection at a
parlicutar tP address and Porl Anatomize appears as a clie*t to tre serv*e
cofnpany"s sef\rer-

Time, preszure, florry rate ryd curnulative vdrsre data are mde avaifable by fle
$eruer approtrruately every second. Anatornae reacts by storirg the data in fast
rnemory and in the cme of a htgh-pressure test analyzing all data in the test, creating
a folecast and dis$aylrg the resdls of the analysis Periodicalty the fast rremory
version of the data is stored to a local hard drive ard will serve as lorg-tenn storage-
There is rye &la fth per test seris. Refererae to th€se test-series fihs-is
maintained in a datake. This allmrs easy reference and higfrlevel man4ernerrt.

v. FROTSEOADOFITOI{ of IX€ITAL BoF rEgTtt{6

BP proposed tc MtutS m ap,proach to introclucing Digital BOP Testirq in deepwata Gulf
of_iilexico tfillirg operaliwts {July 2006, La,fayette}" MMS response *as favorable ard
BP t,tas dvised to subrnit an appftation to use new or unusaf technoloqv to the
TechnicalAsses$rnent and Operation $uppcrt |IAOS) Sectaan, lrleu &leans" A ffat of
this l'Iew Technology Applicalion was preserfred to MMS in htarch 200? {Nor Orleans},

Psg€ 25 rf 45
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Fs D{#dEOFTsting
ApCheor! fof hlqfl Technohqy

MMS resporne vraa once ryain favoraHe ald acompanhd ry hehful suggestions that
are incarporated in this docunent.

The tirne sime March 2ffi7 nras used tc: il) concfude ttlorolqgh EETA testirq of Digrtal
SOP Testing softtnrare on Oeeprafw llanzon; t2) zu{nr, irnlall and thoror.lghly tesl
cornrnerciaf refease Digital 8OP Testirg sofivrare m De=-pwater tlarizon {3} prove and
dxunnnl mliaHe. accurate performance of tfn cornrnerciai release Digital BOP Testnrg
gofiruare. We are corddent that BP's Oigital BOP Testirq method is qrafified and fuW
ready br use in Gt# of Mexico, s€ are now makirE this request ior approval to
co{runefl ce implernenlatioa.

BP propeses, beginning 1Q 2008, io use Digitaf BOF Tcstirg on Transocean &epwater
llorizst x the pnmary bmis ior interprding high pressure subsea BOP eguipment and
surface manifdd tesl$. Conttrgent upon demcnsbatirg euccessful implementation to
MMS, BP umiH tften seek approvds to introduce Dbital BOP Tesling an aditional FP
operated deepwater drilling rq*-

BP believes Digital 8OF Testing is compatibfe wih all requirener*s of 30 CFR 25A.447
thro*.rgh 30 CFR 250"45t, hence dees ftot req*ire a charEp of rule. Pendirg apprwal
of Sris application" BP praposes to use hg A$l$ication for P+rmit ta Orill {APB) to gain
aulhoriz*ion d Dqtt€l BOP TeSlng use on *pecifr wells. This wifl enable MMS to
re{ain tontrd and knowledge of the *afls wfere rytd BOP Testirq wilf be applid"

A" RubE
Six poposed ruks fier using Digital lnterpretation of $ubeea Blovvout Preventer Tests,
afficabh dso to hlgfr-pressure tesiirg of surhce pressur€ csilrd equiprnent, are
stated as fdhrrs"

tsS+.J
In floaling dflling- operations. the 1d higf+-pre*srre test of any BOP equipment
fe$tng seguence' shafi be interpreted by chart recorder rnelhod. Digital BOP
Testing sofrrrae {nry be run csrcunenl to de*rwrs&r'Efe validatiut?.

lA tasfulg segs.enss c$rlil$tes {ai a *efles of high-pressurc eubs*a FOP test$ only, or
{b} a serhe of high-pes*urs sudace manifotd tesb only, or {c} highjrsssure t€ste
commenced more ltun 4 hu"rs since lhe previous fullduration high.pre*sure te*t.

? OefiIonsfrale vdidallott rneans the test la*b sufeientfy long to {a} oblain both a chert
recorder interpretation and a scftrvare intefpretstioa {i.e., green l$ht ur red l$hg and (b}
the l*'light Dtgttal Testirq pre$surs foreugt is proven ts be witldn acceptrble bounde of
fie dctual preesure result

lf durirg a testing sequence Digital BOP Testirg softnare d€fionstrates
vafidalionu tfien it nry be used tc interprd s&sequst tests in ffiat tesfing
sequen*3.

t tn flrat $s*iag saqrxrcs mean$ if tTe equipmert beirE tested changes frorn subsurfuce
8OP lo gurface menifoH cr vice versa. then by definition the nExt higfi-pressure tast
begins a n*w t*sting ssqrr€nce and rnust be interpreted according to Rule No. 1
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Fs
lf during any t€st Sn DEgitd BOP Testing ln-t-rEht pressure forecast ls invalid,
r|en

{ai t}m cunent test should be inlerpreted per chart recorder methsd ard the next
tesl mustbe interpreted S charl recorder method with the option of once again
runnlng O(Ital BOP Testing ssft^rare concurrentty to demmstrate validation {per
Flutre 2), or

tb) the cunent tesl can either be 'pumped-upo or erded* then repeatedn wiFr the
opticn of o*ce again runnirq Digitaf SOP Testing soflware concunenth to
dernmslrale validation {per Rule ?}.

Buh4
During tests for *fiich it is permis*ible to use Dbital SOP Testing softivare as the
pnrnary ir*erprdation rnefiod, it w*ll be pennissible to end tests and int*rpret
them as POSITM rirfnn, ard only ytlhen, $e sofhr*are di$plays a gtreen liEhf.

Rul* f
It, durirq te$ for which it is permissih,le to use Dbitat BOP Testing sofirvare as
tfe prirnary intelpretatiur nethod, a red "Q;ht'is dis$ayed, it will be permissible
to either

{a} rernain shut-in $nn if lhe iaterpetation changes b PSSITIVE it }vrl} be
permissible la irfierpretthetect a$ POSITIVE and end it (per Rr.de 4), or

{b} "rurnp up- the pressure and interpret the nEw pressure decline via Digital
3OP Testirg sofirirare, or

{c} mpeat the test by releasing tfen rapplying pressure to the same
canryrents and interpret the rers presEirre decline via DiEitat BOF Testirq
sofrvrare, of

{d} remain shut-in ut{il a definitive intergetation is made via chart recuder, and
declare the chart recor&r result as definitive inespective of the Digital BOP
Testirg sdhrare result

Ruh 6
AJltest rsdts shalf be docryrented and filed for inspection via traditional charts
in cornbinatisn wifr Bigitat Bffi Testirg softry egenerated reports.

Sdvrr+generated reports shall docurnent tE valid or irwalid status of Dlgital
BOP TestirE '|"*Sgfrt pressure forecasts, srd indicale the Digtal BOP Testirg
soflware ir*erpretdion cf each test.

Tle sarne personrrel responsiHe for approvitrg charl recorder test records are
responsiHe br approvirq Dgital 8OP Testing records-
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f&. :$. Digid ICf f#hg *qnarc lryic

Figurc 26 {Sofe} }s a flour clprt depictirg fte logic of Rules 1 tlrough 5. Each pos$*b!*
slep is n$mbered, ruith $e conespordirg captions as follor,rs:

Start Anatsmize and leave it ruilrlifrll tfroqghout tre tmtiqg operations.
1. Perform a pressure test-
2, Interget test by Cfmrt Recorder lrlethod.
3. lf Aratomize Forecast irrudid goio Step f "
4 Fedcrnr a p*essure test"
5. lf Analsrnize Forecst is valid ge to Step 7.
S. lnlerprel using Aratomize ard goto SteF 4.
7. lf it looks like a grnpup ard reevaluation is approtriate go to Step 4.
S. Interpret test bV Chart Recor,der Memod then go to Stq 1,

:r!u r**:i 5s' 4F'ltr il: l*8ff''''.iwi; #;#',t*t$: tii. :ii{*s, i$!t
Tcet8 I ftrough 7 rnd g $roEgn ftFlo. ?7 - A tsf1D! ol hlgh-prar$rm fubidt

conrtiiuts r teslifig *quffic$.
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In the exarnple of Ftgwa ?7 tt* s$*ea BOP test labeted 2 would be interpre*ed bV
chart recorder method accordirg ts Rule 1 because it is tha ls high+ressure test of a
ns,Y seq$ence. lf the DigiH BOP Tesling softrare were to be validated during test 2,
then sl&seffe,nt tests 3 thru 7 a*d I tfsu 14 ceid potentially be interpreted vra DQital
BOP Tesling soft*nare becarse (a) the type of equipnrent beirE tested remained the
same {in lhis case zubsea BOP$} and {b) the dry$ed time between adjacent tests wm
in all cases less than 4 fpurs. lf at any time furirq tests 3 thru 7 or I ttru 14 the Digital
BOP softrae were to pro&ne an invdid status, then Rule 3 rwuH app[.

B. Callbrdsrof Srnror
A question arose in tfte March 2007 meetirq with MMS regarding how can we be
msured that dectronie pressure sens(xs used in Digitat BQP Testiilg are conert.

ilifieren{ s€nsors sead gessure signds to Digital BOP TestirE softrare as $pposed to
the circular chart recorders usd on cernentirq units for interpretirg subeea BOP ilrt
surface manifcld tests. This fiiean$ it is pffisibb fiat separate p{es$re measurements
of the same pressure soufce may not agree.

The pressure sersor connecled lo the chart recorder is tte one already relied upon
during chari racorder interpretation of pressure test$, so terHs to be preumed correct-
Tln cenentlng servicee prov*ler is responsi$e for assurirg cwrectness af this sen$or
and docurnx*ting proof of calibration" This remains tnre when Oigilal BOP Testing is
used concurrently-

The pessure sefisor ccnnsted to Dgital BOPTestirq softyare may corue fiam several
possiHe source$- Usirg Beepwafer l-larizon re an extrn$e, ttrere are two pressure
kansducers instalfed at the cementing unii. frre befa*gr to the cementirE unit and
fieeds its data colle$ian systefi1 so Hdlihlrton is responsible for L The o$rer, mounted
adiaceflt to fi€ cefl!€ntirg unit trawducer, betorgs to $e $peny Sun tnsite data logging
svstern, so Speny $un (ffallihrtonlis respcnsible for il. We have conn€ct€d the filterd
and pracmsed txl$rt of botft secsor$ to Digital BOP Testing sdlrare and found bo$r to
be satisfatry, A $trd possiblity lrrould be to install a p{e*sJre s€nsor dedicated suictly
to Oigital BOP Testing. We have not dore frrat on &epwafer tlorizon because it has
not been tlecesstry. but it urould be an option on any r$ if needed to assure reliable
pressurc measuremenls_

Regardless of lhe scurc€ of etecfmic pres$Ire fireasureflrerlts used in Sigital &OF
Testing, BP lrclds tfn respective gcviders responsiHe tio zuply properly calibiated and
functioning sensors with documentation of correct calibralion. To facilitate cornparison
of chad vs. digitalmm*rements, and their interpdations, BP will require the pressure
tneitsurenw*s recordd on charts ard by Digital BOP Tes{ing soflu€re to be within
reasonable agreeffent" wift the greater of 50 ps.i or 196. difference treing the suggested
tabrance-

C. Saftml'rot*rcr:hlpandRwpon*lbillty
It is inportant to trderstard Wro sv*ns and controls the D{gitd BOF Tesfirq sofiv*are,
ard hcnry it will be frardf€d.

Ep E){tqralim & Proflrtim lnc, P€gr:9d 15

BP-HZN-21 7eMDL0 257 4260
BP-HZN-2 1 79MD102574232

CONFIDENTIAL



# *tr**mr,%m

BP developed,,grn!, ard is respCInsible for maintaining, venfyirg and dmunsnting the
performance of ib Digital BOP Test*rE sofflyare. BP is seeking ITIMS approval ta we
the specific BPotrned scfr*rare described in this docunent per the specific rules. teffis
arxd conditions proposed here{n. BP is nat seelcing MM$ aproval of alt funts of diqftal
B0Ptesting ardroftrare,

BF does nol intend to r$strih$e the source rode of ils Digital SOP Testirg sofh#are.
This is to geveni unintended or unaulhsized revision$ to lhe ss{lrce code or dlstribution
cf unverified sofrsrare versiwrs. T?c god is io *sure that fre Digital BOP Testirry
afgarithrn actually in tse is ste sarne a$orithm presentied to and apprcved blr MMS.

SP may occasional$ efect to rnake rninor soflxnare revisions lhat constitute useful
improlements" gF win, in *uch instances, ssure sofhuare revisions are perfarrned
conec$ B well qualified prograrnr€rs.

BP doe$ rnt anticipate mddng rnalor ranisions to the Sigital SOF Testing a$orithm but
would, in ssch instances, infom and seek approval iom MMS to implennnt softirare
considered signifcantty different than ihal alredy approved.

FP rrlt€nds to disfifute, cr license use of, only executabh verston$,of its Digital 8OP
Testing soft*are. Executable versiors will not be readib altemble nor wrll unauthorized
alteration or replication be dloured under terms agreed befuyeen BP and licensed users.

D. lnstallatior and fttrrlnliflance
It is hetpful to understand wfp willinsta{l and mairfiain Digitd BOF Testing sofuqare on
deepraterdnlfing r$s.

tsP demmstrated on &epltafs llwizm abilrty b srrccess&rlty contract qulified
sertrices for makirq the necessary comsfierequiprnent instalhions ard providing onsite
training in dd[tion lo efhctive remote suppryt. This Wpoach wiH h repllcated as
Digital BOP Tes{ing is inFoduced to additional BP-operafed Ceepwater rigs in Gulf of
Mexico. ultimatefi/, a stde trrar€teilent fx tmg-tem serrrice srpport of Digital BOP
Testing will be esiablishe{t iltth one of eneral poten*al qualiFed service providers.

E. End Uscrr
The $*stion has arisen if Dtgbl BOPTestirg charqes the personrrclcunentfy required
to conduct presu"re testing. The ansrircr is no.

Digaial BOP Testirq does not require additional crdifferent personnelduring testirg. For
exarnSe, Hallibsrton cementirg wit ogatus on Oeepunafer lffizwt ae redlly trairnC
a*d have dernonshaled profrient use of Oigital 8OP Testing softurare.

$igttal BOP Testirg sofir*are is tailored to suppsrt lhe csnent worldor d zubsea BOP
ard surface rnanifold testing. Tte saftruare is thereforc designed lo be vio,r;ed and used
ai cernentirE units by cernnlirE uniloperatnrs. Additi$ally, it is #igned io be readily
understood S alf responsi$e for inspectirq and ryravirq 8OP test recsr& irreludirg
*ubss specidists, rrellsiie leaders and MMS Inspectars.

F. Tninlng
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It is recognizsd ftat MM$ lruspectors wilt be key participants in the succesfi.rl
im$*mentation sf Digital BOF Testlng" There has been an ofien+xffessed concenr
fram Mh{S about hor will MMS Inspectors learn wtut they need ta knsw about Oigital
BOP Testing the ansrrer is that 8P will willingly prodde the nght training to MM$
Distnct and Reglon shff at muimlU convenient trmes arld locatians, ard will prw*de
paints of contact for qumtions that may arise afienrvryd. It has been our experience that
those dready farni$ar wilh subee SOP tetirq quickfy leam to appreciate Drgttal SOP
Testing and urderstand horrr it wnrk$.

8P w{f prepate and provi# training materials to errylain the principles and practices of
Digilal BOF Testirg to dl who are respamible for the conduct of subsea BOP ard
surface nlaniM testing. Addtiofitlally- tlpse are included and easity access€d in the
help se*tbn of the Digital BOF Testirq softumre.

Another important aspert of trainiru is to educate &e dl & gas irdustry abour Digital
ESP TestirE, €P has ffid will conlinue to explain Digital BOP Testing to indusfiy
through publicatiu-r af technical papers ard articles.

G. Shuingruit'r0$cr0prranrs
The gr.estion has arisen whef;her BF is seekirq sole approval to use Digital BOP
Technologry or if lhe technology wilf be slsred wifrr otlnr operators.

gP belb\lw it is in fie muLral inhrests cf MMS, offshore oFffatfis ard supportirg
seryices to ptornote a uniform practice d Digitaf BOP Testing in Grdf of [4exicc. BP
therefore intends to, in a tinef manrnr, rnake D{gitd BOP Testirg available to irdustry-

It is our expectation that lre stptrH frst prove ts MMS Sre abitig to successfully
implenrent Digilal BOP Testirg on nndtiple BPoperated drillug rigs. BP wift, in the
pfocess Ef doirU this. stailish a prac{ical srvice arc}figeil}ent by which Oigital BOP
Testing is made available and conpetently suppcrted in rb cperations. lf MhlS becornes
willing to pennit otter operators to use Dgrtd BOF Teling, ard BF is confi#rt cf its
s€n/ice povider{s}, then BF wilf license its service provider{s} to Wovide Digital BOF
Tes{ing to cffler cpemto*.

tAle wtsh tc assure successful introduclion cf Oigltd fOP TestirE in &df af F{exico, and
are best aHe kr fu fhat on BP-aperated ngs, so first priority is to implenenl Digifal B#
Tesling on muttipe BP-operated drilling rigs. lt is lhroqgh this rneans that it wi$ become
possiHe to siere DtStd 8OF Testirg witt other operators in a rnanner that cffers the
best chances fu swcess.
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APPENDIX t. ANATOMZE COH*ERCTAL REIEASf $OFlItrARE

Scrucn-Shot Exrmolcs
Cornmercial relexe Di{trtaf BOP Testirg softffire known as Aufomize Version 3.3 wm
evat$ated on Transocean Oer;pwter Uortaan.4 Sedember 20S7. Results frorn 11 af
12 subsea BOP tesb were dacumenied (iniiiaf data fronr the 1il te$l wese rnrssed while a
neiv data connectist wx beirg verified). Screen-shok are gesented in Figures 41 thru
41',t .

Figwe A{. The prestur€ declines fabeled 2 thru 4 and 7ltnu 10 regeseat h{h-pressure pip*
rarn tests: thos* labetad 5.6 and 11,12 repres*rt ennufar prevenler tests" At bottom the louch-
screen sofrffare dle$ay, rns.rnted i* a ltlEMA Type 2 enclcsure above lhe cen*nting unit circular
cha* reccrder. is shown

3?t.ar.

Figure A2. $trare the softrare d{sptay when buiHing up ps$$Jr€ fior a highgressure test, t{e
sse *le nearly linear relation batreen pressure and ihe volume pumpad-in. ln Sris case the value
is 3715 psifbH. Tfris,#as a pipe ram tcetwi*r only the kiff lrne pressurrzed-

Ftguru A3. Shows a simibr disptay h'r a ppe tam test wtth both lhe c*oke and kill lines
prassurized. Tfis pressure-volume relalion is 1876 pslXbbl wftich rc alrnost half lhat of the
prcvious ex*rnple" This rnelces sense bscausa adding fte choke line rrolurne afmost doubis tlre
pressurized syslern volurns, *nd alrnost trice the fluid volume w*s r-qulred 10 pump-up to c*. 11
ksi initiel l€st p.es$ure"
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These pumpin graphs provide lhe first apporlunity in *ny iest to detect a leak in the systsm.
Leahs ?end tro make the normally tinear pressur*+cfume trdnd become non-linear,

Figt'ttu 44, Digital BOP ecftrare dct€cted the end'of pumpng xrd beginning of a shut ifl test
period. so automaticelly *witchad from the Fig. A3 graph to fris display of pr**sure vs" lime The
Sue points ars the artual pressure data recordd trus far durirg lhe tesl Th€ purple cuwe is lhe

bp €tElordlonS Plod.Fliflt k!c.. PlgE 3t of as
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csrrenl pr€ssure fcrecest generaled from digital anafyeis of fiat dala. The horizor{ef fine et 9500
psi represen$ lhe largat test prssura. The 't[hf ir ydlow which ind*ates the compr.dsr is still
seeking a ssffisiedly shbb sdulion, There is addilional rnformatron, such as *re pressure
decfne rate rs rurrerdly 25-9 psifmin.

Fig;s4.

Figure r{f,. A stabl* p*sure forscast was obtain€d 't9.0 m*nlrtes after shut-in. Tho stabifi:ed
pressure is predicied to be 9S59 psi, which is greater than the targel test pressure. hence a green'$$rf is displayed. The testrouH be reliabfy interpreted as positive End ended al tttis pornt.

f*.n5.
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Figun 48, The Fg. A5 tesl was held stlut-in for a total of 57 rnrnuiss lo a pr€seure dacBne rate
of 3 4 psi/min" Thre makes senss silte the pressura facs on circuler charts start$ to appoar
steady ance prsssure decfine raies dimhbh to lha range -4 to'3 ps#min. Digitral BOF ?esting
could har,e saved F8 minubs lfrus reducing shut-in lime \ 78%.

r*;Af.

Flgure A7. Subsea Test # invEFed an annufar prevefitsr- The pressure-valurne relatiorrship is
diff+rent. bul repeatable, for annr.rlar prsventers than with pipe rams. in thb css* 2741 psilbbl-

rt.ar.
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Figurt Ag. This $ the initial sfrut-in prsssure drsplay for Sulsea Test f€. Annular pfe$sure
l€st$ t*nd to stabilba more rapid$ lhm ppe ram testB. The 1* fight occuned 5.4 minutEs after
shut-in" The predicted stabb pressr.rre is 5783 psi, indkated by the diarnond-shaped syrnbol.
This is grealer than the larget pressura of 500S pei so lhe -l[hf is graen indhaling a pcsitive test

r4.48.

Figur* 49. Thb ie $ubs€a Test 16 when $e Fressure decline rete was exacdy 3.0 psilmin^ l{e
see very close agreement betrrveen the t* fuht predi.ction and actual value ol the stabilized
pres$,rfe.

$&"4r.
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Figutc At0, Since annular prevsnt€{ test$ slabilize rnore quickly *ran prpe mm t€sts, the
potential Drgilal 8OP Tasling time savings are prapwtbndefu less yet stilt repre$snt a ca. 75%
rBducton of shut-in time.

rg;AI{t

Figtrc All* Esliruahd pobntiaf limes savingr for he t2 subsea BOP tesb o* 29 Sep 200?
was ca. * hours, r+odh ca" $300K- We see lhat a 75% re&ction of shut-in time is a genemlly
reliable expeetatio'n for Orgitaf 8OP Testing.

Fit.A.tL
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Figur* A{2, A F{rillmary similar ts fig. 41t but ficn lasts condsct€d 29 Jan 2007 Here again
ws s€* potential for at least 75t6 redmtion of shtrt-in lim*. These are nol'hand-picked' rxufb
but typical of all $iplal 8OP *eld tesling do*e o*r Soepvaier llonzon.

S*.AI!.

R:qsFprylets tcaqF
Figure Af&, We are often asfqed hur{ thp Sigila! BOP Te*ting sofirvare responds 1,o leaks. but
in or.ir experience baks ara rare. Howewr, lhere ls a good example of a baking tesl in the eyent
labeled 22. Event 24 ig the succesrtul !e-test.
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Figurt Af4. Ths 1{ l$ht was ohlained 25 minutes ater shut-in. The stahilizad pressur€
forecastwas 7373 psi. wdl bekow the gStK) psi tarpt pressurs, $o lhe llghf was rcd. We see the
test continuad 15 minutes afier the I' tbht, meaning Dfuital 8OP Testirg could haye saved 15
rninutes here plm mor* i* fis r€-ts t

rig..df{

FigureA{$. Thisis{here-leslofltrebakingtetinFig.At4" Thelslightoccuned22minutes
ater shut-in, and was green. Tltis if,r€e* sftot was tahen exactty 24.7 minutes affer shutjn.
same as in F$. 414- shcr*iry consrderably less pressure decrease within that tme flus
suggesfing * non-leaking result.

ru.fie
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Figur* Alfi. Ths r€-tsEt rryas hsld sirut-rn ior 58 mlnutes. The slabdned pressx.ro fu*ecasl *as
10,453 psi, well above he target preseurs. The Digital BSF interyehlion was con€ct and could
have saved 3S minut$"

f{.rild,

Validitv Ch.ck
MMS stated in the March 200? metirg tftat tre 1''r BOP test in a s€ries should b€
interpreted S chart recorder so that Digital SOP software can be verifled before usirg it
to interpret srSeeqtnnt te$s. The details were left for BP to work out, and are
incorporated in this dmurrnnt *n the proposed Rules ar,d ftn*erexplained here.

CheckirE a Digitaf BOP forecast ts see if I is conect bebe proceeding to re$ cn the
Oigatal BOP sofiware to interpret srbsequent tests is a simde and worthudrile concept
We establishecl a basis and nrcfiod tor perfonning such checks and deterrninirE what is
valid w- invalid. Also, we felt it was imporlant to autamate tfe validation check in the
softsare so that it can be dorn in consistent, conect fashion wihorrt ffiking end users to
shtxild€r the responsibilrty d m*irg such detenninatians. Tte resuttant valldation
check nntftocl is iflusffated next.

Figuru At7. Thts type of graph is avail*ble in lhe Digitaf BOP sofirvare but b not p'ronrinently
fsatured because end users are nol rquired to draw tormlusionE from iL Ht*vevar, it does help
to illustrate tfi€ vafidatbn check method.

The blue curye represenls reel pressur* detE recqrded up to lhe present during a sfrut-in test
period When lhe 1* lrgilrl accuni, tfiae is pn associatEd prsssure fuacaet represented by the
black csrYe" Sso asscciated wi*r the ls tight fiorecE*t are ilppef and hwer error bcunds
repr€senled by the red curve$- Th* enor bounds rsfrec{ our knorvle$e o{ the Oigitd BOP
Abortthm farecasfing aecurtry, as prevbusly discu$s€d {$action lll-B "Digrtal AtgcrtFrrn
Ferfarrnance Stdy' pp lS-1 2)
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D.gfidFOPTeiffT
Apdigaiiotr tuf l{rufl Teeftnoh{y

tu-

The valilation consists of chocking throughout lhe test, from lhe {r fight ornrsrd. il ihe real
prGssufe data {blue} fall within the acceptable error bounds {red}. Thn is dsfie cornputaficnalfy
by tha Digital8OP rcftruare.

r&.ar?.

lf for the duration of &e test atl raal presssra data lay witfrin the *eeptable enor bounds. Sren the
1* ligt* foracasl b csnsidered vaiid. m*aning it was su$iciently accurate !o make E coneil
inlerprehtfurn.

lf ct any tims the real presewe data lay beyond acceptahlr* snor bounda, then the 15 Eght
forecast is consdered invatid, meanirq itwas nol sufficiwr{y represer{ative of the actual result-

The valklalion check is ahrays conrputed during all lest$. Flsraver, the notbn is lhat &e fr$t tsst
of a testlng seguenee shoukl bo cond*ted cuffciently bng {i.e., intsrp€fed by chart recorder} to
obtarn a cornplete validafion check. whersas subsequent tests may h ended alnrost irnrfiediatelv
after the 1* lqitt End users ah*ays have the opliur b hoid,a pariicular subsequenl test shut-in
beyond the 1* light if wishing tc confirm validity of the 13 light pressure forecast. We think
through experience end users will gain confidence lhel, cnee ,ralirJal,ed fie ls fime, trigit*l BOP
sotwafe y.ill be relieile in all *t$sequsit tesb.

We expectvery hrinstarrces in which a OigdtalBff pressure forecast becones inrratid"
Afier all, the dgoriftm psforrns a sfingent check on iiaUlity of lhe solutiol before
tlispldng a green or red 'lighf. Honever, it is dwap pcssiHe that ssrething iJ*{suat
may affect tre gessure response afler Sle 1'' light occurs, tfurs making the initial
pressilre trend and forecast no bnger repsentdive of tre curenl pressure behavior.

llnqro 1te. ff a 1-.$ light presure forem*t becunes invalkl- an 'lnvalid' warning is cha*y
displaye{ next to *p 'ftOhf . This parlicul*r test was unueual in that fre pressure quckiy sabilizei
to a decfins rate of zero, then lhe presswe ras+ sfightfy {wE think drc to fluid ln thi teet tines
$ating sligh$| andexcesdsdlhe upperenor bound thus prornpbng an'lnyelid'messaga. This
foes not nlean lhe Oig{tal BOP s{ah{a pre*ure forecast was wrong. nor was the g{s€n 'lbhi'
inconect- ThE test was intetpreled per *hart racorder as positive. as predbted Uy Digitd ebf
sotvrare. l{orvever. this dlns show that rf tfie pressure trend dwing a shutin tesl period deviates
much at all beyond ths 1* l€ht Dbttaf BOP gr€ssurs forecst, fia so*ware delecls end r€pods
lhis as.a safeguard 1geirct ensr. ln the event of an -lrwalid" result, clear rufes ase prrysei ltcr
example, tle lognc of Fi9..26, p. ?B) la en*ble smoolhhy proceeding and continuing to appty Digital
BOP Testing soffirare to bestpossbf€ benafit.
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