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Abstract
A coaputer based arethod expedrter mterpretatron of pressure
cata dwing sublea blowcut prtt'erter (EOP) tests- Thls can
reduce ttre time and cost of currmt subsea BOP testing
pracuc$ rn a safe and objectil'e slanner.

Frelentti', rudiridual te$t$ cas require more than I lr. of sbut-
in tirpe a!,d a ccmplete serier of sublel BOP teEtr mav
cornprise at teact 1l indrtidual tests

The drgital metbcd eaplo','s computer soft.l'sre lc produee an
&ccurate rcodel of tbe prtssut€ declrae behai'ior relati';el'r
eady rrr each tesl The rnodel can thus predrct if future
prelsures will stabilize at an acceptable lerel, l\ith tegulatory
approval and r reliable nctlrod to foreeart pressure. tbe
dwatioa of sub:ea BOP tesu can be signilicantl;; reduced.

Comparisoa of &e digital nrethod to coat'entional subsea BOP
tcstiug cs rumerour field tiafu sbcr',': cxcrtlest agrecrnent If
implemented thc digrtal nrethod could sate lrours cf ratuabte
crrtrcal-path rig tiorc duriag clery reries of subsea BOP tests.

'rt'orking in concert ruith regulatorv auihorrties to gain
endorsement of thiE method ir iutcgral to the pro.lect.
Fuoctiourlitl' of the softn'ate, exanrple re sults and
r:uplemeutatioo rtatuc are reported.

lntroduction
Indwtrl.' treuds tcltlld deeper wntet. ure of slntbetic oil baEed
fluidg and subsurface canditiaor tbat require bigber tert
pre$ures contnbute to leng{r1' delavE rn'bile u'atting for
pre$ures to stabilize during subsea blcwout prel'enter iBOPI
testiug. Also, subsea BOP ctackc rt'itb redutCancv of
ccmponentl and ure of rnulti-diaft€ter dlll srings leadl to
greater nusobers of tcttt that must be conducted.

Frartlin er. aJ. intestigated the pbenonrenon of lengtlrl lubrea

tsOP testing tirner.l Tlrey cooclusivcll' atuibuted the
prolooged decav of prtrsure with rime to beating sf the test
flurdE dunng prestuteatioa follou'ed bi" cocling of tbe fluidr
dunag shut-ia teat periods. Thel' proposed that rtal tinre
Ctgiral anal';sis of the pre3sut€ decar could vietd large time
aad cost satingr tt'ith safeq* benefrn gained throueh reduced
erposur€ time of personnel to prerswized lioes.

Tbe current autb.:r: csntiuued lte afcrementioncd rcotla A
digiral algorith"' for real tirne rar*pretatios of subsea 8OP
lest$ rras implemented in sofhtore aud te:ted ruccersfull;- in
{.I.S. Gulf of }fexico tnals. Tbis docuneet exptains tbt
algonthm ard prereats iietd trial rtzults.

Currerrt Subsea BOP Testlng Practlce
Current subsea BOP toting practicc (rn U,S. and genera[!1'
worlduide) ir to vterv shut-io test prersure! oa circulEr chart
reeotders arid'rait ushl a 5-rnmute penod of reacoaably stable
prescures is obts$ed (lee Flg, l!. The rearcuabl;" 31.61u
pressures must tte grester than or egual to t-he reguued tcst
pr!rsure ro, to allo.r for temperature-related Pretsure decliaes.
tests are uritiated ne]l r$ excess c,f requged pressDtes. A 5-
reinute period of rtasoalbll' stoble prelsures ts required es
pror,rf cf non-leaking le$ts stnce, absent additiocal analwts, thc
periods of orertl1,' decLining thut-ia pressures could be
isdicatitc of leal:: in the sSrsttms-

Subsea BOP tests teccrded on 4-hr 1J,0C0 pri circulu chartl
are g'picall1' euded rrhen prellure decline rates are in the
racge --l to -3 pri rnin This is trecause the pressure t'acc
begins to oppear rteady onee pree$ure decline rateg dicrrnish to
the range -1 tc -3 pri'nria, makiq this the as-practiced hmrt cf
circular ctrartresolutio,n. Giren tbe subjectire sstilre of '.'isual

chart rnterpretstiou, lest$ are sometunes stopped st Pressute
decfine rates ar higlr ar -5 pri"mrn and as lo*'as -? pri'mrn.
\\te coosider .3 prirrnin 0! repreceutatit'e cf a high :tandard cf
curreot terticg practrce and derignate the ptessure at t'hich
tJrir cccurs ar P1 or the ''pressure at ltabili!ati']8".

Pressure Behavior Ouring Subsea BOP Tests
Indindual gubsea BOP testl can require uptt'ards of an bcrrr
for prersures to stabilke acceptrbly. la the exanrpte of Fig. 1,
I pipe ram tests a'ieraged 53.5 rnrnutes eacl^1 4 annulrr
preventer tests areraged 16.8 ntinules each anC the total shut-
in trme tas 8.15 hours. Tbc ideal combiced shut-ir time
u'ould be 1.0 hour grl'en tbe U.S. Iliaerals }'[anagenoent
Ser';ice (h,fiUs) requirerneat tbat eacb of tht l.i tests mugt
hold ths reguired pressure for -l nrinutes. In this erar:rple on
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esces! of 7.15 hours n'as expendeil rvaiting for pressures to
rtabilize.

Pressure declines of non-leating fcsts are atributed 1o caoling
ofthe fluids rn tbe prelsurizei rrstem:

r Suriace-tercperature flurdr arr pumpcd froar the
ceuetrting uuit into lhe kill and'or chske linc(r) to appl1'
elel'atcd pressure lo the subgea 8OP compoueue berng
tested. Tbele flurds are wsnner than tleir surroundrrgs

. Fluids in tle t-ill andjor choL.e li..re(s) coruprrs$ nj
additional fluidl atc pumped-in. These fluidg are
dirplaced deeper to cooler surroundings.

. Fluids in the krll and.'or choke tineis) undergo an intesnal
energ:r rise r,;hen tle3' are comprerled. Tlris heat of
couprelsion cauJes a :hght elei'atron of fluid
tempefaturer throughout the srstem.

r The pressurued Jluids rn rhe kill acd,or chote line(r) ccol
ar they lose leat to their surroundrngr.

r Sbut-ru tert pressures declige as Ure tc:;tiag fluids cool.
Tbe rate of prersure dectine il fistest irutialll' u'hen the
tenperlture dif,ferences (.\T) betnreeu fluids and
rurroundin-es are Ereategt and slowc xs i\T becc,flxes lesc.

Subsea EOP tests tead to take longer irith ri.nttefuc base ruuds
(SBID tbur rvitb trater bare fiuidg (ree fig. 3) becaure:

. SBl'f is more compresrible than l'.'ater! irence mcre SBh'l

{and heai) is purnped-in to attain a giten trett ptes3$te.

r SB\! hal greater heat of comprersion ftemperature nse)
tban uater.

r SB-\{ has torver heat capaci$ than rr.'ater so loses heat
more rlorvll' and taLes louger tc coc!.

Digital BOP Testing
Drgital BOP Testitrg offers E tnea$s to eubrta$tiall;.' reducc the
shut-rn time aeeded to ccrrect$ tnterpr*t subsea BOP tests.
The term "digrtal" refers to:

r Test data ace recorded b}' o computer.

r A conputer a$tl',zes the pressure de:liue.

r ;{ co&puter fcrecarts if tlre te* it polrtive or negatn'e .

r A eomputcr seoerat€r a sumtnrrl'tcst reporl

Gren regulrtor;t approval aad a conputet-aiCed forecrltiag
nrttlrod tbat cn$ be applred safel'i, accurateli and reliably. the
m'.'isioned bmelie of Digital BOP Testing irrclude:

. Correctlf iaterpretrng tetu srsre tfficierth.

. Applied repeatedt'; 3a1'ing ca. 6 houre of critical patb rig
time per test inten'al(['pical$ ereq; l.l da-r-s).

r Slrrng ca. $3 rcrihon dcllars noaualll; per iloating driltiag
opEffitiorl-

r l:rterpleting te:t: in a consistent, objecul'e urtor€r.

. Reducur$ p€rsorurel, exposure to brgh prtlsure durrng
rubsea BOP and surface marufold testing.

r Reducurg rr'rat and tear orr BOP conrpoueuts and
pumping eguiprnent

. jt'Iating better use of metoccaaic coudrtions r"'lule
favorable fcr drilhng

Digitaf BOP Testing Algori thm
A Digital BOP Testirg Algoritlun u'ac derelcped to er"able
real tirne ieterpreutior oi:ubse a blorvout prel'€rrter tetts. The
algorithm take: grfat care to obtain accurate Fressute
fr,rrecastg,. Ao appropriatc matberraticrl fuaction rrith good
predrcrive capabili{ ir fit to the obsen'ed presture data, tbe
pressure trend is extraErclatrd cnd a suingent test il appked to
chcc!: for ccnfidencr in tbe presrure forccast.

Puurp rate, r,'olune pumped ard punrp pressure drta are
receited in ca. l-cecond inten'als. These measutements ate

f;prcalll' ntade at cenenting unitr b3' canreutirtg ten'ices
proriders. The end crf purnping and beginning of sb,ut-in tert
periodr are detectet!.

Dunrrg shut-in periods a fuuction of the fonn

P ( r ) = . 4 *  
b  . . . . - - . . ( 1 )

c,+ f ' {

ir regrersed to tbe entre time ard pr€ceufe data sel n'heaever
fresh data are receited, The values cf .{, S, c aad nr tlnt
proticie the b*t lit of the functron to the data are coruputed

Grren rlat Eq I rxpres:es shut ir, tert ptes$ur€ as a function
of tinre, the pressure dechne nte il the lst derrtatil-e of Eq. I

, , rt_l
- ' t rwf '

P'(t) =;i:*:;r """'(2)
l c + t ' '  1

ard fcr a particulu ','alue of the Cenratrre such ar P'1. the
trme at rr,'hreh rhar value occurs is stated bi' Eq. 3,

r  - r - !
l -  P ik+r '  1 i  l ' - t1=l - :J . . - , - : .  I  . .  . . . ' . (3 )
l o ruJ

An iteratirr technrquc ir emplcl;ed to solve Eq. 3 for tlre ur:ne
nt rrbich a certais ralue of P'roccurs. Eq I is tben used to
predict tbc assocrated pressure.

\Urthrrr each computaliou c1'cle tlre tine at stabrliraticc tg
(n'lren P'r - -3 psimrn) il predicted rvith Eq- 3 ucing thc
curreot best ft of &e Eq. I function then the Frescure tt
rtrbilizatrou Pr is predicted ruith Eq. l. 

'llnig 
ic courpared rvith

preiiour Pr fcrecasts a.od a test fcr ccrrlrersence to a ctable
soluuorr i: applied. -Stable solubon" rrelor thc forecast does
not cbangc apprecnhll'as slor€ data are added rrhereupon r"'e
are confidest rhe rolution corectlv repr€sea$ the pressure
trend and can be urtd to interpret the subject BOP test
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Clur chosen "tert fof roai?rgence to a stable solutiot" tequres
a misir:ruro of 60 consccuti','e Pr prtdictiour to be rrrtbi:n 3 psi
af ooe anothcr. Thcrc arc sratry porsrbte testr"lvith attenda:rt
trade-offs of :olutron tine (elapsed sbut-in tine to obtain the
l$ *abh rolutica) ard prestura forecasting accuracy. 1\:e
inrestigated a range of these and found the combinaticn of 60
eamples ard 3 psi to be a$ apprapriate criterion in the nbltct
Digital BOP Testisg Algorithn-

\tr'hea e ttable colutror ir obtailed, tire prcdicted talue of Pr il
compared la lhE recuired lelt presture Pr.r. If Pr rs greaf€r
tlrau or equal to Pyq, tbe test it Ceclared successfrJl (prsrtit'e)
aud, grtea confidence s the irterpretarroq can be esded rn
order to proceed tc the next lest. If Pr ts lesl thao Pnrg, the test
il declared unsuccelgfut (negedre; and, giren confid*ace in
the interpretaticn, can be "pumped up" or repeated.

Digrtal BOP Testiag uterpretatians ha','e beel ald rrtll fsr
soale tftae eoutinue to be conrpared witb chart recorder rcsults
u'bere tbc chart rcethod it presunred corrcct and the diertsl
nethod drav crr sne} nol coscur. It is therefcre nccessan' to
cslibrate the drgital nrethod to the cbart netlcd tn facrlrtate
conpanloas. The digrtal algoritbr:o t3 therefcre focused on
predictug tbe pressure P" al rt'hicb s tett dose hy cbart oer.hr:d
is hke[,' to be ended and interpreted- i.e., tlre shut-jn pressure
at n'hicb the pressure decline raie ir -3 psi'"arin.

Dlgital Algori thm Performance Study
\t*'e quaatified the P, predrction sccuracv of the Digdsl BOP
Icstrng Algorithrn rrhen applied to a shdv grouP of 95 high

Fre3surg subsra BOP testr obtahed frouo I ! fortnightl]' itst
surtes all ccsducted on the same floating drilling rig rn {-i.S.
Gulf of Mexicc. Tbis ErouP is siSairlcaat in tbat alt lests rr.'ere
held shut-it to prer3ure declme rales of -3 pst'min cr less tbus
enabling duect comparison of &p'rcraa aud Pr utr,cl

fhere i.: a posrure relatron bem'ees f5 (ehpred sbut-rs dme ai
'.'.'hich the pressurt dechnc rate il predrcted to be -3 psi'ain)
and Digrtal BOP Testing Algonthrn rolution hnres (see Fig.
{). The al'srage sclutiou time in thc 9$-test rtud-l'group rvas
07:.ii n'itb a maxluum of ?0:19 aoC a miuinrurn of 01:1.f.

Tbr potential tinre satings tia Digital BOP Testi$g fcr a giteu
tert series are a Jmear ft.racdoa cf the total r&ut-in time
required to complete tbe serie* by cbart rtcorder nrctbod.
Drgrtal BOP Tertrsg cau conslsteatll' reduce tbe required *tut-
in tinre of &e chart recorder nclhod b-v- ca, 689i (Ere Fig, 5).

Figurt 6 slror'*s tbe curnulatitt disttibution of .Pr predrcrioo
errDn rn rhe rtudl'group- Tbe error rangc is -0.530't to 0.8[9i,
t','rth a nrean of 0.I19'i anC atandard detiltiou of 0.1{9'o.
Hrncr, if a cbart recorder test 3tan3 al 8,850 pd and thc actual
P, 'r'alue is 8,020 pri rr'e coaclude that the Drgital BOP
Testrng forecalt r',rU be ffitbh tte range 8,010 psi lo 8,0-18 p:i
rrrtb the rost likell'value beicg $,039 psi.

Figure 7 rhol'g &e data of Fig' 6 in hi:tcgram fornrat tr,'tt!" a
''bell cun'e" sup*nrnposed. This' inCicate! an apllro:(imatel'c
nsrutal disuibution of error vatues. fusuming ths rules af
r*rrogl disbibutionr apply to tbcse data. ttatistically

rignificanl conitucions can be drasrt frorn an etrort anatvsis'

. Tbe meau P3 predicticn errar 'rf a rubset (tbe rtudl' group
of 93 high-pressurc $ub:es BOP tests beld shut-ur to
preisure declire rattr of -3 pslmin ot less) of the total
populauoa (all lubsea BOP resn of u'bich the stttdy gloup
is representatite) falls lrithin the ra:rge 0-1ll'il = 0.tl59b
95qo ot'tbe lir:re (cr 19 tuues out of 20).

r Tbe effsr terrn falls rvithin tbe range -0.61?'; to 0.jJeo
99 54.'o +f the tinre rvttt 9Jf i cosfidence

. The upptr bound ernrrr"'ill be less tlran 0.6996' 199 timcs
cut of 100 (99.596 of the dme)

The practical resulr of thil efforr anal;.'sis is that'

. The Digital BOP Testing Algonthnr is shon"n to be hiehtv
accurutc, co Fat rrn& or better than rrEasurcrueilt
accurtcreg of tbe electronrc Pre$Eutt transducen and
mechanical cbrrt recorder: S'picall-r- in ule cn ceoeuting
unin u'bere subsea BOP terts are inlerprcted

r The conditron for t test to be deenred pc*itire (suted
pre'.'ious11' as Pr pnd*t ! PocJ can ilcorporate cur
knorvledge of tbe 99.59'6 uPper bouud effor sc' ir
impleaeuted it Digital BOP Tesune softr'ste a: Pr (l-

4nwrtiji * Rof rrbere 6 uypcrt5.3= 0 0S69.

Dlgital BOP TestiDg Soltware
Digrtal BOP Testrng n inrpler:reuted in rcft.vare irith intcnt cf
supponing the curreut rtorkflow of cubsea BOP testing- ihe
Eoft.'.'are ic therefore desigued to be seea and uled st
cenrcnting uuits b'i canrutirg untt operators.

Figure E deprctr the displa;.'s se€{. dunug irutiatiol of hrgh
presswe subsea BOP tecu. A punp-in graph obtaiued dunng
pressurizaucc shou'r the lluear relatton of prersure T3'
volurae, computed ln thi: gsenrpl€ to be l, j9l psi bbl. Once
pumping eadr. a graph of shur-in pr€nture ts. time ir updated
',rrth eacb uelu pr€33ur€ rtrea:ur€rtteat- A vellos' "'light" :e
drsplayed rrbile Drgitat BOP Testing softaare anall'zer the
dato ard seels a stabte Prtrtur" foreca:t.

A presrure forecast is disptai'ed n'ben t&e l* ltrble sotutioa jr

otrtsrned {rec Fig. 9) and the tert is itterpreted ar eitber
positri'e or nega$r'e. The tert ia positive in this er"uple so the
"lrght" ir green. The 'tight" rryculd be red iu tbe e'.'eat of a
nrgatiri te3t iriterpretatron. Pendiog regulatcr1 appro'.'al of
Drgrtal BOP Ttgling, lbe intent rs for a te3t to end sooo upon
receipt of a conclulive mterpretatioa The test in thig exampte
r','ar lhut-in for 5l miautes additiorat tirne becausE tl tr.'as
interprrted by chart recorder ruethod. Ttis erubles ul to see
hcrr rrell lhe obscn'ed dcta ovcrln'tbe prersurc forecart.

Figure 9 rho*'g Digital BOP Testing goftn'are obtaned a
stsblt solutioc 15.9 min pott shut-io and Pc w$nr4lras 9.6?9
psr occurrirg at li:19:38. The tevt contisued to a pr€ssure
dectine rate of -3 pliimin &om rsbrclr & *o,os rt'ar 9,661 pli
or'curtinp! rt 33:13:lf. Tbe -32 pd differece* betn'een Pt

ptartttd. &nC &.tcsdl ii a fcrecasting error of -0.33q0' Digital
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BOP Testing softrva:e correctti'irteqpreted the test as porrtii'e
t''ut did so J I uisuter ahead of dre chsrt recorder result.

Figurc 10 sborrs a simrlar rerult frore the suber BOP telt
ccsducted subrequent to tbe esample of Fig. 9. Tbe test $'aB
beld *ut-in for 65 rninutes to s presBure declme rate of -3
psi'arin, Digital BOP Testiag tsft$'Nre obtained a stable
lolutroa 1?.1 oinuter post shut-is and & rvar predicted al
9.!7? psi occurrtng at 00:48:ll. & 1'.s,sr'nas recorded as 9,608
psi occr.nring at 00:{l:01. Pt p&xd rras 3l pn less than Pr
!,.od reprercnting a .0-3?9ir forecarting error Digital BOP
Testirg ccrrectly intcrpreted thc test as poritire but drd so JS
umuter io adi'ance of the chart recorder result.

Digrtal BOP Te*iag ro*t';are perforurs siorilarly r'.'hen applied
to bigh prssrure surfa.cs manifold testc. Surface nrscifold
tertiog r$ aet recessarill' a "critical patb" rig time expeoditurc
r','here Digaal BOP Tertmg c0$ reduce n'ell cort. Horrerer,
surface nranifold tcrting it required atong uith subsea EOP
telting co there ig rafetv benefit to reduced pcrsonnet exposure
to presnurized llues. u'ork benefit to corpletiug tasks more
efEcreatly, rcliabilir)* besefit to objcctireli' interpreting each
test plus rt rl preferable tlrat subsea BOP and surface nanrfold
tect! af,e ccnducted lnd docunented n the ca$e naruer.

Figurt ll rtates results frsrn a cerie:i of I0 surface rnar,ifcld
tcr$ hetd sbut-in to presture desLae rates of -3 psi'mu or less
thuE enablisg guaoufication of P, predrctiou accuracies r:rd
poterdal tisrr sa'.'tags obtanable rhrough ure cf Drgital BOP
Testing scftware The aterage solution tiure *'as 6I rnrnutes
r'.'rtb a alc&r error of -0.0S9i *0.0196 vielding a pctcntial 5.096
r*duction of lhe total rhut-m tirne requued by tbe cbErt
recorder uretftcd of iaterpretiag rurface manifold teEtr.

lmplementation Status
Tbr Diguat BOP Tectrttg Algorithrn har bcen thoroughl;',
e'"'aluated through retrospecti'ie anali;sit of buadrede of
Cigitalli'rccorded gubcea BOP tegtg cooducted io Lt.S. 6utf of
lllexico. Digial BOP Tecting sofuvare has beeu ruu in real
tirre at n'erv opportumtv vra retnote lii'e acquisitron of subrea
BOP testiog data.

Drgrtal BOP Testing soffrvrre performrd nuccessfulh' m all
tvials conductcd onboard Troroceat Deepwarcr Eori:on in
L*,S. Gulf of I{cxico duriug 2006. Digital aaallsis r-a:
ecrplol'ed cotlcwrent to &e cbart reeorder aretJrod of test
i$terpretaboa s'hrch renraincd thc deciding factor. Field trirls
occornpli:brd tbe rot-tririal challeng€ to acgurrt gufiicieallv
hrgh quatitl' data flou.l and mterface to esisting rignal
proccs 3r!r g infrastructure osbo ard fl oatrn g dt ill irg operatiol:-

$.'c infonnedtbe U.S. }tiaerals lvtanagemcnt Sen'ica of siatus
and rerullr throughout developreut a:rd uials of Drgital BOP
Terting. trVe propored a penod comnencing lanuaqr 300?
r'.'herei!r a Eubset of rubsea BOP tcsts rrill be rnterpreted ria
digital analyrie in lieu of the chart recorder nre'.hod. An
applicatioa to bL\.!S for npprotal to use this ne$'technologl.' rs
curreatly io proccss

Conclusions
l. Isdrridual rubsra BOP tests can reguire uprvarcls of an

baur for prei3ure$ tc stabilize acceptably when interpreted
bt chart recorder aelhcd.

l. In a 98.test stud'r'. dieital :rnrlsl'31s correctJv rnterpreted
all tegtr m an ll'ersge solution time of 07:3T rritL a
nrarunurn cf 10:19 and l nimgunr of 0l:1.1.

3. In the same 98+est !,tudJ', the digital pressure prediction
errcr range rras -0.519b to 0.8196 with a ure;rn cf 0.lloro
and gtaadord detiatron of 0 ?{o'i,.

'1. Digital subsea BOP test urtery-retaiiotr call cousistertll-
reduce the requircd lhut-in time cf tle ar-prrcticed chart
recurder nrettod b1'ca. 6$9u.

5. Digital BOP Telting softttare perfornrs tlrajt35!,,' tl'ell
rvbeu apptied to high pressure ltrface rnanitbld terts.

Nomenclature
.{, }, c, m * caefficirnts rn ptesEut€ functicn
.P = strut-ia test pressure, psi
&;q - fe{uifed test pressure, pri
P3 = prtsrure at rtabrlizotioa. pli
.F'1- presrure declue rate, p:l/mul
/ = trme stnce rhut-rn, sec
rj s trtne at strbrlizatior.n sec

Acknowledgement
Ste ackncrrledge ttre coolnrtdtnt 0$d support of BP
Drepirater Goh'l ltr:ells lr'{raagen and their dnlling operaticnr
tearur, Eurdance frcm EPT Drilling Leadership and pa'.'trbute
t,"r sc ibd. arr authcr B arqr Scrnarerfeld (Irtu rtii'e Teci:no logl,').
Tbanhs to EP tolleaguer Scherte Douglar. Ilark Frnqkl$.
Dn'id Fattillo ard l{rliE Pa;,:re plur L1.8. Sathurallr (Blade
Energ,:') and Ricb lr'Iiller fi,ikirg Eagineering), cementiag
sen-ices representatires Riclrard l'argo a.ad Jelge Gagbauo
(llalliburtoa) aud Jeff Loug (Scblumberger) and outo].
personnel cf lraruoceast Deepwarcr EiorEon asd Diamond
Oceail Co4ft,Cence.

References
1. Frurl{in C.}d.. Vargo, RF., Sat::rtlh. U-E. and Pa1ue, }{.L.:

'AdrzrceC ,{.aa['sis Identrfier Greater E0tcieuq' for Testing
BOPs u Deep Werer,- SPITC {Deceurber l0Di} :J:-150.

Appendix
We lirt here fuilher detuls of borv Dieital BOP Tettiog rs
presenth in:plernented rn softn'are:

r .{ greca "ligbt" is arsigrred to a test u'heu:

l- P3 predicticns satisfl' thc (60,3J cnt*rica and
:. & f t ' dS': Pry t','here d= 0.0069 and
3. t& - P:l  .  P, ' j  0.1:J,

r A red *'light- il assigned t,r a test'.rlren'

l. P5 predlctiocs satrsfi thc (60,3) crittnou and
l. & (l - 6t < Poc wbere d= 0.0069 ar
3.  (&- ru*Pr>0.1 :5 ,
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. The Digrtal.{.lgorithn, sometriles obttus usble solubons
during anali'srt of subsea BOP tertr in legt than 5
misutes of shut-ir tine. lf,'hm thil bappenr, a:id tbe
iaterpreutioa il poritite, Digital BOP Testing :oft'.lare
should not drapla:v'a greetr "hgtrt'' utrtll et least -5 mu, of
shut-in tiere hare elapred. This rs oecessari io crmplv
with tlre !'{htS requirenent of "must hold the requued
prersure ior 5 nrinutes'

. [fsbut-is pree3ure falln belon'Pnt before c test rs euded,
activrt€ a red "&ght" if not alreadl' actii'ated Tbis de
pertain: to cases '.r'herc the "kght'' u'as prei'ioustl'velloru
bccaurc a ctable solutioa rrar not yet obtained

Tbe greeu "light" requirement cf (P1 - PJ ; Pt ! 0.11-c rs
explained ss fotlc$'s:

& rs t[e prelsure ssrocratal rritlr predicdon of tbe tirne rr
r','heaP|- -3 pri'rnin. Similarll,P: b defrned al tbe prcs5ute

ascocisted rrrth pred:ctioa of tbe time f; n'hes P'r - - 1 psi min.
I he purpose cf eranrinrng thc pressure forecslt at times trr and
t; ie to dilcern if tte modeled Fressure decline tresd
extrapolates to a relatj'r-ely high presnrre (iudrcatite of no
l<alc) or a relatii'el1' lcrv (possrbl;l zero) pressure n'hich rvou]d
be rndicatrr-e sf a leat The coadrtrona! r'alue af 0.12-l rras
ecrpirrcallv detetarined licm a rnrdl' of t.t5 higL pressure
rubsca BOP tcr& to drsccrn ttr range of qormal t'r- ancrnalcug
talueg cf the quantiti'iPr- P;) r &.

Tbe (& - P7 ,Pr :: 0.115 requireareat uddre:ses rmprobable.
but p.crrible. isstances cf testg rvitb rer.' rcrall leats iniuated
at rufficrenth'hrgh pressure3 to satrsF.'tbe Pr (l - 4 ; Pn1.
reguirenrent Tbis uee cf the Dtg:tal BOP Testrag Ftessure
forecast ir rreaat tc prolide an appropriate safeguard, in
additrcn tc tbc,sc already dcscribed, to assure Drgital BOP
Telting $e€ts or erceeds tlre capabilrfi' of tlte as-practrced
cbart recorder netbod to correcllj' irlerpret :ubres BOP teru.
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Fig. 1 ' PreeonUy, hrgh-proseure rubsea BOP tertr are held rhut-in until a 5-mn. perlod of realonably otable pressuro {when viewed on a 4
hour 15,000 pricirculrr charl recarder) ir obtained.
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Frg. 2 . A typical rerier of sub$ea BOP tcstc spanning sbout t4 hours of elspsed trme. Some hlgh-presrure terts last an honr or longer.
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Fig. 3. Synttrctic bare fluidr arc atrociatad vvith prolongcd prcrsure dcclincs during subsea BOP tects.
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Fig. 4 - Oigital BOP Tcrting solution timea vary in proportion to the volue of tr.
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Fig. 6 - Orgitat 8OP TesUng can reduca the required thut-in tme by 68%.

P, Predlctlon Error: Pr (60,3lAgorithm

100o/o

8096

-1 509'0 -1 009'" -0.509/' 0.00% 0.:09'q

% error

Fag. 6 - The mcan P, forecasting error is 0.1lli. wlth a rtandard deviation of 0.247-

1.00i'" 1.50%

6
aa

Etr
q,

tr
t-
c
o
T
o
v,

E  B O O
H
g
.r 6.00
t i
CD

S 4oo
a!
o
I 2 0 0
E
tr

0 0 0

f f i ! "

4096

209o

s
{|
g
=g
3
(J

CON FIDENTIAL BP-HZN -217 eMDL031 2274s



\q. J !14I{TERS T. A SURI'{S and R 5 U\.€SAY SPE{ADC 1C5138

Fl ;it Y1'n, ;rfiffilrl t{'li}r'. i l!3,

Fr {'lO 1r * l'fi'J Lrl}r}iF?rly'[ r r'])r I. f: Jfr]{.i
a  4 -  - i 4 . 1 .

4 .1. rf{ f- J- \ it i,, J rv t,: 4nt\ 1 i lc{ t{ gr:r'? 1 /il , b

P. 'LJ::r 4lirS{rr

Fig. 7. Thc Digilat BOP Terting Atgorithm Froduce$ 6n apprormotcly noffnal dirtributron of Pr forccarting enorl.
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Fig. S - Digital BOP Terting BofihvEre displayr a pressurc y3. yolumc gr6ph during preslurizstion (leftl, the n thc Initial shut-in preisurc tell
data are dirplayed whib baing snalyzcd {nghtl,

Fig. 9 - A prerture forecast ir dirplayed and thc tprt data arc intcrpreted oncc a rtable aolution ir *tained (lcftl. lf the te*t rernainr rhutin
totlowlng the Initial presure forecar( the additionsl prerrure data are dirplryrd and we tee the sccorscy of the forecagt (rightl. The Eq" 1
valuoc of tha prassurs forecsEt are A'81906.5 b=2.887E+5 c=?.246E+? tn-0.623.
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Fig. ,10 - A rolution wa! obtsined 17 minutes poll shut.in. Pr was predlcted with 99.7tt' accur8cy 48 minuter ahcsd of the chart recorder
reiull and Drgitrt BOP Terting correctfy Intcrprered thc tert st poiitrv€. The Eq. I valuer of the pr$3ure forccart are A=8,802.3 b-3.6E9E+5

c=2.8048+? m'0.635.
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Fig. 11 - Digitat BOP Terting softwars pcrforms well wtren applied lo high prcrturc rurfacc manifold lests.
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