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THE UNIVERSITY OF TULSA
Hydrates Flow Performance Project
Advisory Board Meeting

Gallery
Allen Chapman Activity Center (ACAC)
E. 5" Place & S. Gary
Tuisa, OK 74104

AGENDA
Thursday, November 8, 2007
SUNRISE BREAKFAST ... 8:00 a.m.
Gallery ACAC
Mike Volk...... .o 8:45a.m. - 9:00 a.m.
Introduction
Risk Assessment Summary
Emmanuel Delle-Case......................... 9:00 a.m. - 9:40 a.m.
Steady State Experiments
Ramon Domingues/ Emmanuel Delle-Case.................................... 9:40 a.m. - 10:10 a.m.
Steady State Simulations
BREAK L. 10:10 a.m. - 10:25 a.m.
Emmanuel Delle-Case........................... PSR 10:25 a.m. - 10:40 a.m.
Transient Experiments
AngelinaColleta....................o 10:40 am. - 11:00 a.m.
Jumper Study
Visualization Studies with High Speed Video Technique
Droplet/Hydrate Particle Distributions
Alisher Yunuskhojayev........................ 11:00 am. - 11:20 a.m.
Dispersion Properties w/o Hydrates
Rene Sanchez TOrres.............. 11:20 a.m. - 12:00 p.m.
Water Droplet Size and Their Effect on Plugging Tendencies
LUN CH . e e e 12:00 p.m. - 1:00 p.m.

President’s Formal Lounge




Dissociation/Plug Properties
Lissett Barrios. .. ... 1:00 p.m. - 1:45 p.m.
Plug Characterization Study
Dissociation Model Results

Mike Volk
Phase fll Path Forward........... e, 1:45 p.m. - 2200 p.m.
Mike Volk. ... 2:00 p.m. - 2:15 p.m.

Open Discussion/Issue Bin

Closing Remarks/Adjourn ... 215 p.m.
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PTULS, Welcome

a 10" Semi-Annual Advisory Board Meeting

a Handouts
» Brochure, Slide Copy Book and CD
J 0 Sign-Up List
_' f » Please leave Business Card at Registration
/ Table
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s Emergency Information

"

2 Emergency Exits
a Assembly Point

+ Grassy area on Northwest side of ACAC
a Tornado Shelter Area

« Level 1 Restrooms, stairwells, Room 115
a Campus Emergency

2
H
St i

we o

« Campus Security ext 5555 or 918-631-5555
« Primary Emergency Response

> Al Soltow ext 2766, 918-631-2766 or 918-80?4 830
a Rest Rooms

0% TUHFP Advisory Board Meeting

Navember 8, 2007
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0 Mike Velk — PI

o BEmmanuel Delle-Case, Cem Sarica, & Keith Wisacarver
&~ Co-Pl's
U G%argés:} saeraci — Post Doc

Linsett | — Post Doc

a Jose Ara mm{a — Cg:e;‘a%: onh Engineers
rrett Pierce — Techni

as kEstanga, Hane f%Zx chez Torres,
rYu “z,,,savszxs@{:ézha Hamon Domingu
Wioran B arrows — Gradusie
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o Justin Hom - Web Sle Adminisirator
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Risk Assessment Summary

Emmanuei Delle-Case......................................... 5:00 a.m. - 9:40 a.m.
Steady Sfate Experiments

Ramon Domingues/ Emmanuel Defie-Case......... ... 40 a.m. - 10010 am.
Steady State Simulations

BREAK e 10:10 am, - 10:25 a.m.

Emmanuei Delle-Case..................................... 1025 a.m, - 10:40 a.m,

Angelina Colleta..........__................................. 10:40 am. - 11:00 a.m.

Visualization Studies with High Speed Video Technique

10 TUHFP Advisory Board Meating November 8, 2007

Upiversiry ABM Agenda
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Broplet/Hydrate Particle Distributions

Alisher Yunuskhojayev............ e 1100 am. - 11:20 am.

Rene Sanchez Torres. ... B UV URRRRUUTI T2 am - 1200 am.

LUNCH. .

Prasident's

S 200 pam, - 100 pom,

Dissociation/Plug Properties

Lissett Barrios.. ... e 100 pm, - 145 o,
Flug Characterization Study
Digsociation Model Resuits

Mike Volk.................. B PO B S 45 pm. - 2906 pn
Phase [l Path Forward

Mike Volk........... [ e, B U U ORI, 30 pm- 215 o

Closing Remarks/Adjonrn e s o D LA

16 TUHFP Advisory Board Meeting November 8, 2007
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Hydrate Coid Flow Performance Program

Activity Summary
16" TUHFP Advisory Board Meeting November 8, 2007
HiE i
Universiry PR

a Better understanding of the importance of fluid
and operating parameters on plugging tendencies
+ Establish a “safe” operating envelope

0 Better understanding and management of risk for
shutdown and restart of production systems

0 Better understanding of the impact of AA
concentration on plugging tendency and pressure
drops

o Develop dissociation and slurry flow models
a Completion status: 95%

10™ TUHFP Advisory Board Meeting November 8, 2007
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Complation Status

1.3 Resian

Low Spois

“Bestart Rate

e Add&té\ﬁ/‘*@_g@g;

2 éil‘WamrDispersEon Chargceterization Smdie§_ o

2.1 Lasentec Emuision Characierization

2.2 Microscopis Particle Bizs Chatacienzation

3. Slurry Flow Madeiing

.21 Home

us Modsl Develspment

Approach )

2.3 Validalion

321 Bomogenetus Model

2.3.2 Mechanistic Mode!

41 P te

- stngs
4.2 JP Advsory Board Maetings

4.3 Reports

THE gfgé

sras . Completion Status

Fiuid Proposed Compieted Flow loop Tests
NG/Dodecane | ~ 11 2 2 101 Tests completed
Ciom 75 0 through October 1st
Troka 7 19 * 140%
Caratinga 7 22 « Types: parametric,
Comron 5 12 restart, additive & slurry
Blake 4 2 flow
Total 72 101

16% TUHFP Advisory Board Mesting

November 8, 2067
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Qe Completion Status

a Dispersion Characterization Studies
+ Dispersion properties and droplet size linked to
plugging tendencies

+ High pressure sampling system successfully tested
» Reproducible results obtained

+ At rest, droplets coated with hydrate film

» Under shear conditions
> Snow-like
> Non-spherical pariicles, flakes. ..

« Droplet break-up believed to be a key mechanism in
agglomeration

10t TUHFP Advisory Board Meeting Novermizer 8, 2007
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Uiesm  Completion Sta

a Modeling Efforts

+ Slurry Flow Model
»Dispersed & stratified conditions
»Needs slug flow model

» Dissociation Model
»Fit for homogeneous plugs very good
»New model development begun

» Began development of a flow loop simulator
with PVTSim open-structure

10% TUHFP Advisory Board Mesting Novembser 8, 2007
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Emmanuel Delle-Case

10% TUHFP Advisery Board Meeting MNovember 8, 2007
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NIVERSITY I i:T
Li%?&am Ouiline

0 18 additional experiments
* § Conroe
« 3 Troika

2 Caratinga

2 Citgo 19 — Additive

2 Blake

a Effect of variables

a Future work

0% TUHFP Advisory Board Meeting Navember 8§, 2007
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104 TUHFP Advisory Board Meeting

Convoe [ Trotka [ Caratinga Experiments

November 8, 2007

VIS Conroe Test Matrix

-

Liguid
Test # foading
{% Vol

250 rpm = 0.6 fi's
500 rpm = 2.2 fi/s
750 rpm = 3.9 /s

Water cut Pump
{% Vol speed {rprm)

1250 rpm = 7.2 fi/s

5

Co-1o 50
Co12
co0g
CO-08
Cog7 75

25

18t TUHFP Advisory Board Meeting

i Rupiore disk ruplared - Uncaordrolied velocily

November 8, 2007

University of Tulsa Confidential

12




USRS Troiton | (ot '
MIVERSIT T g ey w oo §OFE 28 oy 2w Wwf’_grg""i
PrUL irotka / Caratinga Tests
i Troika
I Liguid
Test # loading | ‘Later cut Pump
(% Vol % Vol speed {rpm)
_TR24 1 e 500 j
TR-23 - o ]
TH.22 75 5
Caratinga
Liquid " .
Test & loading W’aater eut Pump
(% Vol ) {%o Vol speed {rpmj
igw Tl}i-%FP Advisary Board Meeting

November 8, 2007

wis fiEE
Untversiry Effact of A Cut (2.9 §#/s)
spuisa . =irect of Water Cut (3.9 fi/s)
Conroe sxperiments - Frictional pressure drop
50% Liguid loading - 750 rpm
25 [ P e e b oo e 83 b g et g
S, Fump stopped
Gus flow aniy
—26.0% Water cug
20 37 5% Watar cut
3 —— BG0% Water sut
[ e
&ff)
=45 Lo
=
k=]
&
=
%10 4
Jud
a
5 s
Jf A-‘M
5% }
¢ i v
[ 2 4 & 3 14 12 14 148
Time (hours)

University of Tulsa Confidential
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Corwge Expearimerts - Frictional pressure drop
50% Liguid Loading - 1250 rpm

859

E3% § pump stopped ey
Gas flow only e 25 0% Water cut

— 37.5% Water cut |
»»»»»» 59.0% Water cut |

[
[=3

-
=
!

Overall Pressure Diop {psi}
L
(=

20
= i
‘0 _ﬂ\imfc 3
N —— -
0 RS . o E i ,
a 2 4 G 2 10 12 14 18

Time thours)

Effect of Water Cut

3.5 -

Is this plugging or shear thinning?

i
-

Conroe e

S}ou/g,hing or flow pattern change?

i

he
n

g
=)

h
[+

-
[~

oo 25,0% Water cut - ¥58 rpm
—- 25.0% Water cut - 1250 rpm

Pressure drop/ Initial pressure drop

“
W

: - 37.5% Water cut - 759 rpm
—n 37 5 % Water cut - 250 rpm
&6.0 - 3 * } g 5 >
L] z 4 & g 16 12 14 k1

Time {fus)
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yros . oloughing or Flow Patiern
Conroe Experiments - Density Profiles (NRR1)
10 50% Liguid Loading - 1250 rpm (7.2 fi/s5) B
0.5 =
oo Plugging or flow pattern change?
=10 _ ]
2 i , 1 :
& < W
205 = SRR
4
=
a
0.0 _
1.8
. | ——25.0% water cut,
_Plugging __} - 37.5% Water cut
7 —— F0.0%, Water cut
] z 4 G 8 10 12 14 i8
Time (hrs)

THE 3
5 g § P P P & =
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18

16

e e BO0% Watsr cut - 750 rpm

i —-e 50.0% Water cut « 1250 rpm

8 Conroe [

SRR ST

4]

Pressure Drop / Initial Pressure Drop

Wa&}ﬁwp— -

¢ *t 2 3
Tinte {hrs}
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Qi Effect of Water Cut

a Water cut increases plugging

» 25%: Slurry flow

+ 50%: Severe plugging

+ Difficult to estimate for intermediate water cuts
o Plugging mechanism

» Seems fo be solid bed formation at the boftom

of the pipe

a Change in velocity did not affect outcome

* From 3.9 ft/sto 7.2 fi/s

Toth TUHFP Advisory Board Meeting November 8, 2007
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Qe Effect of Velocity

Conroe -~ Effect of velocity
37.5% Water cut - 50% Liquid Loading

14
I e GORroe - 504 rpm
12 4 % B B Conroe - 750 rpm
Y - Conree - 1256 rpin
10 o, %
7 PN
i AR
@& g ! A
_,_g_ g \ MMV Y —
g i i e e
z ° T : ¢
£ - i
4 -
i _),-’
= J
PR N S
& -+ .
[H 2 4 3 8 10 12 14 19

Tine (s}

University of Tulsa Confidential
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NIVERSITY fF Valnris
o TULSA OF velochy
Conroe - Effect of valocity
37.5% Water cu - 50% Liguid loading
x5 - S — o S — S S—— e ot e e e e
[ conrce soarom
28 e CONTOE - TEG rpm T

-
th

Concoe - 1260 rpry

h
o
]
1

Pressure drop / Initial pressure drop
th
!

Time (hys)

Effect of Liquid Loading

Conroe experiments - 25% Water cut - 1250 rpm

Pressure drop / initial pressure drop

i

e

- Conrae - 50% Liquid Loading |
Conroe - 75% Liguid Loading =

g 14 i2 14 16
Time (hrs}
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37.5% Water cut - 50% Liguid Loading

iz

%Piugging - Troika - 500 ypm

10 -

—— Troika « 730 v

oo Conroe - 500 rpm

e QL GOT Q@ = TS0 TPIVE

Pressire drop {psi)
=]

TP TR LY SR o)

G 1
1 2

Time (his}

Troika Experiments

37.5% Water cut - 50% Liquid Loading

6.0

@
-4

,,,,,, Troika - 304 rpm
e TEQIKA - 750 7pmM

d
=3

- Conroe - 500 rpim
AAAAAAAA conroe - 750 rpm

|

Pressure drop / Initial Pressure Drop
N L
w =)

e
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L X1]

4 [ 3 1 12 14

Time (s}
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@*%z?gggw Make-up Gas Limitations

37.5% Water cut - 50% Liguid Loading

16 :
P ™ d
14 b Yame L — cond
slope |, e
12 g o
& 10 A e .
o
z § i Troika - 500 rpm
b=
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25% Water cut - 75% Liquid feading -~ 1250 mpm (7.2 fifs)
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£ e
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[ 10 20 30 40 50 80
Water cut (% Vol
10% TUHFP Advisory Board Meeting November 8, 2007

U’%é%%iw Conroe Conclusions

o

a Strong velocity effect between 2.2 ft/s and
3.9 ft/s on plugging behavior
+ No effect seen above 3.9 fi/s

a Little mass transfer limitations for pumping
at or above 3.9 ft/s
- Complete water conversion for three fluids

>No plugging condition

a Conroe plugs severely at 50% water cut

* All fluids failed at 50% water cut

10% TUHFP Advisory Board Meeting Noverber B, 2607

University of Tulsa Confidential
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0 Additives

+ Dosage for 25% fresh water
*>1,000 psia —1.5%
»2,000 psia ~ 2.5%

+ Experiment at 0.2% additive

»Change droplet size while minimizing anti-
agglomerant effect (under-inhibited)

»25% Water cut — 75% liquid loading — 1250 rpm

16 TUHFP Advisory Board Meeting November 8, 2607
il
USIERSITY 24 o4 pfied . vy A0
A5 i Ek > . B &5 o N g 4
s Additive Effect - Citgo 19
Etfect of anti-agglomerant - 0.2% Armoclaar
e 34 pm* l/? s
35 —— iihiibited test S
—— Blank test ;5;
29 . .
. 25% Water cut rd
Z 45 75% Hauid leading 4
= 1258 rpm
E F
Pt ;
[ Hydrais
E 15 siiget j [ et
@€ by N e *® et
E P d (15 pm }
M
10
T Z :
5 H % byt
T greset
0 i 2 3 4 ] ] 7
Tiere frours) * From bench top « FBRM
10 TUHFP Advisory Board Meeting November 8, 2007
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J'E’Lf.b;% |

1 Sample reconditioned in 2006
a Two rocking tests (+/- 5 deg — 120 s)
+ 50% liquid loading, 25% water cut, fresh water
+ Constant volume — Constant pressure
* 5°F/hr cooling ramp
0 Both tests plugged
a Water separates easily
* Presence of free water in the pipe

16% TUHFP Advisory Board Meeting November 8, 2007
Ef%izﬁ*;éém .
S ULSA Conclusions

o Plugging regime is fluid specific
« Difficult to identify plugging regime
« Blockages may occur differently
»>Slurry with / without sedimentation
»Agglomerations - plugs or partial plugs
* Vertical geometry is critical

a Trends once plugging regime is known

o Small amount of AA can make a difference
on behavior / rheology

169 TUHFP Advisory Board Meeling November 8, 2807
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| Heterogeneous |
{ Slurry flow modet -

. (Hernandez}

H

Sedimentation

| Stationary bed |
Solid-Liquid Siip

10% TUHFP Advisory Board Meeting

Adhesive forces
"} Droplet breakup

H

H

1
Agglomeration

November 8, 2607

Dies  Operating

Conditions

Wafer cut

Liquid loading

Velocity

Salinity

Phase dispersion |

1% TUHFP Advisory Board Meeting

November 8, 2007
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%ﬂ%% Gy

CRUDE OIS
Troika
Bullermilk
Caralinga
Conroe
MODEL OILS
Daodecans
Citge 19
Cifgs 220

WATER CUT [FRESH)
25 38

16" TUHFP Advisory Board Mesting

MNovember 8, 2007

praniedy
Universrry

UL Conclusions

0 Facility modifications
+ Make-up gas limitations .

* Identification of plugging regime
#In-line mass flow meter
#Ultrasonic measurements

107 TUHFP Advisory Board Meeting

November &, 2007
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a Continue comparisons with other tests

0 Simulate existing experiments
+ Flow loop conditions

a Investigate applicability of slurry flow model
to Conroe experiments

10t TUHFP Advisory Board Meeting Movember §, 2067

oy gy £ o
Q‘%@‘f@fﬁw Future Experiments

a Primary variables for steady-state
= Water cut — necessary to find critical water cut
+ Liquid loading > 80%
+ Salinity — may impact plug formation

#Is plug formation similar when carrected for driving
force? Does it change critical water cut?

* Velocity — limited effect at typical production
velocities (4-7 ft/s)

» Viscosity — Citgo 220 formed a free slurry at
25% water cut — rocking conditions

10 TUHFP Advisory Board Meeling November 8, 20067
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P himrenommy e g g = 2
UMEsY  Future Experiments

x&wava

a Secondary variables (steady-state)
+ Gas addition
» Cooling rate
* Pumping rate (higher than 3.9 ft/s)
* Liquid loading (between 50 and 75%)
a Focus towards

* High viscosity, inclination angles, high liquid
loading, high water cut & salinity

18 TUHFP Advisery Board Mesting November 8, 2007

_i‘: Miﬁ PlJ% EAisli B
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TACHETEN r (rgif‘ 3ng during steady-state ozerations
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10 TUHFP Advisory Board Meeting Novemnber B, 2007
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Ramon S. Domingues

105 TUHFP Advisory Board Meeting November 8, 2607

Tz;; 7. s . LEER 4
LiEem Outline

A

0 Objectives
a Scope of Programming
+ Simulation scope (constant P, constant V)
« PVTSim Open Structure
a Test Results
« Constant Pressure and Volume Tests
» Experimental Data comparisons

a Future Work

TUHFP Advisory Board Meeting November 8, 2007
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a Develop a simulation tool to predict /
understand experimental data
« Simulate hydrate formation under ideal

conditions (equilibrium).
* Understand effect of operating parameters:
» Liquid loading, Water cut, Salinity, P, T

1 Better design and interpretation of

experiments

November B, 2607

1 TUHFP Advisory Board Mesting

S Scope of Programming

a Phase equilibrium curve - Constant Volume

o EtulliBrinm Polst
‘ai Const. Vol

Frossuss, pok

10* TUHFP Advisory Board Meeting November 8, 2007
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a Block diagram - Constant Volume Test

Prind out ~ each step i
November 8, 2007
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10 TUWFP Advisory Board Meeting

cope of Programming

2 Phase equilibrium curve — Constant Pressure

>
.

Seyeirnne FE Dadve
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g
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g

Usivirsiry
#TULSA

M Compasition
thanges with Time

10% TUHFP Advisory Board Meeting

November 8, 2607
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a BEook diagram - Constant Pressure Test:

o . .

; Compute R R
H ; e b B st - @eh ot P
| QWG Salicity, sie) 5 w o onnl out - eash sigp i

10W THHFP Advisory Board Meeting November 8, 2007

1;;:;%%&“’ Scope of Programming

a Inputs
+ [nitial charge (composition in mole %)
+ Temperature profile (cooling rate)
» Initial pressure
* Loop volume

a Outputs
* Pressure profile (const. volume test)
Gas addition (const. pressure test)
+ Water conversion
+ Salinity change
» Hydrates formed (sl /sl
* More outputs added later (GOR, compositions)

16 TUHFP Advisory Board Meeting November 8, 2007
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Ui Scope of Programming

0 Using PVTSim Hydrates Open structure
+ Macro built in VBA-XL

VT i Framé work

Lot b EmuE AN Bea ik Luver.

19% TUHFP Advisory Board Meeting November 8, 2007

e Simulation Results

v

a Natural Gas + Brine (different %wt. salinity)
* 50% liquid loading
» Salinities (0%, 3.5%, 7%, 12% and 14%)
» Cooling rate 5°F/hr

« Constant pressure experiment
# (Gas addition

18" TUHFP Advisory Board Meeting Navember 8, 2007
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§%§§g§ Simulation results

a Shows changes in parameters and
composition
+ Salinity increase (thermodynamically inhibited)
« Change in sl/sll versus time

parameters and time

1" TUHFP Advisory Board Mesating

» Important in water conversion calculations
a Trends consistent with change in

+ Issues with high liquid loading

November B, 2007
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LTILIUIRIONS

0 Flow loop simulation tool is being
developed

1 Some effects observed
+ Pumping close to equilibrium
+ Hydrate struciures change with conditions

» Constant volume experiments limited to
salinities less than 14%

a High liquid loading effect must be
understood

10t TUHFP Advisory Board Meeting November 8, 2007

NIVERLT 3 P ¥ .y
Ei Future Work

.

o Continue tool development
+ Investigate liquid loading effect

* Develop a non-equilibrium simulator
»Account for sub-cooling at onset conditions
»Simulate kinetic rates

o Compare simulation results to test data

10 TUHFP Advisory Board Meefing Movember 8, 208467

University of Tulsa Confidential

38




UNIVERSFTY
FTULSA

>
fo
¢

sstions

10% TUHFP Advisory Board Meeting

November 8, 2607

& GREBH, Ttemanesns, Kheh top Sttt Mlon Batsions, s,

Ve bored! Want to rads piaces for o whila ™

e

University of Tulsa Confidential

39




Transient Experiments

Emmanuel Delle-Case

16" TUHFP Advisory Board Meeting November 8, 2007

.f.

mw%
wiemi¥

|

7

g*%ggf’" Transient Experiments

a Estanga (2007) - Results

- Low spot gas restarts & pumping restarts

Plugging risk increases with water segregation,
low restart velocities, decreasing salinity

Blockages occur very fast (30 min or less)

No blockage with non-bridged conditions (water)
Inhibitor must be injected prior to shut-in
Attempts to compare with OLGA simulations
Gas occluded hydrates, “creeping” blockages

L]

L
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50% CITGO 19 - 50% BRINE

SHUT-IN CONDITIONS

SEGREGATED

Inclination: 8 degrees
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Eﬁ?ﬁ%ﬁ@ Creeping” Plugs
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.

COOLING PHASE

HYDRATE FILM \

November &, 2007
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U SA Creeping” Plugs

RESTART PHASE
LiQUiD DISPLACEMENT
HYDRATE FORMATION
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%

- ¥ RESTART PHASE
. GAS BREAK-THROUGH
INTENSE MIXING
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RESTART PHASE
PLUGGING ONSET
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Uiy Creeping” Plugs
MOVING HYDRATES

ESAE PLOW

2.2FTE RESTART PHASE

PLUG DISPLACEMENT
"CREEPING HYDRATES”

RESTRICTION
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ransient Experin

0 Estanga (2007) - Limitations
* Very low gas velocity (0.2 ft/s) — leaky valves
» Only gas restart
« Control issues — outlet valve “freezing up’

» No visibility at low spot to visualize fluid
displacement / distribution

+ Not a true jumper configuration
>Need {rue vertical sections

10" TUHFP Advisory Board Meeting November 8, 2007

okl
L"“f?{fzg%ﬁ’“ Future Work

u Understand transient fluid flow in low spots
before relating to hydrates

« Clear, true jumper configuration
- o Understand effects of
« Liquid loading, bridged / non-bridged
+ Restart phase (gas/liquid) and velocity

+ Segregated vs. dispersed conditions
»How is the water being displaced upon restart?

» Oil viscosity
0 Comparisons with OLGA simulations

14 TUHFP Advisory Board Meeting Hovember 8, 2007
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0 Low pressure facility

+ Understand fluid flow aspects

* Possibly observe cyclopentane hydrates
a Transient studies really need:

* High pressure systems (hydrate gas)

+ Gas restart vs. liquid restart studies

*» Riser sections

2 Riser facility RPSEA project

0% TUHFP Advisory Board Meeting November 8, 2007

Angelina Coletta

10" TUHFP Advisory Board Meeting

November &, 2007
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*:“?3?*3 r =
Ui Outline

0 Objective

a Tasks

o Facility Design

a Test Matrix

a Experimental Program
o Future Work

T TUHFP Advisory Board Meeting

Navember 8, 2007
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2 Understand water displacement and flow

patterns in low spot configuration upon
restart

* Expand to hydrate formation conditions
0 Validate existing simulators

10% TUHFP Advisery Board Meeting November 8, 2007

-
« 3 THE .,=¥; . _
e Tasks

"

a Design and construct jumper facility

+ Run OLGA 5 simulations to aid in the design of
the jumper flow loop

a Compare model results with experimental
results for different operating conditions

o Quantify impact of hydrates on liquid
displacement and their plugging tendencies
+ Cyclopentane

10% TUHFP Advisory Board Meeting Noverber 8, 2007

University of Tulsa Confidential

49




Unve

i Facil

E .
N AT
Compreser

e

Transfer Back o

* High Speed Camera Storaga
« Differential Pressure Transducers

* Temperature Transducers

+ Conductivity / Capacitance Probes

* Micro-motion Meter

10% TUHFP Advisory Board Meeting November 8, 2607

Uiy Facility Location

iTest Section Rimensions
5 Long, 3° Width

Llenrance
A5 from enst slab bourtdary
FL8 from west slab bouw :
23 froy: couth and nonh sinb ends
{1" east from support columns

13 Long; 10 Wigh

Scale 11320
107 TUHFP Advisory Board Meeting November 8, 2007
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- Restart phase
+ Oif viscosity

« Rate

Liquid loading
Water cut

0™ TUHFP Advisory Board Meeting

0 About 100 experiments covering

Oil/Gas

20 ¢P /200 cP
2,6, 12 ft/s
Partial / Bridging
25, 50, 75%

November B, 2007

(5 8 3

YIS Experimental Progra:

‘

A

Q Facility design (OLGA simulations)
* Length of Sections
* Instrument Locations
- Slop and Storage Tank Sizes
» Flow Meter Sizes
« Compressor Size

a Facility Construction and Shake-down
a Run Tests

1% TUHFP Advisery Board Meeting November 8, 2007
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a Finish simulations with OLGA to finalize the
loop design

a Construct and shake-down the facility

0 Do experimental tests in new flow loop and
compare them to OLGA

* Locate the water accumulation zones and the
flow conditions that favor it

10% TUMFP Advisory Board Meeting November 8, 2007
£y
Universrry ssk Chart
%PULSA ?ﬁ@?ﬁ i
Fall
o7 Spring 08 Summer 48 Fail 08 Spring 09
Description NIDIJIFIM A MIdId]AlS [OINIDIJIFiMAlM
ojetajeralplaluiuluie lclofejajelalpia
vie i:\rrynigptvcnhrry

E

Run Simulations

Besign Flow Loop

Build Flow Loop

Gas Dominated Restart

Liquid Dominated Restart

Analysis

Write Thesis

10% TUHFP Advisory Board Meating November 8, 2607
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o Run experimental test on existing flow loop
with cyclopentane

a If cyclopentane forms hydrates in a
reasonable time

« Convert the facility to study hydrate formation
and dissociation

10% TUHFP Advisory Board Meeting November 8, 2007
Usiverarry  TTPEPES Jap,
ot 3 = % P
7TULSA w LESTIONS

oo "
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Lisseit Barrios

13 TUHFP Advisory Board Meeting November 8, 2607

- | L .
UNAI" My Background
2 Venezuela

0 B.S. in Chemical Engineering
* Universidad del Zulia (LUZ) - May 1999

a M.S. in Gas Engineering
» Universidad del Zulia (LUZ) - March 2002

0 PhD in Petroleum Engineering
* The University of Tulsa (TU) — August 2007

@ Joined TUHFP in September 2007

10% TUHFP Advisory Board Mesting Navember §, 2607
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SHURRSITY B, ¥ Fhy g g
E?ﬁ?g%éf‘* Objectives

£

o Flow Pattern observation at different operational
conditions in FAL

0 Droplet size measurements
0 Hydrate size measurements
a Visualization studies in jumper facility

10t TUHFP Advisory Board Meeting November 8, 2007

High Speed Video Technique

OLYMPUS i-SFEED
$20.000

WMaxima Resoiution
Frame (pixal) Record
Rate {fps} Fime {sec)
H v
80 to 1,000 a00 800 4.47
2,000 5749 432 4.32
3,000 448 355 478
33,600 o8 72 9.41
108 TUHFP Advisory Board Meeting November 8, 2007
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% FULSA

Ulivekerry Ou
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e

o System Limitations

a Current Status
a Future Work

10" TUHFP Advisory Beard Meeting

a Summary of Ashutosh Kak’s findings

o Repeatability Analysis

November 8, 2007
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Modes of Operation

10% TUHFP Advisory Beoard Meeting November &, 2007

Vieps: ool
u;;;% jﬁg?rz{ g?%é«img W%%g
STULSA

- Made by: Temco
Dgsign pressure:5000
psi

- Cooling jacket

- Depth 0-3 mm

10% TUHFP Advisory Board Meeting November 8, 2507
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bt osprppnlon £l
% TULSA Sample Call

o
10t TUHFP Advisory Board Meeting

Design pressure:3500 psi
« Volume :500 m]

Inlet / outlet port size: ¥4”
- External cooling coils

- Pressure indicator

- Temperature indicator

.

Navember 8, 2007

THEE 2
Uaversrry
S TULSA

Autoclave

10% TUHFP Advisory Board Meeting

- Made by: Parr

. Design pressure : 5000 psi
+ Volume: 1200 ml

- Cooling coils

- Lasentec port at 45° angle

November B, 2007
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o

a  Test system validated
- DSD measured and hydrates observed

u  Atrest, droplets coated with hydrate film
a Under shear conditions
> Snow-like
Non-spherical particles, flakes

a Droplet break-up believed to be a key
mechanism in agglomeration
- Hypothesis for droplet break-up proposed

14% TUHFP Advisory Board Meetling November 8, 2607

)
%ﬁ?{?g;f’*‘*’ Hypothesis for Drop Breakup

H

10% TUHFP Advisory Board Meeling November §, 2007
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10t TUHFP Advisory Board Meeting

November 8, 2007

» lLoss of light

+ Multiple diffractions

+ Overlap of droplets
a  Solutions

+ NIR camera?

14 TUHFP Advisory Board Meetling

{55‘%‘?’5&2& High Water Cuts
a Problems

Trotka, 30% Waler cut

Novernber 8, 2607
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Continues

- Vis-NIR
- Camera

\i

Wave length in nm

Optical density is the ahsorbance of an optical slement

lance

length A per unit dis

0F a Glven wave

£,

November 8, 2007

18" TUHFP Advisory Board Meating

antage

Camera Adv

NIR Camera

Visible range camera

tNovember 8, 2007
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Qil: CARATINGA
WC: 20 %
Depth : 0.2 mm
Magnification: TAX
Camera: Visible

10 TUHFP Advisory Board Meeting

Oif : Crude OiF 1
WC: 35 %
Depth: 0.15 mm
Magnification: 3AX
Camera: NIR

November 8, 2007

%

&3

OG0

amplin

o Joule-Thomson Effect
»Valve freeze
»Needs steam tracing

>Needs higher coolant flow rate

180 TUHFP Advisory Board Meeting

a Temperature control of sampling cylinder

Movermber 8, 2007
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spherical

10% TUHEP Advisory Board Meeting

a Droplets are not distinguishable and non-

& Cloudy hydrate slush observed
a Can not observe individual hydrate particles

November 8, 2007

by b z o v
k™ Picture

Title: A-TR-I{RS)
Gt Troika W 125 %
Temp: 70F  Press: 1500 pai

10t TUHFP Advisory Board Meeting

Title: A-MO-3{WO)
nl: Citgol9 WO 15 %
Temp: 70F  Pr
Magi3Ax  Depthi3ma

Hovember 8, 2087
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Urivirarry

Title: A-13-TR-4

Title: A-13-TR-4

Oii: Troika Water cut: 12.5 % Qil: Troika Waler cut: 12.5 %

Temp: 40 F Pxeas!: 1360 psi Temp: 35 F Press: 1500 psi

MagrlAx Depif:(h3 Mag:3Ax Depth:0.3 mm

10" TUHFP Advisory Board Meeting November 8, 2007
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| Reomarks
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Occurence

S\t

Probability of Occurence

L34 &5 £ i

Dropiet Diameter {(microns}
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Universiry Repeatibility An

o 200 488 800
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gg0 1000

Counts

1408 16460
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AT T Y it . TN
Current Status

o Droplet counting technique refined

« Criterion for droplet counting established
o Repeatability demonstrated

+ Autoclave sampling validated

+ Macro for DSD improved and expanded
o Flow loop sampling technique needs

improvements

» Temperature control

+ Demonsirate repeatability

14" TUHFP Advisory Board Meeting November 8, 2007
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3 Instrumentation improvements
> NIR microscopy for gaining insights into dark
crude oils

> Instrumentation improvement (detection of
hydrate onset)

» Monitor viscosity increase from torgue

measurements
10 TUHFP Advisory Board Meeting November 8, 2607
Uiy ) :
AT Future studies

a To better understand behavior and
properties of dispersions w/wo hydrates

« Experimental confirmation of droplet
breakup hypothesis

« Effect of pressure (live oil DSD)
« Effect of salinity, additives
« Agglomerates structure at low water cuts
0 Possibly relate to plugging characteristics
« High pressure conditions

10t TUHFP Advisory Board Meeting Kovember B, 2007
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0 Objective
a Approach

= | arge and small water droplet size scenario
1 Bench top experimental results

= Water cut, fluid properties, anti-agglomerant,
salinity, and shear rate experiments and their
effects on water droplet size

= Droplet size model comparisons

0" TUHFP Advisory Beard Meeting November 8, 2087

75 =

Outline

0 Flow loop experimental results
= Hydrate plugging classification
= Water droplet size and hydrate plugging
tendencies

» Hydrate plugging risk indicator (HPRI)
a Conclusions

a Future work

1 TUHFP Advisory Heard Meeting November 8, 2007
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a Establish the effect of water droplet size
and dispersion properties on hydrate
plugging tendency in flow loop

10" TUHFP Advisory Board Meeting November 8, 2007
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Uitversry e
% TULSA é%%} preach

1. Characterize water-in-oil emulsions at
ambient conditions

=  Water droplet size, viscosily, interfacial tension, density and
inversion points
2. Study the effect of the following variables
on water droplet size

»  Waler cut

»  Fluid properties

= Hydrate inhibitor and sali concentrations
= Shear rate / stirring velocity

10% TUHFP Advisory Board Meeting November 8, 2007
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3. Compare experimental mean and max.
droplet size with existing models

4. Establish whether droplet sizes and/or
dispersion properties are related to hydrate
plugging tendencies

0% TUHFP Advisory Board Meeting Novessber 8, 2007

Bmuision :t hydrate shell formath Agglom | Solid hydrate plug

. TN . Waler release
High waler cut and inferfacial tersion
: . i attaliiih

Low shear rats, viscosity and density figh wetiabily

HMigh adhesive

Gas ¢ Water 4 Ol -
10 TUHFP Advisory Board Meeting November 8, 2007
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TN = B F oo b g s
Usnversey  Srnall Water
#7PULSA

WO Ernulsion

ry hydrate shelf

Low water cut and Interfacial tension
High shear rate, viscosily, and densily

Gas O Water

104 TUHFP Advisory Board Meeting

formatio

i Weak hydrate
agglomeration plug

Low water release
Low weltability

Low adhesive forces

November 8, 2007

s e e
ﬁ%gj‘%%?%ﬁ G
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50 1 CITGO 19 - Bench tep
- - Conmn - Beneh top Bmited

50 Buttermilk - Banch lop

roika - Berch tog - limited

40

L

Caratinga - Ben

Mean dropiet size (microns)
Ced
o

+ Based On 3 MSASLEMENS

+ Devialion =
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375
Water cut {%

Laner Basrs
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i
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[l

FBR

!
O
-
G}
W‘W‘%
©

Dropiet Size vs Counts / Measurermant ;
Cigo 19 - No AA - Raw Data - Differents Water Cuts :
i
4000 - R - 0% Water Cut '
- e & T2.E S Water Cut
- 3500 4 kM « 20 % Water Cut R
% . = » 25 % Watar Cut R
§ 3000 . s, = 30 % Water Tt {
2 _ p = « 37.8 % Water Cit
5 @seo s - T e s B0 % Water Ot .
é 2000 ol @ B0 %% Water Cuf B
= iz
8 LT

Haokgrouend 108 &
045 e e s . PR W S . - ——i H
0 20 40 (1] 80 160 120 140 .
Droplet Size (Microns)
+ Based on 3 measurements 4t = 73 °F i
+ Bevialion = + ! - § (misrahs) i
1o TUHFP Advisory Board Meeting November 8, 2807 ’

Usversry  Inversion Points - Mousse
S TULSA

Troika at 65% and 83% water cut Caratinga at 85 % Water cut

o
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Density {(grfem3)

+
H

TUHFP Fluids - Densities ve. Temperature

et e e » Caratinga
- Buttermik 1
+ Buttermik |

~ Troiha

- Biake

= CITGO 18
Conros

10% TUHFP Advisory Board Meeting

2 a0 10

o
"y
[e=3

Temperature (F)
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7 s gk 3 £ % e B Fen b s 2 4 § B 3o
nversy  Lensity BEffect on Waler Droplet Size
7 FULSA f

Mean water droplet size {microns]

0.83 0.85 0.87 0.89
Density (grlcm®)

0% TUHFP Advisory Board Meeting

691

06.83

November 8, 2607

PEERE oy o . 2 - £ : o
Uwiverairy Viscosities - Acoustic Viscomster
SPULSA
Ansolute / Dvnamic viscosities vs. Probe Taemperature TUHFP Fluids
10000 = CITGO 19
« Buttermik |
) = Buttermik 1}
T, Non Newtonian behavior » Caratinga
1000 gy, = Trotka
T, * Conroe
G,
wwmfn«w«a;,a%&mw )

o -

Absolute f Dynamic Viscosity {(op)

70 b= o0 165
Probe Temperature (F)

108 TUHFP Advisory Board Mesting
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Mean water droplet size (microns)

104 TUMHFP Advisory Board Meeting

ighviscosity

10 100 1000
Dynamic viscosity {cp}

November 8, 2007

o TLL&%

Unversiry [nterfacial Tension — De Nouy Ring

Interfacial Tension vs. Temperature - TUHFP Flulds

sivds ot sach temgn

o

Cieviation w o+ f - 1

139 TUHFP Advisory Board Meeting

40 - - SITGO 18
+ Bullerrmilk |
5 35 - ESTE . = Caratinga
= = Troikzs
g ki = Corvoe
5-\ I
5 Caratinga and Conroe
g .
~ 154 — z
50 . LT
2 0 Buttermiik and Troika
% B S —— :
:,55 5 B e e —
e
30 50 7 7 110 130

November 8, 2047
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Mean water droplet size {microns)

Interfacial Tension (dynes/om)

100 TUHEP Advisory Board Meeting Novembhar 8, 2007

100 TUHFP Advisory Board Meeting November 8, 2067

University of Tulsa Confidential 82




Interfacial
tension
(dyneslcm)

0- i
CHGO 18/ Butlermiki  Sslne Waier

Seine Waler /
AA fAR WatsrJ  Buttermékl  Waler/ CHGO 9
Suttermit | CIFGG 19
~ Bosed on & measurements at » 70 °F
+ Beviaton = + 7 - 1 {dynesiem} Fhuids
mindy 3.5 % - Mo further impse for 7% an 14%
10 TUHFP Advisory Board Meeting Movember B, 2007

Uﬁ?ﬁ%@ﬁﬁ FBRM - CITGO 18

TTULSA -

WMean droplet Size vs Cournts / Measurement
Citgo 19 - 28 % Water Cut - Raw Data

Counts / Measurenment

o LI S S R
g 20 45 60 2o 00 TG
Oroplet Size (Microns)
o
imicrons)
it TUHFP Advisory Board Meoling November 8, 2047
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Univegsrmy FERM TGO 19
¥TULSA

Mean droplet size vs. Additive concentration
Citgo 19 - 25 % waler cut

« Sample # 1

o Sample # 2
» Sample#3
’-é‘ + Average
2
8 ——
=
B
o
f~3
2
[
5 <.
0 : ‘ ' .
O 0.5 1 1.5 2 2.5
Additive conceniration %
- Based on 3 measurements at = 70°F
« Beviation = + / - 1 {microns}
10t TUHFP Advisory Board Meeting November 8, 2007
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Uwiersy Bench Top Shear Rate Estimation
a Locations for maximum shear rate and impeller velocity profile
% d - er 1
ve=vz =228 § = Vz /L =140 —
2 Ay
@ = 1000 rpm
d=2in
Vz= 8.7 fifs
L=0.75in
10 TUHFP Advisory Board Meeting November 8, 2007

Universry “
spusa Droplet Size — Bench

- w o= «CNG0 19 - Banchlop
« = = ={ohroe - Besch top
~ = = = Buttermik - B2nch fop

women (1008 - Bench fop
30 ; = = « - Caratings - Bench fop

n

&y

Mean water droplet size (microns)
-
on

256 505G 750 1000 1250 150G
Stirring velocity trpm)
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10™ TUHFP Advisory Board Meeting

Droplet Size Model Comparisons

November 8, 2007

Usiersry Hinze Max. Droplet

Size Mode!

o ’Fﬁiﬁé

splitting in dispersion process

1. Droplet size breakup model:

Nwe = LETT Webber number

iy

ANvi o= F.r«w-«——-p ] oD

Viscosity number

s Max. Droplet size model

THER

100 TUHFP Advisory Board Meeting

a  Hinze (1955}, Fundamentals of hydrodynamic mechanism of

bropiet breakup

Nwe> Nwe,, = f(Nv)

o Broplet diameter

7 - ideriaciyl tenon

r vistarally

apE WSCOsity

> sy

November 8, 2007
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300 -
8 250 -
B @
‘- =
20 200 -
&0
L
T—‘;:‘; 150 -
59
§§ 100 -
mﬂ)
m £ 50 -
1

10% TUHFP Advisory Board Meating

50 % Ervor

% Chge 18- 25% We

K- Z5% We

% Caratinga - 25% We

2 Trofks -~ 25% We

- Canroe - 25% We
Gitgo 18 - 80% We

< Buttermilc - 50% We

2 Caratinga - 50% We

<> Troika - B0% We

X Conroe - 50% We

25 % Emror

50 100 180 200 250 300
Hinze Max. droplet size {microns)

Navember 8, 2007

: NIVERSITY | LIT
S PULSA

T £% o 4 Liep o BE ol
ner Mean Droplet Size Model

FBRM mean droplet size
measured {microns)

10" TUHFP Advisory Board Meeting

2 Turner (2005)

& Ceratinga - 25% We

& Troka - 24% Wc

- Catros - 25% We

ZLlkge 18- 50% We
i - 50% We

- 58% We

- 50% We

W Lonme - 50% We

9 5 10 15 20 Z5 20 35 40 45 5O
Turner mean droplet size {imicrons)
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g  Janssen et al (1994}, Influence of dynamic interfacial properties on
droplet breakup in simple shear flow

«  Droplet stability map

e BeRG
o

capitlary numbes

{3 Caplitary number

stabie O 3

pe: Continues phase Viscasily

8.4 +
R: mitial droplet radius 4.00% &.01 a1 ?']’] a

G Local shear rate

‘ fiscosity ratio 7
et Dispersed phase visoosty viscosiy ¢

Figure 1. Droplet breakup In simple shioar How,

Dimws Bt eririeal capillary pumbey = & Tunmios of the wiasty
eathe,

& . Constant and urdfom interfacial tension

10 TUHFP Advisory Board Meeting November 8, 2607

Uise  Droplet Stabilit

Mean droplet - Droplet Siability Map - Capillary “Webbear"number vs.
Viscosity Ratio - Atmospheric Conditions

o R
i 4 1 _ Unsiaile region
a ; C_,‘.“‘"“/"‘:j
= :
2 P
£ 0.1
a3
? & Citgo 18- 25% We
f:
s 0.01 -
&
?
§' 0.081
T
[
(&) H
0.0001 - , : g
3.00% 054 o1 }7 J ] & Trodke - 55 5% We
Viscosity Ratio " @ Convrne - 50% Wo
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BY o nms B P AP - Erg .
m@:fmv riow Loop Test Conditions

a Constant pressure: 2000 psi

» Cooling 16 hrs, Shut-in § hrs, and restart 2 hrs

= 1250, 750, and 500 rpm (7.2, 3.9, and 2.3 ft/s)
Low pressure sample taken

a Cooling rate: 5 °F/hr
1 Pumping

a Pumping velocities
S

10® TUHFP Advisory Board Meeting

Dispersed scenario verification and droplet size and shear rate
estimation

November 8, 2007

43 -

U il ean Water Droplet Size
¥ TULSA Estimation in Flow Loop
80 - CITGO 19 - Bench top

&
.......... @ Conroe - Bench top
—— Butlermilk - Bensh top

76 - & frotka - Bengh tcg
= aratinga - Bench tap
B - & Trolka - Flow loop I
w v Trotha - Flow ong P
50 & - - « = CITGO Flow inop S 2R

~ = = - LONTDE - FlOW 007 e
=« « «Bultermilk - Fiow loop o

. Laratmaa Fiow | OO;)

30
20
10+~

Mean droplet size {microns)

Loy

= Hesad of 3 measaements

- Davigtion = +/ - 1 imicron}

18 TUHFP Advisery Board Meeting

Water cut (%
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i o - Bench top
s CaTalnga - Beneh top

@
= Toe - - - CITE0 19 - Fow kop
= T = = = «Conroe - Fiow oop
=7 = o = Buitecnik - SiowW op
¢ g _ = = = «"Troka - Flow icop
E § « = = - Carafinga - Flow bop
FE .
=
o
i -
G
=
250 500 750 G50 1260 1800
Stirring or pumping velocity (rpm}
10" TUHFP Advisory Board Mesting November 8, 2007
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No more buttermilk
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Mean water droplet s
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-
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Pump stopped after 3 hrs, of

hytrate formation

u e w3 )
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8718 19jdoip 101EM

Buttermilk

Conros

TUHFP Fluids
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Y.
lied
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G)

SR
G
s
65

Effect of anti-agglomerant - 9.2% Armoclear

; 34 pm* l/

/
- 25% Water cut ! f?

£ 235 L] 75% tiquid loading .. £

by 1250 rpm 7

= H

= 20 ;

= Hygrate f

g a6 2

715 ez:.fé;éi 2 | B n ]
i y ;% oy } 15 am l

e
10
5 LN o\ 1)
™ orsat
o 4 . . : - . !
& i 4 3 4 5 6 7
Time (hours}  * Droptet size estimated by - FBRM
10% TUMFP Advisory Board Meeting November 8, 2067

Universtry e e |
rpuss  Critical Plugging Water Cut

Mean water droplet size vs. Critical plugging water cut
37.5 % We - 750 rpm - 50 % LL

50 4 Probabie plug Plug ahserved at the end of cooling phase
& 45 4 Pump could not restart flow
B
I
[ 2~
o 38 Possible Pass
o=
- E a0 . Not tested yet
=
= 25 Possible Pass
Not testad yet
20 . -
g < -_— o
Conros  Buitermilk  Trojks
TUHFP Fluids
10" TUHFP Advisory Board Meeting November 8, 2007

University of Tulsa Confidential

93




Mean water droplet size vs. Critical plugging water cut
375 % We-50% LL

560 {rpm}): Pump stopped after £ hrs. of

50 - Probable plug hydrater formation
g 45 -
5
P A0 4
B g
&6 :
€5 35 Possibie Pass
© ;5; 30 4 Not tested yet
Z ; o,
= 25 | 1250 {rpm): Possible Pass

No piug observed Mot tested yet

20 de
0 oy - . N . .
LHGD i Cowrce  Buttermilk  Troikz  Caraticgs
TUHRFP Fluids
10" TUHFP Advisory Board Meeting November 8, 2007

U%gg% Water Droplet Size Effect on
fTuiss  Critical Plugging Water Cut

Mean water droplet size vs. Critical plugging water cut
50% We -750 rpm -50 % LL

53 Probable plug Pump stopped after 3 hrs, of

@ 50 hydrates fromation
N
B . 45 Pump stopped after 7 hrs.
T ® hydrates fromation
BE 40
oo
o L
52 a5
TE
57T s
[ . :
= 55 Purmp stopped afier :".9 min, Possible Pass

hydrates fromation Mo tested yet

g 2% Conron Bulermilk  Troiis
TUHFP Fluids
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1. Fluid properties measured at ambient conditions

2. Critical water cut has to be found for specific oil and system

Assumptions

+  Negligible effact salinity
= Noeffect of pressure on interfacial tension and il wiscosity
< WO emulsion

Test conditions

o - We |
H P R [ o p d i
‘7:. 'pc 7 pipe
WO Fiuid properties Critical water cut for hydrate
plugging formaticn
10 TUHFP Advisory Board Meeting Navember 8, 2007
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Hydrate Plugging Risk Indicator

25 50
Water cut (%)

10% TUHFP Advisory Board Meeting

November 8, 2007

Uies Hydrate Plugging

Safety zong ..

i

Hydrate Plugging Risk Indicator

T
paer

0 12.5 25 375 50
Water cut (%)
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Hydrate Plugging Risk indicator
o o
& =

10% TUHFP Advisory Board Meeting
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R
T OHERS Mol

= Tredis - F5E pin

e Trdka - S758 rr
e G aTabRGA - $08 rpim

5 - 7 e
Caratng - B
CrH+ G2 % AN

268 0. RISky zone

50 62.5

Water cut (%)

75
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LONCIUsSIons

a High water cuts form severe mousse which
might contribute to plugging behaviors
+ Troika and Caratinga

a Hinze and Turner models underestimate
droplet sizes
* No water cut effect included
0 Interfacial tension is reduced by:
+ Salinity (up to 3.5%)
* Low concentration (0.1% vol.) of hydrate inhibitor

10% TUHFP Advisory Board Meeting

November 8, 2607

High Plugging Ris Low Plugging Risk

107 TUHFP Advisary Board Mesting November 8, 2067
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{;’f&;&g WLOILIUSIONS

a Dy (Flow loop) ~2.5 D, (bench)
* Based on lower shear rate (Troika)
a Proposed hydrate plugging risk indicator

* Based on fluid properties, water cut, critical
water cut, pipe diameter and shear rate

1pR; = CiPa _ We 1
Us.pc y-dpipe WC'

critical

10" TUHFP Advisory Board Meeting November 8, 2067

Uiy Future Work

e —

a Complete Caratinga flow loop tests

0 Establish the effect of high pressure and
low temperature on viscosity, interfacial
tension, and water droplet size
* PVM-FBRM probe
* High pressure rheometer
+ High speed video

0 Better estimation of shear rate fields in the
flow loop
+ CFD (Computational Fluid Dynamics)

0% TUHFP Advisory Board Meeting November 8, 2067
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Y TULSA

0 Hydrate plugging parameter
+ Validate with other oils

+ Include liquid loading effect

10" TUMFP Advisory Board Meeting

» Experimenis with other pipe diameters

Novamber 8, 2007

f_‘é

gs%g%;rgﬁ Dispersion characterizali

(i

Juestions

16% TUHFP Advisory Board Meesting
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Unrversrry
#TULSA

E R
Z sz Ly g
Wi ine

0 Low Spot Test
+ FPermeability and Porosity
= Summary
a Steady-State Test
+ Permeability and Porosity
« Summary
2 Remediation and Hydrate Plug Characterization
(New Approach)
a Dissociation Modeling
» Dissociation Results {(Simulator)
« New dissociation Model (Depressurization)

10t TUHFP Advisory Board Mesting November 8, 2007

R

Hackground

aPlug Characterization in previous low
spot tests (permeability calculations)

10% TUHFP Advisory Board Meeting November 8, 2007
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w I.’fzgﬁ LPEY v B & w i v e
NIVERSITY B2 s pelopywmepye pof B g WESNEN B Y

WS Background-Low Spot Test
0 Estanga (20086) L

a Lengthleg=65#
3 Pmax = 1000 psi
3 Gas: Tulsa NG e
, . e B N

0 Fluids: Water, Caratinga, f@ SR A N

Buttermilk, Citgo19 =
a Fluid Condition: 1

- i ;

& Dispersed ) &5

2 Segregaled v
a Inclination Angle: -8° : ; sttt st
U Gas Restart Velocity*: S T S =

a Low= 0.15 ft/s NS

9 High= 0.25 ft/s e

19% TUHFP Advisory Roard Meeting November 8, 2087

.

NIVERSIT e e 5 o=, g gl B s BF oy e
MY Background-Plug Severity

0 Estanga (2006)

Plug permeability was approximated by Darcy’'s
law

Where, U
v = gas velocity
4= gas viscosily
dl = plug length
dp= pressure drop because of plug

0% TUHFP Advisory Board Meeting November 8, 2007
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a Estanga (2006)

Fixed

& =,

] i N
39 ft = 468 in 5 ft = 60 in R

ort \‘.

[ Il

f

16 TURFP Advisory Board Meeting

Moving .
Gamr:na Gamma Fixed g v
ﬁgns;;)meter Bensitometer Gamma " Kt 3 500, .
R Viewport EnSifometer g, g e @

Kovember 8, 2607

Background-Plu

g Length

Density, {gfce]

Hydra:{z Displacement Check During Restart

45 P, +8 dog

Plig Langth, fin}

it P
Pasitian, [in]

10 TUHFP Advisory Board Meeting
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Permeabitity, [mD)

10% TUHFP Advisory Board Meeting

November 8, 2007

a Estanga (2006)

Tests Permeability Fluid YWLLI%WC] Condition Velocity
# imD}
LS51 835 Water-NG 25 Watler Low
LS2 1430 Water-NG 25 Water High
L33 745G CA-NG-Water 25 50] Dispersed Low
LS54 2892 CA-NG-Water 5 501 Dispersed High
.55 1057 CA-NG-Water 25 50] Segregated Low
.55 923 CA-NG-Water 251 B0} Segregated High
LS7 735 Ciao19-NG-Waterf 25 501 Dispersed Low
L88 2248 CigoiB-NG-Water| 25§ 56| Disparsed High

0™ TUHFP Advisory Board Mesting

Navember 8, 2007
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THE i»gé

i) £ 0 pens purs ow gy 5
Ui Summary

2 Pressure Drop data for permeability calculations
are not reliable for low spot tests

4 Gamma scans yield accurate plug length
measurements

1 Permeability calculation requires either
accounting for gravity term or drainage of liquids

10% TUHFP Advisory Board Meefing Movember B, 2007

{;"%3{,%5*’ New Approach-Porosity

QPlug Porosity Calculation

¢5 =
VBULK
Pruri = Pax®+ Prp (1 - (’5)
Moving Gamma PVTSim

¥
¢ = Pruig — Pumn
Puax — Pryp

é"w"”émr é}?ﬁj -

14t TURFR Advisory Board Meeting Movember B, 2007
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NIVERSE Fhalon pofiln s
mrg{’g}g@ﬁ wiligclive

0 Porosity calculations for low spot tests

10 FUHFP Advisory Board Meeting November 8, 2007

ANG-Water (25%LL, Low Velocity)

Moving Gamma (p,,,. )

Hydrate %Jtsp!acemeni Check Durmg Resfart

Pzretest Sceﬂ -8 deg

. ‘-’é@t& s

FOHULK

rf’l\ i PN Position, {in]
)
10% TUHFP Advisory Board Meeting November 8, 2007
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2% e s L& g ; e o e s
% ;}ﬁ%?ﬁ“”‘ﬁ"*% . %Sﬁﬁﬁ B, B A, AP sty st
FOrosity- LOW SDOL (a8t
0 .
0 NG-Water (25%LL., Low Velocity)
pvTsim {Pun)
LS5t HG Water Low Velocity EDS = SRE Pansloux
Flash {o
NENLS peia
4500 °F
Liguidt  Aquecus Hydd Hyd H
Miole% ERny} 8747 38,78 4584
Waight% ooz 573 3852 409
Yoiume 183 .28 .31 032 f%bmal
Yeitmesh JEREG) AR 1A 40 85 4 FF Mty Hud .
eneiy 08033 105 B.gia2 {.8243 ot DOVRETAT |
I Factor 3.30505 2.05830 OOa77 [1.GEE2 4
H
i
Pryp
10t TUHFP Advisory Board Meeting November 8, 2007

g vy " ) #a ' oz : £
UliEs™  Porosity- Low Spot Test

ONG-Water (25%LL, Low Velocity)

v + 8 deg (Assuming just gas in the porous space) ~—

i

i
Pue = Puro (L= @)+ o ng
Unknown??
P =030g /e

14% TUHFP Advisory Board Meeting November 8, 2007
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srus . Porosity- Low Spot Test

ANG-Water (25%LL, Low Velocity)

v -8 deg (gas + water in the porous space)

Poork = P @i )+ PPy P g

P =037g/ce ‘?5'2" = ¢EFF + ¢TRAP
2, =006g/ce
¢ =0.72
?551%* =0.65
?51}\’4? =0.07

18 TUHFP Advisory Board Meeting November 8, 2007

#% g P f&24 &= 5 mi’?a v
@%‘{?&%{W Objective (Steady-State T est)

aPlug Characterization in steady-state

test (permeability and porosity
measurements)

10" TUHFP Advisory Board Mesting

November 8, 2807
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Y .7 W 5o s s
suviesoll g G R AR AR, e T T et
o FULSA SECaUY-31818 L ast

0 Constant Pressure: 2000 psi
Q Gas: Tulsa NG
Q Fluids: Conroe
a Pumping: 750 rpm
0 Fluid Condition:
v Dispersed
a Inclination Angle: 0°
a Cooling Rate: 5 ° F/hr (16hours)
0 Shut-in: 6 hour
d Restart: Pumping 750 rpm

10% TUHFP Advisory Board Meeting November 8, 2007

Qe Porosity- Stead

%

y-atate Test

s&\*"

0 Conroe-NG-Water (50%LL, 50%WC, 750rpm)

Cooling Moving Gamma Densifometer

Density, [ufcc]

W

o e g,
s &@%ﬁ
. 2

W Position, {in)
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FOTOShly- oleady-olaie [ esg
a Conroe-NG-Water (50%LL, 50%WC, 750rpm)
PVTSIm (0,,,,)
HYDR200T 835004 Comroe  50%WC, S0%LL EOS = SRK Peneloux
Flash to
191400 psiz
50680 °F
Vapor Lispuaid Hyald Hyeh- 1
Muole% 257 14 41 7324 0.0
Wainht% 158 44,79 4732 581
Yolume 275 27 o 0.3t f*e-rnal
S nllrne % 8532 B 10 A1 506 bz Hyd
Densiy 4180 0.6343 1.2185 09775 glom® [.S91900164 I
Z Factor 0.7997 117555 0.1083 {21096 *
|
Prvo
10 TUHFP Advisory Board Meeting November 8, 2007
oA

[

NIVERSITY 0% = -
UNVERSITY 15 395

; i N | Ea T N S < g

Y I N T Tt E

STPULSA % = gg”ﬂ“‘w%% 5 =Srae 1857
- 3 - oy ,,

a Conroe-NG-Water (50%LL, 50%WC, 750rpm)
v -8 deg

Porr = Payn— Gropg )+ £ i Proza

Peg =0.8g /7 cc - Water Conversion

Prge =0.63g7cex0.64+1.00g/cc%0.36
Py =0.T7g/ cc

Pop =0.63g/cc e

Py =lg/cc = Negative Values
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fie S 2 i
FOrosity

v + 8 deg

4 Conroe-NG-Water (50%LL, 50%WC, 750rpm)

Povrx = Pup = @pe = Prpip ) + PoasCose + Prax Cresr

Pooe =0.7g /e
po=012g/cc

Mix=Oil + Water | |  Mix=0il 7
Bropy, = 0.78 : ¢mm, = 0.44
Prgy =0.T7glce | Pon =0.63g/cc
¢EFF =0.14 ¢EFF =0.17
Prrap = 0.64 Praap = 0.26
14 TUHFP Advisory Board Meeting November 8, 2607
FTULSA Peri ﬁ%%%g%%ﬁg

+ Severe plug

a Conroe-NG-Water (50%LL, 50%WC, 750rpm)

10t TUHFP Advisory Board Meeting

v L2418 mD |
g Gas F;ow 5"/
4 .
i B T
g /. : .. . Hydrates compacting?
k=vpg—: goi T e
dp: s . L AT000 mD
oo e g A
25D PN 25T P 104 PR Hiaves 1008 PR
.54
THE

+ s it gas flow only? Gas rate?

November §, 2007
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readings

process
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QGamma scan yields porosity calculations

QPermeability calculation requires drainage
of liquids to obtain stable pressure drop

0 To get accurate porosity calculations the Pux
needs to be measured after drained

November 8, 2007

10% TUHFP Advisory Board Meeting

November &, 2007

University of Tulsa Confidential

113




.
Universrry
FTULSA

)

f\%\
T3

s
&;}%&% i

@‘%

aetivee
%w”ﬁ" %grwxw

Lt

QlInvestigate plug characteristics
(permeability and porosity) & dissociation
methods such as depressurization, wall
heating and thermodynamic inhibitors

10% TUHFP Advisory Board Meeting November 8, 2007
T‘%ﬁ: /v g g
Usiversiry selre
Qa Characterization

» Plug characteristics virtually unknown
»Gas vs. liguid dominated systems

+ Density, permeability, porosity measurements
on real hydrate plugs

1 Remediation

+ Dissociation methods will be evaluated
# Heating, depressurization, methanol, MEG
« Comparisons with current modeling tools

10" TUHFP Advisory Board Meeting November 8, 2607
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Tilted to™
{South End)

Element

e (GAS

= Water

= O

== (Gas} Oill Water Mix

104 TUHFP Advisory Board Meeting November 8, 2007

L2
[ﬁ%‘}i&%&.

3

f?;}"‘« 'g: ) Z s o ) am_ E3 " .
ue . Plug Characterization Tes

a Hydrate Formation (pumping at 0°)
1 Drain Free Liquids (filt to -8° and +8°)
- Density scans (porosity, plug length)
« Record the Volume of the Drained Oil , Water and Gas
a Measure AP of the Plug (gas at -8°)
- Collect liquids from effective porosity
a Density Scans of the Plug (at +8°, 0°, -8°)
- Porosity calculation
a Dissociation

1 TUHFP Advisory Board Meeting November 8, 2007
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#TULSA g éﬂgg T
JIE
Cescription

Facility Modification

Plug formation and
characterization

Evaluation of dissociation
methods

Bepressurization

Methanol njection

MEG Injection

Melting

Mode! Development

10 TUHFP Advisory Board Meeting

November 8, 2007
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{1 Compare plug dissociation results from
simulator for wall heating with existing data

0 Develop plug dissociation methods or
model for depressurization, wall heating and
thermodynamic inhibitors

10% TUHFP Advisory Board Meeting Hovember 8, 2007

a lvanic (2006)
Assumption:
Plugs homogeneously fill the pipeline

) T %
I G
~ e -~
cT “ ol o'T
et
- - X e
ol Ly oF P
L
T ;
Tﬂi\: N{u 8 o “___;
T
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10 - « Fail
3 = Pass e

= Perfect Line _‘_,»tmggﬁf
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wm?f
Universrry
# PULSA

0 Hydrate Dissociation by Depressurization
- Initial Conditions

Pt =1
B

X=0 X, =Plug tength

0% TUHFP Advisory Board Meeting November 8, 2007
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Unesy  New Dissociation
o TULSA

ey
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gmv

s
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R

Bo=y +,
. By = &y '5"?552
Py, =1 By + Gy =1 P+y=1
B

Zone 2' Zone 1
H

X=0 X=X{t) X, =Plug Length

10t TUHFP Advisory Board Meeting

01 Hydrate Dissociation by Depressurization:

November 8, 2007

v Hydrate My = mg; LOH (i — &, )]

10t TUHFP Advisory Board Meeting

.;53;&: -.gﬁﬁ‘g - ?‘&z} Ry s ?_{g e = -
Uity Dissociation Modeling
1 Conservation Equations (Hydrate Zone)
o
v Oil 0=—{¢p.S,)  5,+S,+5, =1
&)
. o
V/ Water i?/lw = ﬁ?(¢p‘y’;'SiV)
ot
v Gas —foﬁ, +71, :—%(gﬁpg&,)
o R e G &3

.1 Conservation Equation (Hydrate Zone + Void Space)

Naovember &, 2007
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Unversiry Lissociation Modeling
féf’?iﬁ?iﬁ%é’s_ =
, ) kAl ap :
Q Darcy’s Equation: q, ::«m'i_—(m;we-pfg sin |
iy J
v Qil 0= @.(igw S, = const
Ot
nz}‘lf é\S'ﬁr
v Water ) —
P, Ot
o1~k (ap WV m as
v Gas —— °|[~:-—i~pc,gsma\'5 R
el o, \ox TF U ot
10 TUHFP Advisory Board Meating November 8, 2007
¢ T % E # N " z s o
Universiry Lissociation Modeling
# TULSA =
L Energy Balance (Void Space)
internal Energy
Slsou, 8,00, 48,0,0,)-
~7 ~ A ~
: ol Vo éryy &
=K -=~~m~—-(Kr—~—m |-, 11}
: W g A 2 A g B
N orori. Or)) o s :
Thermal Conductivity ~Enthalpy
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A Energy Balance (Hydrate Zone)

Heat Capacity internal Energy

A% A
;:[ﬂfﬂ%(fgr‘;i‘j};;(pgga)

E
Thermat Conductivity Enthalpy
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NIVERSIFY
4 TULSA

O Hydrate Dissociation:
Kinetic Model (Kim 1287)
= C,y 4, [R(T) - P]

/
C,=k exptmég—l

4

Ap = 3}{"

10% TUHFP Advisory Board Meeting Kovember 8, 2007
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[ Modification of the flow loop
0 Plug characterization test

Q Plug dissociation test

0 Develop dissociation model

10t TUHFP Advisory Board Meeting

November 8, 2007

NIVERSITY Phipetimme
i Questions

104 TUHFP Advisory Board Meeting
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10" TUHFP Advisory Board Meeting

Continuation Proposal

November 8, 2007

Obile

En e
fCiives

E

a Investigate plug cha

inhibitors

hydrates

« Comparison to models

16t TUMFP Advisory Board Meeting

o Continue investigation of hydrate formation

« Focus on LL & flow patterns and plugging during
production and restart conditions

dissociation methods
+ Depressurization, wall heating and thermodynamic

a Investigate transient water displacement in
a jumper configuration and effect with

racteristics &

November 8, 2007
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ot UAT e ek
Scope of Work

-

o Project 1: Risk assessment of hydrate
plugging during steady-state operations

a Project 2: Risk assessment of hydrate
plugging during restart operations

a Project 3: Remediation and hydrate plug
characterization

10t TUHFP Advisory Board Meeting November 8, 2007

G Project 1

a Steady-state operations
« Important variables identified in previous
CTR’s

»Olil-water flow patterns (rate, liquid loading)
» Ol viscosity, brine salinity

« Conduct systematic experiments
»Focus on these key variables
>Gather slurry flow data

« Perform simulations of past and new
experiments

10 TUHFP Advisory Board Meeting November 8, 2007
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%j STY % vy 2 e 7B
gﬁ%ggggﬁ Project £

o Restart operations
. Past experiments indicated strong effect of flow
patterns and salinity
. Transient experiments in jumper-like configuration
will be performed
» Focus on water displacement
% With and without hydrates
% With and without inhibitors
.- Comparisons with simulations
» Validate current tools for prediction of water displacement
3 Collaboration with Scanpower

10 TUKFP Advisory Board Meeting November &, 2007

Proiject 3

-

o Remediation

- Plug characteristics virtually unknown
5>Gas vs. liquid dominated systems

. Density, permeability, porosity measurements

on real hydrate plugs

. Dissociation methods will be evaluated
»Heating, depressurization, methanol, MEG

« Comparisons with current modeling tools

16% TUHFP Advisory Board Meeting November 8, 2007
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Project 3 Hydrate Plug Characlsrzalon
T N
[

4 [Fackity Modification

tu g ormabion and charsclzdzation
t [Ewalastion of dissociation metbnds | ]

Depressuriz ation

blatharal injeciion

REG Injeciion

Modet Dewlopment

12 {Technology ransfer
DsepSiar Meelings
sory Board Meeting i

A
Reporls

i

Ui Deliverables

@ Extended database of hydrate experiments
(steady-state and transient)
+ Parametric studies, slurry flow, plug properties
a Comparisons with simulation tools
+ Hydrate formation simulations
= Transient flow simulations
+ Plug dissociation simulations

a Better understanding for better engineering

10 TUHFP Advisory Board Meefing November 8, 2007
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a Two year project

a Three Studies
. Steady State Operations
+ Restart
« Remediation

o Projected Fee of $50,000/year

a Legal Document
» Addendum Ul

2 Addendum/Proposal/invoice mailed late
November

a Start Date of January 2008

10 TUHFP Advisory Board Meeting Naovaember 8, 2007
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U‘zgg‘ggg?‘? inventory Status (55-gal drums)
0 Buttermilk | exhausted
+ Buttermilk Il contaminated (10 bbl)
» Suggest fo dispose of the sample
a Troika 8
o Caratinga 18
aConroe 3
a Blake 20
a Arnold 32 (needs reconditioning)
10% TUHFP Advisory Board Meeting November 8, 2007
Q‘%&ﬁ Model Oils
a Citgo Sentry series being phased out
+ Additive packages in lube oils
* Are they the same for different viscosity
grades?
10% TUHFP Advisory Board Meating Navember 3, 2007

University of Tulsa Confidential 129



19 TUHFP Advisory Board Meeting

Mike Volk

November 8, 2007

University of Tulsa Confidential

130




1 DeepStar Meetings
* December 6, 2007
« March 2008

a TUHFP Advisory Board Meeting

+ Held in Houston
+ Following DeepStar Meeting
+ 12:30 - 5:00 PM

10t TUMFP Advisory Board Meeting

November 8, 2607
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