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Steady State Simulations

Transient Studies

Angelina Coletta. ... ..o 2:00 p.m. — 2:30 p.m.
Jumper Study
B RE AK e 2:30 p.m. — 2:45 p.m.

Autoclave Studies

Alisher YUunuskhojayeVv. ... 2:45 p.m. — 3:15 p.m.
Water Droplet Size and Their Effect on Plugging Tendencies

Plug Characterization Studies
KIBIaN BarlOWS ... .. et e e e e e et e e e e 3:15 p.m. —-3:45 p.m.
Status Update

MIKE VOIK. ..o e e e 3:45 p.m. — 4:00 p.m.
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gr“r‘r‘{ﬁ‘fs?{“ Hydrate Staff
o Mike Volk — Pl
o Emmanuel Delle-Case, Co-PI

Cem Sarica, & Keith Wisecarver, Graduate Student
Advisors

Lissett Barrios — Post Doc
Jose Aramburu — Operation Engineer
Garrett Pierce — Technician

Alisher Yunuskhodzha, Ramon Domingues, Angelina
Coletta & Kieran Barrows — Graduate students

Lori Combs — Project Coordinator
Justin Horn — Web Site Administrator
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ABM Agenda

Adjourn ...

Steady State Studies

Open Discussion/Issue Bin

11t TUHFP Advisory Board Meeting

Emmanuel Delle-Case................oouuniiiiiiiiiiieie e 1:15 p.m. - 1:35 p.m.
Steady State Experiments

RamMON DOMINQUES..........uuiiiiiiiiiiiiii et 1:35 p.m. — 2:00 p.m.
Steady State Simulat
Transient Studies
AngelinaColetta....................coiiiiiii 2:00 p.m. — 2:30 p.m.
Jumper Study
BREAK ... 2:30 p.m. — 2:45 p.m.
Autoclave Studies
Alisher Yunuskhojayev...............ccoooiiiiiiiiiiiiiiiiiiii e 2:45 p.m. - 3:15 p.m.
Water Droplet Size and Their Effect on Plugging Tendencies
Plug Characterization Studies
Kieran BarrOWS.............oiiiiiiiiiiiiiiii et 3:15 p.m.—3:45 p.m.
Status Update
IMEKE VOIK......oiiiie e 3:45 p.m. - 4:00 p.m.

....4:00 p.m.
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Phase lll Studies

Hydrate Risk Management
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Phase Ill Studies

o CTR 9202 $620K

a JIP $1.2M
- MMS $320K
* Industry $700K
« Other  $180K

a Four parts
*Steady-state studies
*Transient studies
*Plug properties and
remediation studies
*Dispersion/Hydrate
Characterization

$30,000, 2%-
$150,000, 8%

$450,000 , 24%

$450,000 , 24%

Cost per Project

@ Flow Loop Testing/Model Development|
m Jumper Study

O Hydrate Plug Characterization

O DropletHydrate Characterization

m Technology Transfer

$800,000,42%

11t TUHFP Advisory Board Meeting
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A,

'I‘Itlim
UAES™ Phase Il - Steady State Studies

o Part |: Steady-state conditions
+ Continue evaluation of variables on plugging
risk
»Water cut, salinity, flow patterns (liquid loading &
rate), viscosity

 Slurry flow data generation and modeling

» Steady-state simulations
»Find hydrate formation rates and plugging conditions
» Collaboration with CalSep (FlowAsta)

11t TUHFP Advisory Board Meeting March 5, 2008

A

UNHS™ Phase Il - Transient studies

a Part lI: Transient conditions
» Construction of clear jumper facility

« Understand flow patterns taking place upon
restart
»How is the water being displaced?

»|s there a range of operating conditions allowing un-
inhibited restarts?

» Comparisons with OLGA predictions
» Collaboration with ScandPower

» Extend studies with hydrates (THF)

11t TUHFP Advisory Board Meeting March 5, 2008
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Tllﬁﬁ
AN Phase lll studies

a Part Ill: Plug properties and dissociation
» Control hydrate plug formation in the flow loop

* Measure plug porosity, permeability and
trapped fluids for different conditions

« Compare efficiency of dissociation methods for
plugs with different properties
»Gas or Oil-dominated systems
» Effect of water cut, fluid velocity during plugging
»Heating, depressurization, inhibitors (MEG/MeOH)
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Steady-State Experiments

Emmanuel Dellecase
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U THE ;ﬁ -
FTULSA Outline

o Summary of findings

o New plugging classification
o Facility modifications

o Future work

11t TUHFP Advisory Board Meeting March 5, 2008

'I‘I[I]ﬁ
la.lr“i"p‘iﬁf‘sf{“ Summary of findings

a Water cut

* Feasibility of non-inhibited slurry flow above
30% water cut found to be remote

a Velocity
* Low velocities favor plugging
* No effect above 4 ft/s

o Effect of liquid loading

* No measurable effect on plugging from 50% to
75%, possibly up to 100%

11t TUHFP Advisory Board Meeting March 5, 2008
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la]r”rFEﬁf*sf{” Effect of Velocity

Conroe - Effect of velocity
37.5% Water cut - 50% Liquid loading
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20 —— Conroe -750 rpm
\ —— Conroe - 1250 rpm
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UnES™ - Summary of findings

o Small percentage of AA sufficient to change
pressure drop and plugging outcome

Effect of anti-agglomerant - 0.2% Armoclear

o ] / Pump
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New plugging classification
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TIIHW
UIES™ Plugging Classification

o Type | FAIL
 Solid plugs
* Large increase in pressure drop
o Type Il FAIL (FALSE PASS)
 Trace similar to slurry flow
» Possible partial plugs formed
o Type Il PASS
* Slurry flow
* No agglomeration detected

11t TUHFP Advisory Board Meeting March 5, 2008
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Uﬁﬁr@sm
“/ TULSA Type | FAIL

Type | FAIL - Examples Type | FAIL - Example
45 2 Citgo 19 - 25% Water cut - 750 rpm
40 1 —
{ Plugged | — Dodecane
25% Water cut
35 Severe ‘ 35 rom —
plugging
£ 320 onset —
H — Dode 2
s 1 50% Water cut g
g 25 }V 750 rpm — g
Plugged < Failed to]
£ 20 /[ Plugged ] S 1 pump
H 5
@ a 8
2 Severe 8 Plugging
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ot ooth increase in B
ssure drop unti
lugging onsef 2 A/
0
0 2 4 6 8 0 12 14 16 18 0 2 4 6 8 10 12 14 16
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Type | FAIL - Example Type | FAIL - Example
2 Conroe - 37.5% Water cut - 500 rpm Caratinga - 50% Water cut - 750 rpm
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.
20 8 r
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e Rapid increase in pressure drop a3
s Liquid flow velocity decreases until only gas flow )
1
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Type Il FAIL

Type Il FAIL - Example
Troika - 50% water cut - 750 rpm

Type Il FAIL - Example
Dodecane - 25% Water cut - 750 rpm
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Type Ill PASS

IS

Type Il PASS - Example
Conroe - 25% Water cut - 1250 rpm

Type Ill PASS - Example
Caratinga - 25% Water cut - 750 rpm
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#Type Il PASS

<Type Il FAIL
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Facility modifications

11t TUHFP Advisory Board Meeting March 5, 2008

A

Tliﬁﬁ
UMES™ - Facility modifications

o Gas system modifications

 Faster gas addition rates and pressure
maintenance capabilities

* Inlet gas temperature control for plug
permeability studies

» Outlet gas temperature control to prevent valve
freeze up

» Automatic pressure control of the flow loop
(depressurization ramps, drainage)

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

Tliﬁﬁ
OiES™ - Facility modifications

o Differential pressure transducers

* Replaced with remote seals to prevent plugging
of impulse lines
»Larger pressure drop range (0-100, 0-250 psid)
> Four transducers @ $2,500 each
+ Existing transducers will be used on the
transient jumper facility

» Eliminates electrical heat trace on impulse lines

11t TUHFP Advisory Board Meeting March 5, 2008

Future Work

11t TUHFP Advisory Board Meeting March 5, 2008
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'l'l[lim
la]r“f'r‘{ﬁf*s?{” Future experiments

o Verify high liquid loading hypothesis
* Drain liquids after experiments to visually
inspect for plugs (Citgo 19)
0 Flow patterns
« Water cut, liquid loading, velocity, viscosity
0 Fluid properties
« Salinity effects (pumping conditions)
+ Additive effects (DP vs. concentration)
* Fluid viscosity
a Others...

11t TUHFP Advisory Board Meeting March 5, 2008

A

'I'I[I]m
E}Pﬁ}‘{ﬁf‘gg“ Modeling aspects

0 Hydrate formation rates
»In-house simulations using PVTSim open-structure
»Joint effort with CalSep

o Slurry flow operating envelope
»Prediction of plug formation
»Mechanistic modeling too complex
»Use correlation approach

0 Pressure drop calculations
»Continue slurry flow model development

11t TUHFP Advisory Board Meeting March 5, 2008
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Discussion

11t TUHFP Advisory Board Meeting

March 5, 2008

Steady State Simulations

Ramon S. Domingues

11t TUHFP Advisory Board Meeting

March 5, 2008
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A,

U THE Tm -
FTULSA Outline

a Objectives

a Scope of Programming

« Hydrate phase equilibrium curve at constant volume
and pressure conditions (conceptual approaches).

» Block diagrams for both tests (tools - PVTSim/Calsep,
VBA).
O Test Results

» Constant Pressure Tests

» Different effects comparisons (LL, WC, pump speed)
» Constant Volume Tests

» Different effects comparisons (WC, salinity)

a Future Work

11t TUHFP Advisory Board Meeting March 5, 2008

A

U'l'l[l]rm - -
PTULSA Objectives

a Simulate hydrate formation at equilibrium conditions (no
mass transfer, no flow pattern effect) for constant volume
and pressure tests.

» Develop simulation tool based on these two different tests.

o Understand effect of operating parameters in comparison
with steady state experimental test conditions

» Liquid loading, Water cut, Salinity, P, T.
a Improve methods for water conversion calculation.
a Continue effort towards non-equilibrium simulations.

11t TUHFP Advisory Board Meeting March 5, 2008

University of Tulsa Confidential

18



A,

THE m

UNIVERSITY
o/ TULSA

Scope of Programming

Pressure, P

Constant Volume Test - Pressure Drop Prediction

’ Hydrate phase-equilibrium curve ‘

Hydrate Region

Initial Point

Final Point
Constant mole%

No-Hydrates Region

11t TUHFP Advisory Board Meeting

Temperature, T

March 5, 2008

A

UNIVERSITY
o/ TULSA

Scope of Programming

Pressure, P

Constant Pressure Test — Gas Addition estimation

’ Hydrate phase-equilibrium curve ‘

Final F’j__?'lnt Initial Point

) S _,-éhanging.-fﬁ mole%
Hydrate Region

} Initial phase Curve |

,,,,,,,,,,,,,,,

No-Hydrates Region

11t TUHFP Advisory Board Meeting

Temperature, T

March 5, 2008
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M Scope of Programming

PT flash and Hydrate flash

For each time step

Initial data

PVTSim Open Structure,
excel macro

|

Guess P(i)

Compute -
o Saiiity. ete

11t TUHFP Advisory Board Meeting

Block diagram - Constant Volume Test

Input data

Mixture composition — Oil, Gas and Brine

Temperature profile (cooling description)

Initial Loop Pressure

Loop Volume

|

Output ‘

l

Pressure profile l

|

Water conversion, salinity changes,
mass balance (hydrates formation)

March 5, 2008

A

M Scope of Programming

Block diagram - Constant Pressure Test

PT flash and Hydrate flash

For each time step

PVTSim Open Structure,

— Peonst: T(1) ’ excel macro

|

Initial data

Add Gas

Compute
(WC,Salinity, etc)

Print out — each step

11t TUHFP Advisory Board Meeting

Input data

Mixture composition — Oil, Gas and Brine

Temperature profile (cooling description)

Constant Loop Pressure

Loop Volume

|

Output ‘

l

Gas addition estimation l

|

Water conversion, salinity changes,
mass balance (hydrates formation)

March 5, 2008
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‘Jf“r‘r‘{}%'}g%{“ Test Results

a 24 experimental pumping tests simulated
considering:

 Oils: Conroe, Troika, Citgo 19, ButterMilk, Caratinga.
Liquid Loading: 50%, 75%, 90%, 100%.

Water cut: 12.5%, 25%, 37.5%, 50%

Velocity: rocking, 2.3ft/s, 3.9ft/s, 7.2ft/s.

Salinity: fresh and 3.5%wt.

11t TUHFP Advisory Board Meeting March 5, 2008

Constant Pressure Tests

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

-mrzm
QN,FEE*SS;TY Constant Pressure Tests

0 Parameters covered by simulated experiments
+ Velocity, Liquid Loading, Water cut, Salinity
a Findings
* Pumping conditions approach equilibrium conditions
(2.3 ft/s to 7.2 ft/s)
» Match is better for higher velocities

» Same trend for different fluids and conditions
» Buttermilk, 3.5% brine, 25% water cut, 3.9 ft/s, 50% LL
» Caratinga, fresh water, 25% water cut, 3.9 & 7.2 ft/s, 75% LL
» Conroe, fresh water, 37.5% water cut, 2.3 to 7.2 ft/s, 50% LL

11t TUHFP Advisory Board Meeting March 5, 2008

A

'I‘I[BW
%N,‘r\{ﬁfggw Constant Pressure Tests

ButterMilk: 50% LL, 25% WC, 3.5% wt., 3.9ft/s

10 80
+ 70
+ Gas Experimental T 60
- gas added (Ib) I
a Temperature 1 50
g
3 c
§ 405
8 e
t 30
20
10
0
© - N® s WO~ oo - deF0ore22gg QI
11t TUHFP Advisory Board Meeting Time(h) March 5, 2008
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UNIVERSITY -
GITULSA Effect Of VeIOCIty
Conroe: 50% LL, 37.5% WC
18
L S — ]
" ::'__..__-a- [
1 Y 'f".i :
= S . EXP-39fs
g ; - - -SIM-391fts
E oot + EXP-23ftls
. ® TTR - = -SIM-2.3 s
S wo T o EXP-72ftls
6 oy - - -SIM-7.2ft)s
4 -I:. s
2 s i
0 \. T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Time (hr)
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Time(h)
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AN Effect of Velocity
Caratinga: 75% LL, 25% WC
e S —
12 I’_’_’J_.'f - i
;" S
I
3, A
g : : - . - =-=-SIM-39ftls — -SIM-7.2ft/s
4 : ] - - EXP-39fs « SIM-7.2fts
2 A

March 5, 2008
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UNIVERSITY iaui i
EfTULSA Effect Of quuld Loadlng
Caratinga: 25% WC, 3.9 ft/s
14
e
12 4 T .
:I WMM
10 - ;_
% .o : s - - -SIM-50%LL - - -SIM-75% LL
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Rocking vs. Flowing

Troika: 50% LL

r_r_‘rﬁ Mass transfer Iimitatiorfs

Gas addition (Ib)
o

11t TUHFP Advisory Board Meeting
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. f."w
4 - « EXP -Rocking, 25% WC —
o — SIM - Rocking, 25% WC
2 e 2 + EXP-23ft/s, 37.5% WC |-
—SIM-2.3 ft/s, 37.5% WC
0 T T T T T T
0 4 6 8 10 12 14 16

Time (hr)
March 5, 2008
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Uﬁﬁr@sm S i
EfTULSA ome Issues
a Experimental gas addition higher than simulation
» Fluid composition analysis? High liquid loading effect
(75%)?
16
14
12 1 OWM""""’”’
) .0‘."
? o T
g 6 - N .
4 : + EXP - CONROE — SIM - CONROE L
M . * EXP-TROIKA —SIM - TROIKA
2 ) R ...,o.'
0 - T T T T T T T
11th TUHFS AdvisoryzBoard Meéting 6 Tim: (b} 10 12 14March 5,1?008
TI[I}W
UNIVERSITY

Jpus . Conroe phase envelope

3000

2500

2000

1500

Pressure, psia

1000
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— Vaplliq mole frac 1.000
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Phase Envelope
CO07 CO07+NG EOS = SRK Peneloux

Initial Operation Point

100 200 300

400 500 600 700 800
Temperature, °F

e Critical Point
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UIES™ High liquid loading cases

o Simulations show hydrate formation is
reduced when amount of free gas is
reduced
« Some indication experimentally
* Must be proven

11t TUHFP Advisory Board Meeting March 5, 2008

A

E}N,IF‘{?II}SS;TY Effect of High Liquid Loading

ButterMilk: 3.5wt% salinity

100

90
= ® B = = = =
80
70 * WC(%) =5
% 60 W WC(%) =15.5 High Liquid Loading
2 WC(%) =26 T
g . WO(%) =36.5 effects hydrate formation
X WC(%) =47 /
% 40 ® WC(%)=57.5 \
s +WC(%) =68
30 -WC(%) =78.5
—WC(%) =89
20
10
0 T
0 10 20 30 40 50 60 70
LL(%)
11t TUHFP Advisory Board Meeting March 5, 2008
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UMES™ High liquid loading effect

Flow loop Simulation
100% Liquid Loading | 100% Liquid Loading

Separator
Control volume

Sensing line

Always free gas in the system i No free gas in the system

Simulations should account for total system volume

11t TUHFP Advisory Board Meeting

March 5, 2008

Constant volume tests

11t TUHFP Advisory Board Meeting

March 5, 2008
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'Tllﬁm - -
la]r”r‘r‘iﬁf‘sﬂ” Findings

o Parameters considered: water cut, salinity

o Flow loop experiments limited to 14%
salinity in constant volume mode

11t TUHFP Advisory Board Meeting March 5, 2008

A

AN Effect of Salinity

Troika: 50% LL, 37.5% WC, rocking

2000

1900 (
1 =1 & I
o
1700
1600 vty {l
_ \k w ’
1400
= EXP - 14% wt.
— 0% wt A
1300 f] ——3.5% wt. \
— 7% wt.
14%wt.
1200

o 2 4 6 8 10 12 14 16 18 20 22 24 26

Loop Pressure (psia)
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Summary of results

Gas Addition |1b;|
EXP YError

MO-20

750

100

25

13392 | 88
1279 | 93

Less free gas at earlier times

Rocking test “almost static”.

High LL% the amount of free gas

is not enough to form hydrates

408 52

TR-20 Rocking 50 | 25 594 93
MO-23 750 90 | 25 I 8938 | 157 | 7565
C0-08 750 50 | 50 I 11.957 | 21675 8127
CO-01| Rocking | 50 [ 25 5999 115 9170
11t TUHFP Advisory Board Meeting March 5, 2008
U‘I’IIE . .
Jpuis  Match with experimental data

0-25 25-50 50-75 75-100 |

WL ----

- 25-50 50-75 75-100 |

wwe ----

I
]
]
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% Error < 20

% Error > 20
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A,

Ul'l[lir-m -
FTULSA Conclusions

o Simulations at equilibrium are much
closer to steady state experimental data,
despite not considering any possible
non-equilibrium model

0 Possible issues with phase envelope
0 Issues related to high liquid loadings

0 The salinity strongly inhibits hydrate
formation and limits loop experiments
(constant volume)

11t TUHFP Advisory Board Meeting March 5, 2008
Uﬁ'ifl@sm
"TULSA Future Work

0 Continue tool development

+ Investigate liquid loading effect
»Accurately measure flow loop volume

* Conduct PVT analyses on fluids
* Perform constant volume tests (pumping)

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

o Compare simulation results to test data

11t TUHFP Advisory Board Meeting March 5, 2008
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L Questions

11t TUHFP Advisory Board Meeting

March 5, 2008

Jumper Study

Angelina Coletta
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THE

AN Outline

o Objectives

o Task Management
o Olga Simulations
a Facility Design

o Test Matrix

o Future Work

11t TUHFP Advisory Board Meeting

March 5, 2008

Objectives

11t TUHFP Advisory Board Meeting

March 6, 2008
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A,

UTIIEW - -
FTULSA | Objectives

o Perform transient flow experiments on a
jumper like configuration upon restart

0 Understand the liquid displacement and
flow patterns as a function of different
operating parameters (ex. WC, LL, RS, p,)

0 Validate Olga transient simulations
0 Relate study to hydrate plugging risk

11t TUHFP Advisory Board Meeting March 5, 2008

Task Management

11t TUHFP Advisory Board Meeting March 6, 2008
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'I‘Illiﬁ
la]r“ff‘iﬁf*sﬂ” Task Management

o Run Olga simulations to finalize design of
transient flow facility:
+ Test section
*  Equipment
* Instruments
o Conduct experiments in new facility

o Compare Olga simulations with
experimental results

11t TUHFP Advisory Board Meeting March 5, 2008
THE ﬁ
Tl
Sy Current Status

o Olga Simulations
+ Attended OLGA training course
« Simulations have been run
o Facility Design
* Loop design complete
* Facility construction in progress

11t TUHFP Advisory Board Meeting March 5, 2008
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Olga Simulations

11t TUHFP Advisory Board Meeting March 6, 2008

UiES™ - Simulation Set-up

o Software — OLGA 5.2.1

0 226 simulations completed:
* Restart phase Oil/Gas

* Oil viscosity 19 ¢St/ 220 cSt @ 40 °C
* Flow rate From 2 to 30 ft/s, Step: 3 ft/s
* Liquid loading Partial / Bridging
» Water cut 25, 50, 100%
11t TUHFP Advisory Board Meeting March 5, 2008
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UNIVERSITY
o/ TULSA

Simulation Geometry

[F—rmazmwaon & @ secwns i |

W W W
s Ay

[P SR

Seéond Low Spot

|1=nirst ng Spgt - m

11t TUHFP Advisory Board Meeting

March 5, 2008

A

UNIVERSITY
o/ TULSA

Simulation Runs

* 10 Gas Restarts

a 25, 50, 75, 100, 125% — Water hold up in low spot

50 simulations

o 25, 50, 125% — Water hold up in low spot

* 10 Low Viscosity Oil Restarts

60 simulations

» 10 High Viscosity Oil Restarts
a 25, 50, 75, 100% — Oil hold up in low spot

* Two QOil viscosities

56 simulations

» 7 Gas Restarts
a 25, 50, 100% — 50/50 Oil/Water Mix

* Two Qil viscosities

60 simulations

* 10 Gas Restarts

11t TUHFP Advisory Board Meeting

March 5, 2008
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A,

U‘I‘Itlﬁm -
PTULSA Videos

o Video 1
* 100% Water in Low Spot — 2.7 ft/s Gas Restart

o Video 2
* 100% Water in Low Spot — 8.1 ft/s Gas Restart

o Video 3
* 100% Water in Low Spot — 27 ft/s Gas Restart

11t TUHFP Advisory Board Meeting March 5, 2008

A

l;}NrP{ﬁ%SjW 125% Water Bridged in 1st low spot trend

HOL [-] (PIPELINE.PIPE-3.3) "Case1.tpl" ¥ HOL [-] (PIPELINE.PIPE-3.3) "Case2.tpl"

¥ )"
¥ HOL [] (PIPELINE.PIPE-3.3) "Case3Apl” HOL [-] (PIPELINE.PIPE-3.3) "Case4tpl” Gas Restart
¥ HOL [] (PIPELINE.PIPE-3.3) "CaseSapl” HOL [-] (PIPELINE.PIPE-3.3) "Case6.tpl” Flow Rate
¥ HOL [] (PIPELINE.PIPE-3.3) "CaseTApl" HOL [-] (PIPELINE.PIPE-3.3) "Cases.tpl”
¥ HOL [] (PIPELINE.PIPE-3.3) "Casedpl” HOL [-] (PIPELINE.PIPE-3.3) "Case 104pl” Case 1 >2.71ls
Case 2 > 5.4 ft/s
N Case 3> 8.1ft/ls —
‘ Case 4 > 10.9 ft/s
[IY] E— Case 5> 13.6ft/s |~
o8l : Case 6 > 16.3ft/s |-
o7t Case 7 > 19 ft/s
Case 8 > 21.7 ft/s
il 5 | | Case 9> 24.4ft/s |
oLt R i i : : Case 10 > 27 ft/s |-
T H H H
04 fmeeeeen] :
034
0.24----eeommees
[ e
T T 3. .......................................
0 200 460 600 800

Time [s]
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UAVES™  Hold-up on 15t Low Spot

’
09 T\
08 —e—25% Water
0.7 ‘\ —m—50%

06

—&—T75%

05 100%

—x—125%

HOL (frac)
< °
2

0 5 10 15 20 25 30
Velocity (ft/s)
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A

UAES™  Hold-up on 2! Low Spot

1

0.9

/7

0.8

—e—25% Water

07 }« —m—50%

06 —A—T75%
g
e N
s 05 100%
I

04 —¥—125%

NI
02"\ \& \‘\

. \%%
T

0

0 5 10 15 20 25 30
Velocity (ft/s)

11t TUHFP Advisory Board Meeting March 5, 2008

University of Tulsa Confidential

38



A,

Tllﬁﬁ
AN Simulation Use

o With the simulation results it was possible
to finalize the design by:
* Locating instrument positions along test section
 Calculate instrument’s range

Size receiver and storage tanks

Predict restart working range

Establish compressor capacity

Efficiently select experiments of interest

11t TUHFP Advisory Board Meeting March 5, 2008

Facility Design

11t TUHFP Advisory Board Meeting March 5, 2008
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L Facility Layout

11t TUHFP Advisory Board Meeting

March 5, 2008

ol

UMES™  Elbow Dimensions

Total length = 48"
Radius = 24"

11t TUHFP Advisory Board Meeting

March 5, 2008
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UNIVERSITY
o/ TULSA

Facility Location

178" . gH8 . 1785

k-
/ GRAVEL AREA E‘ : ;’CS
. f 3
EXISTING 5LAB ff
- -
11t TUHFP Advisory Board Meeting March 5, 2008
THE %
UNIVERSITY Jumper Pad

of TULSA
11t TUHFP Advisory Board Meeting March 5, 2008
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A,

TIIHW
AN Facility Design

FTuAlmnsphers
A” @ TEST SECTION
Mass

Flow — PDR sensing line
Meter |
Purge
Collection
Tank
—-———
B Volumetric x X
Pump
w/VFD
11t TUHFP Advisory Board Meeting March 5, 2008

A

UMES™ Facility Design - Instrumentation

f  Drain ports (3) Differential pressure transducers (2)

< Fill ports (4) Temperature transducers (2)
1 Capacitance sensors (14)

11t TUHFP Advisory Board Meeting March 5, 2008
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il DIAdem Insight

of TULSA 3D flow software

11t TUHFP Advisory Board Meeting March 5, 2008

‘Jf“r‘r‘{}?}s{“ Instruments Specifications

0 Visualization Technique

» Flow pattern observation at different
operational conditions

* Droplet size measurements
o Regular digital camera

11t TUHFP Advisory Board Meeting March 5, 2008
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of TULSA

UNIVERSITY High Speed Video Technique

OLYMPUS i-SPEED

Maxima Resolution
Frame (pixel) Record
Rate (fps) Time (sec)
H Vv
60 to 1,000 800 600 4.47
2,000 579 432 4.32
3,000 448 336 476
33,000 96 72 9.41

11t TUHFP Advisory Board Meeting

March 5, 2008

11t TUHFP Advisory Board Meeting

Future Work

March 6, 2008
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A,

UT“EW
FTULSA | Future Work

o Finish facility construction
o Carry out about 100 experimental tests in
new flow loop

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

» Select cases of interest from simulation runs
o Data analysis

0 Make necessary alterations to the facility to
run experiments with hydrates

11t TUHFP Advisory Board Meeting March 5, 2008
A
Usiveksrry
JTULSA Task Chart
Description
Run Simulations
Design Flow Loop
Build Flow Loop
Gas Dominated Restart
Liquid Dominated Restart
Analysis
Write Thesis
Completed
Ongoing
Programmed
11t TUHFP Advisory Board Meeting March 5, 2008
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L Questions
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g%lggﬂ 15 Minute Break
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Water Droplet Size and Effect on Plugging
Tendencies

Alisher Yunuskhojayev

11t TUHFP Advisory Board Meeting March 5, 2008

UTIEHﬁ -
FTULSA | Outline

a Prior TUHFP Findings
» Kak’s Studies (2007)
« Sanchez’s Studies (2007)

0 Phase Ill Research Objectives

0 High Pressure Set Up Improvements
a Current Status

o Future Work

11t TUHFP Advisory Board Meeting March 5, 2008
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Prior Findings

11t TUHFP Advisory Board Meeting

March 5, 2008

Kak’s Studies
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UMES™ Current System Set Up

11t TUHFP Advisory Board Meeting March 5, 2008

Usm Kak’s Hypothesis

of TULSA

o Atrest, droplets coated with hydrate film
0 Under shear conditions

> Snow-like

» Non-spherical particles, flakes

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

11t TUHFP Advisory Board Meeting March 5, 2008

University of Tulsa Confidential

49



A,

gr”r‘r‘{ﬁ‘fs?{“ Proposed Hypothesis

11t TUHFP Advisory Board Meeting March 5, 2008

Sanchez’s Studies

11t TUHFP Advisory Board Meeting March 5, 2008
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THE m

gf%f{ss;w Hypothesis

o Higher IFT will generate larger water
droplets. Hence, resulting in solid
hydrate plugs.

O Lower IFT will generate smaller water
droplets. Hence, resulting in weak
hydrate plugs.

11t TUHFP Advisory Board Meeting March 5, 2008

A

'I‘I[ﬁﬁ m
AN Proposed Hypothesis

1. Fluid properties measured at ambient conditions

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

Assumptions

Negligible effect salinity
No effect of pressure on interfacial tension and oil viscosity
W/O emulsion

. Wc 1
HPRI = 2P, :
NP V- d pipe chritical
-2 -3 -2
< ALY LT
[ML™T ZJ[ML][T][L] 7T
11t TUHFP Advisory Board Meeting March 5, 2008
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A,

THE

meaﬁsm Variables Impacting Water Droplet Size
frfTULSA

- Small water droplet size

1. Fluid properties 1. Fluid properties
High interfacial tension . Low interfacial tension
Low oil viscosity and density . High oil viscosity and density
2. Operating parameter 2. Operating parameter
Low shear rate or stirring velocity . High shear rate or stirring velocity
3. Test conditions 3. Test conditions
High water cut . Low water cut
No surfactants * Presence of surfactants
No salinity * Salinity
High Plugging Risk B ] Low Plugging Risk
d
' R
v
Microscope studies TUHFP
11t TUHFP Advisory Board Meeting March 5, 2008

A

Universiry  Large Water Droplet Size Scenario
ofTULSA

Dispersed scenario - Cooling Phase 70 - 40 °F constant pressure 2000 psi

Time Flow

Free Gas

W/O emulsion  [Wet hydrate shell formation| Agglomeration

Solid hydrate plug

. . ) . Water release
High water cut and interfacial tension

Low shear rate, viscosity and density
. High adhesive
Gas o Water © Oi i 9 forces

11t TUHFP Advisory Board Meeting March 5, 2008

High wettability
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A,

Utiveksry - Small Water Droplet Size Scenario
ﬂfTULSA

Dispersed scenario - Cooling Phase 70 - 40 °F constant pressure 2000 psi

—

Time Flow

Free Gas

Weak Weak hydrate
agglomeration plug

W/O Emulsion Dry hydrate shell formation

Low water cut and Interfacial tension
High shear rate, viscosity, and density

Gas (O Water € Oil g

Low water release
Low wettability

Low adhesive forces

11t TUHFP Advisory Board Meeting March 5, 2008

Research Objectives
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'l'l[l:ﬁ
la]r“f'r‘{ﬁf*s?{” Research Objectives

0 Validate and improve the hydrate plugging
parameter (high pressure)

- Autoclave tests at high pressure with varying water
cuts

- Include a pressure effect on IFT and oil viscosity
- Experiment with different oils
0 Validate droplet break up hypothesis
- NIR camera
- Lab View system

11t TUHFP Advisory Board Meeting March 5, 2008

'I'I[I]ﬁ
la.lr“i"p‘iﬁf‘sf{“ Research Objectives

0 Study the effect of the following on the
water droplet size at high pressure
- Water cut
- Hydrate inhibitor and salt concentrations
- Shear rate/stirring velocity
0 Study the effect of water droplet size on the
hydrate plugging tendency
- In the autoclave
- In the flow loop

11t TUHFP Advisory Board Meeting March 5, 2008
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High Pressure Set Up Improvements

11t TUHFP Advisory Board Meeting March 5, 2008

UAHS™  HP Set Up Improvements

0 Lab view for P,T data acquisition

- Hydrate on-set detection
Q Viscosity increase/decrease monitoring
O NIR Camera

- Experiments with dark oils

- Allows visualization at higher water cuts
> Up to 45% in a dark heavy oll

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

Uivem NIR: High WC + Dark Oil

Dark Oil 1
WC: 40%
Depth: 0.3mm
Magn.: 3AX
70 F, 1000psi

11t TUHFP Advisory Board Meeting March 5, 2008

A

IE}P:FE}EIFSS;TY Regular Camera: High WC + Dark Oil

Dark Oil 1
WC: 40%
Depth: 0.3mm
Magn.: 3AX
70 F, 1000psi

11t TUHFP Advisory Board Meeting March 5, 2008
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UMES™ NIR: Hydrate visualization

Dark Oil 1
WC: 40%
Depth: 0.3mm
Magn.: 3AX
35F, 1000psi

11t TUHFP Advisory Board Meeting March 5, 2008

Current Status
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A,

lalfbf_'i}gaﬁtss;w Current Status

0 Repeatability demonstrated
 Autoclave sampling validated
»Two 12.5% WC troika tests - 3 microns apart
»Two 15.0% WC troika tests - 5 microns apart
0 NIR camera is set-up and tested

« Initial visualization is obtained
»Dark oil emulsions up to 45% water cut
»Hydrate agglomerate structure

11t TUHFP Advisory Board Meeting March 5, 2008

A

.k
OIES™ - Repeatibility Analysis

Occurence

0.400

0350 3{um
: 7a
E 0.300 N
3
S ga50 — Testl —Testll |
s / | |
£
E 0.200
s
v 0180 / A-TR1 &2
s ° .
£ 0100 / 70°F, 1500 psi
Q
()
12.5% Water cut |
y N I
0.000 / =
0 20 40 60 20 100 120 140 160
Droplet Diameter(microns)
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Future Work

11t TUHFP Advisory Board Meeting March 5, 2008

A

UTIEHW
FTULSA | Future work

QO Install data acquisition on autoclave

> Run tests with NIR microscopy for gaining
insights into dark crude oils, different water
cuts

> P, T and torque measurement

O Model autoclave experiments
> Ramon’s simulation tool

11t TUHFP Advisory Board Meeting March 5, 2008
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L Questions
7
2

11t TUHFP Advisory Board Meeting

March 5, 2008

Kieran Barrows
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Plug Characterization Study
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U'I‘I[Hﬁ -
FTULSA Outline

0 Objectives

a Experimental Program

+ Hydrate Plug Dissociation Methods
* Characterization Examples
* Test Parameters

o Test Program
0 Open Discussion
0 Questions and Comments

11t TUHFP Advisory Board Meeting March 5, 2008

U'I‘I[ﬁﬁ . .
PTULSA Objectives

a Develop an experimental facility to carry out plug
characterization and plug dissociation studies
0 Hydrate Plug Characterization

» Porosity
* Permeability

a Hydrate Plug Dissociation Methods
¢ Heat, Pressure Reduction, MEG

0 Relate the impact of porosity and permeability to
current dissociation models.

11t TUHFP Advisory Board Meeting March 5, 2008
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UnES™ - Experimental Facility

Add
Flowmeter
and Heat

Exchanger
(Gas Feed only)

Scanning densitometer (40-ft)

RESTRICTION

_ Add
4l Fluid

Handling
System

Add Heat Viewport
Exchanger —

11t TUHFP Advisory Board Meeting March 5, 2008

(sl
TIEE
NIVERSITY R t 1 t' D H
l«fJfTUIsA estriction Design
i -
o S
E T--. - #123 THRU 10 MLE, 7/16-80 30 DP
o &
| .7"" -1
ol 1§ 1
t 7 w1 =
of + ] ] oot
iii] ::__._ 4
A M i
) e ———— .l
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A,

THE

‘Jf”rp{ﬁ‘}s{“ Blockage Options

« Annular Flow Area: 6.6in>  + Annular Flow Area: 6.6 in?
Flow Impedance Area: 3.7 in? +Flow Impedance Area: 5.7 in?
*Blockage Percent: 44 % *Blockage Percent: 87 %

11t TUHFP Advisory Board Meeting March 5, 2008

A

TI[HW
ngr‘r‘{ﬁ‘fs?{“ Test Procedure

Q Hydrate Plug Formation

a Drain Free Liquids (tilt to PU and PD)

- Density scans (porosity, plug length)
- Record the Volume of the Drained QOil, Water and Gas

O Measure AP of the Plug (gas at PD)

+ Collect liquids from effective porosity

a Density Scans of the Plug (PU, 0 °, PD)

- Porosity calculation

O Dissociation -8 deg
>PD 18 deg >PU

Pump Down Pump up
11t TUHFP Advisory Board Meeting March 5, 2008
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A,

'I‘Illim
la]r“ff‘iﬁf*sﬂ” Test Parameters

o Formation of a REPLICABLE Solid
Hydrate Plug

» Replication Criteria: Permeability and porosity are
within + 20% difference for COMPACT/TIGHT
plugs and LOOSE plugs

» Compact/Tight Plugs: Low ® and Low Permeability
» Loose Plugs: High ® and High Permeability

11t TUHFP Advisory Board Meeting March 5, 2008

A

'I‘I[I]m
la.lr“i"p‘iﬁf‘sf{“ Testing Parameters

TEST CONSTANTS:
Temperature: 40.0 °F
Pressure: 1500 psi
Fluid Velocity: 3.9 ft/s

TEST VARIABLES:
Water Cut: Low High
Brine Water: 3.5% 12.0%
Viscosity: Low High
Shut-In: 4 Hours 3 Days
AA Effects: Low Viscosity | High Viscosity

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

UIHS™ - Testing Step Program

a Step 1:
* Hydrate Plug Formation

o Step 2:
* Plug Characterization
» Permeability (k)
» Porosity (@, & O )

o Step 3:
» Dissociation
» Heat Treatment
» Pressure Reduction
»MEG

11t TUHFP Advisory Board Meeting March 5, 2008

A

il
Uleism  permeability Scan PFD

- NATURAL GAS

Scanning densitometer (40-ft) RESTRICTION

Drain

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

THE m

l;_]f”r‘r‘{ﬁ‘}gsgw Plug Characterization Example

+ -8 CL PLUGGING 10:18PM

O Estanga (2006) o ]| 6L PLGONG s | - - - %o -

Fixed Moving

0
Gamma Gamma Fixed 0 100 200 300 400 500
Densitometer Densitometer Gamma Position. [in
NDR #1 i
/ View Port Densitometer
X NDR#3
T R e,

e | e s
[ | 39 ft = 468 in 5ft=601n ik = V/Ll—i

View Port d p
1
(ops) ]
‘Darcy’s Law
11t TUHFP Advisory Board Meeting March 5, 2008

A

TI[BW
UIES™  Plug Porosity Model

o Barrios (2007) ¢

h="

PruLk = Pmix Protal + Prvp (1_ ProTaL ) X

Moving Gamma PVTSim ¢EFF
| /
b _ PBULK ~ PHyD braar
OTAL — o 0
MIX — FMHYD
+

- Gas 8 deg

ProtaL = Perr + Prrap =  Water
= Ol

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

Uiy Plug Characterization Example
EITUI‘SA (Barrios 2007)

Steady-State Test
Q Pressure: 2000 psi a Velocity: 3.9 ft/s

O Temperature: 40 °F a Inclination Angle: 0°
0 Gas: Tulsa NG a Cooling Rate: 5 °F/hr
0 Fluids: Conroe (6 hours)

a Water Cut: 50%
a Liq. Loading: 50%

11t TUHFP Advisory Board Meeting March 5, 2008

A

Uty Plug Characterization Example
! TULSA (Barrios 2007)

a Conroe-NG-Water (50% LL, 50% WC, 3.9 ft/s)

Moving Gamma Densitometer

Low 5
Outlet i DW(D +-8 CL PLUGGING 10:18PM
e 09 1| =8CL PLUGGING 10:28PM |— — — — — — — — — — — —|— — — — — — — — oz
) 0CL PLUGGING 10:39PM
e )= ————————— [ A Agd w_ _
" A P M .
+8 deg. ni. v .
et T @ o fe—————————————————— %{)!’3—_ x ‘év P
Duliety__ o i;i""'i n "ev. T A
et =, Y - 1‘)65- e
=~ - ’ E
S .
Sty B 0] S DR
8 deg Low Spo 2 & o, £ . Py 3
o 049 &0 o
Q el B <
03 4 L B s
dove AN B 7
g ¥ <2
LN 02 vw' : w&vl Mt
3
” 041
o LA;“ m

0 100 200 300 400 500
Position, [in]
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il

af TULSA (Barrios 2007)

Umiismy Plug Characterization Example

QO Permeability

« Conroe-NG-Water (50% LL, 50% WC, 3.9 ft/s)

Time

11t TUHFP Advisory Board Meeting

v | 2418 mD |
~1 Gas Flow :/
/e .
T T T TN g2 \>
1 dl - 15 P)
! k Vv g . =
= —_— N .
| H g0 >
1 dp "5 S S et
R _ 47000 mD 7
=3 it 1"3;'"
§ u-u-———"‘/ w
g0 ‘ ‘ ‘ —
9:50 PM 9:57 PM 10:04 PM 10:12PM 10:19 PM
54

March 5, 2008

il

of TULSA (Barrios 2007)

Uty Plug Characterization Example

Pux =0.639/ccx0.64+1.00g/ccx0.36
Pux =0.77g/cc

Puix =1g/cc

===> Negative Values

11t TUHFP Advisory Board Meeting

v -8 deg
Pouk = Prvo L= Brorar ) + Puix Prora
Peuk =0.8g/cc 28

a Conroe-NG-Water (50% LL, 50% WC, 3.9 ft/s)

Water Conversion

% P it
. =
2] }f o
e
"3 -J -----

March 5, 2008

University of Tulsa Confidential

68



A,
THE m

Uwnversy Plug Characterization Example
”/ TULSA (Barrios 2007)

a Conroe-NG-Water (50% LL, 50% WC, 3.9 ft/s)

v + 8 deg
Pouk = Prvo L= Pere — Grenp ) + Pons Peer + Prix Praar
Peuk =0.71g/cc

ps =0.12g/cc
. Mx=Oil+Water | Mix=oi
¢rora. = 0.78 rora = 0.44
pux =0.77g/cc | | po.=0.63g/cc
o =0.14 e =017
=004 Ime =020
11t TUHFP Advisory Board Meeting March 5, 2008

'I‘I[ﬁﬁ
UIHS™  Dissociation Approaches

0 Heat Treatment: Circulating warm glycol (70
°F) in the glycol jacket (at 0°).

0 Pressure Reduction: Reduce the pressure
on both ends of the hydrate plug (at 0°).

o MEG: Chemical injection system added to
the south end of the loop (at PU).

o -8 deg

A

11t TUHFP Advisory Board Meeting March 5, 2008
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THE m

UNIVERSITY
of TULSA

Heat Treatment Approach

o Start

o Drain

o Open gate valve

circulating 40°F glycol (for 30 min)

» Take a scan

o Change glycol temperature to 70°F

« Take a scan every 10 minutes
»Until no additional gas release

and collect fluids

11t TUHFP Advisory Board Meeting March 5, 2008

'I‘I[BW
§ . Heat Treatment Approach
LthULSA
*Dissociation Simulator (lvanic 2006)
107+ Fail
= Pass
- 8 — Perfect Line TRO3
= .
= 6 TRO4
8 .
é 4 TRO2
£ CAO08 .
@ 24 L CA% . 308 BM09
>3 TRO7 -
Lu O T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Predicted (hr)
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A,

THE m

l;_]f”r‘r"{ﬁ‘}égw Pressure Reduction Approach

a Open gate valve

0 Bleed pressure at both drainage points on the
loop

 Maximum Pressure Reduction Rate:

» 1200 psi/hr (pump seal limitation)
= Discussion Topic 1:
» Rate used in the field?

0 Scan every 10 minutes
» Until no additional gas release

11t TUHFP Advisory Board Meeting March 5, 2008

A

E}NP‘F‘{?I‘}SS;TY Pressure Reduction Approach

Pressure Reduction P-T Diagram

1400 1 / / 1 140
1 Maximum and Minimum ]

Formation Pressures at
Test Conditions

1000 100
T
g
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400 ~ 400
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A,

Ugﬁ,@m Pressure Reduction Approach

of TULSA

Scanning densitometer (40-ft)

RESTRICTION

Drain

Viewport

Drain and Bleed Pressure
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A

UiHS™ - MEG Treatment Approach

o Discussion Topic 2

» Batch System
» Pump in and let it sit on top of the plug
» Scan every 10 min

* Pump Through the Plug with Piston Pump
» Pump at 6 gal/hr
» Scan every 10 min

» Simulated Coiled Tubing Entry
» Install a Lubricator (Allow entry under pressure)
» Scan every 10 min

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

Uﬁﬁr@m MEG Treatment Approach

of TULSA

alssues

+ Batch System
» Dilution of MEG
» Constant rocking/draining to ensure fresh supply

* Pump Through the Plug with Piston Pump
» Delivery rate

+ Simulated Coiled Tubing

» Safety Concern
» Cost not budgeted

11t TUHFP Advisory Board Meeting March 5, 2008

UfN,lr\g%s;w MEG Treatment Approach PFD

TO SLOP/FLARE

A MEG

Scanning densitometer (40-ft)

<=

RESTRICTION

Viewport
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A,

l'i[lim
AN Proposed Test Matrix

0 Discussion Topic 3

City Gas & Water Only (2® System)
COMMENTS: - Liquid Loading (Water Cut) | Dissociation Method
Base Case Test 1 70.0 % (100 %) Heat
Validation| Test 2 70.0 % (100 %) Heat
Dissociation| Test 3 70.0 % (100 %) Pressure Reduction
Dissociation| Test 4 70.0 % (100 %) MEG
Water Cut Effects | Test 5 30.0 % (100 %) Heat
Validation| Test 6 30.0 % (100 %) MEG
Brine Effects Test 7| 70.0% (100%) 3.5% Brine Heat
Validation| Test 8 | 70.0% (100%) 3.5% Brine MEG
Dissociation| Test 9| 70.0% (100%) 3.5% Brine Pressure Reduction
Brine Effects Test 10| 70.0% (100%) 12.0% Brine Heat
Validation| Test 11] 70.0% (100%) 12.0% Brine MEG
Shut-In Effects Test 12 70.0 % (100%) 3 Days Heat
Validation| Test 13| 70.0 % (100%) 3 Days MEG
11t TUHFP Advisory Board Meeting March 5, 2008

A

I'i[l]m
UNES™  Proposed Testing Matrix

0 Discussion Topic 3

City Gas, Oil & Water (3® System)

COMMENTS: - Liquid Loading (Water Cut) Qil Dissociation Method
Base Case Test 14 80.0 % (40.0 %) Citgo 19 Heat
Validation| Test 15 80.0 % (40.0 %) Citgo 19 Heat

Dissociation| Test 16 80.0 % (40.0 %) Citgo 19|  Pressure Reduction
Dissociation| Test 17 80.0 % (40.0 %) Citgo 19 MEG
Water Cut Effects | Test 18 80.0 % (20.0 %) Citgo 19 Heat
Validation| Test 19 80.0 % (20.0 %) Citgo 19 MEG
Brine Effects Test 20| 80.0% (40.0%) 3.5% Brine | Citgo 19 Heat
Validation| Test 21| 80.0% (40.0%) 3.5% Brine | Citgo 19 MEG

Dissociation| Test 22| 80.0% (40.0%) 3.5% Brine |Citgo 19|  Pressure Reduction
Brine Effects Test 23| 80.0% (40.0%) 12.0% Brine | Citgo 19 Heat
Validation| Test 24| 80.0% (40.0%) 12.0% Brine | Citgo 19 MEG

11t TUHFP Advisory Board Meeting March 5, 2008
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l'i[lim
UIES™  Proposed Testing Matrix

0 Discussion Topic 3

City Gas, Oil & Water (30 System)
COMMENTS: - Liquid Loading (Water Cut) Qil Dissociation Method
Viscosity Effects | Test 25 80.0 % (40.0 %) Caratinga Heat
Validation| Test 26 80.0 % (40.0 %) Caratinga MEG
Shut-In Effects Test 27|  80.0 % (40.0%) 3 Days Citgo 19 Heat
Validation| Test 28|  80.0 % (40.0%) 3 Days Citgo 19 MEG
Shut-In Effects Test 29|  80.0 % (40.0%) 3 Days Caratinga Heat
Validation| Test 30|  80.0 % (40.0%) 3 Days Caratinga MEG
AA Effects Test 31| 80.0 % (40.0%) 1.0 % AA | Citgo 19 Heat
Validation| Test 32| 80.0 % (40.0%) 1.0 % AA | Citgo 19 MEG
Disassociation| Test 33| 80.0 % (40.0%) 1.0 % AA | Citgo 19 Pressure Reduction
AA Effects Test 34| 80.0 % (40.0%) 1.0 % AA | Caratinga Heat
Validation| Test 35| 80.0 % (40.0%) 1.0 % AA | Caratinga MEG
Disassociation| Test 36| 80.0 % (40.0%) 1.0 % AA | Caratinga| Pressure Reduction

11t TUHFP Advisory Board Meeting March 5, 2008

A

l'i[l]m
PTULSA Test Schedule

2008 2009
Task Description FIM[A|IM]J]|J|A|S|O|N|D|J|F[M|A]|M

Project Title: Hydrate Plug Characterization and Dissociation Strategies

1 |Facility Modification
2 |Plug formation and characterization

Technology Development

3 |Evaluation of dissociation methods
Wall heating

Depressurization
MEG Injection
4 |Data analysis and processing

Comparision with Previous Disassociation Models

Thesis writing and defense

> 36 Total Tests

11t TUHFP Advisory Board Meeting March 5, 2008
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A,

TIIEW
AN Work Status

a Completed Work

Ordered parts for fluid loading and draining systems
a Current Work

Develop dissociation model

Select/Design MEG injection system
a Future Work

Modification of the flow loop

Plug characterization test

Plug dissociation test

11t TUHFP Advisory Board Meeting

March 5, 2008

A

TI[HW
gr“rf‘{ﬁ‘fs?{“ Discussion Points

a Depressurization Rate o MEG Delivery System
* MEG vs. Methanol

0 Suggested Test Matrix

11t TUHFP Advisory Board Meeting
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ol

Uuesm Questions and Suggestions

11t TUHFP Advisory Board Meeting

March 5, 2008

Closing Remarks

Mike Volk
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FIYDRATE FLOW PERFORMANCE JIP
http://www.tuhfp.utulsa.edu
Research
Facilities
Meetings
Personnel

il

UNIvERsiTY
f Tl."l.h‘.--\

March 5, 2008

'I‘I[ﬁﬁ
la.JrNr‘r‘{ﬁf‘sf{“ Future Meetings

0o DeepStar Meetings
* March 6, 2008
« June 5, 2008
o TUHFP Advisory Board Meeting
* Held in Tulsa
» September 16, 2008
« 8:30 - 3:00 PM
 Tour of Facilities

11t TUHFP Advisory Board Meeting

March 5, 2008
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Future project
Riser facility

11t TUHFP Advisory Board Meeting March 5, 2008

A

o il
UIES™  TUHFP Strengths

0 Address hydrate flow assurance issues with
multiple approaches
* Bench top and large scale experiments
* Macroscopic/microscopic aspects
» Steady-state/transient/dissociation
« Multiple fluids and conditions
+ Simulations of results — slurry flow modeling

0 180 flow loop experiments

11t TUHFP Advisory Board Meeting March 5, 2008

University of Tulsa Confidential

79



A,

U'I‘I[Hm - R
FTULSA Riser facility

0 Range of operating conditions limited with
current flow loops
» Short flow paths — pump or bends effects?

* No vertical sections
»No vertical slurry flow data
»Segregation / settling effects on shut-in

» Better facilities required
o Phase Il Studies providing input for design

11t TUHFP Advisory Board Meeting March 5, 2008

A

THE W

UNIVERSITY Ri facilit
o/ TULSA 1ISer racllity
* Longer flow paths
« Variable geometries Vol
« Vertical sections Do GH 7 401
= inhibilat infection : / \\
LM
At : 10 l
54 o
TOO-# jackated flaw path
GO 1t nar
S0t configuiable jumper section
Restaris with gas._liquid or mulliphase
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L Riser facility

0 Plan on submitting project for 2009 Ultra
Deep water Call

0 Project cost: $4.0M - 3 years
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Hope you Enjoyed the Show!
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