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ODSI Consulting Business |

* Data Processing, PVT, Rate and Wellbore Modeling
+ Data QG, Filtering and Condensing
+ Rate & Water Cut Calculations
# Mid-Completion (Datum) BHP Calculations

* Well Test & Production Analysis

* PTA/RTA - Skin, Perm, P*, Boundaries, Volumes

# Static MBAL and Decline Analysis (In-place, Connected
and Mobile HC Volumes)

« Blind Energy Mapping (don’t show us your maps!)
+ Damage/Invasion Mapping (do show us your logs!)
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ODSI Consulting Business Il
* Frac Design/Evaluation —_—

* Building Geo-Mechanical Models
* Designing the frac to minimize waste

* Frac Replay Analysis €<= Flowback Analysis
* Where did your frac really go?

* Post-Job review/optimization
* Remote and On-Site Supervision of Complex Operations
* Job Planning
* Frac Jobs
* Exploration DSTs/TSTs



ODSVIl’s Software - Basics

Operate in “Real-Time” or on \
* Work Within an Operator’s Existing Framework
# Link to the Database inside the Operator’s IT Firewall

* Honor the Physics and do the Math in the Background
* Don’t Use Correlations

+ Don’t Force the data to “fit” a model

* Do the “grunt” work behind the scenes & do it right!
* Petro-physics, Well Geometry, PVT & Thermal Modeling
* Provide Results that Explain a Well’s/Reservoir’s Performance

PRIMARY GOAL: VALID RATES AND VALID BHP!
Secondary Goal: Remove Bias from the Decision-Making Process
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ODSI Software — Automated Results

Calculated Rates and/or Water Cuh‘

+ Calculated Datum (mid-completion) BHP
« Apparent Oil and/or Water Content in Gas Wells
* DP-PBU
* Re-Injection Cycle
* PBU, DD and 2-rate Well Test Interpretation
« Skin, Perm, Productivity, Completion Efficiency; P*
« Static MBAL & Decline Analysis
* In-place, Hydraulically Connected & Mobile HC Volumes
* Relative Productivity/Relative Inverse Productivity
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Bias, Bullies & “It’s not my Problem”’




Bias in Decisions

Confirmatio

* Decision Already Made

* Answer Already “given”
The Inside View
Risk Compensation
Gambler’s Fallacy
Ownership/Sunk Cost Bias
Unintended Consequences - Incentives
Gotta Spend it... (budgets)
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Turds in the Pool

The “Expert” e

The “Smartest Guy in the Room”’

The Information Hoarder
The Bully

The Grenade Tosser

The Hold-out

The Amateur Epidemiologist
Mister Minutia

The Investment Banker




Whose Problem is it?

Drilling: We got the hole probler
Completions: The well flowed - it’s not my m
Frac’ing: We pumped all the sand - INMP

Facilities: | designed it for what you told me the rate was
going to be - INMP

Production: Not a wellbore or skin problem - see my nodal
Reservoir: It’s not a perm/Vc issue — see my nodal

Geology/Exp: It HAS to be big! Must be someone else’s
fault/problem

Geo-physics: The interpreted log says it’s HC bearing - the
water must be coming from somewhere else
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Completions: Fluid Type/Losses, Comp
Execution affect performance

* Frac’ing: If you frac out of zone or the proppant gets
crushed, your frac may not be any good

« Facilities: Do the best you can with what you have

* Production/Reservoir: Find the pressure drop that
shouldn’t be there!

* Geology/Exp: Communicate with RE — How big is it?
* Geo-physics: Try digging up the ‘raw” *.las data; don’t
assume that the service co. “interpreted” it correctly
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It’s Everybody’s Problem

+ Understand what happened in the Past

* Understand what’s happing Now
* Get an idea of what’s going to happen in the Future

Need Non-Biased (non-bullying) way to sort
things out
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What is Good Surveillance?

—

* Always have a handle on:
* How much oil or gas is in the ground
* How much of it is likely to be recovered

* What is the current well performance? Can anything be
done to improve the performance?

* Are there problems developing in the well bore?
* Are there problems developing in the completion?
* Are there problems developing in the reservoir?
* Is anything changing?
* If something happens, what is the current NPV of the
asset?
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What is Bad Surveillance

* Only accept information about the
that fits your or the company’s beliefs

+ Change the “static” or geologic model until you get
the answer you want

+ Wait until something bad happens:

+ Call it bad luck & move on

« Say it’s too late to fix it & move on

+ Call in a technical expert & move on

* Use Nodal Analysis or Simulation to muddy the waters
* Be reactive...or just do nothing
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Current Surveillance Programs

* Some Operators STILL don’t even have Scada
* Some have Scada, but no data visualization

* Some have Scada & Visualization, but only for
some departments

* Some have alarms, triggers, automatic PBU
recognition

* Some have links to internal & external
software packages



Drowning in Data?

o

* Engineers doing surveillance work spend over half
their time just looking for data

* Many data systems are still designed as if computer
storage/memory were expensive

* Many software packages cannot handle multi-million
point data sets

* Need a common framework that engineers and
managers can use and understand & visualize!
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Data Visualization
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Common Framework - Basics

+ Easy Access to Data -

+ Ability to do diagnostic graphs, with annotations
* Links to Email

* Process Alarms

* Ability to Plug & Play with other software packages,
not just the Framework’s software

This forms the basics for Automated Real-Time
Analysis!
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ODSI-PI (or T-MORE) Interface

ODS/I’s Windows Service is installed on the Pl Server, inside the
firewall

ODSI WS Reads the PI Tags it needs to perform the calculations

ODSI WS then Writes the Results of the Calculations back to Pl
* Qgas, BHP, Perm, Skin, P*, PI, etc.

These calculations are then available for IFM to utilize

Automated Reports (Well Test Analysis, Decline Analysis, Static

MBAL) are Written to a Shared Folder within the Network

Digital Versions of the results are maintained in a *.csv file

Engineers and T-MORE can access results, reports and summary
files through IFM or a dedicated T-MORE/ODSI interface
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Critical Issues for Automation

Instrumentation Quality & Locatlm‘

* Data Source, Data Acquisition Frequency, and Data
Storage (dead-banding!!!)
+ Well/Completion Type (every well is different)
* Reservoir “Signal” — Rate of Change in Pressure
* The higher the kh, the smaller the “signal”
* Operationally Dependent Items
+ How is the well shut-in (Staged?)
# How is the well brought on production (Stepped?)
+ How is the well produced (steady, swing?)
* How is rate “measured” or calculated?
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Instrumentation by Well Type

# Possible Instrumentation (Upstream of Fa

* Instrumentation based on well type:
* Natural Flow — Gas & Gas/Condy
* Natural Flow - Qil
« Artificial Lift - Oil
« Annular Flow Wells (CBM/CSM)
* Water Injection
* Nat Gas injection
+ CO2 injection

* Steam Injection
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Pressure/Temperature Measurement

What do | really need to measure

accurately?
* Wellhead Pressure
+ Wellhead Temperature (Thermowell)
* Downhole Pressure
* Downhole Temperature
« Distributed Temperature (multi-zone wells)
* Line Pressure/Temperature
* Annular Pressures




Rates and Valve/Ck Status

T =

* Flow Rates of Oil, Gas & Water :

* Multiphase Meters, Venturi Meters, Turbine Meters, d/p
meters (Daniels), Coriolis meters, Ultrasonic Flowmeter

* Dedicated Test Separator

* Meter Prover

# Virtual Rate Measurement (VRM)... based on what?
* Other bits

* Choke Setting

« SCSSV, MV, Control Valves

* Injection lines
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Instrumentation Needs

Based on Well Type




Basics: What do you need to evaluate

your well/reservoir?

* Way to get QW

* Way to get Mid-Completion BHP

* Temperatures, Choke & Valve Settings are nice too!



Gas & Gas/Condy Wells

Need at least one pressure and continuou
Rates...OR

# Two pressures infon well (can be used to calculate gas
rate)

* Choke Setting
** Valve Status
* MPFM?

Note: If well is expected to make significant water or if the
free Condensate yield is above 30 bbl/MMcf — dhgs are
recommended
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Naturally Flowing Oil Wells

i
# Tree & DHG (Pressure & Temperature)
* Can be used to calculate water cut

* Mass Flowmeter, Turbine Meter, MPFM, Integrated
Tank Level flow indicator

* Choke Setting
* Valve Status
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Artificial Lift Oil Wells
\

* Same as natural flow, but DHPG must be below the
artificial lift system (and Tree pressure may be
irrelevant)

+ Below pump for PCP, ESP or jet pump (in
communication with reservoir)

* Below standing valve for sucker-rod
+ Below mandrel for gas lift (+gas injection pressure)
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Typical Coal Seam Gas Production Well Diagram

Methane gas 5
Produced through

Annulus between
tubing and casing

Water Produced through
Tubing to Holding pond

. E__._ Tubing

Pump

Coal Beds

As gas bubbles and water enter the well bore the gas will flow up the annulus, and the water be
drawn into the pump and pumped through the tubisdto a flow line to a holding pond.




Annular Flow (CSM)
Annulus PresW

« WHT/WHP

* Pump torque & rpm

* DHG (below pump)

# Liquid Level indicator (avoid running pump dry)
* Water Rate (tubing) - tank level meter

# Gas Rate (annulus)
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Water Injectors

i

* DHG — Pressure/Temperature

* Can use WHP if well doesn’t go on vacuum during fall-
off

# Qwater (turbine meter)

* Ways to measure/infer water gravity
* Capacitance
« Salinity
* Density
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Nat Gas, CO2 & Steam Injectors

* If composition is constant, can get by with just WHP
and Qgas-inj and Tinj

* If composition is variable or well is a recycler, need
WHP, WHT, DHGP, DHGT and Qgas (mass flow)

* Valve Status

* Choke Status

* For CO2 Injectors: DHG and Tree gauge required
* PVT tuning & rate validation

* For Steam Injectors: Same as nat gas inj.
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Comments on Instrumentation

* Instrumentation is rela!lve|y cHeap\’

* Price difference between good and crap equipment s
small

# Cable (TEC) and Rig Time are not
* Don’t drop bits!
* Most transmitters are 18-24 bit
* Don’t lose resolution over a $30 vs. a $50 1/O card

+ Let the end users spec the equipment!
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Data Transfer: Don’t Lose Resolution!

T =

« Before it gets to you, Your Data is likely to pass
through:

* One or two A/D converters
* An 1/O card on the Control Panel
* Dead-band filters

* Signal filters
+ Archive filters

* You can lose sampling resolution (frequency) and
instrument resolution at any point along the way
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Don’t Lose Resolution!

High vs. Low Resolution Gauge
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How Do We Make Use of
Automated Surveillance?

... may have to change the way we
work and assign responsibility




One Last Form of Bias...

L

Automation Bias!



How to “Bird-Dog” a Well

Production problem

* Isita wellborem

* Scale/Wax/Asphaltenes, Loading, Parted String
* |Is it a completion problem?

# Skin Accretion, Screen Plugging, Completion Failure
* |s it a reservoir problem?

* Perm?

* Reserves?

* Water Encroachment?

* |s it a combination of two or more of the above?

FIND THE PRESSURE DROP THAT SHOULDN’T BE THERE!
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* X X X K F F * *

Remember: Every Well is Different!
Well Geometry

Completion type ——_—

Data Source/Instrumentation

Data Frequency & Management

How Many Reservoir Layers?

Reservoir Signal (how “flat” is the build-up?)
Wellbore Lift Mechanism

Reservoir Drive Mechanism

How is the Well Operated?

Each Well’s Data Acquisition Strategy
Needs to Consider All of These Items
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Reservoir & Production
Engineering
Analysis/Evaluation Tools

What they are and what they tell you




Analysis Types and Their Objectives

PTA (Pressure

*« Skin, Perm, Deliverability, Communication, Prc Vi
Reservoir Boundarles Reserves, Reservoir Pressure (P*)

# RTA (Rate Transient Analysis)
* Same as PTA, but with less reliability on boundaries
« P[z Plots (gas) & Static MBAL Plots (oil)
* Qil and/or Gas in Place
* Decline Analysis: Flowing BHP or IP vs Time
* Apparent HC Volumes — Running MBAL/EBAL
* Nodal Analysis: Interaction of WB/Comp/Res
* Changes in well performance; short-term rate predictions

* Reservoir Simulation: Cell/Gridblock disposition of
Saturations, Pressures (Energy)

* Field Optimization; longer-term rate/withdrawal predictions
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Analysis Type Examples
Build-up PTAM
—

Drawdown PTA Semilog

Horner — P*

Proper RTA (Rate Transient Analysis)
MBAL/EBAL “bookends”

P/z (gas) or Static MBAL (oil)

Conventional Decline Analysis (Running MBAL)
TTA/IPA (Running EBAL)

NODAL ANALYSIS

Simulated Rates/Pressure vs. Actual
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Analysis/Evaluation Tools: PTA

Build-up: After flowing the well for aw
and observe the pressure response

* If Long Enough, Valid P*

* Drawdown: After shutting in the well for a while, flow
it on a constant choke and observe the pressure and
rate response

+ 2-rate: Change the rate enough to create a new
transient; observe P & Q

* Multi-rate: Change the rates and compare DP vs Q

* Communication: Shut-in a well and see if a
neighboring well causes the Pressure to drop
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Two Simple Bookends:

Applied to Static and Dynamic MBAL/EBAL

B el

+ Expansion Drive Only (Compressibility Volume)
* V¢

* Infinite Water Drive Only (Pushed Volume)
* Vsld



P/z & Static MBAL

+ Static MBAL for Qil - Conventional & SLB“

# Conventional: N = Np * Boi/(Bo|Np - Boi)
« SLD: N = Np*Pi/(Pi-P|Np)
# Static MBAL for Gas — Conventional & SLD
« Conventional: G = Gp*Bgi/(Bg|Gp — Bgi)
# SLD: G = Gp*Pi/(Pi-P|Gp)
* P[z for Gas: Plot P* vs Gp and P*/z vs Gp
* SLD In-place = Intercept of P* slope at 15 psia
* P*/z In-place = Intercept of P*/z slope at 15 psia

Where Bo|Np or Bg|Gp are FVFs at current Preservoir
coincident with the produced hydrocarbon volume and P|Np
or P|Gp are the current reservoir pressure
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Conventional & TTA Decline

\

* Conventional Decline Relates to Hydraulically
Connected Volume

+ DP-DT Slope is the Conventional decline slope

* TTA Decline Relates to Mobile Volume

* The TTA function is simply the relative inverse
productivity: (Pinitial-Pwf)/Qspot
* Slope is the TTA-slope
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Conventional Decline Analysis

\’

# ConVc = Qavg/(DP/DT-slope*(t)

* ConV¢, = Qavg*Preservoir/(DP/DT-slope
SLD g p

V¢, pand Vc = volume in units compatible with Qavg &
DT, Qavg [=] average flow rate over the period where
the DP/DT-slope is selected, DP/DT-slope is the decline
in pressure per unit time [=] psi/day, and Ct is total
system compressibility (1/psi).
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TTA Decline Analysis

‘\

# TTA|Vc = 1/(TTA-Slope*Ct)

# TTA|V p = Preservoir/TTA-Slope

TTA-Slope has units consistent with the stock-tank or
standard condition rate units and pressures
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\

Static MBAL (expansion) — In-place Energy

Static MBAL (SLD) - Pushed In-Place Energy
Conventional Vc — Hydraulically Connected Energy
Conventional SLD - Pushed Hyd. Conn. NRG

TTA Vc — Mobile Energy

TTA SLD — Pushed Mobile Energy

* X X *x * X

Changes in these values Mean Something!!!

66



Production History for P/z

Date created : 11/12/2008 4:42 PM

e \VHP s OQut BHP ===== QQas = Qgas Copy : |
E, ' : ' F45000
16000 -- - -- - ] =
B 340000
14000 - - -+ -
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el 4 30000
10000---+- -
< z 25000 z
w oh
& 8000---+-f@---
- 20000 E
Lo ngitne Rl B T g " 3-15000
oo i ~3-10000
2000-:—--.- 2 o Faga iy 5000
e
0---- -0
[ l
|
Aug
2008 Date/Time
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P/z Exam

Oilfield Data Services Inc.
Date Created: 5/13/2015 6:09:23 AM
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PSIA

Conventional Decline Evaluation

Date created : 1/17/2010 12:39 AM
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PSI/(MMCF/D)

TTA “Decline” Analysis

Date created : 1/17/2010 12:30 AM
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“Static” Nodal Analysis

Compares Reservoir Inflow (IPC) with Wellbore
Performance (VLP)

# Allows Prediction of DP to achieve a Rate (vice versa)
* Allows Prediction of Liquid Loading Scenarios

* Allows Optimization of Tubular Design

Problems with Nodal

* Infinite # of combos of skin & perm calculate the same rate
(Can’t use nodal to determine skin or perm)

* User has to pick the right inflow model and right VLP
correlation

* Doesn’t handle transient situations well - may match your
well today, but not next month
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op\Ap 010 dal o B] b D b El
as Fle  Wemor,  Analysis  Plot  View Tools Help .8 x
Gas Rate WHP C Inflow Inputs Units E 100 500 1000 2000 3000 4000 5000 I ] K L M o
2 2000 100 PSTAR 6500 psi — 25000 1239.9 13933 1794.8 2892.1 4070.1 52304 6363.2
3 3000 500 Max Pwf 6500 psi 50000 2500.0 2579.0 2812.0 3588.2 4563.2 5602.3 6658.5
4 4000 1000 Pwf Step 100 psi 75000 3759.1 3810.6 3966.8 45304 5313.2 6210.0 7163.8
5 5000 2000 Perm 10 md 100000 5000.7 5038.1 5153.0 5583.3 6217.2 6983.2 7830.9
6 6000 3000 Skin -1.5 125000 6227.1 6256.1 6345.7 6688.4 7211.7 7867.9 8617.5
7 7000 4000 D 0000001 1fmef = 150000 7449.3 7472.8 75454 7826.9 8266.8 8833.2 9486.2 L
8 8000 5000 Time 24 Hours 1 175000 8676.9 8696.4 8757.0 8993.7 9369.5 9862.5 10450.8
9 10000 Radius Override l- 200000 9862.5 9879.3 9931.5 10136.5 10465.2 109019 11430.0
10 15000 Radius 0 ft 12211.7 122247 12265.4 12426.1 12687.2 13039.9 13474.3
11 25000 w 0.350 ft
12 50000 Net TVT Pay 120.0 ft Pwf 6400.0 6300.0 6200.0 6100.0 6000.0 5900.0 5800.0 5700.0 5600.0 5500.0 5400.0 5300.0 A
13 75000 Porosity 0.11 ~ Qss 72944 14587.5 21878.7 29167.3 36452.6 43733.7 51009.9 58280.2 65543.6 72799.2 80045.8 872823 =
14 100000 Sw 0.22 Qpss 82524 16504.2 24754.7 33003.2 41248.8 49490.7 57728.0 65959.6 74184.5 82401.6 90609.7 98807.5
15 125000 So 0.00 Pavg 6449.9 6399.5 6348.8 6297.9 6246.7 6195.2 6143.4 6091.2 6038.8 5986.1 5933.0 5879.6
16 150000 5a 0.78 r 1008.1 1004.0 999.9 995.8 991.6 987.3 983.1 978.8 9744 970.0 965.6 9611
17 175000 cf 4.67 microsips mu 0.028 0.028 0.028 0.028 0.028 0.027 0.027 0.027 0.027 0.027 0.027 0.027
18 200000 Plot ? il Qss Il Qpss B 0.642 0.645 0.648 0.652 0.655 0.658 0.662 0.665 0.669 0.673 0.677 0.681 P
19 250000 WCD Puf 4950 eta 10585.865 10500.499 :10414.714 :10328.504 :10241.863 :10154.787 :10067.268 :9979.300 9890.876 9801.990 9712.633 9622.798 ~
20 Caleulate ER ] ] 3
Depth: 80 Relationships for wellbore pressure drop as a funtion of rate
using an equilibirum thermal profile
Depth: 180
Depth: 210
=3
=
=
-
T
a
Depth: 10458 3000
Qg (mcf)
Depth: 12700 = 3
Ready
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*

Transient Nodal Analysis Tool

\’

Keep track of changing produced fluid composition
Update skin & perm from last valid PTA

Update P* from last valid PBU

Keep track of pressure decay during drawdown

* Adjust Preservoir while producing

# Use Transient Inflow model when in transient flow

* Use Appropriate Steady State Inflow model when in SS
Flow

Link Reservoir Simulator to Wellbore Model
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Transient Nodal Initiation

\

Preservoir, Treservoir

Skin (s & D) & Perm from Flowback PTA
Wellbore Radius and Net TVT pay

Fluid PVT

Well Configuration/Geometry
Petro-physical inputs

* Sw, porosity, formation compressibility

* Forced Fixed Reservoir Volume or Floating Reservoir
Volume

* Production Time Since last Valid P*/Pres

* X X X K *
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Nodal Initiation Run

W Ple  Memory Amlyss it Yiew Jools Help & x

GasRate| WHP € Inflow | Inputs  Units | - 15 | 100 | 500 | 1000 | 2000 @ 3000 4000 | 5000 6000 | 7000 | 8000 9000 | 10000 1~
[T T1co0 15 3 16400 om 000 (125 262 7514 15089 30M80 (457 57664 6992 81667 93047 104202 11535 126167 (136
2 Ja00 00 paTAR 0 ow 2000 (3217 3521 (S00A 15328 0542 4MSS  STGAS 69086 BI63S  93IS8 104243 116256 126139 136
3= 3000 $00 Max P 16400 om 3000|4024 S033 (8792 15736 30692 | MA7L3  STe6R 69893 81637 93052 1434 1SM6 126127 (136
& a0 100 ok 0o E) 0w #000 (e4e2 6603 973 (16302 (30828 eM37  SITRS (69934 B1664 93074 104247 115254 26133 |13
S s00 2000 Pesm 1 ind £ 5000  ls7n  mss 10934 17001 (31251 (48012 S784S (70010 81720 93114 109282 115202 124186 |1368
6 |et00 3000 Sun - $000  |970% 5816 (1201 17845 31655  |AS244 57997 70120 B1804 93182 104337 uSR2§ 126196 | 136)
7 |70 4000 ] 0200001 1fenct 7000 1354 147 (1854 200 2139 45533 SBISS  MO264 81018 9374 (1015 1S4 1253 17
|8 e00 som Time 1 Mours 8000 13007 13089 14673 19831 32659 (45877  S8AM1  (70W3 8060 53351 104514 1isMA1 12629 137
9 11000 som0 Radivs Ovemde [ 20000 (16330 16395 (1939 22140 41 46725 SHO2 70903 RM30 930 404778 ST 126532 137
[0 |1s000 7000 Radius 0 ® J15000 (24677 24720 (2761 374 3894 49712 6141 72437 B85 94603 18820 116624 1054 188
32" [2s000  s000 w 0s00 25000 (41163 4154 41786 43579 49553  SHS00 68278 78402 #8713 99057 109503 119509 130306 140
22" |50008 9000 NeTVTPy (440 * 50000 (8474 80433 (80743 81530 4565 89224 95272 M02239 109936 118114 126699 135576 14675 153
(13" |7s000 10800 Porosity 020 75000 (110054 118060 11021 18687 120592 120643 1707 L3273 138376 144706 151569  1SBIS0 164507 174
14 100000 |1S4SS.8  IS4S92 154702  1S504.6 156404  1S3628 161652  L6SALD 169834 174850 10393 186404 192828 199
as | 225000  [19059.8  (19060.1 190686 190951 192006 193740 196325 (199122  N2602 206792 21300 6T (263 |27

1S0000  |22686.6 226865 224637 27152 228007 229418 D372 233842 236807 240205 2MAIL2 248399 253072 |298
175000 (263705 263707 (263764 263944 264658 (265842 267484 (269572 212088 275008 273AL 282041 285098 330,
K2 Relationships for wellbore pressure drop as a funtion of rate

using an equilibirum thermal profile
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Inflow and VLP for Tp = 1 hour

W Ble Memoy Amayss Bt Yew ook Hep . & x

GasRate | WMP € Inflow | Inputs  Units | - 15 100 500 | 1000 | 2000 uu[m[m[mlm]m]mlml:-
7. 700 008 ) 0000001 1t 1000 %25 2162 7514 1009 30MD 457 52664 6912 81667 9387 1oA2  1SWS  ueier  1es)
_.._4 8300 $00Q Time 1 Howrs _Q_ maz ¢ 3521 014 i 183238 30842 _4“5‘9 7655 £508.6 21638 _93!6.0 104243 'HSZS.G 126139 | 136
9 10000 €000 Radius Override 1 | 'J 3000 “02.‘ $033 752 A1573.6 3069.2 .“71.9 S76£.8 '69!9.3 81637 §3052 104234 11524.6 126527 .136
_Q___ 15000 7000 Radius 0 f _”;_WJ €601 o3 .lmJ 30828 4437 735 .6”3.4 81664 3071 104247 115254 126133 ‘l)(
11 25000 8000 L .ﬁ 5000 871 ‘ll9.9 10334 i 17011 31251 ‘lWlJ $7845 | 0810 81720 _9311.4 104282 | 11528.2 126154 | 136

50000 9000 Net TVT Pary ft L e 9315 1220.1 ! 17845 3165.5 'CSN.O 57997 ] 70520 81804 $318.2 104337 115329 126195 | 136

10000 Porosity 7000 11354 (11647 (13S54 1470 32139 45533 58183 70264 41918 9374 104415 115396 124253 137
1lm s m AL A 1ne e 1487 AL LA 14s 0 8277 as NEE T Mnen LR NS 4 AL ) A k] »
—t t - m »
1< 172680 AN L
5 - - -
2 Relationships for wellbore pressure drop as a funtion of rate
" s = Wl = . using an equilibirum thermal profile
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Inflow and VLP for Tp = 24 hours

o Ele Memory Analyss Pt Yiew Jools Help - & x

GasRate| WWP € Inflow | lInputs  Units | < 15 100 | S00 | 1000 | 2000 @ 3000 4000 | S000 6000 | 7000 | 8000 9000 | 10000 1~
2 |2000 100 PSTAR 16900 ow J 300011625 3162 754 I1S0R9  J0MAD 457 s7eed  6wia 81667 9307 12 1isids  1aeisd 048]
3 |00 1500 | Max Puf 16200 o3 . 2000 217 s 8014 15328 30542 455 ST6A5 6986  BI638 93052 104243 115256 126139 136
4 4200 0% Ped ep 30 % 3000 | 4824 $033 a2 15735 3069.2 (WTLS 57658 993 8163.7 3052 104234 11524.6 26127 136
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Reservoir Simulation

\

Tracks behavior (esp Pressure and Saturation) in the
reservoir

Incorporates Multiple Wells/Multiple Zones

Matches History and Attempts to Predict Future
Performance

Coupled with a Wellbore Simulator, can do amazing things

Drawback: It takes a while to run... but they’re getting
faster

80



Geological and structural
data: seismic,...

Well data:
logs, plugs, ...

Upscaling

Geological model

Qil flow rate (mEIda_y]

Production data

Fluid flow

Time (days)

ulation
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Simulation Drawbacks

Treats s stemm
Y e

* OK for High-perm, not so good for low-perm
# Works best in SS or PSS flow (poor for transient)

* Doesn’t handle discontinuities very well
* Subject to “gaming”

* Best Case Scenario: The History Match Quality is the
BEST the future predictions will be...
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Components of a Real-Time
Well Evaluation Package

Take all the bits and Bolt them together




What Do We Already Have?

(Batch Process)
‘

« Hopefully...adequate data frequency anm
* PTA/RTA Package

* “Snapshot” VLP

« “Snapshot” Inflow

* Reservoir Simulation Tool

* Wellbore Model

* Geologic/Geo-Physical Model
+ Enough Well History?
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What Do We Need to Make it Real-

Time?

# Link to RT Data (w/Validation of Data "’

# Closed-Loop Wellbore Solution (w/Thermal Modeling)

Closed-Loop Completion Solution - Can incorporate
w/Reservoir Model

Closed-Loop Reservoir Model

Transient Recognition

Boundary Recognition

Regime Recognition

Prediction vs. Actual Comparison

Engineering by Difference (Did anything Change?)

*

* X % *x X X
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ODSI Windows Service: The Bits...

Wel ling

Model
&->Reservoir

Integra
Wellbore<->

ison to
ents of System

Real-Ti
Overall Syste
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Closed-Loop WB Components
\

Wellbore Thermal Modeling (Warming/Cooling)
Liquid Drop Out (Build-ups)

Liquid Surge (Start-up)

Phase Behaviour EOS Calcs

* Use SRK or PR w/Peneloux

* Rate Modeling
* Residence Time
* Rate Surging & Decay
# Coupled Effects (Rate-Thermal-Phase)

* X X% *
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Developing Thermal/PVT Models
\

* Run Static Temp/Pressure Survey

* Run Flowing Temp/Pressure Survey
* Multiple Rates

* Develop Heat Transfer Model — Account for:
* Heat Capacity of Fluids/Tubulars/Annuli/Sinks
* Heat X-fer via Conduction
* Heat X-fer via Convection
* Heat X-fer via Forced Convection

* Can Tune PVT using same data...just get a good sample
first
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Bernoulli Solution Process

Assume Continuity

Solve Bernoulli (MEB)

}

Check Continuity

Note: If Continuity Doesn’t Hold, the Well is
Loading—up (which is important to know)



Continuity Equation

T =

op N
— — V @
p- (Ve pv)

+ Rate of Change in Density Caused by Changes in
Mass Flux
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Differential Form of Bernoulli Egn
Compressible Conditions

, 02 —
AL (V) +gAh+jp1 dp/ p+Ws +
S EVEEf) 4+ (vPe,), =0



Mechanical Energy Balance (Bernoulli
Equation)

‘\

* For Single-Phase Gas Flow in Pipes, the MEB reduces
to:

dp/p =-(g sin 0/g_ + 2f; u?/g. D) dL

* Basis for CS, Gray & A-C
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Bernoulli for Single Phase Oil

Incompressible Conditions

—
dp VdV g d7 - 2ffV2dL AW =0
do 9. g, g.D S

« Basis for Hagedorn-Brown & Beggs/Brill



Simplification of Flow-in-Pipe Egns

‘\

* Conceptually, these Equations are simply:

BHP = Gauge P + AP(gravity) +
AP(friction)



Using a Direct Bernoulli Solution for

WB

Works for Oil, W

* Gas
* Have DP, solve for rate & BHP
* Have Rate, solve for DP & BHP
+ Qil
* Have DP, solve for Water cut & BHP
# Sometimes possible to solve for rate (high rate)
* Much Easier to Apply Parametric Models Continuously:
* Thermal Transients
* Rate Transients
* Phase Transients
* Coupled Rate & Thermal Transients
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What Makes ODS/I’s Wellbore Model

Different?
&N




Completion Modeling

T =

+ Reconcile Well Geometry (frac, horizontal, etc.) with
base inflow

* Multiple Layers?
# Build “skin”” model (easiest way if it works)
* Reconcile Completion/Reservoir Interaction
* Partial Perforation/Penetration
* Pay Loss/Growth
* Near Well Stresses — Elasto-Plastic Rock

* True “Afterflow” vs. Terminal Velocity Flow
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Closed-Loop Reservoir Solution

« Use “Static Reservoir Model” as input —

* Use Transient Reservoir model when in transient flow
* Use Steady-State Reservoir model in SS flow
* Use Transient Recognition to “bob & weave”

* Objective: Run very quickly & get close

* Recognize if there’s a problem with the “static”
model
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Transient and Regime Recognition

e

* Locate New Transients S

* Rate goes to zero, Rate stops being zero
* Rate changes enough to start new transient
* Pressure Methods
* Wavelets
* De-convolution Variance
« DP Logic
* Banded Response Recognition
* Transient vs. Steady-State
* Boundary Recognition
* Transition Recognition
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Transient Recognition
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Recognition

)
=
[e10)
)
ad
—
>
-
O
d
C
-
O
)

Date created : 8/14/2010 3:47 AM

1 1 1 " ”l
1 1 1 1 _|
1 1 1 1 1
1 1 1 1 P 1
1 1 1 1 —
1 1 1 1 1
TS TR T [ P Y TS | S S T P .| T D S D eS| [ —_—
1 )
! O
; L
| i
L
1
=
1
L
1
1
bt
1
L
1
1
bt
1
L
1
1
bt
1
I )
o
n.nnnnnnn'...lw
ooy
i o™
o
1
r
1
1=
1
[
i o 2
H em
............................................ H=l
—1 N o
gl 7o
{ |
! O
| LS
il &
U (=)
1
HIII"T'..
1
1
—1 ©
| L
TS
| oo
1
1
A
1
[N
1
1
A
1
[N
1
ol
o
1| @
......... =
1
-
1
L
1
1
H
1
L
1
1
H
-0 [N
1
e T e e T e —
b L e ]
T ] -
1 1 (& [ =t
; : | 88
a Rttt (ototaatatotal TN
___________ZW
I I T &
o o o
o o o
o N o
o (=2} (=2}
i

eisd



Methodology

Start with most valid pressure measurement g
Use Measured, Calculated or Inferred Rate

Work the Mech NRG solution to WHP and mid-completion
BHP

Employ Complex Completion Model if Required

Use Banded Energy Solution, along with Transient/Regime
Recognition to determine Reservoir Inflow in both
Transient and Steady-State Flow

Bob & Weave - incorporate changes in Reservoir Model as
it changes (i.e. Moving Water Contact)

Keep track of the important stuff & Warn PE’s when
something goes wrong!
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Translation Back to Customary Views

.’
* Present the Results in a way that folks are used to...
...or at least in terms they are accustomed to
* Well Test Analysis Results
* Productivity Tracking

* In-Place, Hydraulically Connected, and Mobile
Hydrocarbon Volumes

+ Reservoir Map (Energy Equivalent Map)

# Nodal Plots (Snapshots as function of time)
* Includes Dynamic WBM & Res Inflow Model
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Strategies for Dealing with RT

Data/Analysis

* Make sure that predictior
behavior

* Look for changes!
* Perm
« Skin
* Apparent Volumes

* Let the well tell you — don’t impose models on the
well!

* Look for changes in the rate of change
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Real-Time Data Strategies

* Spend time looking
data

* Validate the results; only analyze manually if you
disagree... orif it’s important enough to spend time
on

* Think about what the results mean
* Think about how this meaning affects your decisions

If you know how much money you have left in the
ground and understand the well history, you’ll make
better decisions
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Automated Processing
Case Studies




Case Studies List

+ North Sea #1 — Rate Calculations S

+* HPHT GOM Well Test Gas-Condy (DOT)
* Fizzy Oil = GOM Oil well Start-up
* NordZee — Gas Well Start-up

* Deepwater GOM Oil — Onset of Water?
« Calculated Oil-Water Splits
* HPHT GOM Shelf Start-up
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North Sea #1 — Gas Well

« Start-up of new gas field (Subsea Trees)

+ Well Tests have a lot of variance
+ MDTs and PVT indicate same fluid in all zones

* Objectives:
* Explain differences in the well test analyses
# Confirm that calculated rates match measured rates
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North Sea #1 WBD
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o) File Memory Analysis

North Sea #1 - Summary

Plot  View Tools Help
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PSIA

North Sea #1 Rate Check

Date created : 10/5/2010 5:44 AM

s 30UtBHP  wemmmmm WHP Copy ~===== DHGP Copy ===== Qgas Copy =====m 30utQgas
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North Sea #1 - Conclusions

\

+ Rates (measured vs. calculated) appear valid

* Build-ups are consistent — perm of 1omd, skin of 3-ish
* Drawdowns are all over the place

* Maybe related to zonal flow?

* No consistent explanation

* |gnore DD’s — use PBUs for evaluations of change
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HPHT GOM Gas-Condy

Extended Well Test

Set-up:
+ Well Flowed-Back 6 months before —_

« ‘“Discredited” Well Test/Reservoir Engineer said it
Depleted on Test

* Supposed to be upwards of 1 TCF of reserves in field
* Temporary MOPU on location

* Rock Could Be ‘Squishy’
x
&

Good CBL
Packer could be a weak point

Objective: Determine if reserves justify a platform
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Whaddaya Think?

Oilfield Data Services Inc.
Date created : 1/12/2011 9:56 PM
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{As Run Completion Schematic)

RHE o THF = 3255 o MWL

312" 20K Hallterton 35+1 SCESV &t 307
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File  Memory Analysis

Plot View Tools Help
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W .
o File Memory Analysis Plot View Tools Help
(e | e [
Summary mm PTA/ Productivity [Hc Volumes | P/z [Dmﬁe]DuIWamms]Ma\mmm]
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Last PBU DPskin/Q (PSL/MMCIF/D)) -29.59 05/18/2011 21.01.25 E
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Last P* (PSIA) 5083 05/18/2011 21:01:25 B
Last Productivity Q0P (MCF/D/PST) 0.166 05/18/2011 17:00:40 B
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DOT - Conclusions

* It’s WEE!

* Gosh, we wasted a lot of rig time...



GOM Volatile Oil Well

* Start-up: Objectives‘\

* Figure Out kh & skin
* Determine Productivity

+ Determine Qil-in-Place
+ Estimate Recovery

Objective: Does an injection well make sense?
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30", 10K, GrB.PE 4100
L single Saléctive Complation with Isolation Packer
[ Fel
Bl Attachment 1l
[
1 Dock:
[e| Waler degthc
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Soreen: 47 11EF. 1300 110ksi, SLHT cemraized for 7 350 (342971003.357" 0rift) -
SLB, Low Profile, Incoloy B25, 0,004 gaugs, 4360 Norresin coated sand, 00 4.500°
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18,000 tvd) Packsr S Iftin ol 11.3% Cacl
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“Tex W8 Sand” BHF: 12,136 psi ¢ 13,837 TVD
11 787, 71,88, HCQ-125 a8 BHT: 270°F @ 13,627 WD
(8200 tud} MASP: 10,100 psi
Comnpletion flud: 17.08 ZnBr
LIMER TOP/ TIEBACK. 11,161° ! Dbl eqp matt 13CR Sow wal
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14,751 bim of seal aesy
15074 PATD
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1 L
15,156" MD {14100 TVD
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Fizzy - Summary

ol File Memory Analysis Plot View Tools Help

Summary | Outputs
Summary [peu [0 | PTA/ Productity | HC Volumes | 10-4v8AL | Derivative | oiWaterRates | Analyss Events |
Test . . . oo . -
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ddMmmyyyy hhimmss | ddMmmyyyy hhmm:ss 'ﬁ:fg‘ Type | psia | psia | psia | psia | psia | psia | BEL/D BBL/D | md Skin psi psia %  psifBBL Report Link Graph Link
| BU00 154035 U0 65619 49,18 DD 652 5736 1 1 9%02 91 0 725 397 33 134 9177 65 (.19 RRep 20100u25 15403 RiRep 2010MuIZ5 15403
Date Created: 11/26/2013 8:43:57 AM Date Created: 11/26/2013 8:43:57 AM
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M u]
ol File Memory Analysic Plot View Tools Help
s | ey e |

summary | Pu | oo |;FTA/Produciity e volumes | 19-MBAL | Derivatve | OiWaterRates | Analysis Events |

Initial Pres (PSIA) 0

Last PBU DPskin/) (PS1/(BBL/D)) 0 01/01/0001 00:00:00 E
Last DD DPskin/Q) (PSI/(BBL/D)) 19 07/27/2010 16:51:19 E
Last P* [PSIA) 0 01/01/0001 00:00:00 -
Last Productivity Q/0P (BBL/D/PSI) 0.421 08/12/2010 16:30:25 [l
Last TTA (PSI/(BBL/C)) 237292 08/12/2010 16:30:25 E

Date Created: 11/26/2013 8:43:57 AM
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‘\

* Only about 450,000 STB in place
* Around 100,000 recoverable by natural drive

* Maybe 200,000 more recoverable with water
injection

* Don’t drill $30 MM injector
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Nordzee #1

+ Gas Well with Subsea Tree e

* “Single Zone’’? reservoir, but with possible baffles
* MDTs match gas gradient
# Not fully cleaned-up during initial completion test

* Objectives:
* Determine skin/perm
* Determine in-place HCs
* Estimate Recovery
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Nordzee #1 WBD

INHIBITED KCI BRINE 55 1.03

DRILING DEFTHS/ RT

TOP 7~ LINER HANGER - 2724.54 mRT
TOP PBR 4-1/2" LINER HANGER : 342006 mRT
THoC =~ [ 200m]

AP/ 10000 prsi rated working pressure

[FMC 13 5/8"x 4.5" w' 3.925" SRP PROFILE
XT3

57175 10K
271716 10K

ITEMI QT DESIGNATION

@ m

inches | n: -

HOP lock

[TBG_HANGER 137508 X 5° VAM TOP HC

PUP JOINT 5" VAM TOP HC 12 82 C-85 13%Cr PIN X PIN
X0 4.5" VTOP box 12.8% x 3.5” VTOP 9.2% pn13% CR L-80
PUP JOINT 4172 VAMTOP 12.6# C-B85 13%Cr

3.8587 3875
3.8587 3a7s

5 7__|TUBINGS 4712 VAMTOP 12 6% C-85 13%CR

g T |PUP JOINT 4 172 VAM TOP 12.6% C-85 1390t 0144
7 1__|BAKER THE 6.5 TRSCSSV Wi NIPPLE ADAPTER 3 812- BA PROFILE 3] 0240
] T |PUP JOINT 4 12 VAM TOP 12.6% C-05 135Cr

I
] T_|[TUSING # 12 VAM TOF 12.6% C-05 13%CR 18107 TiEdl
FOF JOINT 4 172 VAW TOF 1208 G865 137%0r

X0 4.5° VTOP box 12.8% x 3.5" VTOP 0.2% pin13% CR L-80
PUP JOINT 3.5" VAMTOFP 2.2% 13% CR L-80

E

i)

13 255 |TUBINGS 3.5" VAMTOP 0.2# 13% CRLB0R-3

PUP JOINT 35" VAMTOF 2.2# 13% CR L_80

X0 4.5° VTOP box 12.8% x 3.5" VTOP 0.2% pin13% CR L-80
PUP JOINT 471/2 VAM TOP 12.6# C-05 13%Cr

BAKER 55-175GAUGE CARRIER

PUP JOINT 47172 VAM TOP 12.6# C-05 13%Cr

(70 45 UTOF box 1208 x 3.5 WIOF 058 pmi T CH L5
PUP JOINT 35" VAMTOF 2.2# 13% CR L_80

[TUBING 3.5° VAMTOP 2.2% 13% CRL-E0R-3

22 PUP JOINT 3.5" VAMTOF 2.2% 13% CR L-80

BARER 2812 ACF NIPPLE 9.2% VAMTOP 13%Cr L80

b 1 o

JTUSING 35 VAMTOP 82# 13% CRLBOR-3

|PUP JOINT 3.5 VAMTOP 9.2#% 13% CR L-80
X0 4.5" VTOP box 12.6# x 3.5” VIOP 0.2% pin13% CR L80
BAKER 5B-3 PACKER

X T3%Cr

X0 4 5" VTOP box 12 84 x 3 5" VTOP 9 2% pn13% CR L80
PUP JOINT 35" VAMTOFP 2 2% 13% CR L-80
|TUBING 3.5 VAMTOP 8.2# 13% CRL-80 R-3

PUP JOINT 35" VAMTOF 2.2% 13% CRL-50

BAKER 2.750" AOF NIPPLE 3.2# VAMTOP 13%Cr L-80
PUP JOINT 35" VAMTOFP 2.2%# 13% CR L-80
|FUP JOINT 3.5" VAMTOF 2.2# 13% CR L-50

X0 3.5" VTOP BOX 0.2% 13% CR L-80 x4 5" VTOP 12.6%

[SELF ALIGNING MULE SHOE 4£™1/2 VAM TOP 12.6# L 80 13%CR 20FT

o] i ] w2 5 3= es] = )
EEE 3443

INPER

[4-1/2" LINER. 12.6#, L-80. 13%CR. VAMTOP 38, IJI 3.8587
[4-172" PUP joint 3852 43 m RT - 3854 38 m RT for

[4 172" LANDING COLLAR 4067 |4|mR'T

PFerforated from Jan 08 till Jan 10 201

—IEE ™ Deviation @ packer depth. MU degrees
3923 3933 mAT 3845.13 _3859.13 mTH T0m & spf_|Deviation @@ resenvoir 35406 degrees
3349 _ 3959 mAT 3875.13 - 3865.13 mTH 10m | 12spt
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Nordzee #1 Full Logs
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Nordzee Summary

o File Memory Analysic  Plot  View Tools Help
s [

Summary [pgU | oD | PTA/Productity | HC Volumes | pjz | erivative | OlaterRates | Analysis Events |

Test f f q A p
Start D/T End D; T Test WHPi WHPF DHGP DHGPF BHP; BHPF 0G: G Py - DPski PSL: PIEff DPs/0 - -
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roductivity

ol Ele Memoy Analysis Plot View Took Help

o o
Summary | PEU IDD | PTAProductivity | HC volumes | p/z IDEnvaﬁvE]D\IWalnﬁa(Esl Ana\ys’szmts]

Initial Pres (PSIA) 0
Last PR DPsking) (PSLMMCEDY) Na 10/09/2013 174453 5
Last DD DPskin/Q (PSIAMMCF/D) -7381 08/18/2013 03:47.53 [
Last P* (PSIA) 4857 10/09/2013 174453 5
Last Productivity Q/DP (MCF/D/PSI) 149 11/19/201309:09:53 =
Last TTA (PSLMMCEDN) 67,30 11/19/2013 09:09:53 i
Date Created: 11/26/2013 8:55:45 AM Date Created: 11/26/2013 8:55:45 AM
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Nordzee — Running MBAL/EBAL

o File Memory Analysis

Plot  View Tools Help

Summary IOuhmts]

summary | P80 | o0 IPTA,'Producnmty] HC vdunes} Plz

[ Denuanve] D\\Watﬂ'ﬂat&s] Ana\yssEvents]

Date Time Gas PBU Pres z-Factor P/z GIP SLD @P=0 :GIPSLD GIP P/z @P=0 GIPP/z GIP P/z geo GIP P/z geo m Pres m Pz m Pz
Produced :Duration @P|ab=15 @P/z|ab=15 @P=0 @P/z|ab=15 Geo
MM/dd/yyyy HH:mm:ss BCF HOURS PSIA dimless  PSIA BCF BCF BCF BCF BCF BCF PSIA/BCF PSIA/BCF PSIA/BC
01/01/0001 00:00:0 0.000 577> 1.093 5283.2
08/18/2013 00:05:53  0.008 2 5770 1.093 5280.21
08/18/2013 04:29:53 0.011 1 5770 1.093 5280.63
09/09/2013 15:18:53 0.560 45 5361 1.063 5041.18
09/19/2013 13:28:53 0.786 4 5200 1.052 4941.92
09/22/2013 11:35:53 0.848 8 5166 1.050 4920.79
10/09/2013 06:29:53 1.304 1 4892 1.031 4743.08
Oilfield Data Services Inc. Qilfield Data Services Inc. [-]
Date Created: 11/6/2014 4:53:01 PM Date Created: 11/6/2014 4:53:01 PM
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Nordzee - Conclusion

\

+ Early PBUs occurred when well was still cleaning up -
accurate for what was flowing at the time, but not
whole zone

* No good drawdowns

* PBU perms around 85 md, with a skin around 13
* Apparently 15 BCF hydraulically connected

* At least 8 BCF recoverable
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Deepwater Oil Well (Water?)

* Start-up of New Deepwza

After just 3 months of Production, the well started
making 4000 STB/D of WATER!

Obijectives:
1) Find out where the water’s coming from
2) Seeif it justifies a work-over

145



w
O,
4
O
ad
O
v,
4
g
U
O
A
_
O
=
O,
4
O
<
O
)
)
O

Date created : 11/26/2013 6:55 AM

] Host Qwater

EE5

== COrr DHGP e AllocC Oil

WHP

o
o
]
un
|
I

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

[ 1 1
ll._.lll.rll.._.Flll ! _———te e o oo
' [ 1 = 1 ' 1 1 1 1 1

[
L]
F I

Date-Time - DateTime

2012

146



Deepwater Oil - WBS
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PSIA
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When did the Water Production Begin??2?

Date created : 11/26/2013 6:55 AM

mmm \VHP === CoOrr DHGP  m— Alloc Qil Hosthater [ Qwater s Qoil ;
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YES... ALLOCATIONS REALLY
ARE THIS BAD!!




ter Oil - RTS Summary

o2 File Memory Analysis Plot View Tools Help
e | e o
Summary [pBU [0 | PTAfProductivity | HC Volumes | 10-MBAL | Derivative | OiWaterRates | Analysis Events |
Test . . . o ; : -]
Start D/T End D/T Test | WHPi | WHPI | DHGPi DHGPf | BHP BHPF | I P ) DPski PSt PIET | DP ’ ’
TR i{h:mm:ss ddemyr;'yy’i}h:mm:ss L::E:‘ et e e s psia psia I'!JI;]LIﬁ; Bgtl/n md | Skin psi | pea % psi;é‘l?[ (= pIin Wi Erploilnte
1 05Jun2012 10:24:00 06Jun2012 22:56:00° 3653 PBU 7915 8063 11803 12011 12010 12221 4380 4380 447.2 0.8 21 12241 88 (0 RTRep 2012Jun05 10240 > ZII:I‘:IZI?:II:E'I‘.?HIDZM]
2 10Iun2012 10:44:00 1312012 07:11:00° 6845 PEU 5923 80320 10769 11973 11027 12183 19303 19303 486 3.3 335 12283 65 0,02 RIRep 2012Juni0 10440
3 18Iun2012 13:05:00  19Jun2012 04:11:00 151 PEU 6855 8032 11058 11890 11293 12095 13665 13665 244.2 -1.6  -220 12271 135 -0.02 RIRep 2012Junig_13050 -
4 190un2012 04:11:00 . 241un2012 07:37:00. 12343 oD 8030 7183 11888 11290 12094 11509 0 20300 106.1 -4.6:. -2191 10558 582 -0,11 RTRep 2012Juni9 04110 RTRep 2012Juni3 04110
5 241un2012 07:37:00 0 27Jun2012 00:33.00¢ B54.93 PBU 7139 8021 11290 11898 11509 12105 9070 9070 358.4 0.6 39 12245 91 Q0 RTRep 2012Junz4 07370 > %?22::::{1"“737'] RTRep 2012JunZ4 07370 L ZI':':Z: 24"97379
6
7 0812012 03:20:00 082012 23:54.00 2057 PEU 6089 7917 10711 11777 10957 11983 15631 15631 522.6 5.6 426 12145 53 0.03 MW MW
8 0812012 23:54:00 . 16102012 10:05:00 178,18 oD 7916 5365 11776 103200 11982 10584 0 19148 311.8 0.8 125 10497 88 0.01 MW mw
9 20Aug2012 195930 21Aug2012 07:59:30 12 PEU 5533 77000 10306 11589 10560 11796 15579 15579 241.4 0.4 63 12034 94 0 RTRep 2012Auq20 19593 RTRep 2012Aug20 19593
10 21A0g2012 10:33:30° 25Aug2012 06:29:30° 9193 2-Rate 7255 4391 11296 9939 11511 10208 3207 13735 231.6 0.5 77 11280 92 0.01 R—M;TRE ..3“,1\,2.':: f’{ __1'3333 R;u;ﬂl: "39}“2\‘_:: f: ;15'333
11 25A0g2012 06:29:30 1 075ep2012 13:14:30 31875 PBU 4394 7805 9940 11731 10209 11940 18213 18213 614.6 13 981 11996 33 0.05 RTRep 2012Aug25 06253 “ZI':I':Z"?“""%‘EI']5293
1z | 095ep2012 15:10:30 10Sep2012 04:08:30. 12,97 PEU 5043 7635 10044 11652 10310 11867 16157 16157 589.8 14.2 1008 12028 31 0.06 RIRep 20125ep09 15103 a
Date Created: 11/26/2013 7:14:37 AM Date Created: 11/26/2013 7:14:37 AM
e \}yHP =——= DHGP === BHP === ()p| \ , 4 = WHP === DHGP —_— BHP === (g \ \ \ 4
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Deepwater Oil - PBU Summary

ol File Memory Analysis Plot View Tools Help

m Summary | Outputs

Summary | PBU [DD PTA/ Prodmhmty] HC Vohmes] 16-MBAL ] Derivahve] 0i|Wabemates] Ana\yssEveMs]

Test

Start D/T End D/T Test WHPi WHPF DHGPi DHGPf BHPi BHPf Qoil_i Qoil Perm : DPskin PStar PIEfT DPs/Q . -
ddMmmyyyy hlemm:ss | ddMmmyyyy hh:mim:ss L;:E:: Type psia psia psia psia psia psia BBL/D | BBL/D md il psi psia LS psi/BBL St (Eig bl
1 05Junz012 10:24:00  08Jun2012 22:56:00  36.53 PEL 7915, 8063 11803 12011 12010 12221 4380 4380 447.2 0.8 21 12241 88 (G HTE = PR T U= R R RaU T 1an D SR 22 0)

101un2012 10:44:00 13Jn2012 07:11:00 6845 PBUG 59230 80320 10769 11573 11027 12183 19303 19303 486 3.3] 335 12283 65 0,02 EIRep 2012Juni0 10440 | RIRep 2012Junll 10440
181un2012 13:05:00  197n2012 04:11:00 15,1 PBU 6665 8032 11058 11890 11293 12095 13665 13665 2442 -1.6 -220 12271 135 -0,02 BIRep 2012Juni 13050 RIRep 2012Junls 13050
241un2012 07:37:00  271un2012 00:33:00 £4.93 PBU: 7189 8021 11290 11898 11508 12105 9070, 9070 358.4 0.6 39 12245 91 0 BIRep 2012Jun?4 07370 RIRep 2012Jun2d4 07370
0812012 03:20:00 0812012 23:54:.00 2057 PBU- &089 7917 10711 11777 10857 11983 15631 15631 522.6 5.6 426 12145 53 0.03 MW BIRep 2012Jul08 03200 ?!3:12;_‘3;1.'?__‘1_‘03200

20Aug2012 19:59:30  21AUg2012 07:59:30 12 PBU. 5533, 7700 10306 11589 10560 11796 15579 15579 241.4 0.4 63 12034 94 0
25A0g2012 06:29:30  075ep2012 13:1430 31875 PBUS 48940 78050 9940 11731 10209 11940 18213 18213 614.6 13° 981 11996 33 0.05
095ep2012 15:10:30  10Sep2012 04:08:30 12,97 PBU. 5043 7635 10044 11852 10310 11867 16157 16157 589.8 14.2 1008 12028 31 0.06
155ep20ie 15:23:30 165ep2012 11:51:30 2047 PBU: 4852 7o08 9903 11605 10172 11818 17270 17270 389.6 6.8 774 12005 48 0.04

) N
RTRep 20125ep09 15103

W e[~ @ n e W
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7] —
o File Memory Analysis Plot View Tools Help
s s
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Deepwater Oil - Conclusions

\

* Err...no need to panic, it’s been making water since
Day One

* Min In-place oil = 65 MM STB
* Max In-place oil =260 MM STB
* Min recoverable oil = 40-ish MM STB

* Enough Oil to justify work-over... but, the well doesn’t
need a work-over
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Deep GOM Shelf - Gas/Condensate

* 18,000 psia Pinitial; 330 degF e
* |nitial Flowback — 20 MMscf/D; 400 BOPD

* Objectives:
* Can we pull it harder?
* How big isit?
* No, really... how big is it? How much is water?
* What’s up with the perms being all over the place?
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Slide 159

GOM Shelf IPT

« Has SCADA WHP Gauge + Instant Se.perator Gas and
Periodic Liquid Rates

« Have To Apply Liquid Residence Time
(Else Turbine Meter Data Would Result In High Or Low Rates Due To
Separator Dumps)

* Objectives:
« Calculate Liquid Rates
* Analyze Build-up Tests
« Split Apparent Reserves into Components
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GOM Shelf IPT
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* Permeability ~ 15 md, Skin Is Low And Remains Constant
* Reservoir Pressure Drops 6000 psia
* Reservoir Appears To Be In Depletion Drive
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GOM Shelf

re
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* No Major Shifts In Productivity (No Shifts In Scalar Value Or Slope)
* Inverse Productivity indicates Pseudo Steady-State Response
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Oilfield Data Services Inc.
Date Created: 8/12/2014 3:49:38 PM

[(®] Pz [&]Pres (W] P/fz(short) [V ] Pres(short) wesss |jnegrP/z === |jnear Pras === |inear P/z Geo ==== P/z Geo === P/73h
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P/Z Calculation and SLD-P Calculation Gives Us 4-10 BCF
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GOM Shelf

Iy u
5umarv|PBU |DD |PTﬂIondndmty HC Volumes | p/z 'DEnvahvEIUl\WahaRatEs'Ana\ywsEvmts

Memory Analysis Plot  View Tools Help

Oifield Data Services Inc. -]
Date Created: 8/12/2014 3:49:38 PM
[— Conv SLD4GP  wemmmm Fonv V4GP TTA SLD+GP === TTA VeGP m— qP == EUR
Fo I I ' I

Gilfield Data Services Inc. s v saz @)
Date Created: 8/12/2014 3:49:38 PM
[r— Conv SLD e Cony Ve _— TTA SLD - TTAVC  — P = RLR

L
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8| sepooms Date-Time a
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B s

* Running Energy And Material Balances
* LHS: Remaining Apparent Gas Volume
* RHS: Total Gas Volume

* This can be Compared With P/Z Results
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Depletion(Red)
P/Z

Expansion/Depletion:

(Blue)

* RHS:

Conventional
Expansion: (Red)
Conventional SLD:
(Blue)

TTA Compressibility:
(Purple)

TTA SLD: (Green)
Gp: Black

Static MBAL To The
Gas/Water Contact:
(Orange)

GOM Shelf

Fle Memoy Analis Plot View Took Hep
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sunnary 760 {00 | P/ producty | HC omes [P ceatve | oiiateRates | anlssvens |

Date Created; 8/12/2014 3:49:38 PM

Date Created; 8/12/2014 3:49:38 PM

Date Time Gas PBU  Pres zfactor Pz GIPSLD@P=0 GIPSLD GIPPz @P=0 GIPP)z GIPPzgeo  GIPPlzgeo  mPres m Pz mPz

Produced Duration @P|ab=15 @P/z|ab=15  @P=0 @P/z|ab=15 Geo
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GOM Shelf HP-HT Conclusions

\

i
# Skin & Perm are fluctuating due to crossflow and
differential depletion in high-perm zones

* Moderate Perm with Low Skin

* Gas on top of dead-leg water

Reservoir Volume: 10 BCF of potential elastic energy
* 3 BCF of water (dead leg)

* 1.5 BCF of rock compaction

* 5.5 BCF of Mobile Gas

* 1.0 BCF of “Tight” Gas
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Notes on the Case Studies:

At no time was the pressure data “smoothed”
At no time was the data forced to fit a model
At no time was the “answer” provided ahead of time

If you let it, the well will tell you what it’s volume is
made of and what it can produce

Analyze the Data Without Imposing Bias!
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Thoughts, Musings &
Conclusions




What is Good Qilfield Management?

\

* Maximize NPV
* Maximize Recoverable Reserves

# Avoid waste (time/money/resources)

« Mitigate/minimize risk (Ops/Reserves/HSE)
# Learn from your mistakes (and successes)

- MAKE BETTER DECISIONS IN A TIMELY FASHION
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What is BAD OQilfield Management?
Maximize bonus\’

+ Maximize ‘booked’ reserves

* The INSIDE View - eliminate/ignore contrary data
* Falling in love with a rate
# Wait until a problem is obvious (and expensive to fix)

* Hope no one notices (until you’ve moved on) — make
sure no one takes ownership

* Shoot the messenger
- Make the decision that’s best for you, not the
company
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What are the Consequences of

Automated Monitoring/Surveillance?

+ Democratized information/results -

* Can spend time discussing what it means
« Easier to translate to other departments/silos

* Less finger pointing and more inclusive work processes
* Quicker Decisions

+* Reach conclusions on what it means
+ Easier to focus on NPV of Decisions

* Quicker Actions/Inactions
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Conclusions: RT Well Evaluation

Proper Instrumentation and Visualizatioi
are the 15t Step (Don’t Drop Bits!)

* Closed-Loop Solutions for the Wellbore and Reservoir
make it possible to quickly check system model

* Do NOT impose a “static’” model on the well

* Warning an Engineer when (or before) something bad
happens is more important than being accurate to the
9t decimal place

* Checking the results of an Automated Calculation is a
lot easier and more timely than doing it yourself
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Final Thoughts
# This technolom

* Understand the physics — not just the software
package

* Always know:
* How much MONEY is left in the ground?
+ How fast can | get it out (safely)
* |s the performance changing?

* Compare NPV remaining vs. Cost of a “fix”
* Seek out non-biased results
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Chris Fair
Oilfield Data Services, Inc.
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