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Geir Elseth
Copy
From R B Schiller
Case Choke calculations - GOM Incident
Pl Y
1 Summary
Statoil was in July 2010 contacted by Wayne Miller in Lawrence Livermore National Laboratories {LLNL) via Stéle
Selmer-Olsen in Det norsk Veritas in relation to BP's oil leakage in the GOM. Contact was made with Ruben Schulkes in
Statoil Reidar Schifller was asked to carry out the calculations with the Hydro Choke Model
LLNL had tried to make a flow model of the 4" choke valve that managed to close in the leaking well, but they were not
convinced that their model was correct. Statoil was therefore asked to see how the Hydro Choke Model'?, calculaled the
flow through tha choke. Input from LLNL is found in separate pdf-document attached to the end of this note
The geometry of the flowing system consisted of pieces of 3" piping connected both upstream and downstream of the 47
valve A pasket upstream of the choke valve also reduced the cross sectional areas to 42% of the maximum choke area
The 3" piping is 0% of the maximum choke opening
LLNL supplied a PVYTSim file that described the welifluid. PVTSim was used to generate a three phase fluid property
input table to be used with the Hydio Choke Model (The same property file was also used in the OLGA calculations that
were performed.)
' schuller, R B, T Solbakken, and 5 Selmer-Olsen, (2003), “Evaluation of Multiphase Flow Rate Models for Chokes Under é o
Subcritical Qil/GasMatar Conditons®, SPE Produclion and Faciities, 18(3). p. 170-181 -
~~ 2 schiller, R B, J.5. Munaweera, S. Selmer-Qisen, and T Solbakken, (2006), "Critical and Sub-Critical Oil/Gas/\Water Mass
Flow Rate Predictions for Chokes", SPE Production and Operations, 21(3). p. 372-380 caticetvestinsis
CON FI DEmeT_mg Internal Stalus: Drafl Utlepsdalo: STAS'b] r_vdbooos?z
TREX 011033.0001

TREX-011033.0001



| % 7
A" Statoil -

Calculation were first made with a stand alone version of the Hydro Choke Model where the maximum effective choke
apening was limited to 50% as a result of the restrictions in the flow lines. This model did not include losses in the pipes
or in the gasket and therefore over predicts the flow rate.

The gas mass fraction at inlet varied from zero to 24% giving gas volume fractions as high as 50-60%. The flow geometry
was modelled in Fluent for compressible single phase gas fiow to see which geometrical factors that governed the flow
rate in the extreme case with choked flows. The results showed that the choke valve was only one important factor. The
flow could choke in the gasket, and the flow also choked at exit from the piping system.

It was therefore decided to model the piping with gasket and choke valve in OLGA. These calculations were successful,
but OLGA considers the flow regime to be stratified in the pipes. This is doubtful since the flow at large openings have
high velocities and severe gasfliquid mixing Is taking place in bends, gasket area and in the choke.

A number of calculations were made with OLGA 6.2 where the geometry was represented as a straight flow path (no
bends), but with the correct changes in pipe diameters. The choke was modelled with the version of the Hydro choke
model implementedin OLGA.

A pressure plot for different choke openings is shown in Figure 10 and a gas velocity plot in Figure 11. A plot including
mass flow rate from the OLGA calculations is shown in Figure 1.

The resuits from the OLGA calculations show that the effect of changing choke opening is large, also when the openingis
targer than 60%. This is probably not correct since the upstream and downstream pipe cress sectional areas are 60% of
the maximum choke opening area. A calculation removing the choke completely gave a much larger flow rate. (See
diagram.) It was therefore decided not to send the OLGA results to LLNL.
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Figure 1: Mass flow predictions from different models
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Figure 2: Comparison with prediction models used by LLNL.
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Figure 3: Diagram sent to LLNL.

2 Answer given to LLNL

The following email was sent to Wayne Miller:

From: Reidar B. Schuller [mailto: rbsc@statoil.com]
Sent: Wednesday, August 25, 2010 12:14 PM

To: Miller, Wayne Q.

Cc: Ruben Schulkes; Stale.Selmer-Olsen@dnv.com
Subject: Hydro choke model

Flash calculations using the PVTSim file show that the gas mass fraction at inlet to the flow geometry varies from O to 24
weight%, depending on the pressure. (See attached diagram.) According to my caleulations 23 weight% corresponds to the

specified 2900 standard cubic feet of methane per stock tank barrel of oil,
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Comments:
The maximumn gas mass fraction in the present case is approximately 24% giving gas volume fractions between 50 and 60%,
and the choke model did not predict critical flow for any of the valve openings. For situations with higher gas fractions the flow
may readily become choked if the pressure drop is high.
The choke opening limits the flow rate for small openings and small flow rates where most of the pressure drop is across the
choke. The choke may operate critically if the pressure drop is large enough.
The pressure drop across the upstream restriction, having a flow area of 42% of the maximum choke opening, will be large
when the choke opens, and the flow may become critical at this location.
The gas expansicn (and including some flashing of gas from the oil phase) and friction effects may resultin choked flow at the
pipe exit (Fanno flow) limiting the flow rate through the system.
In addition there are frictional pressure drops in the piping that affect the pressure disfribution, so this is a complex flow problem
where it is difficult to determine what actually determines the flow rate.
We also believe that the assumption of a downstream pressure of 150.9 bara (2189 psia) may be uncertain, especially for flows
with large gas fractions.
1) In a pipe system like this the phenomenon multiple choking may occur, i.e. the flow may be critical in more than one cross-
section of the pipe system. The critical cross-section furthest downstream will determine the mass flow rate. Upstream there
may be both subsonic and supersonic flow as well as shocks. A model of this has to allow implicit solution of multiple choking for
complex pipe geometries.
N
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2) If there not is sufficient flow restrictions and friction to dissipate enough stagnation pressure upstream, the flow will choke
where the pipe exits into the sea. The mass flow rate will be determined here. The exit pressure will be larger (or equal to) the
sea pressure, and there will be further expansion and dissipation in the form of normal or oblique shocks etc in a turbulent jet to
the sea.

It should be possible to develop a model combining the Hydro choke model with pipe flow as described above, but we do not
have that available now, It would be useful to have a tool that could determine how these high velocity compressible flows
behave in complex piping systems. The basis for such a model was developed by DNV and partners in the mid 90ies for one
and two component flows based on a similar model as the HYDRO-model. However, the model would have to be made
operational again and further validated. This was done within the framework of a French, Belgian, German, Polish and
Norwegian collaborative R&D project with financial support from the EC, CEA, UCL, TUHH, DNV, Stateil, ConocoPhillips, ++.

We hope the above infarmation gives you some ideas on how to proceed finding a good prediction model for your system.

Best regards,

Reidar

The information contained in this message may be CONFIDENTIAL and is
intended for the addressee only. Any unauthorised use, dissemination of the
information or copying of this message is prohibited. If you are not the
addressee, please notify the sender immediately by retumn e-mail and delete

this message.
Thank you
o’
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Appendix A: Results from Fluent calculations
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Figure 4: Pressure profile. Notice small dp over choke at 90% opening
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Figure 5: Pressure profile
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Figure 9: Velocity profile. Notice choked flow at pipe exit at 70% opening.
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3 Appendix B: Resuits from CLGA calculations
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Figure 10: Pressure profiles for different choke openings. Maximum pressure drop is across choke.
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Figure 11: Gas velocity for different choke openings. The maximum velocity in the vena contracta of the
choke is not shown In the diagram.
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Wayne,

Please find attached document which shows a cross section of the choke and identifies the
key components that control the flow through the choke. The key dimensions are:

The plug outside diameter and cage inside diameter are nominally 3-7/8"

The plug has a 30 degree chamfer (3/16" long) on the leading edge of it

The seat inside diameter is 3-5/8"

There are 2 zones of circular ports in the inner cage

The first zone has 6 X []” holes and these are centred 0.38” from the seated position -
i.e these holes would be 50% exposed when the plug has moved 0.38” from the fully closed
position.

The second zone has 6 X 1]]" holes and these are centred 1.19” from the seated
position.

8.5 turns of the choke over-ride corresponds to 2-1/8" movement of the plug.

This should allow you to model the choking elements (orifice restriction) of the choke.

Regards
Stephen

~~ Stephen,

During shut-in as the choke valve was being closed, the back pressure rose in the well
head, as you would expect. However, our calculations of flow through the choke valve
showed flow increasing gradually from turn O to turn 5 by about 10%, before it started to
drop and head toward zero flow at 8.5 turns (fully closed). This increasing flow behavior
is puzzling to us and we were wondering if it meant that the Cv we are using should
maybe be adjusted slightly for the 2-phase oil and gas flow. That is why we were asking
if there were any experimental data for the CC40 with oil+gas flow.

What do you think?

Thanks for your time Stephen.
Curtt

At 09:27 AM 7/27/2010, Chambers, Stephen wrote:

Curt,

Cv is a measure of valve capacity and is independent of the fluid passing through the
choke. Cyv testing is generally performed using water, but the Cv obtained can then be
used in the formulae for gas or liquid flow.

A~
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In relation to the question in the original email below, | presume you are asking with
reference to the attached curve why the Cv is 256 at 94% travel and then drops by
approx 2% to 251 at 100% travel. This is something that we often see on Cv curves.
The Cv on this type of choke is adjusted by moving a plug up and down within a ported
cage (ref image below).

At the point where the maximum Cv is achieved, the ports in the side of the cage will be

already fully exposed. You find however that as the plug is opened further, it generates

some additional recirculation between the uppermost ports and the bottom of the plug N’
that has the effect of impeding the flow and results in a reduction of Cv.

Hopefully this answers your questions.
Best Regards

Stephen Chambers
Product Engineering Manager
Flow Control

Cameron Ireland Ltd

Aghafad

Longford

Ireland

Tel 353.43.3350631

Fax 353.43.3341560

<mailto:Stephen.Chambers @c-a-m.com>Stephen.Chambers @c-a-m.com
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MUTUAL NONDISCLOSURE AGREEMENT FOR EXCHANGE CF INFORMATION
WITH LAWRENCE LIVERMORE NATIONAL LABCGRATORY N\

This Agreement. effective on the gate the last party signs, is made by and between 3TAT{HIL ASA located at
Forusbeen 50, 4035 Stavanger, Noway, and LAWRENCE LIVERMORE NATIONAL SECURITY. LLC, (LANS), undar
A8 Con"ar:z No. DE-, AC&M?W it tha U.S. DEPARTMENT OF ENZRGY (DOE";, as cpemtor «f ihe
LAWRENDS LIVERMORE NATIONAL LABDRATDRY MLLNL" laeatey at 7010 Eemt Av{:;;-us, Livermnny DA BARSGE,

WHEREAS LLNS, as operator of LiNL, pas STATUIL (hersnatier individusly refsrec o 38 the PARYTY o
coltantively as the “FARTIES) wish to exehvinge vartui oonfidentisl and poprieisry inforviation reluting fo ERR R
ofl properties and piuminng detais on e unosrses el lesk and STATOIL'S resulls oo of fow mals
astimates through @ choke vaive Sragicid by el HYDRO mode FPROPRIETARY {NF CRRRATION'Y, $hiy
Agreement will govern the conmiians of mutual decicsure of PROPIIETARY MIFORMATION by the FARTER

The PARTIES neredy agrae:

m To piefoar it s of 45 Agmeeranc s in waintain tha FROPR TARY IFORMATION =
conBuigrice, greng it 1he Lared dugred oF Carg. bu ne less i?‘aﬂ & mﬂm alds degres of care. as e
- teceieng PARTY avercizzs with He ove gropriclary infarmaiion jo pmeend e wnavthorized danemure.

(2) To exchange and use the PROPRETARY INFORMATION sately for e purpese of svaiyain
and devsicpment of polential cianoraions, joint ventures, andisr fverse of the tethriagy.

(3 That neither PARTY, without the prior written consent of the-olber, will Gisgiose vy partion of ihe
PROPRITTARY INFORMETION o others except to iheir employeas, ags congdtants, subaeiawtors
or Covemmeant persanael having 3 #1294 % krow in order o accomplisk: the scie purpoes stated ahtve
#nd who ar2 baund by a like 2igation of confidentiality urdar this Agrewmant,

4 Rateiving PARTY may disclose PROPRIETARY INFORMA TION witheud ihe nihor PARTY & wnlten

conseril eniy to e axtent:

i3} the repmving PARTY can demonstgie by writlen reomd was Dreviously EROA® 10t

{6} is, Or Bucomat, avalipie tothe puliio Mrugh no el of she soaiding FARTY,

{6} 19 fgad “eynt‘ta‘:w* by e receiving PARTY from a ind penty and @ nul subjer] Yo o aliigatiot of
corfifantniity Gwad 0 e thud pady, o

{d) is indepantenty deveinped by o0 %r e resening PARTY nﬂrmt**»:km o an; ossdcsm *“mmrﬁb

£8) Such hiscdonUng i ragiannd In b =' i : .= it
et v by A governeientsl order, o
meks ssonabie alisns !;: P ;-:-.. uaa mﬂtaﬂ wm m she mh. csinn sts‘:y gks's'az' ic 9.‘-_;-':5';

disciosurs)
N’

{5) That PROFRIETARY INFOIRMATION disclosed by the PARTIES wi! ke o -w:b;:g sud tgstly m.vkw
PROPR!ETA{» 7 fNFOR\éﬁT zon_’ nr .Ps equ«anemt. If gaish PR‘J}' Y r-(';ﬂ? AAT

is 3, "nr e t‘ sc!wng PART%‘ m Wil )
w.due:e .wc& PROPRIE 1 S8 'a- OREATIO Nmm'ﬂrg ar ot *ssrgat:‘- 3 ezen
type of PROPRIETARY NEORMA sciesed, and man it zs FROR
equivalent, anc B delvaer 8 Copy o the ARTY. Al ptettung
disclogure wit apply duritg such thiny (305 may period.

i ﬂs-sﬂ:c*.‘es‘.s a:s *.-a u:w; -Jﬁ(?

2 nder this Agreempnt wait remain

(7] ‘That alt ights and litle to the PROPRIZETARY INFORMATION ois
byt PARTHES.

the property of distiosing PARTY unizgs olhersise agread 1o in

{n That PROPRIETARY INFORMATION provided by amy disclosing #ARTY ix sy regeiving PARTY shall be
gu:};r_r;? 1o the disclosing PARTY within fva (5) days of written reqeest tos w‘r eafutn by the dissloting

(8) That no conies shall be Mada by # raseiving PARTY cfany PROPRIETARY INFORRIATION witheut the
wrpraes wiillep consent of ¢z dinvasing PARTY. Any codles 2o sahorzed snall e temrend fo the
clgcicsing FARTY or destroyed in actordance with the tein: 219 damand provisions o7 this &@eanend,

{9 The PART S acres thal any phake x.:y o facsimite copy of this Rify-topcuiad Agrsemant shas hove
the same leg3i force and effést ax any oupy bearing erigien! igratures of the FARTIES,
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{i0)  THE PROPRISTARY INFORMATION, , ARS PROVIDED “AS 48" WITH ALL FAULTS, WITHOUT ANY
EXPRESE CR BPLIED WARRANTIES OF AMY TVYPE WHATECEVER, INCLUDING BUT NOT
LIMETED TO BIFLEG WARFANTIES DF MERCHANTAGIL i FOR & PAETICULAR
PURSOSE, GUALITY. ACCLIRACY, SCMPLETERESE. THT ik 5 ‘

i j TWN RIS ASEDOY

5 WATH GUALITY.

EXPLICIT UbetjE ND AGREEMENT

COMPANY, AGENTS, CONSULTANTS, AKG OF

AFOREMENTIONED ENTITIES SHALL HAVE K2

OR RELIANCE UPON T

GNPRINGERENT. ZACH
e

THEREGE,
{1%) Technical Cantact for Company: Fechitins! Contasifor LANL:
Nama: Ruben Schulk:s Name: Wayne Mg
Company: O Dompany:  Lawsanos Livermone Ketonal Latnaiaty
Address: : Agaeassr 7GR0 Bael leesus
L0
ippfinare 04 SEELRT
Phore: Phore:
Fax:
Emaif Emait ARl gy

i of PROPRIETAR Y INFOFMATION Soas nt o
reae-or hereieniiae held by sithor PARTY.

te gy grast o igepsa to

(12) it1s turther agreed that the
tha other PARTY for any iagal

! i t
et for five

3t s G
iy abhave will rainan i

iNFORMATION is destroved, a certificale of destructicn
days The secrecy and hon-use obiigations of the receiving PARTY et
yenrs from ihe effective date.

(14) The PARTIES shall make a diligent effort to selfie amjcably ail disagrestannds |
2n emicable agrezment is not reached all disputes arising cut of of in sptnecs wath the po W e
finally seftied under the Rules of Arbitiation of the lwteinalional Crarmber of Comprarce by avie Of [B012 ARHrRinis
appaimed in acuoyiance wib said Roles

e e 1.5, Bapos
feesd goter reneivens o

reksawietges ds obiigetiong jo confeol sueess te technval data
2 B OERare Yo suh Laws ane Regulatons web mgars o any fe

(15; Any modification {0 this Anreetsest must be in writing and signed by the duly authorized riztesentalive of each
PARTY.
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