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CONFIDENTIAL

Modelling used preliminary slab model
— Structural model incomplete Wed. evening ¢
-~ PIE used to cross-check
Fixed Parameters: 3]
- M110 Size (45 mmro)gh | o
Sensitivity Parameters:&

- Aquifer: 3.8x, 1 5 28 (larger aquifers with some K red'n)
- cr 6. 12, 18 psips

- OilRate: 35, 50, 60 mbd

- Skin: 0,10, 20

- Xflow 0, 7?7, 7? rb/d (approximate, controlled with skin)
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Depletion

6 usips, @35 mbd)
- No Aquifer:
- 13.7x Aquifer
- 24x Aquifer
+ Compressibility
= 12 usips
- 18 psips

- S.. BHP Range (MSSE, @5
- Nearwell: 7,900 - 11,030 11,120
-~ Reservoir. 9,360-11,360- 11,590

- Recommend: new “most likely™: 3.8x
aquifer, 12 psips, 35 mbd

+ Aquifer Impact (referenced to 4x Aquifer,

—800 psi
+120 psi
+130 psi

A

G

B Rate = 35 mbd

MSBE H/C Pressure

colours: aquifer size
4x. 14x. 24x
= MCT

= = =
T

rote’ values reflact aacmonal 15 Cays of oepienon
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Post Shut-In Behaviour

+ Bottomhole pressure changes VIP va. Race
very rapidly for first 3 hours

~ APjAt > 30,000 psihr
« Differences
- Layer crossflow
- 2layers v. many
- Solution method &
timesteps

= Similar solutions during cr
period (5 <t < 100 hrs)

L}
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AP/At of ~5 - 10 psithour for rates between 35 & 60 mbd
at 5 hours of shut-in

APIAt of ~1-3 psihour for crossfiow between 0 & 30 mibd
at § hours of shut-in
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AP/At at 5 hours

* Insensitive to:
- Aquifer (1 psithr)
~ Compressibility (1 psithr)

= Largest sensitivities:
- Crossflow

~ Average production fatg
- Sensitivity to Q, > Xfio
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Input Data

Data provided by GoMx Reservoir Team
Rock Properties —
Developed from MC252 logs
- Permeability
275 mD in main M56E sand

- 397 mD in M56A gas/oil sand (only _
25) AT

_ 55-110mm1omrow
- Compressibiiity: B}

- Cr6x10% psia” y %
- Cw: 3 x10% psia’! x

- CF ~13 x10*® psia™!

~ Fluid properties generated by EoS;
volatile, near critical fluid
tubing performance matched to GAP /

Prosper work of T. Liao, A. Chitale
& M Gokdemir :
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Oil Accumulation
110 mmstb = 258 mmrb

© 9500 acre Aquifer
Porosity,

%

13

17

17

12400 acre Aquifer
Net Sand Porosity
Thickness, ft. %
44 13

44 17

66 17

} Largest Aquifer Size — used as base cas
— (will minimise depletion)
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Depletion Response @wellbore

« PIE gives similar results to VIP

- Constant compressibility (too low)
- Single phase
- P,, drops ~8 psi/day (for 35mbd case)
+ Lack of observed depletion could be
seafloor pressure and large on
-2 B
- o
'il e e |
i S0
S—— l.- shin=30

éa|
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£
= Actual reservoir depletion dependent on:
- Flowrate
- Oil column size
Aquifer , T e
* Limited depletion observed in el *
could be controlled by nonsesentbir
mechanisms 8 5
- Large orifice PR 18" Sh
oe ]
~ Flowpath / choke between BOP & _w“.[.,;,““,-P L4 A [F e e
reservor ' rupture disk failure
- Broken ga Ms? = |7 =
FHRE Gas Sand - B ¥
- Crossfiow j___'
- Largest uncertainties: flowrate and
M56 - [ :
pressure drop 11850 psi S
B pewewe,_ — —
P g
A
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Difference between Aquifer & H/C Pressure
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= Flowpath is a major (priniciple?)

* Various cases considered:

- VIP wellbore modelling|8ape

Match to “Tubing Performance”

Makh © Prosper
source of THP uncertainty
Annular flow

~ Casing flow
- Annular + casing flow. |

limited in comparison wi

Prosper / Gap

- Matched lift with simple tubing
string

- Equivalent diameter &
roughness

L —
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influences on Observable Shut-In Pressure

At Shut-In
High Wellhead Pressure Low Wellhead Pressure
« Limited crossflow «  Integrity failure (crossflow into M110)
- Wellintegrity above 18" shoe Smaller aquifer _
- small leak into small zone oagiglion (8 lower skin)
- Large aquifer r

*  Lower production (higher skin)

Rising THP
= Filuid Segregation
- Only if Py, < 6,650psia

Increase would begin at low rates or
al flow cessation

= Reservoir Response (radius of
investigation)
= Aquifer size will influence P,y
+ Cessation of crossflow (pressure
equilibration)

«  Wellbore temperature equilibration
(cooling)
+  Large leak with imited inflow

Lx
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MBal Results for Various Aquifers

Tk Toasuice (i

CONFIDENTIAL

Procectios Predictien
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 Future Work: Add Structure
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2270 psi
ambienl
Containment

-

LMRP

:
mp

4365 psi=—>

62610

n
111117

18" Shoe — 711
M110 Sand i

MS? . (.

Gas Sand

M56 - [
11850 psi -
linitial pressure

Key Conclusions wrt SIWHP

» Impact of crossfiow:
« Reservoir fluid fills the M110,
charging it above fracture capacity
* Possible broach to surface

* M110 sand is small (5' thick), in one
scenario could fill to fracture pressure
in 10 days (resvr flow > 32mbd).

Can we detect this scenario?

* Leak off will not be detectable
(constant charge from M56)

* Crossflow at 18™ shoe would be

crossfiow with detectable if “large enough”

* Would manifest itself as a lower than
“anticipated” S| BOP pressure

* Uncertainty in S| BOP pressure is
driven by aquifer & rate

| -
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Model Approach & Purpose

- Model constructed to address impact of crossflow of M57B & M56A

gas sands during “top kill®
- Response of observed pressures

— GOR variation with time

« Approach

- Simple: tight timing, multiple unknowns
-~ Single layer per reservoir (M57B to M56F, with intervening shales)
10 x 12 x 17; no structure

19
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