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General Information

1/2-day course

Session 1: 8 am — 12 pm Central Time

Interactive class

Ask gquestions — drive the course emphasis

* Inchat

e ... orunmute to ask question (mute when not talking®©)

Will send out all digital material after class
(class recording, presentations etc.)

Some content in this slide deck is meant for presentation
purposes, while some parts are meant for reference.

‘ whitson



Disclaimer

The course is tailored for practitioners, i.e., folks that need PVT properties, or to
understand fundamental PVT, in their day-to-day work for different reasons
(reservoir, production, processing, facility, exploitation, completion, geologists,
petrophysics, managers, sales, marketing).

The course will be of a more pragmatic character, i.e., we will focus on items
that you can go out an apply immediately with readily available data and
industry standard tools.

It is not tailored for "PVT experts" - we have a 5-day course for that
(even though they are more than welcome as well ©)).

Hence, “advanced topics” that
* require a lot of detail (PVT lab QC, PVT lab reports, EOS development)
« or lack industry consensus (e.g. “nano pore” PVT)

will not be prioritized
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Handouts



Digital Handouts

 All slides

*whitson* software
(courses.whitson.com)

* Preparation Material

Froper

whitson






Access to whitson?

DO NOT USE YOUR COMPANY SPECIFIC DOMAIN

@ www.courses.whitson.com
. Username: your e-mail

. Password: ShalePVT2024

*Send an e-mail to support@whitson.com if you need help to login.
Use Google Chrome, Firefox or Microsoft Edge. Internet Explorer
won’t work.

9 whitson
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Course Progress “Logic”

Petroleum Eluids Lab Analysis Engineering
“EOS Model Utilization”
Fluid Sampling PVT Model
A
“EOS Model Development”

11 whitson



Course Goals



Course Goals

 Classify reservoirs into black oils, volatile olils, ,
gas condensates, wet gases & dry gases

» Understand the difference between “in-situ” and “reservoir” representative
samples

Conceptionally understand what an EOS model is and what the inputs are

Predict PVT data (composition) from readily available data and EOS model

Perform fluid initialization on a “shale well” using readily available data

Estimate PVT properties at initial reservoir conditions from EOS model

Calculate OQIP | OGIP for OIL, GAS and systems

* Generate PVT tables (B,, Rq, Ug: Poup | Bgas Tsi Mg Pew) from EOS model

« Understand the most important parts of a PVT report

13 whitson
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Exposed to PVT First Time?

Petroleum Reservoir Fluid
Properties

Curtis H, Whitson

Pira afs
Trinedleedi, Mormay

INTRODUCTION

Petreleum reservoirs may contain any of the three fluid
ph.um—.w.\hcj {brine), odl, or gas. The indtial distabubion of
phasm dneponds; on rh‘p[h, femperaiure, pressure,
compaesition, historical migration, type of geelogscal rap, and
reservodr heterogeneity (that ts, varying rock propertses). Thae
forces that originally distribute the fluids are gravity,
capillary, molecular diffusion, thermal convection, and
pressure pradients. It is generally assumed that reservodr
Fluids are n a stabic state when discovered or, mose correctly,
that flusds are moving at a very slow rate relative o the time
required to extract the fluids (10 to 30 vearsk. Clearly the
fuids may stll be in a dynamic state In terms of geological
Hime.

Because gravity i the dominant foree in distributing fuids
through geological tme, hdrocarbons migrate upward and
ane frapped against |rr|prrmuab!g- @p rock, Gas overlies ol
which overlies water, However, because the reservoir pones
are usually saturated completely by water before
hydrocarbom migration and because capillary forces acting fo
retain water in the smallest pores escesd gravity forces, an
imitial (connatel water saturation will always be found in
hydrocarbon-bearing formations, The connate water
syturation may vary from 3 ko 50°% with the hydrocarbons stll
having sufficient mobility to produce ot ecoromical rates.

This chapter reviews the physical and thermodynamic
propertics of gas, oil, and reservedr brine.  As commanly
done, the pluu- and volumetric behavior of p\'hnlvum
peservolr fluids s referred fo as PVT L|\N=m|r._'-l'nlump.
temperatunel, Two important genesal references on PVT ane
Katz et al. (195% and Soctety of Petroleum Englneers (1961,

PROPERTY DEFINITIONS
Some basic fhiad property definitions are provided bere:

Formalion volume factor (FVE)—The ratio of & phase
ok (waber, oil, gas, or gas plus oil) ol reserioir
comditions, relative o the volume of a surtace phase
dwwater, oil, or gas) at standand conditions resulting
when the reservodr material is brought to the surface.
Denoted mathematically as B (bbl/STEL 8, (bbl /STE},
B, {§t"/SCF), and 8, bl /STE).

Salution gas-oil ratio (GOR—The amount of surface gas
that can be dissalved in a siock tank o] when brought
B specific pressure and bemperature. Denoted
mathematically as K, (SCF/STEL

Soluthon oil-gas ratio (CGR—The amount of surface
copdensate that can be vaporized in a surface gas al a
spexitic pressure and temperature; somtimes referned
b0 s ligudd content. Denoted mathematically as r,
[STH, MMSCF)L

Liquid specific gravity—The ratio of density of any liquid
memsured at stanclard conditions (usually 147 psia and
&0 Fr o the density of pure water at the same standasd
crmditions. Denoted mathematically as, (where
water= 1k

AFI specific gravity—Anather comaman neasiane of oil
spacific gravity, defined by 1, = (14055 ) - 1315,
with undts in "AFL

Gas specific gravity—The ratio of dersity of any gas at
standard conditions (14,7 psia and &) 1o the density
of air at standard conditions; based on the ideal gas law
APl = itRTY, s gravity is.also equal io the gas
md‘cul.wwe“-,hrd e hg,' alr midecular weig}ul
M, = 1857, Denoted mathematically as g, (where
air =11

Bubblepaint pressure—A¢ a ghven lemperature, this
cond rtion occurs when an ol releases an infindtesimal
bubble of gas from solution when pressure drops below
the Bubblepoint

Retrograde dewpoint pressure—At a given bempesatun,
thix comdifion occurs when a gas condenses an
irfinstesinal drop of ol From solution when pressuns
drops below the dewpoint.

Saturation pressure—An odl at its bubblepoint pressure or
& s af it dewpoint pressue,

Critical poim—The pressure and temperabuse of 4
reservoir fluid where the bubblepoint pressure curve
meets the retrograde dewpoint prssurne curve (see
Figures 1 and ), representing a unique state where all
praperties of the bubblepoint oil are identical to the
alenwpiring gas,

Compusition or teed—uantifies the amaunt of each
CEAUpent ina reservodr mixture, wsually reparted
mide fraction. Typkal comporents in petrolewm
meservolr mistures nclude the nonhydrocarbons Ny,
0, and HyS and the hydrocarbors C,, Gy, O, 10, /G,
g, i Cland C;, (G, or “heprnes-phes,” incdhudes
many Fendreds of beavier compounds, such a3
paraffins, napabenes, and aromatics). Asphaltenes ane
also found in reservoir oils.

Saturated condition—aA conditson where an oil and gas
arne in thermadynarnic equilibrium, that is, the chemical
force exerted by each companent in the oil phase is
erqual b the chemical foroe eserted by the same
component in thi gas phase, therety efiminating miass
trarafer of components from one phase o the ather.

Undersaturated condition—A condition when an ail ora
s s i sigle phase but not ab iks saturation poln
(bubblepoant or dewpaint), that is, the michare is at a
pressure greater than its ssburation pressure.

15
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PVT —What is This?

* In this course, we’'ll review
the physical and
thermodynamic properties
of gas and oll

« As commonly done, the

phase and volumetric pV = nhRT

behavior of petroleum
reservolr fluids is referred to
as PVT (pressure-volume-
temperature)

 What about water?

16 whitson
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Vocabulary

EOS Model

Compositions
Flash
K-Values

“Representative” Samples

Solution CGR (r,) aka Vaporized OIll Ratio (R,)

18 whitson



What i1s an EOS Model?

Expt

Liquid Density (

-

@

w

g =2

19 whitson



What is a Composition?

“The amount of different components”

usually expressed in mol%.

Zi =, /Zj n; | y;=ny, /Zj”vj|xi=”u / 2N
Total Vapor Liquid

20 whitson



What is a Composition?

Sparkling Water Petroleum Fluids

N, = 78% H,0 = 99%
0,=21% CO,=1%
C,,
Total = 100% Total = 100% Total = 100%

21 whitson



Flash ... Neither of These

22 whitson



Flash
Two-phase isothermal flash
calculations are used for {5 Vao
processes with vapor/liquid- V.,

equilibrium (VLE).

A flash takes a feed stream (z))
that separates into a Vapor (y,)
and Liquid (x;) phases — or
remains a single phase.

SN

23 whitson



Flash

Under Two-Phase
saturated  Saturated  satyrated

® ® ®

Pressure

Temperature

Incipient
Phase, vy,

24 whitson



K-Values
For a given

_ temperature (T) and
Ki — yi /X| composition (zi)

Variahons of equilibrium
N cmowth pusur‘afH

10.0 ‘%MQF

K, represents the relative preference
of a componenti to “be” in the gas
phase or oil phase:

17

—&

W '
1.0 R
- - -
, | R - pZ
ot
. sne

3
o B
|
3

* K, > 1 — Relative preference is to be in gas
phase

0.1

Equilibrium Ratio, K
{

g

. . ] ] %*o
* K; < 1 — Relative preference is to be in the oil pm?-;v::’
phase 0.01 |

Pressure, psia

25 whitson



“Representative” Samples

“Reservoir Representative”

Any uncontaminated fluid sample produced from a reservoir is
automatically representative of that reservoir

“In-situ Representative”

A sample representative of the original fluid(s) in place

Accuracy of PVT Data # “In-situ Representivity ” of Sample

26 whitson



Samples to use in PVT model development?

5000 o * In PVT/EOS model development one
would like to use all “reservoir
representative” samples.

I~
o
o
(=]

Why? You want a PVT model that works
well for all times, not only time = 0.

3000 1

I 11 . 7 H
«  “In-situ” representative samples should |

._ ! be used together with a proper EOS |
o ° I model to initialize your reservoir model |
| (called “Fluid Initialization”). l

I

0 200 400 600 800 1000 T T T e —
Time (days)

Gas-0il Ratio (scf/STB)
S
]
o

1000 #7

27 whitson



Example

Sample while Sample while Mud

. ; Pwi = Psat Pwi < Psat ContaminatEd
Classification (not mud (not mud Sample

contaminated) contaminated)

“In-situ ‘/ X X

Representative”

“Reservoir ‘/ ‘/ X

Representative”

28 whitson



pSolution CGR/OGR (r.) aka Vaporized Oil Ratio (R,)

Quantifies: condensate in solution with reservoir gas phase

Hence, relevant for:

« wet gas

e gas condensates

 oll reservoirs below bubblepoint (gas out of solution)

Units: STB/MMscf (most common)

Symbol:
* SPE -r_ ("little rs” or solution CGR / OGR)
* Industry - R, ("RV" or vaporized oil ratio)

r. and R, is used interchangeably throughout the course

29 whitson
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PVT has an Impact on Every Discipline in the Petroleum Domain!

PVT & Fluids

Reservoir RTA/PTA Pipe Flow Process Reserves

31 whitson



1 m3is not always 1 m?



1 reservoir m3 # 1 separator m3 # 1 stock tank m?3

What we mean by “not same”: the volume is the same, 1 m3.
The amount of mass, density, composition, and monetary
value are different.



Process dependencies

)

Single-stage flash

!

Test separator
(*) P=870psia, T=170F

(1

GOR = 8400
scf/STB

GOR =9250
scf/STB

GOR = 6700
scf/sep.bbl

- Final product

volumes depends
on pressure &
temperature
conditions, and the
path to get there...

- GOR and FVF are

process dependent.

whitson



Mole Fraction

A little quiz | Reservoir OIil or Gas?

0.6

0.5

0.4

0.3

0.2

0.1

0 —— Il._-._._..

Molar distribution

Total C,, mole fraction ~ 0.24

---————-—-—-—-—-—--_________________________—

N2 CO2 C1 C2 C3 iC4 C4iC5 C5 C6 C7 (8 (9 C10C11C12C13C14C15C16C17C18C19C20C21C22C23C24C25C26C27C28(C29C30C31C32C33C34

N
Light, gas

—ﬂ

Heavy fractions, olil

whitson



A little quiz | Reservoir Oll or Gas?
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Heptanes Plus (C-,)



Classification of fluids | Simulated process GOR vs C7+ content

Reservoir Oil ® Reservoir Gas ®

L Dry gas

10000 —\ Wet gas
Gas condensate

1000 - \ ile oi
o Volatile oil Black-oil
100 - N
[ ]
%

10 ] ] I I T

GOR* (Sm3/Sm?3)

C,,mol%

GOR*: Simulated process GOR, Sm3/Sm?

whitson



Reservoir Fluid Classification

Q
b
— T c _
i o O 9 (h Black Oil <1,000
2] > Z 8 3
T : S Volatile Oil 14-25  1,000-3,000
I L
) I o
S I I
g I : I Gas Condensate 1-11 4,000-100,000
o ! I
a Y /ﬁ «Wet» Gas <1 >100,000
I“ b}]
2 Dry «Dry» Gas 0 c0

Temperature =—p

* These numbers are rules of thumb and should not be interpreted as absolutes.

whitson
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Classification of Reservoir Fluid Systems

The classification of
Dr reservoir fluid systems is
O y Gas determined by:

Wet Gas * The location of the reservoir
temperature with respect to
the critical temperature and

Gas Condensate cricondentherm.
. :  Location of the first-stage
O Volatile Ol separator pressure and

temperature with respect to

O Black Oil the phase diagram of the
reservolr fluid.

41 whitson



Black Oil

P

Pp

N
~ \\
N
. N
. .
L. BN — - —
Ny \ N
\ N N,
\ N N
Ay \, N
\ \, A

Black Oll

,For A Given Mixture, z; (e.g. 40%C,, 60%n-C,,)

I
T=T,
_W®T)
______ Vi T)
V, = oil phase volume
P

Po

v

42 whitson



Po

Volatile Ol

. For A Given Mixture, z; (e.g. 40%C,, 60%n-C,,)

I
| T = TVO
1r° _V®T)
" Ve(p,T)
V, = oil phase volume
P,
Pp

43 whitson



Retrograde Gas Condensate

pl

Py

For A Given Mixture, z; (e.g. 40%C,, 60%n-C,)

Ik
V, T=Teac
11 . _W®T)
Gas Condensate S o @ T)
& -~ > V, = oil phase volume
S S
SN
A7, v\ %
/ N %
0 \E P
Pa

whitson
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Wet Gas

, For A Given Mixture, z; (e.g. 40%C,, 60%n-C,,)

P
|
|
|
|
|
|
!
)
-
] >
I’O“ T - TWG
et Cl _W®T)
et Gas Ve, T)
V, = oil phase volume
0 X

45 whitson



Dry Gas

. For A Given Mixture, z; (e.g. 40%C,, 60%n-C,,)

P
|
|
|
!
|
|
|
)
> T
I’O“ T - TDG
Cl v @)
Dry Gas " Ve(p, T)
V, = oil phase volume
0 X

46 whitson



Volatile Oil Reservolir Fluid Example

® O, ©

pressure pressure pressure

v
>

Cizls 2

o

I s

q
Temperature
Gas Bubbles
Form and
Rise

47 whitson



Gas Condensate Reservoir Fluid Example

@ o

pressure pressure

Oil Droplets
Form and
Fall

®

pressure

b
Ciels

Pressure

@

DP

Temperature

whitson



Petroleum Fluids — Example Compositions

Gas Near-Critical
Component Dry Gas Wet Gas  Condensate Qil Volatile Qil Black Qil
CO» 0.10 1.41 2.37 1.30 0.93 0.02
N> 2.07 0.25 0.31 0.56 0.21 0.34
C+ 86.12 92.46 73.19 69.44 58.77 34.62
Cs 5.91 3.18 7.80 7.88 7.57 4.1
Csy 3.58 1.01 3.55 4.26 4.09 1.01
i-Cq 1.72 0.28 0.71 0.89 0.91 0.76
n-Cy 0.24 1.45 2.14 2.09 0.49
i-Cs 0.50 0.13 0.64 0.90 0.77 0.43
n-Cs 0.08 0.68 1.13 1.15 0.21
Ce(s) 0.14 1.09 1.46 1.75 1.61
Cr+ 0.82 8.21 10.04 21.76 56.40
Properties
MC?+ 130 184 219 228 274
re,, 0.763 0.816 0.839 0.858 0.920
ch? 12.00 11.95 11.98 11.83 11.47
GOR, scf/STB oo 105,000 5,450 3,650 1,490 300
OGR, STB/MMscf 0 10 180 275
VAP or7 49 45 38 24
Yg 0.61 0.70 0.71 0.70 0.63
Psat, PSia 3,430 6.560 7,015 5,420 2,810

49 whitson


Fluid_Properties_metric.pdf

Question: What’s Wrong with this Table?

Gas Near-Critical
Component Dry Gas Wet Gas  Condensate Qil Volatile Qil Black Oil
CO, 0.10 1.41 2.37 1.30 0.93 0.02
No 2.07 0.25 0.31 0.56 0.21 0.34
C1 86.12 92.46 73.19 69.44 58.77 34.62
Co 5.91 3.18 7.80 7.88 7.57 4.11
Cs 3.58 1.01 3.55 4.26 4.09 1.01
i-Cy4 1.72 0.28 0.71 0.89 0.91 0.76
n-Cy 0.24 1.45 2.14 2.09 0.49
i-Cs 0.50 0.13 0.64 0.90 0.77 0.43
n-Cs 0.08 0.68 1.13 1.15 0.21
Cé(s) 0.14 1.09 1.46 1.75 1.61
C7+ 0.82 8.21 10.04 21.76 56.40
Properties
Psat, PSia 3,430 6.560 7,015 5,420 2,810

50 whitson



Question: What’s Wrong with this Table?
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Fluid Initialization 1.01

Goal: Be able to use readily available data, specially producing GOR (or CGR),
to initialize a reservoir fluid for an unconventional well

Gas/0il Ratio ocr

1600 4
1400

Gas/0il Ratio (s cf/STB)

200 -

1200 -

="

=

—

o
1

600+
600 4
400 -

B 2

USE CUMULATIVES GOR VS BHP

o Historical = = GOR

o

50 100 150
Time (days)

53
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We'll do the same as Steph Curry — Practice!

per day! 5_.)

{ e

nd 2qo,6oo A @@

er year! -«
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GOR

PVT: Practical Wisdom

GOR = 1/r,

|~4000 scf/STB ~ "TTm---l

-
- -
- -
-
—

Saturation Pressure

55

The producing GOR (CGR) will
tell you a lot about the well.

In general, below p_,, producing
GORs are expected to increase.

Wet gases: CGR (GOR) is constant
over time (No Pg,)-

Dry gas: doesn’t produce
hydrocarbon liquids.

Rule of thumb:

Critical point ~4000 scf/STB
(or ~ 250 STB/MMscf).

whitson



PVT: Practical Wisdom

B8 End

W

| ~4000 scf/sTB.~TTm=e R : >
| Bubblepoint

B Start

GOR

Saturation Pressure

56 whitson



Case Study 1

Gas/0il Ratio ©GrR USE CUMULATIVES GOR VS BHP E‘P @ 4 "q El
e Historical = = GOR
» &
700 - o

o 5 %00°
_ 600 o
1] i a
@ 500- "
]
£ ey
2 400 - oﬁ'? :
= N Y
X 3004 &, &% &
E E- oo
- Fe] o g o o o o
%2001 ° °
i o

1004 ©
]
ﬂ P o ! . oy paare o iy
0 200 400 600 2800 1000
Time (days)
57
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Case Study 2

Gas/0il Ratio ©GrR USE CUMULATIVES GOR VS BHP ol > A
o Historical = = GOR
1000 -
& 600
7
S
£2.600
=2
=
o=
S 400 %
-
o
200-
0 ; . : I : n_h_m_'_n_
0 200 400 600 800 1000 1200 1400

Time (days)
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Case Study 3

Gas/0il Ratio ©GrR  USE CUMULATIVES GOR VS BHP E‘[‘ @ 4 :ﬂ."
o Historical = = GOR
8% 8
o
1200- wng ° &
j— (]
& 0
5 1000° f@ﬁ“ %‘ . oy
&
E. 800 o o§ Al o
= o J @ g o 8 o O gﬁ:
= o o
€ 600{ abglpd® 288 _ " 8 iF_g_J
5 S Foed
& 40049 © o 0® o o°
o a "%:l
200+ o $
[}
o o o
{"F' o Fo ! ; T S — =
0 50 100 150 200 250 300
Time (days)
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Case Study 4

Gas/Oil Ratio ©GR USE CUMULATIVES GOR VS BHP o R 2 79[

© Historical = = GOR
2600 -
02000
@
f
E’15EI{I'-
=
o
E 1000 4 .
o Fi py o =
500- 5 o =3 o
o a ©O Og ©
30
) -1 o ! o ! "Ih' Y T
0 200 400 600 400 1000 1200
Time [days)
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Case Study 5

Gas/Oil Ratio 0GR  USE CUMULATIVES GOR VS BHP ol N 2

o Historical = = GOR

2000 - o

o=
=
=
[
I&

Ll

[

[

[

i
Wt‘r‘

Gas/Oil Ratio (schS5TEB)
£
=]
<
» ®o
N
Ho
e [ #)
o
oo

™

n . - T — — r o : al
0 100 200 300 400
Time (days)
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Case Study 6

Gas/0il Ratio 0GR  USE CUMULATIVES GOR VS BHP o> AN

— i o

@ Historical = = GOR

3200

3000 -

P
h
=
=)

2000 -

1000 FEVS THe

Gas/0Oil Ratio (schiSTE)
o
=
=

200 -

1] 100 200 300
Time (days)
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Gas/Oll Ratlo (scf/STB)

Gas/0il Ratio o0GR USE CUMULATIVES GOR VS BHP E‘I-. @ L :q: @
o Historical = = GOR
o
- o
4000 o 5 o
& o &
(¥ »]
o J:P d& Dﬂﬂnqj
3000 - ) 9 %
W 4 ® L o
(]
o @ %o
2000 4
o o
o F g o 5
— ﬂ --------------
10004, oot
o
D__a T T T T
0 20 40 60 a0 100
Time (days)
63

Case Study 7

whitson



Gas/0il Ratio ocr

Case Study 8

USE CUMULATIVES GOR V5 BHP

© Historical = = GOR

5@ 2

[#]
(=]
oo
?&?
%5 0
c.”% T .
(n] L1 1]
8 8ol o
o oo
DEGT,EQG &
%]
"ng%“&uﬂ* ° ¢
(] (]
o

o
0
(a] 0
oo
o ﬂﬂ o
(e}
. 29
of
& 0

1000 P o© © ?&?n S
0 Ly o ] e . y— e
0 100 200 300
Time (days)
64

whitson



Case Study 9

Gas/Oil Ratio 0GR USE CUMULATIVES GOR VS BHP o B 2

© Historical = = GOR

- 10001

Gas/0il Ratio {scl/STB

L] 1 ] i ] 1 ~ ] ]
0 100 200 300 400 500 600 700
Time (days)
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Case Study 10

Gas/Oil Ratio ocr usecumuLaTives sorvserr ) [@ £ & [E

o Historical = = GOR

® 2
q:hjl:l
a0

o &;‘:
3

o

%

&

Gas/0il Ratio (s cf/STBE)
=
%
a
&
]

o=
B

[
o
1

o

0 20 40 &0 a0 100
Time (days)
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Gas/0il Ratio osr

Case Study 11

USE CUMULATIVES GOR VS BHP g B & <

¢ Historical = = GOR

G as/0il Ratio (scf/STB)

1

200 300 400
Time (days)

67
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Case Study 12

Gas/0il Ratio o0cr  USE CUMULATIVES GOR VS BHP o> A N

o Historical = =GOR

10k

A (S Ca
b D S

Gas/Oil Ratio {scFSTB)

I
b

0 100 200 300
Time (days)
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PVT: Practical Wisdom

B8 End

W
| ~4000 scf/sTB.~TTm=e R -
Bubblepoint

B Start

GOR

Saturation Pressure

69 whitson



Case Study 13

Gas/0il Ratio ocr

15k -

Gas/Oil Ratio (scFSTB)

USE CUMULATIVES GORVE BHP

o Histoncal = = GOR

o~ I SRC Y O

=
=]
B

Lh
D

200

300 400

Time (days)
70

200
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Case Study 14

Gas/0il Ratio ©G5R  USE CUMULATIVES GOR VS BHP ol T N 2

o Historical = = GOR

12k

=
=]
2

ca
S

oo oo o

Gas/Oil Ratio (scFSTB)
= i
FI.' =
o

I
ES

[
¥

200 400 G600
Time (days)
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Case Study 15

[

n
o

Q

& B 2

5 BHP

GOR W

E CUMULATIVES

s
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Gas/0il Ratio ocr

Case Study 16

USE CUMULATIVES GOR VS BHP

o

Historical = = GOR

o

r_"
hJ
2,

200k -

—

Ln

i

_
1

20k 1

G as/0il Ratio {scl/STB)
=
=
o

0 ] o O o
0 200 400 600 800
Time (days)
73

1000

whitson



Gas/0Qil Ratio ocr

Case Study 17

USE CUMULATIVES GOR VS BHP
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Gas/0Oil Ratio ocr

Gas/0il Ratio (scf/’STB)

Case Study 18
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Case Study 19

Gas/Oil Ratio oer wusecumuLatives corvsewr ) @ £ o [E
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Special Case 1: Saturated Reservoirs

* Initial Conditions: p; =< Pgy
Phase Envel voORh B 2ARH « ”
e « In the “two-phase party” from day 1
—— Dewpoint —— Bubblepeint o Critical Point
O Separator Conditions < Initial Reservoir Conditions L
000 * GOR rising from day 1!
2000.  Initial producing GOR is a function
of relative mobilities
ENUU-
_ 1
R, = [1+ ars] " [Rs + a]
B 20004
kygBolt
. q=—92°%
// kroBgdalg
° 0 130 260 360 4{]{) 56(} Eitit] ?60 Btllﬂ

Temperature (F)

... soisn'tas easy as R (or 1/R)) =
initial producing GOR
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Special Case 1: Saturated Reservoirs

|4
F

Gas/0il Ratio 0GR  USECUMULATIVES GOR VS BHP B

© Historical = = GOR

* Initial Conditions: p; =< Pgy
* In the “two-phase party” from day 1
 GORrising from day 1!

Gas/Oil Ratio (scf/STB)

 Initial producing GOR is a function
of relative mobilities

0 200 400 600 800 1000
Time (days)

R, = [1+ ar] '[Rs + a]

Gas/Oil Ratio ocr usecumuLaTives sorRvsewr [ [ & @

© Historical = = GOR
35K o = kyrgBolo |
30K+ kroBgdalg
B
§25k
‘_‘;'ZDK- . ’
2 1514 « ...soisntaseasyas Ry (or 1/R) =
% 10 initial producing GOR
Sk
0 i B i B P
0 100 200 300 400
Time (days)
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Special Case 2: Constant GOR as p,; < Pga

Gas/0il Ratio ©GR  USECUMULATIVES GOR VS BHP

@ Historical = = GOR
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a a® oo o o
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o
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Gas/Oil Ratio ocr  USECUMULATIVES GOR vs BHP R RE
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B
]
8000
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§4uun
Q
F
<32|]|][I
0
o 100 200 300 400 500
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1.Wrong p., (I.e. it should be lower), p,; IS still above pg,;

2.Large pressure loss from matrix to wellbore (e.g. low F_,)

3.Dual PVT system (e.g. one oll layer and one gas layer)
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Special Case 3: GOR goes down, before up!

Gas/Qil Ratio 0GR USE CUMULATIVES GOR VS BHP E‘r B & =

© Historical = -GOR‘

. " Solution gas drive reservoirs
35004 R .c?‘-‘ ?
@ 3000 o _ ) _ _ .
Taso0] Pure solution gas drive reservoirs are subject to
Y . : ; . :
£ 2000 /‘l different stages of idealized production.
3 1500 _ ‘
gmoo-*ﬂ* eyt P - - - == —- ) .
ol @ ’ In chronological order, the stages are typically ..
5.0 160 1éD 260 25[)

Time (days) 1.Production while undersaturated (p,; > Peai)

Gas/0il Ratio ocr  USE CUMULATIVES GOR VS BHP o R |

o e - 0o 2. Production while saturated but the free gas is
g . immobile (producing gas-oil ratio goes down)
':': § ; :j-u“mu :

S 3. Production while saturated and the free gas is
mobile (the producing gas-oil ratio is increasing)

Gas/Oil Ratio (scfSTB)

0 50 100 150
Time (days)

More: https://petrowiki.spe.org/Solution_gas_drive_reservoirs
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Special Case 4. Decreasing GOR ...

. i i0 0GR USE CUMULATIVES GOR VS BHP 4 o’
Gas/Oil Ratio osr  usecumuLaTives corvsenr [ [@ £ & [ Gas/0il Ratio g B2
© Historical = = GOR
© Historical = = GOR FElonca
__________________

o
o o
- -]
@ e
B

[ o
s e * %

o
3 %, 3
§ ¥, G a L]
& & B B o e 0O O
Emnu o ® oo Cf ﬁ"g ’ %%‘w
= A =] .
Op o | o a Dg EFI [-]
o, =] X =]

04 cefe come o ‘Eh'} @ M
0 5E+u 1 u'uu 1 5'uu zn'nn o 500 1000 1500 2000

Time {days) Time (days)

Can be explained with a dual PVT system.

High GOR (or gas) layer depletes first (lower viscosity).

Low GOR layer depletes later (higher viscosity).

Sources: SPE-200014, URTeC-2882502, SPE-190797
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Infinite conductive fractures

Note: GOR Trends as Py < Peat

(GOR shoots up as pys < Psar)
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Low Fracture Conductivity
(Linearly increasing GORS)
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Petroleum
Fluids



Alkanes (Paraffins)

Structure Formula

Cn|_|2n+2
17

T H- ¢ ¢H
H—C—C—C—C—H

I H H

H H H H H™C—H

H

n-C,H,,: normal-butane I-C,H,, : Iso-butane
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Cyclo-alkanes (Naphtenes)

Structure Formula

CnHZn

CH,

/N

C;Hg @ cyclo-butane
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Aromatics

C|H3
CH
7\ AN
C‘H C‘I‘—I C‘H C‘I‘—I
CH CH CH CH
\CH - \CH 4
Benzene Toluene
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Watson’s Characterization Factor

Kw ~ 4.5579 M0'15178’}/_0'84573 535

K,, varies roughly from 8.5 to 13.5. For paraffinic compounds,
K, =12.5 to 13.5; for naphthenic compounds, K,, =11.0 to 12.5;
and for aromatic compounds, K, = 8.5 to 11.0. Some overlap in K,
exists among these three families of hydrocarbons, and a combina-
tion of paraffins and aromatics will obviously “appear” naphthenic.
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Specific Gravity

Watson's Characterization Factor

1.2 Increasing
paraffinicity

1.1

10
1.0 .

11 / Paraffinic: K, ~ 12.5-13.5
09 — Naphthenic: K, ~ 11-12.5
0.8 v Aromatic: K, ~ 8.5-11

13
0.7
0.6

50 100 150 200 2560 300 350

Molecular Weight
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Non-Hydrocarbons

« Typically found in reservoir fluids.
 CO,and H,S are unwanted & costly to deal with.

* N, reduces heating value.

N, : Nitrogen H,S : Hydrogen Sulfide | | CO, : Carbon Dioxide
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NGL, LPG and LNG - what’s the difference?

Might be confusing ...
* LNG — liquefied natural gas ~ C,

* Crude oll - C.,/C,,

90 whitson



Enough compositions already ... Back to everyday life!

C, — methane — used for heating

C, — ethane - ethylene - plastic

C,/C, — “Autogas”, fuel in Europe, Turkey, Australia

C:. - Natural gasoline / various kinds of fuel

Source: https://www.eia.gov/todayinenergy/detail.php?id=5930
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Fluid Sampling



Why Sample?

Compositions
e Separator gas
e Separator oll
* Wellstream
* In-situ Reservoir

PVT Data
* Direct use
* Developing a PVT Model
 Validating an existing PVT model
* Fluid initialization
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General Recommendation ...

Collect samples early in a well's lifetime at low drawdowns
and stabilized rates (GOR)
Strongly Recommend that the following data reported

1. Separator GOR in scf/sep.bbl
Separator conditions at sampling
Field shrinkage factor used (=SF)

W N

Flowing bottomhole pressure (FBHP) at sampling
(or wellhead pressures)

Initial reservoir pressure

Time and date of sampling
Production rates during sampling
Dimensions of sample container

© 0 N O O

Total number and types of samples collected
10. Target formation
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“Representative” Samples

“Reservoir Representative”

Any uncontaminated fluid sample produced from a reservoir is
automatically representative of that reservoir

“In-situ Representative”

A sample representative of the original fluid(s) in place

Accuracy of PVT Data # “In-situ Representivity ” of Sample
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“Representative” Fluid Samples

Insitu-representative Samples: Reservoir-representative Samples:
* Represents the original fluid(s) in
the volume drained by the well * Represents any fluid produced from the
during sampling. reservoirr.
* May vary as a function of depth,  Are easily obtained.
from one fault block to another, - May be used to create estimates of the
and between non-communicating insitu-representative fluids!
layers. : .
 All reservoir-representative samples
* May be difficult to measure (having reliable PVT data and
directly, due to near-wellbore compositions) should be used in
multiphase behavior in saturated, developing an EOS fluid
slightly undersaturated, and low- characterization.

permeability reservoirs

« Accurate insitu-representative
samples are used to determine the
Initial hydrocarbons (oil and gas) in
place.
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Production Test Sampling

Separator gas composition -y
» Biggest uncertainty is C4, amount
 Important for GP (LPG & NGL) design
« Useful in “Simplified EOS Approach”

Gas Meter + Key data for EOS modeling

[ Gas ﬁ & Stock-tank oil APl = y,p,
* Field measurement +1-2 °API

Separator
Gas Sample

Separator oil composition — X,
« Not always measured
« Reported density should not be used,
as it is not measured

: Stock-tank oil
Oil Sample

Reservoir temperature — Ty

* Reservoir representative
* In-situ representative
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Separator Sampling

Separator gas composition -y,

 20-liter container; duplicate containers
» Opening pressure QC

Gas
Gas Meter

Gas Sample

Separator oil composition = X,
* Flash-GC compositional measurement
» C., extended GC distribution

Separator

* C., MW and SG important data

Stock-tank oil

o sampie Recombination GOR - Ry, (rs,)

 Unit: scf/separator-bbl !
* Includes only 1st-stage separator gas

Separator Sampling Conditions (T,,ps))
* QC: Hoffman plot | p,(Tgp)=Ps,
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Bottomhole Sampling

BOTTOMHOLE WELLSTREAM COMPOSITION

RESERVOIR
CONDITIONS

Vg

e

R-’-_
Vo

—-lEIyi—-

Vg

(o] «—>

. EBANhI?mNS f’o—-h

BHS = BOTTOMH SAMPLER

fr = B8
M = DENSI

IMATOGRAP H
G POINT DEPRESSION

- R

When is bottomhole sampling
recommended?

 Undersaturated oils

* Flowing BHP higher than saturation
pressure

When is bottomhole sampling not
recommended?

« Gas Condensates
» Foaming olls
« Highly viscous oils
Quality check:
* BH pressure during sampling
* Production conditions prior to sampling
» Perforation interval

» Characterization Factor (Multiple samples)
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Openhole Formation Testing (OFT) Samples

When is OFT sampling recommended?
» Oil reservoirs
» Gas and gas condensate reservoirs
» Layered reservoirs with different fluid

» Compositional grading reservoirs

When is OFT not recommended?

« Highly viscous crude
* Low permeability reservoirs

« Carefully when oil-based drilling mud (OBM)
has been used

Quality checks:

« Saturation pressure and
« Sampling transfer

* Volume of sample
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Sampling Summary

Advantages of Subsurface sampling

 Collect desired sample directly

Can maintain full pressure of sample

Avoids use of surface separators (surface metering uncertainties)

Avoids recombination errors

Less sampling information transmitted to PVT laboratory
Advantages of OFT samples

» Collects the fluid sample directly the formation

 Fluid sample from a very narrow depth interval

» Not affected by fluid segregation in the well
Advantages of separator samples

 Large fluid volumes can be taken

» Easy, convenient and less expensive when surface separators are already on location

* No tools in the borehole

» Does not require single phase fluid in the well bore

101
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PVT Report 1.01



PVT Report 1.01
0 How does a PVT report look like?

e Lab experiments and what they measure
e Most data in a PVT report is not measured
Compositions - the most uncertain lab experiment
5 API gravity are defined at stock tank conditions

@ We don't put the PVT reports into a simulator
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PVT Report Example

v
Weatherford Encana Corporation
$ e . Reservoir Fluid Study
ABLE 1
ENCANA CORPORATION
WELL ECA HZ WAHIGAN 04-12-064-23W5 — RECOMBINED SAMPLE
RESERVOIR FLUID STUDY
COMPOSITIONAL ANALYSIS OF RESERVOIR FLUID
[Belllug Potur w ated Froper
{C]
1955  |Nitropen ; Total Sample
-185 Carbon Dioxude o2
o 603 [Hydropen Suiphide k25 Moleculnr Weight 5716
1617 |Methase ct
889 |Ethame ()
422 |Propase c3 00634 |C6* Fraction
LABORATORIES 117 [i-Betane 1C4 00143 )
06 [o-Buwane u-C4 00362 [Molecular Weight 16792
275 |Pentane 1 00163 [Mole Fraction 02181
361 [a-Peatsae u.C5 00197 |Density (gec) 0.8200
361659 [Hexanes 3 00368
689.9813 Heptanes C? 00391
983-1256 [Octanes cs 00490 [€7+ Fraction
12561506 |Nowsaes o 00402
1506-1739  |Decanes clo 00339 |Moleculsr Weight 176,73
. 17391961 |Undecanes c11 00313 [Mole Fraction 01928
1961215 |Dodecanes ci2 00272 [Densty (gce) 05302
215-235 | Trdecanes 12 00202
Encana Co]’po]‘aﬁon 2352522 |Tetradecanes c14 00262
2.2706 |Pentadecanes c15 00208 |C12+ Fraction
3706-2875  [Hexadecanes c16 00181
2878.2917 [Heptadecaes c17 00167  [Molecular Weight 275 39
2917-3172  |Octadecanes c1s 00170 [Mole Fraction 0.0754
- . 3172-330  [Nossdecanes c1s 00159 [Density (zice) 04780
Reservoir Fluid Study 330-3434  [Eicomam 0 00133 s
3444-3572  |Heneicosues : 00122
iald- 3572-3694  |Docosanes 00114
Field: Kaybob 1694380 |Trcomes avios
. 3803911 [Tetracommes 00097
Formation: Duvernay 3911-4017 [Pentacosmues 00092
4017 2 [Hexacosanes 0.0054
= 4123 2 Heptacosanes 0.0076
Well: ECA Hz Wahigan 223-4317 [Ocscones 00072
43174411 Noaacosanes 00066
04-12-064-23W5 Abored411  [Tricostmes P 00961
CL-70073 Cyelopeatane csH10 0.0009 00011
Methylcyclopeatane csH12 00039 0.0058
Cyclohexane (C6H12 00033 0.0048
August 2015 Methyleyclobexae c7HI4 0.0088 00151
800 |Benzene C6H6 00005 00007
1106 Tolene CTHE 0.0022 0.0035
13611389 [Ethylenzene & pm CsHI10 00025 00046
1434 [o-Xylene csH10 00020 00037
R o eresrions e fos ) . 1689 [1.2 4-Temethyttenzene  |COHI 0.0037 00078
s accepting all "asis”. Chient further sgrees to not disdose e by Westherford L
warransy, express o impiie, o any king i incusing, s not fiises 50 the warranties of
merchantatiity andfer fitnez: far & partizulir purpaze, and such ith the explicit and 3
sy acion cies may take based therean shall be ot s s isk el esgonsisly. Chens shall rave o claim againas Westherford 323
zeq The: i: of e shall apply to any entity receiving by, under or through
i indem " any ersiy 25 recehing rom cier.
Formation: Duvernay, Field Keybod 14 Weamesford Labs File § CL-70073
Locabon: ECA HZ WAHIGAN 04-12-064.-23W5
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Types of PVT Lab Tests

Compositional
Measurements

Standard PVT Experiments

Gas EOR Experiments

Gas Chromatography (GC)

TBP Distillation

CCE
Depletion Tests (DLE/CVD)
Multistage Separator Test

Viscosity Experiment

Slimtube Experiment
Swelling Test
Multi-Contact Vaporization

105
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Accuracy In Measured Data

Saturation pressure:
« Generally within +/- 5 bar.

« Gas condensate might have
larger uncertainties.

Gas Z-factors:
« Generally between 1-3%.

Stock tank oil densities:
o Within 1-2%

STO (and C-,) Molecular Weight:
* Generally within 5%

 Not uncommon to see variation
between different labs of 5+%.

Reservoir oil densities:
« Pycnometer densities generally
within 1-2%.
« DLE densities within 2-4%
(except last stage!).

Separator Bo:
* Generally 1-2%.

Separator GOR:
« Within 5-10%
« Could be higher for lean gas
condensates
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Accuracy In Measured Data

DLE GOR (Released gas):

* Last stage (bleeding process)
should not be weighted!

» Generally within 3 %

» Gas composition C,, content not
accurate!

CVD gas compositions:

* High quality laboratories should
get C-, within +/- 0.2 mole-%.

* Challenge in lean gas
condensates

* Material balance check is ALWAYS
needed — a lot of bad data exists.

CVD cumulative gas produced:
» Generally within 2-3 recovery-%

CCE and CVD oil relative volumes:

» Generally within 5% for volatile oil
and rich gases depending on type of
the cell

Large errors can be expected for
very lean and near-critical fluids.

Minimum Miscibility Pressure:

* High quality measurements should
give oil recoveries above MMP
higher than 95%

» With a well-designed experiment
(pressure selection) MMP should be
within +/- 5 bar.

Viscosities:

* Qil: Large uncertainties, generally
10-20%
» Gas: Usually not measured
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' What is Measured vs Calculated?

TABLE 1
ENCANA CORPORATION
WELL ECA HZ WAHIGAN 04-12-064-23W5 — RECOMBINED SAMPLE
RESERVOIR FLUID STUDY
COMPOSITIONAL ANALYSIS OF RESERVOIR FLUID

Mole Mass Calculated Properties
Fraction Fraction
-1958  |Nitrogen N2 0.0095 0.0046  [Total Sample
-785  |Carbon Diexide o2 0.0043 0.0033
-603 |Hydrogen Sulphide HS 0.0000 0.0000  [Molecular Weight 5716
-161.7 |Mathane c1 04825 01335
-88.9 |Ethane 2 01254 0.0659
-42.2  |Propans c3 00812 00634 |C6+Fraction
-11.7  |i-Butane +C4 00140 0.0143
-0.6 |[n-Butane n-C4 00356 00362  [Molecular Weight 167.92
278 |i-Pentane +C5 00129 0.0163  [Mole Fraction 0.2181
361 |o-Pentane n-C5 00156 0.0197  [Density (glec) 0.8200
361-689 |Hexanes [« 00244 0.0368
689-983 |Heptanes c7 00213 0.0391
983-1256 |Octanes s 00245 0.04%0 C 7+ Fraction
1256-1506 |Nonanes [o.} 00179 0.0402
1506-1739 |Decanss clo 00136 00339  [Molecular Weight 178.73
1739-1961 |Undecanes Cl1 00122 0.0313  [Mole Fraction 0.1928
196.1-215 |Dodecanes Cl2 0.0087 0.0272  |Density (glcc) 0.8302
215-235  |Trdecanes Cl13 0.0095 0.0292
235-2521 |Tetradecanes Cl4 0.0079 0.02
1522-2706 |Pentadecanes Cl5 0.0058 00208 |C12+Fraction
2706 -2878 |Hexadecanes Clé 0.0047 0.0181
2878-2917 |Heptadecanss C17 00040 00167 Molecular Weight 27539
291.7-3172 |Octadecanes Cls 0.0039 0.0170  [Mole Fraction 0.0754
317.2-330 |Nonadecanes Cls 0.0034 0.015%  [Density (glce) 0.8780
130 -3444 |Eicosanes 20 0.0028 0.0133
3444 -3572 |Heneicosanes [s23] 0.0024 0.0122
3572-3694 |Docosanes 22 0.0021 00114
169.4 - 380 |Tricosames 23 0.0019 0.0106
180-391.1 [Tetracosames 24 0.0017 0.0097
391.1-401.7 |Pentacosanes C25 0.0015 0.0092
401.7-4122 |Hexacosanes 26 00013 0.0084
4123-4222 |Heptacosames c27 00012 0.0076
4223-4317 |Octacosanes 28 00011 0.0072
431.7-4411 |Nonacosanes 29 0.0009 0.0066
Above441.1 |TricontanesPlus C30+ 0.0087 0.0961
489 |Cyclopentans C5HI0 0.0009 0.0011
721  |Methyleyclopentane C6HI12 0.0039 0.0058
Bl1.1 |Cyclohexans C6H12 00033 00048
1011  |Methyleyclohexane CTH14 0.0088 0.0151
800 |Benzene C6HE 0.0005 0.0007
1106 |Toluene CTHS 0.0022 0.0035
136.1-1389 |Ethylbenzene & pm-Xylene |CEHIO 0.0025 0.0046
1444 |o-Xylene CEHIO0 0.0020 0.0037
1689 |12 4-Tromethylbenzens C9H]12 0.0037 0.0078
Toral T0000 T0000
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A “Recombined” Composition

Stock Tank Separator Recombined Flashed
Fluids Fluids Reservoir Fluid Liquids

S\

Copyright © Whitson AS 109 Whitson



Mathematical Recombination
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Petroleum System Components
Component :::I
s s | Non-HC

M2 2B
« Non-hydrocarbons ( ) o -
. c3 4410

e Pure compounds with known i 58.12 Pure compounds
molecular weight = ==
nC5 7215
» Hydrocarbons (C1, C2, C3,iC4, ..., C6) cs —
Meyclo-C5 8416
* Isomers ( ) s —
_ C 100.21

* Single-Carbon Number (SCN) Nylo G =2 | Mix of isomers &

components Ca 11423 SCN components
C2-Benzens 106.17
. mAp-Kylene 0617
e.g. C10, C11, C12 s —
4 12B.26
10 134.00

cii 147.00 SCN components
12 161.00
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Compositional Measurement

» Mass of the individual o | componen - —
components is measured using i s 08
a gas chromatograph (GC) o

« Weight fractions, w;, of each - T r
component is converted to Y. i
moles by using the total sample R —————— i w1
molecular weight, M, and the cam 0 L

% ipSoere 7 517

TR T L) o

From GC, Measurement x o um e
might be accuracy +5-10% —1 — —
uncertain aC 2w Zw
\\ e S

M — cStiimatea

Zi — Wj; — % Ic 00 000

l g aE =

M; -  ——
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Ly

Core Lab HYDROCARBON LIQUID ANALYSIS
WDODBESS- 2 34823 52136-201B-9284
CormINER DENTTY ME=RO WELL LICE S MM LABCRATCR Y FILE NUMEE R
ARC Resources Lid. 2
PmRaTon PaE
100/14-12-0B4-24W 60D ARCREs HZ Inga G13-14-B4-24 GEB.85 G63.05
LoATICH (e WELL NAME CEC T
Ings Mo nin ey TARAENEmy Services
FIELD o AREA, POOL o Zore anLER

TESTTYPE AMD NO,

Condensate Dump

PONTOF SAMPLE

SAMPLE PORTID

e o GasLrr mwan
2208.9- 4755.1 waren 26.70 i aL 7450 G 192370 o
ST RTEAL PR ]
2386 g = 552 p22 o 17
mmmon mEmwan ome R T p—— e
P kPa {gauge s Temperalures, "C
aL01:00 hrs TESEUIES, ae) '
2016 09 20 2016 10 04 2016 10 11 cG a
A= SAMPLED (7 IAT) | GRE FECEER (AT ETE A ALYZED (AT oL S i TR CaAT A rERT
- Lo CALELL ATED PReERTIES ., RESDUE (15150)
conporent |l | acmen | o | e
TB5.7 hgier 0.7654 533
My Trace Trace Trace Track e rEL A o
&
CO, 0.0001 Trace Trace 0.2 m
HyS 0.0000 | 0.0000 | 0.0000 0.0 -
CALGLL ATED PROPERTIES OF TOTWL SAWPLE (164 G
c, 0.0687 | 0.0M7 | 0.0267 /ﬁ-\ 8547 g EEs3 752
c, 0.0625 | 0.0200 2 2221 e rEL A e
c, nosio | o 00575 | 3344 S —
LTI ML EGLAR TS S
ic, 00327 00236 | 0.0267 166.5 P ——
C,~{ 00854 | 0.0528 | 0.0618 /35{3 ‘ 01721 1 e e Liqud ey ‘
| iCy 0.0527 | 0.0404 | 0.0443 257.3
/ c, 0.0562 0.0431 w 2719 REMARKS: Saturation pressum @ 22°C (kPa gauge) = 2069

Warning! Sep. Oil Liquid Analysis Density

CALCULATED PROPERTIES OF TOTAL SAMPLE (15/15°C)
" . S ——

F———

i 684.7 kgim?

0.6853

DENSITY

75.2 l/
|

RELATIVE DENSITY API@155°C

94.07

RELATIVE MOLECULAR MASS

113

The lab reported density
should not be used as it is
not at separator conditions.

gravity and specific
gravity is by definition at
/' stock tank conditions.
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\6)We don’t put the PVT reports into a Simulator

v

Weatherford [ [} I_

A [Navigator:
IMEX

SENSOR

“We need to build a model that replicate the data (i.e. EOS or BOT)!”
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PVT Models



PVT Models

Models used to establish p-V-T relationship for different fluids
produced from a basin/field/reservoir

All engineering calculations require the following for a given
pressure, temperature and composition:

« Amount of each phase
* Density of phase
* Viscosity of each phase

Two types of PVT models are generally used:

« Compositional (EOS) model
 Black oil PVT (BOPVT) model (derived from EOS models)
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EOS Models
Overview



Main Variables of EOS Model
* Tank model (base case):

Pressure is defined by the
average force on the tank
wall or p=F/A

»
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Main Variables of EOS Model
* Tank model (base case):

»

»

»

119 whitson



Main Variables of EOS Model
* Tank model (double speed): increasing temperature

»

»

»
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Main Variables of EOS Model
* Tank model (double number of particles):

N ® ®

e »

e ©

»

121

Increasing
molar amount

whitson



Main Variables of EOS Model

* Tank model (increase volume): Iincreasing volume

»

»
»

»

122
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Main Variables of EOS Model

* Tank model must follow the following:
op o< T
OP OC n

px1/V

*Result: Ideal Gas Law p = %

123 whitson



The evolution towards the modern EOS

An equation of state:
Thermodynamic equation
relating pressure, volume,
temperature and internal
energy of fluids.

SRK (1972) —a=1and =2
PR (1976, 1978) —a=0and =2

Van der Waals (1873)

The ideal gas law (1834) ‘

124 whitson



What i1s an EOS Model?

Expt

Liquid Density (

-

@

w

g =2
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What i1s an EOS Model?

Equation Component Properties Binary Interaction Parameters
(BIPS)

Table 3. PERA EOS model parameters. Table 6. PERA EOS Binary Interaction Parameters for C;, with C; to Cy5.

Acentrie Volume
tor shift
-0.16758 0 : 41.0

Parachor

Peng Robinson

-28313
.31047

(PR) =ttt s

0.34698
38361
42051

.45752

40112

Soave-Redlich- Component Name

Kwong (SRK) Molecular Weight
Critical Pressure

Critical Temperature roperties
Acentric Factor 7+p p

Volume Shift need to be
(C;rltlca'l Z-fgctor approxim ated

TTT TS

424.304

435.085

$75.660
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Underlying Technology: Basin-Wide EOS Models

Wells with

PVT Data PVT Reports EOS Model All wells

L

Schiumberger 4y A strarum

v
Weatherford ELENTS EGET,
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Multi-Sample (Common) EOS Model

®

.
Pressu
@ Expt
—Default
E f\
o
3
]
|
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Multi-Sample (Common) EOS Model

Each sample is described
by the same EOS model,
where each sample’s
uniqgue composition is all
that Is required to
accurately predict PVT
data for that specific fluid
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Multi-Sample EOS Models

Basin B Basin C

¢ R

(Cll)A ¥ (Cll) * ((_:11)

re——————————————— Canbe

I (CSOp)A F (Cg()p) ¥ (CSOp) I radically

— — — — — — — — — — o ] different
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Predict
Compositions



Compositions are Needed for EOS Calculations!

Expt

Liquid Density (|

-

@

w

g =2
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... But how do you get them?

Sampling Storage Find Composition

@ © 5

~10,000 USD ~20,000 USDl/year ‘Needle in the Haystack”
Laboratory Analysis PVT Report

~40,000 USD ~100 pages
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PVT Report Example

Weatherford

LABORATORIES

Encana Corporation

Reservoir Fluid Study
Field: Kaybob
Formation: Duvernay
Well: ECA Hz Wahigan
04-12-064-23W5
CL-70073
August 2015

The items, s dion or opinians delivered
iz accepting all “as ", Cient further agrees to not disclose o iy Westherford
ior, or warranty, expres:s or imphed, of ary kind g luding, Bust nct fimied
particular purpase, and such the explict e
amy action cliemt may take based therecn shall be atits own risk and responsisilty. Cline zhall have no clsim againzt Westherfard a2 2
seq The i of i hall apply to any entity receving by, under ar through
i indeme i any ersity za receiving from chere.

134

Weatherford Encana Corporation

LABORATONIE Reservoir Fluid Study
E1
ENCANA CORPORATION
WELL ECA HZ WAHIGAN 04-12-064-23W5 — RECOMBINED SAMPLE
RESERVOIR FLUID STUDY
COMPOSITIONAL ANALYSIS OF RESERVOIR FLUID
[Belllug Polut ated Fropertien
{C
1958  |Nitropen Total Sample
-185 Carbon Dioxude
-603  |Hydropen Seiphide Moleculnr Weight 5716
1617 |Methase
889 [Ethane
422 |Propane 00634 |C6+ Fraction
117 [i-Butane 00143
06 |o-Buane 00362 |Motecular Weight 16792
278 |-Pentane 00163 [Mole Fraction 02181
361 [o-Pestane 00197  |Density (glec) 0.8200
36.1-689  |Hexames 00368
689.983  [Hepranes 00391
983-1256 [Octanes 00490 |C7+ Fraction
12561506 |Nosaaes
1506-1739 |Decanes clo (Molecular Weight 178 73]
17391961 |Undecases c11 Mote Frectson 0.1928]
1961-215  [Dodecanes c12 Densty (plcc) 05302
5-235  [Tridecanes &Y
2522 [Tetradecanes c14
2706 [Penadecanes c1s 00208 |C12+ Fraction
2878 |Hexadecanes c16 00151
2917  [Hepradecanes c17 00167  [Motecular Weighs 275 39)
3172 [Octadecanes c18 00170 [Mole Fractson 0.0754)
3172-330  |Nossdecanes c19 00159  [Density (zlec) 08750,
330 - 3444 [Eiwcosane C20 00133
3444-3572  |Henewcosanes 21 00122
3572-3694 |Docosmes c22 00114
369.4-380 |Tricosnes 23 00106
350-3911 |Tetracomaes 24 00097
3911-4017  [Peatacosmes 00092
4017-4122 [Hexacosanes C26 0.0054
4123.4222  [Hepracesanes 27 0.0076
4223-4317  |Octacossmes 28 0.0072
4317-4411  |Nosscosaes 29 00066
Abore 4411 [Tricontmnes Phn 30+ 0.0097 0.0961
489 |Cyclopeatane C5H10 0.0009 00011
2 [Methylcyclopentame C6H12 00039 00058
811 |Cyclohexane C6H12 0.0033 0.0048
1011 |Methyleychohexane c7HI4 0.0088 00151
Benzene C6HE 0.0005 0.0007
Toleue CTHS 0.0022 0.0035
Ethylbenzene & p.m- C3H10 0.0025 00046
o-Xylene CsH10 00020 0.0037
2. 4-Teametbylbenzene CoH12 0.0037 00078
To00 |

Formation: Duvernay, Field: Kay 14 Weatherford Labs File # CL-70073

yooD
Location’ ECA HZ WAHIGAN 04-12.064.23W5
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Setting the Stage

PVT Studies:
~25 — 50 USDk/well

Sample Storage:
~20 USDk/well/year

Gets expensive fast!
Typically:

~ performed on <1%
of Wells in a Basin

@ Wells with PVT studies
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Setting the Stage

What to do
with the >99%
other wells?

@ Wells with PVT studies
® \Wells without PVT studies
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Use the Available Data

Available Data : whitson+

Initial producing GOR

Initial producing GOR & API gravity

Initial producing GOR & saturation pressure

Dry/wet gas composition

Separator compositions

Source: https://manual.whitson.com/modules/fluid-definition/

137

10000 scf/STB

600 scf/STB & 38 API

1250 scf/sep.bbl & 3000 psia

80% C,, 15% C,, 5% C,

See Example Later

whitson



Black Oil PVT



PVT Properties are a function of

PVT = f(p, T, z;)

= Pressure

= Temperature

= Composition

"PVT" means the collection of intensive properties (independent on amount), e.g. psat, density

139 whitson



PVT Properties

PVT = f(p, T, z;)

= 2+(n-1) dimensions

= n:Is the number of components

= n =2 - “Black oil model”

whitson



The Black Oil Model
can be used for ALL
Reservoir Fluid Systems




So.. why is it Called “Black Oil” Model?

e Just tradition

* Two component PVT model
Oil in the tank — “the oil in the tank was always black”
Surface gas

“Should have been called the
two-component PV T model”

- Keith Coats (1934-2016), Pioneer in Reservoir Simulation
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Black Oil PVT Model

* Two components: Surface oil and surface gas
* Model Parameters: B, Rq, Uy | Bygs s Mg
« Compositions of reservoir oil and gas phase: R. |,

* Model Is dependent on surface processing

143 whitson



Oil Reservolr

“Reservoir Oil”’

“Surface Oill
Originating from
Reservoir Oil”

“Surface Gas
Originating from
Reservoir Oil”

144
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0g

Jg-

Gas Reservolr

“Reservoir Gas”

“Surface Oil
Originating from
Reservoir Gas”

“Surface Gas
Originating from
Reservoir Gas”

145

(S~
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Black Oil PVT Properties

.—m

()]

o

(-

(D]

o

()]

g®)

= > S

s =Y =

(7]

(D)

(@)

m

o

c

(D)

©

c

) S

o Vg IS ) o o

g NS Voi S _gi S

7 ! I I I
<

w ) MIS Q 2]

o M ' as

o

whitson
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Qil FVF, B, [RB/STB]

1.8

1.7 A

1.6 -

1.5 -

1.4 A

1.3 A

1.2 A

1.1

1.0

Oil Formation Volume Factor, B,

Bubblepoint
-o-0Qil FVF
Saturated I Undersaturated
)
0 20I00 40I00 BOIOO 80I00 10(I)00 12600 14600 16(I)00
Pressure, p [psia]
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Solution GOR, R,

Bubblepoint
I
| -o-Solution GOR
1400
Saturated I Undersaturated
1200 I
51000 | ‘ o o O o o o o o V
% —
2. 800 -
R, = o
[v'd —
3 600 - S V
E:, 400 - 0 0
200 -
0 ¢

0 2000 4000 6000 8000 10000 12000 14000 16000
Pressure, p [psia]
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Gas FVF, Bgd [RB/scf]

0.30

0.25
0.20 -
0.15 -
0.10 -

0.05 -

gmﬁg@@axp—o-oo_o_; —o0— 00— 0o o o o 5
-1 O o, O 0 0, &, 9, O o

0.00

Gas Formation Volume Factor, B4

Dewpoint

-o-Gas FVF

Saturated Undersaturated

I
I
I
I
|

2000 4000 6000 8000 10000 12000 14000 16000
Pressure, p [psia]
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Gas Expansion Factor, b4

Dewpoint

I -0-Gas Expansion
2500
Saturated | Undersaturated

2000 - I
= l
x
2
B, 1500 -
]
H
[7]
s
1000 -
®
o

500 -

0 'g' T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000
Pressure, p [psia]
150

16000
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Soluiton OGR, rs [STB/MMscf]

90

80

70 -

60 -

50 -

40 -

30 A

20 -

10

Solution OGR, r, (=R,)

Dewpoint
-o-Solution OGR
¢ Saturated Undersaturated
v
o o o o o o o o o V
0 20I00 40I00 BOIOO 80I00 10(I)00 12600 14600 16600

Pressure, p [psia]
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Equilibrium Ratios
K-values



K-Values

Ki =Y/ X

K. represents the relative preference of
component | to “be” in the gas phase or oil

phase:
1. Relative preference is to be in gas phase: Ki > 1
2. Relative preference is to be in the oll phase: Ki <1
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K-values

K. — Vi
[ = —
Xi
Preference of a component to be in the
vapor phase compared to liquid phase

E.g. Kep > Kego

Physically relevant when a fluid system
exists in two phases at givenp and T

154

For a given
temperature (T) and
composition (zi)

Variahons of equilibrium
N cmowth pusur‘afH

10.0 4,.|Li° F

17

—&

0.1

Equilibrium Ratio, K
‘l
E
Ul

Heptones *°q.,
}_& heavier
not on chort

0.01 |

Pressure, psia
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K-values (low pressure range)

Constant Temperature T’

K |
Ki ~ Pvi (T)
« p R
9 « >
@
O
% ~-1
o
3 1 P
Log scale Pressure
pvi(T)
Low pressure (<1500psia)

A
y

Relevant mainly for surface
processing where “T” is also lower
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Log scale

K-values (high pressures range)

Constant Temperature T’
Ki=f(@ T ,p(2,T))

< »
<«

Shape of the nose

Log pressure

Low pressure (<1500psia)

A
y
A
v

Relevant at
reservoir conditions

156

»

N\

i Convergence pressure, p,

K=1 for all components
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Retrograde Condensation

o

A A

VaporizationI Condensation

What happens here???
“Negative flash”

|
|
|
|
|
I P Pa \ P P

Oil Saturation (%)
Log(K))

%
0/7?
e[‘/'

P O

Vaporization

« Heavier the component — longer the condensation region
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Initial Fluids In Place



Oil Reservoir — In-place Numbers

, '
N, = 00IP, = -
Boi Voo
7758 A h (1—Swi)
— [STB]
Boi

GO : OGIPg - NORSi[scf]
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Gas Reservoir — In-place Numbers

7758 A h (1—-Swi)
- [scf]
Bgdi

Ng — OOIPg — Ggrsi [STB]

(S~
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In-place volumes: All Reservoir Fluids, Two Equations

~ HCPV
~ FVF,,,

original oil in place original gas in place

N

G — N x GORtOt

Source: https://manual.whitson.com/modules/bot/
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Total Formation Volume Factor (FVF,,,)

FVFip = —5—

Bo | Bgd/‘T‘S

which for a single-phase oil reservoir type (S, = 100%) will simplify to F'V F},; = B, and for

gd

B
a single-phase gas reservoir type (S, = 100%) will simplify to FV Fioy = — . For a two-

=]

phase saturated case, the total FVF will represent a saturation weighted oil FVF.

Source: https://manual.whitson.com/modules/bot/
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Total Gas-Oil Ratio (GOR,,)

GORot = Bgdsg

Irs |
B,y  Bo

which for a single-phase oil reservoir type (S, = 100%) will simplify to GOR,.t = R and for
a single-phase gas reservoir type (Sg = 100%) will simplify to GORoy = Ti For a two-phase

saturated case, the total GOR will represent a saturation weighted GOR.

Source: https://manual.whitson.com/modules/bot/
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Exercise: What is OGIP and OOIP?
HCPV = 5000 MRB

Total FVF

Total GOR

OOIP
OGIP

Oll
1.93 RB/STB

2000 scf/STB

Gas

5.91 RB/STB

10000 scf/STB

Two-Phase

2.46 RB/STB

2000 scf/STB

whitson



A Advanced Topic

Black Oil Table
Generation



Black Oil Table (BOT)

@ T = constant

e R Bk B |

Res. Simulation RTA/PTA Pipe Flow Process
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What Is a BOT a function of?
Or what’s required to create it?

EOS | Temperature | Composition | Surface Process



Black Oil PVT - Recap

» Two component PVT model: Oil and Gas

» Three properties are defined for each component:
» Composition (R, | r)
* Formation volume factor (B, | By,)

* Viscosity (U, | Ug)
 Surface oil and gas densities are assumed constant:

* Yoo =VYog ¥ f(Rs,75)

* Y50 = Vgg ¥ f (R, 15)
* PVT properties are process dependent (assumed constant)

* Reservoir temperature is assumed constant
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Black Oil PVT - Recap

u
Ho

Process Independent

whitson
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1 m3is not always 1 m?



Black OiIl PVT
Properties are a Function
of Surface Process



BOT from EOS — Requirements

Equation of State (EOS) Model
Temperature
Composition (zgg;)

A

Surface process

e.g. Multi-stage separator (Pspys Tep1s -5 Pser Tsc

5. Reservoir depletion process
+ CCE | CVD | DLE

172
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Traditional Black Oil Tables (<1980)

Don’t use!

Solution Oil-Gas Ratio {scf/STB}

e R
O S

0il FVF (rb/STR)
oM
» o

3.500

3.000

2,500

2.000

1.500

1.000

0.8

e
@

il Viscosity (cp)
o
=

0.2

1 dOO 2.000 3,000 4.000 5.000 6.000 7.000 8.000
Pressure (psia}

1,000 2.000 3,000 4000 5,000 6,000 7.000 8,000
Pressure (psial

1,000 2,000 3,000 4,000 5,000 6,000 7.000 8,000

Pressure (psia}

173

2,000

1/Gas FVF [scfirb)

Gas Viscosity (cp)

1800

1,600 1 / B

1,400 gW
1200
1,000
800
600

400

1.000 2,000 3.000

7.000 8.000

01z
010
oo g
0.06

0.04

1,000 2,000 3,000

7,000 8,000
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Modified Black Oil Tables (~1980)

Solution Oil-Gas Ratio {scf/STB}

e R
O S

0il FVF (rb/STR)
oM
» o

3.500

3.000

2,500

2.000

1.500

1.000

0.8

e
@

il Viscosity (cp)
=
IS

0.2

1,0-00 2.000 3,000 4.000 5.000 6.000 7.000 8.000
Pressure (psia}

1,000 2.000 3,000 4000 5,000 6,000 7.000 8,000
Pressure (psial

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Pressure (psia}

174

Solution Oil-Gas Ratio {STB/scf}

2,000
1800
1,600
1,400
1,200

1,000

1/Gas FVF [scfirb}

@
o
=3

600

400

0.00025

0.00020

0.00015

0.00010

0.00005%

0.00000

01z

010

oo

0.06

Gas Viscosity (¢p)

0.04

1/B,,

1000 2,000 3.000 4,000 5.000 6.000 7.000 8.000
Pressure (psia)

1o00 2,000 3.000 4,000 5000 6,000 7.000 8.000
Pressure (psia)

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Pressure (psia)
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Modified Black Oil Tables (~1980)

2,000

Solution Oil-Gas Ratio {scf/STB}

e R
O S

0il FVF (rb/STR)
oM
» o

3.500

3.000

2,500

2.000

1.500

1.000

0.8

e
@

il Viscosity (cp)
o
=

0.2

3,000 4.000 5.000

Pressure (psia}

6.000 7.000

1.000 2.000 3000 4000 5,000

Pressure (psial

6,000

4,000 5,000 6,000 7,000

Pressure (psia}

1,000 8,000

175

Solution Oil-Gas Ratio {STB/scf}

1/Gas FVF [scfirb}

1800
1,600

1,400

1,200

1,000

@
o
=3

600

400

0.00025

0.00020

0.00015

0.00010

0.00005%

0.00000

Gas Viscosity (cp)

01z

010

oo

0.06

0.04

1.000 2,000 3.000 4,000 5.000 6.000 7.000 8.000

Pressure (psia)

1000 2,000 4,000 5,000

Pressure (psia)

6,000 7.000

4,000 5,000
Pressure (psia)

1,000 2,000 3,000
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Extrapolated Black Oil Table (~2000)

O Critical Point

Solution Oil-Gas Ratio {scf/STB}

2.8

2.6

2.4

2.2

2.0

0il FVF (rb/5TR)

3.500

3.000

2,500

2.000

1.500

1.000

0.8

06

0.4

il Viscosity (cp)

0.2

3,000 4.000 5.000

Pressure (psia}

6.000

1.000 3000 4000 5,000

Pressure (psial

6,000 7.000

4,000 5,000 7,000

Pressure (psia}

1,000 6,000

176

Solution Oil-Gas Ratio {STB/scf}

2,000

1/Gas FVF [scfirb)

1800
1.600
1,400
1200
1,000

800

600

400

0.00025

0.00020

0.00015

0.00010

0.00005%

0.00000

Gas Viscosity (cp)

01z

e
o
@«

o
o
&

0.04

1.000 2,000 3.000 4,000 5.000 6.000 7.000 8.000

Pressure (psia)

1000 2,000 4,000 5,000

Pressure (psia)

6,000 7.000

4,000 5,000
Pressure (psia)

1,000 2,000 3,000
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Reservoir Fluid Classification

Ro5TS EED

Black Oil <1.5 <1,000

Black Oil

Pressure =——p
= = e = == =

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Reservoir Fluid Classification

2

(@)

c‘—g Black Oil <1.5 <1,000
Volatile Oil 1.5-2.5 1,000-3,000

<= = === ==/Volatile Oll

Pressure =——p

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Reservoir Fluid Classification

_ T
S = 5
s E 3 .
0 = 2 Black Oil <15 <1,000
: | Volatile Oil 1.5-2.5 1,000-3,000
| | Near-critical 2.5-4 3,000-4,000
|
|
|
v

Pressure =——p

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Reservoir Fluid Classification

(D]
I
— ® C _
O @ S S -
< = >3
(&) ('_5 c @) _
= 9 2 9 Black Oil <15 <1,000
O
T : ' Volatile Oil 1525 1.000-3,000
|
o | ' Near-critical 2.5-4 3,000-4,000
5 | |
g | : Gas Condensate 4-50 4,000-100,000
- |
D_ v

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Reservoir Fluid Classification

(D]
I
— ® 2 _
O @ S S -
< = 5 5 .
5 & 307 _
= 9 2 8O Black Oil <15 <1,000
8
T : L Volatile Oil 1525 1.000-3,000
|
o | Lo Near-critical 25-4 3.000-4,000
= I I
g I : I Gas Condensate 4-50 4. 000-100,000
bt | |
o v v

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Reservoir Fluid Classification

)
2
= El- _
O Q@ G S .
S £ %E.
g a g O @ .
= 9 2 80 Black Oil <1.5 <1,000
S s
T | TR Volatile Oil 1.5-2.5 1,000-3,000
|
o : Lo Near-critical 2.5-4 3,000-4,000
= | L
g I : I Gas Condensate 4-50 4. 000-100,000
— | |
Q. Y /I' «Wet» Gas >50 >100,000

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Reservoir Fluid Classification

)
@
= El- _
O @ S S -
S £ %E.
g a g O @ .
= 9 2 80 Black Oil <1.5 <1,000
S s
T | TR Volatile Oil 1.5-2.5 1,000-3,000
|
o : Lo Near-critical 2.5-4 3,000-4,000
> | L
g I : I Gas Condensate 4-50 4. 000-100,000
— | |
O Y /IY «Wet» Gas >50 >100,000
I“ ]
2 Dry «Dry» Gas 0 =

Temperature =—p

* These numbers are rules of thumb and should not be interpreted at absolutes.
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Black Oil Tables
can be used for ALL
Reservoir Fluid Systems




Reservolr Water



Reservoir Water

Fluid Initialization

Initial GOR, Ry Initial Water Saturat Initial R

1000 scf/STB 30 % 8000 psia

Initial Solution GOR, R 0il Saturation, S<sub=o0</sub> Saturatior

1000 scf/STB  70.0 3270.57 2

Initial Solution CGR, r./R, Gas Saturat Reserv atur

32.37 STB/MMscf 0.0 200 FO
SAVE

» Water viscosity (4,,) ranges
0.3 cp (>250 F) to about 1 cp
at ambient temperatures.

» Water compressibility (c,)
ranges 2.5t0 5 x 10 1/psi.

* Finally, reservoir brines exhibit
only slight shrinkage (<5%)
when produced to the surface.

* The brine that is sharing pore
space with hydrocarbons
always contains limited about
of gas in solution (mainly
methane), ranging 10-35
scf/STB.
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whitson*: Set Zoom to 70-80%

W whitson” b4 + % = X

< C @ https://internal.whitson.com/fields/2/projects/49/wells/241/pvt/fluid-definition Q v w OB & 4 » O ﬁ, :
Field Project well A Analysis
o ) _ q +
oo Fields = whitson” gaden -  stanPhD-Projec{ ~  VolatleOil v  Main  ~ New tab ctr+T
g Projects New window Ctrl+N
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL . . .
New Incognito window  Ctrl+Shift+N
Main Data & Models ~
A T Reservoir Fluid Composition @® i [# Surface Process i@ History >
~ Production Data ~ +
Method: APl and GOR ‘v‘"g\og‘pfcwf c P'CQI%?)SF Downloads Ctrl+)
Production Data Analysis ~ ‘ A, 147 psi 60F Bookmarks 4
e Decline Curve Analysis
rm
(@  Bottomhole Pressure Zoom B 50% + LJ
& Flowing Material Balance Phase Envelope v O3 b4 @ Print... Ctrl+P
~ Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
_ s o Cast...
ubblepoint Dewpoint
X Numerical RTA i
Find... Ctrl+F
B Numerical Model 8000 S
o o More tools >
Nodal Analysis
Click here
Multi-well Analysis IS Edit Cut Copy Paste
B8 MultiwellDCA 6000 i
Settings
N Type Well

Diagnostic Plot

(Alternatively, CTRL + “-” Help '
— R on keyboard) -

e
=}
=}
S

Pressure (psia)

Gas EORPVT v
2000
1000
o
0
0 100 200 300 400 500 600 700

Temperature (F)

© 2023 - Whitson AS. All rights reserved

- , ENG 535PM
£ Type here to search o & @ z ) & NO  3/1/2023 E’
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whitson*: Maximize Screen by “F11”

W whitson” b4 + % = X

< C @ https://internal. whitson.com/fields/2/projects/49/wells/241/pvt/fluid-definition Q » % O F & 4 2 0O ﬁ :

Field Project Well v Analysis A~
GO ek = whitson™ saken - SianPrDPoect - VolatleOl - Man < ¢« > i ©B Fr 7 00
ogo Projects

Wells

Main Data & Mode|

A o
A Produef .
Production Data Al Cl I C k F 11
&
@
[l
7 Analytical RTA o Initial Reservoms
= T — Bubblepoint

B Numerical Model

~ Nodal Analysis

7000
Multi-well Analysis ~
B8 MultiwellDCA 6000
N Type Well 53
éSDUD
Diagnostic Plot >
5
Advanced PVT & Phase Behavior ~ § 4000
o
Virtual PVT Lab v 3000
Gas EORFVT v
2000
1000
0
0 100 200 300 400 500 600 700

Temperature (F)

© 2023 - Whitson AS. All rights reserved

£ Type here to search e R o™ 0 A G G B W 72 ) P ENG 537 PM =

NO  3/1/2023
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whitson*: More Screen Real Estate

el v Analysis
O, Id: - . + .
go  Fields = whitson eomian - ~  Hunt002 ~  Main  ~ ¢ > i B r @ 0@
ol Projects
wells FLUID DEFINITION BLACK OIL TABLE EC
Main Data & Models s
A PVT Reservoir Fluid Composition &© | [4 Surface Process i @

A/ Production Data

Production Data Analysis A A

’é/; Decline Curve Analysis
@ Bottomhole Pressurs
|2 Flowing Materal Eslance Phase Envelope v O T EB
v Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
B Numerical Model 8000 o
x Nodal Analysis
7000
Multi-well Analysis A~
Eg Muhi-well DCA 6000
L Type Well E
2 5000
E Diagnostic Flot y
5
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab v 3000
Gas EOR PVT w
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

® 2023 - Whitson AS. All rights reserved
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whitson*: More Screen Real Estate

Field Froject e v Analysis
_ . + s .
= whitson Permian ~ Main ~ Hunt 002 =~ Main - &« S 1 @ F n 0 @
FLUID DEFINITION ~ BLACK OIL TABLE EO DEL
Reservoir Fluid Composition ® | [ Surface Process i &
Phase Envelope v 3 L E B
< Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint — Dewpoint

8000 <

7000

6000
=
@ 5000
B
2 4000
8
a

3000

2000

1000

o
0
0 100 200 300 400 500 600 700 800

Temperature (F)

® 2023 - Whitson AS. All rights reserved
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whitson*: Navigation Panel

= 4 P Project Well v Analysis
. . ) | :
S0 Fields = whitson Permian = <5 i SR T 7 ®
ngn Projects @
Wells FLUID DEFINITION  BLACK OIL TA
Main Data & Models ~

A BT Reservoir Fluid Composition N aVI g atl O n Pan eI
oo . Overview of all modules

Production Data Analysis ~
’3; Decline Curve Analysis
@ Bottomhale Pressure
£ Flowing Materisl Balance Phase Envelope v O T EB
~ Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
Bl Numerical Model 8000 o
ZX  Nodal Analysis
7000
Multi-well Analysis A~
gg Muhi-well DCA 6000
Type Well E
A 2 5000
Diagnostic Plot y
=
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab 4 3000
Gas EOR PVT w
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

All rights reserved
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whitson™*: Software Hierarchy

§ e Project Wel v Analysis
e _ :
Zo  Fiel = whitson  pemian ~ Main ~ Hut002 -~  Main -

FLUID DEFINITION BLACK OIL TABLE EOS MODEL

Main Data & Models ~

A PVT

A/ Production Data

e =& Software Hierarchy Next / Previous Well

In a project

Decline Curve Analysis

Fields - Projects > Wells

Flowing Material Balance

G
@ Bottomhole Pressure
=

4 Analytical RTA

= Numerical RTA

B7  Numerical Model 8000 o
X Nodal Analysis
7000
Multi-well Analysis ~
s Mutti-well DCA 6000
Type Well =
A " 5000
Diagnostic Plot y
=
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab » 3000
Gas EOR PVT v
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

023 - Whitson AS. All rights reserved
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whitson™: Create Multiple Analyses for a Well

o + Field oy Well v Analysis
Field: = i : L
e° b = whitson Permian = Main = Hunt 002 = Main - « > i B F 7 @ e
oso Projects . |
Add new analysis &
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL
View all analyses
Main Datz & Models ~

A T Reservoir Fluid Composition ® i [4 Surface A i Save an anaIySIS
com oo Vo) (or interpretation)

Production Data Analysis ~

for a given well

’ar; Decline Curve Analysis
@ Bottomhole Pressure
£ Flowing Material Balance Phase Envelope v O T EB
A Analytical RTA © Initial Reservoir Conditions o0 Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
E Numerical RTA
B Numerical Model 2000 N
X Nodal Analysis
7000
Multi-well Analysis ~
= Multi-well DCA 6000
Type Well =
= ¢ 5000
@ Diagnastic Plot E’
2
Advanced BT & Phase Behavior A § 4000
-
Viral PYT Lab v 3000
Gas EOR PVT v
2000
1000
o
0 100 200 300 400 500 600 700 800

Temperature (F)

2023 - Whitson AS. All rights reserved -

194 whitson



whitson™: Create Multiple Analyses for a Well

Field o Well v Analysis

o, Id: — . + . °
oo Fele = whitson Permian ~ Main ~ Hunt 002 ~ Main - « > i B F 7 @ e
ogo Projects . |

Add new analysis &

o FLUID DEFINITION ~ BLACK OIL TABLE ~ EOS MODEL

View all analyses &
Main Data & Models ~

Main
A T Reservoir Fluid Composition @& i [ Surface

A Production Data

Production Data Analysis ~

- Click here and it will bring
’ar; Decline Curve Analysis .
o eeren you to the well overview

e Flowing Material Balance Phase Envelope a e
A Analytical RTA © Initial Reservoir Conditions o0 Separator Conditions o Critical Point p g
—— Bubblepoint —— Dewpoint
E Numerical RTA
B Numerical Model 2000 W I I O -
<
I e verview page
7000
Multi-well Analysis ~ > Whitsan® o - o+ oo - c>icR*TB 0@
B Multi-well DCA 5000 ,...,,.':‘._‘ o - Analysis: Main
e wa [ — Corrsm s
Type Well = g = L
< 'Esauo
[E  visgnosticPlot =
z
Advanced BT & Phase Behavior A § 4000
-
Viral PYT Lab v 3000 .
Gas EOR PVT v e
2000
1000
o -
1] v ¥ ¥ ¥ v v T T ===
0 100 200 300 400 500 600 700 800
Temperature (F)

2023 - Whitson AS. All rights reserved -
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whitson*: Change Units

well v Analysis

0, ield — - + : B o
go  Fields = whitson  permizn ~  Main +  Hunt 002 -~ Man - €« PEEE AR F A @ @
oo Projects r %
.~ Figld
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL
Main Data & Models A
A A Reservoir Fluid Composition & | [ Surface Process i =

A/ Production Data

Production Data Analysis A

Change Units

Decline Curve Anzlysis

;,;
@ Bonomhole Pressure

|2 Flowing Mtersl Balance Phase Envelope v O T EB
vl Analytical RTA © Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
B Numerical Model 2000 o
=3 Nodal Analysis
7000
Multi-well Analysis A
B Mutti-well DCA 6000
Type Well =
& 'ﬁsnno
EI Diagnostic Plot by
5
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab ~ 3000
Gas EORPVT ~
2000
1000
o
0
0 100 200 300 500 600 700 800

400
Temperature [F)

Whitson AS. All rights reserved
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whitson*: Input Card

P Project Well kg Analysis R
Field: — . ) .
ields = whitson Permian - Main ~ Hunt 002 = Main = c > i © B fr B @ e
Projects
wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL
M. Model ~
A e Reservoir Fluid Compesition ® i [« Surface Process i @

These “Cards” is " s clicking here
what we call an

“Input Card” and

they contain input
information for the
different features-

0+
0 100 200 300 400 500 600 700 800
Temperature (F)

® 2023 - Whitson AS. All rights reserved
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whitson*: Support Ticket

Feedback / Question

Type

Field (optional)

melpiond) You can also e-mail
oo ccdosg2e 740 200 7409957116 support@whitson.com

Description

|ﬂ| Attachment {optional)

HIDE DISCARD SAVE

Copyright © Whitson AS Whitson



whitson*: Manual

well v Analysis

o, ield: — o + : a
o Pl = whitson’  pemian ~ Main +  Hut002 ~  Man  ~ € > i ® A @ O
020 Projects
el FLUID DEFINITION ~ BLACK OIL TABLE  EOS MODEL
Main Data & Models A
A BT Reservoir Fluid Composition & | [ Surface Process i &

A/ Production Data

Production Data Analysis A

Decline Curve Anzlysis

;,;
@ Bonomhole Pressure

|2 Flowing Mtersl Balance Phase Envelope v O T EB
vl Analytical RTA © Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
B Numerical Model 2000 o
=3 Nodal Analysis
7000
Multi-well Analysis A
B Mutti-well DCA 6000
Type Well =
& 'ﬁsnno
EI Diagnostic Plot by
5
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab ~ 3000
Gas EORPVT ~
2000
1000
o
0
0 100 200 300 500 600 700 800

400
Temperature [F)

Whitson AS. All rights reserved
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Important Shortcut: Refresh

* Refresh shortcut: “CTRL + R” \+ /
~ \\+ ¢. ¢ /o
» Use if you experience AR iy
« Bad connection 7 | \
/ .

* The browser is “stuck”
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1. Drag and drop GOR to match initial data

What is the insitu representative GOR?

Reservoir Fluid Composition X

Gas Oil Ratio o6rR  USE cuMULATIVES

o Historical - — GOR

Gas-0il Ratio (scfiSTB)

Time (days)

This line

GOR

Reservoir Temperature Reservoir Pressure

237.72 6600 psia

Initial total GOR
750 scf/STB

B Setnon-HC (H2S, CO2 & N2) @ Total GOR () Separator GOR

Associated Process

Copyright © Whitson AS Wh itSOI'I




2. Copy your composition into excel

Reservoir Fluid Composition O x

&
37.53

Component Name

Copyright © Whitson AS Whitson




3. Specify the non-hydrocarbons

. CO, =0.7%, H,S = 0%

Reservoir Fluid Composition X

Gas Oil Ratio 0GR USE cUMULATIVES

Time (days)

Metnod
GOR

Reservoir Temperature Reservoir Pressure

237.72 F 6 psia

Initial total G

750 scf/STB
@ Set non-HC (H2S, CO2 & N2) @® Total GOR (O Separator GOR
N2 co2 H2S

0.5 mol-% 07 mol-% o

Associated Process

Copyright © Whitson AS Whitson




4. Check your compositions

Reservoir Fluid Composition

Cr.
% 3213

Reservoir Fluid

Copyright © Whitson AS whitson




5. What’s the saturation pressure?

Field Project ell Analysis
o, _ . + .
oo Fels = whitson” pemian -  MathiasPVTcourse  ~  SPE-DATA-REPOSITORY-DATASET-1-WELL-4KITE.copy ~  Man ~ € = i © @ a0 FROO

o, ;
o Projects

wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL

Main Data & Models A Wha S the EXPORT  £X
0 o Reservoir Fluid Composition © i [4 Surface Process i .
saturation

Pad Production Data

Production Data Analysis ~ reSS u re ?
Hr Decline Curve Analysis p .
@  sottomhole Pressure . . . . ..
Fluid Properties at Initial Reservoir Conditions v
e Flowing Material Balance
Total FVF - Bt Total GOR - Rt [ — Reservoir Classification
A7 Anchfical RTA Undersaturated Oil 1.382 RB/STB 750 sci/STB ; psia Black Oil
§ I Y Y
= Numerical RTA
B s oiFv o Seuion GO
100% 1.382 RB/STB 750 scf/STB : cp Ibm/ft3
Production Data Diagnostics v I Y Y
Multi-well Analysis v
Advanced PVT & Phase Behavior ~ BIaCk O II Table Show Tabular
Virtual PVT Lab v
T EG T ER T ER
Gas EORPVT v
— Oil FVF, B, — Solution GOR, Ry — Qil Viscosity, p,
1.6 300 0.35
700
1.5+
_ £ 600 _ 03
B 14 5 &
% £ 500 =
[ < -
[ - z
o 134 & 400 2 0.25
s 2 z
c
Lol § 300 =z
<) El <)
& 200 02
114
100
14 0
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Pressure (psia) Pressure (psia) Pressure (psia)

© 2023 - Whitson AS. Al
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6. Change to GOR + psat method

GOR = 750 scf/STB, Saturation pressure = 3000 psia
(somewhat computationally expensive method)

Reservoir Fluid Composition

Change method
here

Copyright © Whitson AS Wh itSOI'I



/. Create a synthetic PVT Report

Field Projec el Analysis

o 4 — - + - 3 o

g0 Felds = whitson™ pemian ~  MathiasPVTcourse ~  SPE-DATA-REPOSITORY-DATASET1-WELL-4KITE.copy ~  Main ~ & = i ® @B e FRoO
ogo Projects

Main Data & Models ~

A AT Reservoir Fluid Composition ® i [ Surface Process i &

Pad Production Data

Production Data Analysis ~
o Decline Curve Analysis
@  Bottomhole Pressure
v
e Flowing Material Balance
SUMMARY SSF CCE DLE cvD MsT visC
A/ Analytical RTA
[ NumericalrTa Summary
B Numerical Model
Production Data Diagnostics v Properties at Reservoir Conditions Properties at Saturation Conditions Properties of Stock Tank Oil
Multi-well Analysis v
Advanced PVT & Phase Behavior ~
Virtual PVT Lab ~

[®  PvTRepons

(] Simulated PVT Study

s Simple Material Balance
pd  NGL Calculation

4:’— Saturation Pressure

¥ Flash Calculation
[4) H20 BO Properties
@ Compasitional Gradient
Gas EORPVT v

AS. All rights reserv

What type of reservoir fluid Is this?
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8. What i1s the OOIP and OGIP?

HCPV =10 000 RB

Field Project Well Analysis
0, 1d — o + . °
g0 Felds = whitson"  pemian ~  MathiasPVTcourse ~  SPE-DATA-REPOSITORY-DATASET-1-WELL-4KITEcopy ~  Main ~ € = i ©® @@ o FTRhoO
ogo Projects
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL

Main Data & Models A EXPORT £
o = I Reservoir Fluid Composition ® i [ Surface Process i &

Pad Production Data
Production Data Analysis A

e Decline Curve Analysis

(@  sottomhole Pressure . . . . .

Fluid Properties at Initial Reservoir Conditions v
4 Flowing Material Balance
Reservoir Type Total FVF - Bt Total GOR - Rt Bubblepoint - pb Reservoir Classification
~/  AmlyicadRTA Undersaturated Ol . RB/STB 2907.8 psia Black Ol

[ NumericalrTa

. |
S T v e feor ooy
; |

100% scf/STB 0.223 44.102 Ibm/ft3
Production Data Disgnostics v [ _ ey
Multi-well Analysis v
Advanced PVT & Phase Behavior ~ Black Oil Table Show Tabular
Virtual PVT Lab A s @B o
[  PvTRepons
—— OIil FVF, B, — Solution GOR, R, — Qil Viscosity, Y,
(] simulated PVT Study 16 500 0.35
Simple Material Balance
m 700
pl  NGLCalculation 5
_ £ s00 _ 03
7~ Saturation Pressure = & g
2 £500 By
¥ Flash Calculation © & =
s 13 '3 % 0.25
[4) H20 BO Properties @ o 400 §
£ E 5
c
& Compositional Gradient =12 §300 s
s} 5 <}
Gas EORPVT v & 200 02
1.1
100
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Pressure (psia) Pressure (psia) Pressure (psia)

© 2023 - Whitson AS. Al
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8. Export the Black Oil Table to Excel

Field Project Well
o d — o + 5 o
g Felds = whitson™  pemian ~  MathiasPVTcourse ~  SPE-DATA-REPOSITORV-DATASET-1-WELL-4KITE copy  ~ - & > i ©® @@ o FTRhoO
ogo Projects
- e FLUID DEFINITION ~ BLACK OIL TABLE ~ EOS MODEL
Main Data & Models A I EXPORT I o]
o = I Reservoir Fluid Composition ® i [ Surface Process i &
fas Production Data
Production Data Analysis A
e Decline Curve Analysis
(@  sottomhole Pressure . . e . -
Fluid Properties at Initial Reservoir Conditions v
4 Flowing Material Balance
Reservoir Type Total FVF - Bt Total GOR - Rt Bubblepoint - pb Reservoir Classification
(78 AR A Undersaturated Ol 1.382 RB/STB 750 sci/STB 2907.8 psia Black Oil
§ I Y S Y
= Numerical RTA
- T S con_e O Voo 7o e vy o
100% 1.382 RB/STB scf/STB 0.223 44.102 Ibm/ft3
Production Data Diagnostics v T _ _
Multi-well Analysis v
Advanced PVT & Phase Behavior A BIaCk Oll Table Show Tabular
Virtual PVT Lab ~ £ = B 2
[  PvTRepons
—— OIil FVF, B, — Solution GOR, R, — Qil Viscosity, Y,
(] simulated PVT Study 16 500 0.35
simple Material Balance
& 700
pal NGL Calculation 5
_ £ s00 _ 03
7~ Saturation Pressure = & g
g £.500 By
¥ Flash Calculation © & =
s 13 '3 % 0.25
[4) H20 BO Properties @ o 400 §
w o 2
£ 5 300 =
& compositional Gradient =12 2 =
5] E] 5
Gas EORPVT v & 200 02
1.1
100
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 0G0 7000
Pressure (psia) Pressure (psia) Pressure (psia)

© 2023 - Whitson AS. Al
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9. Calculate Recovery Factors

pa =1000 psia | Cum GOR =5000 scf/STB

Copyright © Whitson AS whitson



10. Dry gas data

Field Projec We! Analysis

9, a + 5
e} Fields & 4
o whitson™  permian -~ MathiasPVTcourse = SPE-DATA-REPOSITORY-DATASET-1-WELL-37-PHEASANT copy -  Man - € = i ® @ B o F [ & @
O, .
L) Projects
Wells Production Data SMOOTH EDIT EXPORT
Main Data & Models ~ Ra S 0
Measured Stock Tank Rates DATES  USE CUMULATIVE IE‘ a
A BT
R — Oil — Gas —— Water ----- Gas lift —— GOR = Dyt gauge — Prubing =~~~ Peasing
A Production Data 108
4500
Production Data Analysis ~ E- 5
- Decline Curve Analysi: 2
2 ecline Curve Analysis 14
ﬁ 4000
@  sottomhole Pressure ©
o
I}
£ Flowing Material Balance = 3500
z
N =}
~ Analytical RTA s
2
X NumericalRTA = 3000
§
B Numerical Model & =
= 2500 &
Production Data Diagnostics v © =
= 2
o 5
Multi-well Analysis v 5 @
= 2000 &
g T
Advanced PVT & Phase Behavior ~ -
z
Virtual PVT Lab ~ =]
= 1500
S
2
@ PVT Reports = \/jk,-l"\
Ci
(] Simulated PVT Study = = “F 1000
=
S
B simple Material Balance o
o
md  NGL Calcultion & 500
&
f~  saturation Pressure
0
¥ Flash Calculation 400 500
Time (days)
[4) H20 BO Properties
g Compositional Gradient Time Stock Tank Rates Separator Rates & Conditions Measured Pressure and Gas-Lift Rates
Date Day GORstock tank 9% 9 q GOR;ep %o g Psep Teep P, gauge Prubing Peasing g, gas ift Liquid level (MD)
Gas EORPVT v # scf/STB] [STB/d] [Mscf/d] [sTB/d] [scfisep-bbi] [sep-bbi/d] [Mscf/d] [psial IFl [psial psial Ipsial Mscf/d] Ift]
1 Jan. 2019 00:00 1 NaN 0 16548.0 117.4 NaN 0 0 0 0 NaN 35320 0 2804.9 0 0
2 Jan. 2019 00:00 2 NaN 0 30067.4 2103 NaN 0 0 0 0 NaN 4183.9 0 3450.4 0 0
3 Jan. 2019 00:00 3 NaN 0 208393 187.3 NaN 0 0 0 0 NaN 4100.4 0 3378.7 0 0
4.Jan. 2019 00:00 4 NaN 0 262332 128.5 NaN 0 0 0 0 NaN 4039 0 3339.7 0 0
v
5Jan. 2019 00:00 5 NaN 0 303573 156.6 NaN 0 0 0 0 NaN 40731 o 33575 0 0
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10. Use a specific gravit

Reservoir Fluid Composition

Method
Dry/Wet Gas

@® Simplified Input (56) (O Dry Gas Composition

Reservoir Temperature Reservoir Pressure GasSG

F 4450 psia 06

coz
mol-% 0

Copyright © Whitson AS

whitson



11. Specify the non-hydrocarbons

N, = 0.5%, CO, = 0.7%, H,S = 0%

Reservoir Fluid Composition X

Method
Dry/Wet Gas

@® Simplified Input (56) (O Dry Gas Composition

Reservoir Temperature Reservoir Pressure Gas
130.16 F 4450 psia 0.

mol-%

Copyright © Whitson AS whitson




S0  Fields
ogo Projects
Wells
Main Data & Models ~
A BT
A~ Production Data
Production Data Analysis ~
e Decline Curve Analysis
(@  Bottomhole Pressure
a4 Flowing Material Balance
A/ Analytical RTA

ES  NumericalRTA

B Numerical Model

Production Data Diagnostics v
Multi-well Analysis v
Advanced PVT & Phase Behavior ~

Virtual PVT Lab ~

& PvTReports
Simulated PVT Study
Simple Material Balance
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12. Take a look at the PVT table

Field Project
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A Advanced Topic

Quantifying
Separator Shrinkage



Practical Observations

Rates are measured at separator conditions and seldom
reach “stock tank” conditions on a single well basis
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Practical Observations

= Albeit not correct, separator measured rates are
frequently used directly in well analysis

-> overestimate the profitability
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Practical Observations

= |f separator shrinkage Is accounted for, common to apply
one constant shrinkage factor for well and/or field

-> shrinkage factors change with time
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Topics to Investigate ...

= Under what circumstances is ...
. separator oil shrinkage important?
... expected to change considerably with time?

= How use an EOS model to estimate daily
... separator oll shrinkage factors (STB/sep.bbl)
... separator oll flash factors (scf/STB)
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Separator Oil Shrinkage

A Recap




Separator Rates vs. Stock Tank Rates

“Measured” —
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Separator Rates vs. Stock Tank Rates

“Measured”

GOR,, total stock tank gas oil ratio

GORs,,,: separator gas oil ratio “MUSt be Calculatedu

SF: separator oil shrinkage factor
FF: separator oil flash factor
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Separator Oil Shrinkage ... A Recap

*This is a cartoon not to scale
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Separator Oil Shrinkage ... A Recap

*This is a cartoon not to scale
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Separator Oil Shrinkage ... A Recap

«

*This is a cartoon not to scale

o

L
-
i

.
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Separator Oll

PRESSURE

TEMPERATURE
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Shrinkage of Oil and Additional Gas “Flashed Off”

/
Liberated<

PRESSURE
Gas

\

n =

Stock é §_

Tank > e.g.80% |
Oil -
-,
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Separator Oil Shrinkage Factor (SF)

STB

SF(———
(Sep. bbl)

<0.6-1
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Separator Oil Flash Factor (FF)

FF
(.S'TB

Essentially solution GOR of separator oll
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1. Under what circumstances is ...
...separator oil shrinkage important?
...expected to change with time?



To Understand When It is Important, we ...

.. a wide range of in-situ fluids (reservoir oils | reservoir gas)

.. with a compositional reservoir simulator

oy,

.. controlled on a constant BHP profile ,7/ ,7//7 /

.. 1) fluids produced at constant separator conditions

.. ii) fluids produced at changing separator conditions
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A Wide Range of Fluid Systems Studied (pg; = 7500 psia)
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A Wide Range of Fluid Systems Studied (pg; = 7500 psia)

Black Oll

Near Critical
Gas Condensate
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What is Separator Oil Shrinkage a Function of?

Surface Process
= Separator Stages - fixed

= Separator Pressure (pg,) — f(time)

= Separator Temperature (Tg,) — f(time)
Wellstream composition (z;) — f(time)

=  Amount of different components (C, | C-.)
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Wellstream Compositions Might Change Substantially with Time

e C1 o C7+ —BHP
80% 4800

70% 4200

3600 .

(2]
<
o=

50% 3000
40%

30% 1800

20% 1200

Wellstream Mole Percent [%]
>
=

Bottomhole Pressure, BHP [psia]

10% 600

0%
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Separator Conditions Changes Substantially with Time

© Pressure © Temperature

° F120
500-P
400+
5 ™
g :
o 300- 2
= 1
2 8
o E
0 200+ =

100 1

0 500 1000 1500 2000
Time (days)
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Lower Sep. Temperature, Lower Shrinkage Factor!

Undersaturated Near Critical Volatile Oil System

—tsep=30F —tsep =60 F —tsep=90 F tsep=120 F —tsep =150 F

1.0

Psep = CcOnstant = 300 psia

0.7

|

0.6 -

0.5

Separator Oil Shrinkage Factor, SF [STB/sep.bbl]
o
oo
ainjesadwsa) Jojesedas Buiseasou|

0.4 T T T

80 100 120 140 160
Time, t [days]

o
N
o
S
o
[=2]
o
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Higher Sep. Pressure, Lower Shrinkage Factor!

Separator Oil Shrinkage Factor, SF [STB/sep.bbl]

1.0

0.9

0.8

0.7

0.6

0.5

0.4

Undersaturated Near Critical Volatile Oil System

—psep =50 psia ——psep =250 psia ——psep =500 psia

psep =750 psia ——psep = 1000 psia

Tsep = constant = 100 F

Increasing separator pressure

60 80
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o
N
o
S
o
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Separator Pressure, p,, [psia]
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400

300

200

100

Constant Separator Conditions
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Lower Shrinkage Factors at

ligher GORs

=—Gas Condensate Near Critical Volatile Qil ==\ olatile Oil

—Black Oil

1.00

> 095 -

5 090 1\

0.85

0.80 -

Separator Oil Shrinkage Factor, SF [STB/sep.bbl]

0.75 A

0.70

0 20 40 60 80 100
Time, t [days]
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Separator Pressure, p,., [psia]

Changing Separator Conditions

—Separator Pressure —Separator Temperature

700 - - 140

600 - - 120

500 - - 100 =
I_w
o

400 - - 80 2
2
=

300 - - 60 2
S
©
(1)

200 - - 40 2
n

100 - 20

0 T T T T T T T 0
0 20 40 60 80 100 120 140
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Changing Separator Conditions has a Big Impact!

Separator Qil Shrinkage Factor, SF [STB/sep.bbl]

1.00

0.95

0.90

0.85

0.80

0.75 A

0.70

Time, t [days]
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Summary

Shrinkage factors and flash factors should
be updated daily if one or more of these
criteria are met:

=|n-situ solution GOR (R,) > 1000 scf/STB
= Separator conditions changing with time
=\Wellstream compositions changing with time
.. Large changes in producing GOR with time
... Rapid decline in bottomhole pressure
... Frequent shut-ins ("CGR kicks™)
.. Wells subject to gas EOR
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2. EOS model to estimate daily
... separator olil shrinkage factors
... Sseparator ol
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... plus Daily Separator Volumetric Rates ...

Producting Separator GOR, R, ., [scf/sep.bbl]
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45000

40000

35000
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25000
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10000
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O Gas Oil Ratio (GOR)

O o O
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... that’s used to Calculate Daily Shrinkage Factors

O Separator Oil Shrinkage Factor (SF)
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... and the Associated Daily Flash Factor

o Separator Oil Flash Factor (FF)
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A Advanced Topic

HON
Workflow



EOS Workflow

Experience

AN
[ — iy

Production Database

o |
-

PVT Database Creation C,. Characterization EOS Model Tuning EOS Model Utilization Value Add

I(D)?Jtalil?ltg”:?rg; Thermodynamic Principals Fluid Sampling Database
ality Lontro & Physical Constraints
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Heptanes Plus (C-,) Characterization

Carbon
Number

Cq
Co
Cs
Cy

Formula

CHa

CoHg

CsHs
CsqHio
CsHio
CoH14
C7H1e
CgHis
CoH2o
CioH22
Ci1H24
CioHo2e
Ci3Hosg
Ci4H30

Number of
Isomers

1

< umoudun 7 xajdwo) aloN

It is iImpossible with chemical
separation techniques to identify the
C-. components individually

Even if they were identified, it would
not be possible to measure the critical
properties and other EOS parameters
for fluids heavier than C,,

This problem is solved practically by
making approximate characterization
of the heavier compounds with
experimental and mathematical
methods
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Heptanes Plus (C-,) Characterization

Carbon Number of The approximate procedure can be
Formula - )
split into three main tasks:

Number Isomers

Cq CH4 1
Co CoHe L. :
c. Cabls Dividing the C, into a number of
c, Cobino fractions with known molar
c. Cotin compositions
Cs CoH1a ] Defining the molecular weight,
C; CrH1e 5 specific gravity, and boiling point
Ca CalH1s o of each fraction

O N N .
ch CC‘*H'QO 3 Estimating the critical properties
C” C”H” A (Tc, Pc), acentric factor, volume
= = c shift, and the BIP’s for each of the
Cro Cr2H26 S :

= fractions
Ci3 CiaHos %
Cis Cr4H30 y:’
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Modeling of C., - Gamma Model

:I T 171 [ | I I A I I 1 LR L I 1T 17 1 1: Need 3 parameters for
: Aa =05 } Yo, =% 1 gamma model:
L oa=10 n =90 .
L 0a =20 AMb =14
. 1  Average Molecular
Weight - MW-C7+
=
e
g . Bound - n
<107k ]
PR “ / 1 | Shape —a
s L \ -
= i ¢
s “ 26+
10 S 20 I S N N N N ST ST U RS N NN NN N AT ) S N Y NN O U M IO A
0 100 200 300 400 500 600
Molecular Weight
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400

w w
o ()]
o o

N
)]
o

Component MWs from Gamma Model
= = N

a o a1 o

o o o o

|

o

M-y Relationship

O ASTM D2892 —Soreide Model

’ Error bars + 4 units

A
L4

Yi = Yo + Cp(M; — My)5*?

pe s
Cr = 0.4288
Yo = 0.2046
MO == 82
Exp = 0.0738
50 100 150 200 250 300 350 400
Component MWs from ASTM D2892
257

- 0.85

- 0.80

- 1.00

- 0.95

- 0.90

Specific Gravity

- 0.75

0.70

 Tuned gamma model
should give M, close to
measured (ASTM) data

Tuned M-y relationship
will then give y, close to
measured (ASTM) data

* s; = f(y;) should give all
surface oll densities
within 1-2%
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Tc, pc, w, and BIPS

Average C,, fractions properties can be estimated as
follows:

— T, pg are function of T, and y,— Twu correlation
— Volume shifts, s; = f(y;) — Calc. from EOS to match given SG
— w; = (T, pei» Tpi) — Edmister correlation

— BIPS - k; estimated from Chueh correlation using v, and v,;
« v, =f(T, and y,) — Twu correlation
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Pseudoization / Lumping

Lumping/pseudoization is the
process of going from a detailed
EOS to an EOS with less
resolution that still accurately
predict the PVT properties of
relevant fluids

259
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A Advanced Topic

Extrapolated
BOTs



GOR =—»

Why p-x | p-GOR(R|1/r,)?

--
-—-o
-

- o

-~

1. Know GOR .-

-
-
-
- -

.

A 4

Pressure =——p

2. Find saturation pressure

261

|
A\\\\
P
‘O
O :
8 ———",,
- — /"—‘
> /
K,
Pressure =——p
0 Byd/rs
>
LL
@)
B, ....-
< /____—_,—r/'

Pressure =—»
3. Use saturation pressure
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GOR =—>

Why Extrapolate the Black Oil Table?

Saturated Properties

\1/%: 10,000 scf/STB
/RS = 3000 scf/STB

Pressure =—p

Producing GOR

262

Time
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GOR =—>

Why Extrapolate the Black Oil Table?

Saturated Properties

\1/%: 10,000 scf/STB

} What if we want to initialize with a R, of

4000 scf/STB? No data in this case ...
/RS = 3000 scf/STB

Pressure =—p
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GOR =—>

Why Extrapolate the Black Oil Table?

Saturated Properties

\1/%: 10,000 scf/STB
I
/RS = 3000 scf/STB

Pressure =—p

264

Pressure

Example

Production Well shut-in

Time
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GOR =—>

Why Extrapolate the Black Oil Table?

Saturated Properties

\Uri: 10,000 scf/STB
I
/RS = 3000 scf/STB

Pressure =—p

265

Mixing in the fracture
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Example: Black Oil Table

® Psat (oil)

= = Oil (extrapolated) ——Gas

® Psat (gas)

— = Gas (extrapolated)

Two-Phase Region

— Oil

1000000

100000
)

& 10000
-
Q
A,
(7]
S
~
i
m
(-4

o 1000
(@)
(O)

100

10

0
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1000

2000

3000

4000 5000 6000
Pressure [psia]
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8000

9000

10000
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Example: Black Oil Table

For the following cases
.  GOR =1,504 scf/STB and grid cell pressure = 8500 psia
ii. GOR =15,024 scf/STB and grid cell pressure = 8500 psia
lii. GOR =10,000 scf/STB and grid cell pressure = 5000 psia

Use the plot “GOR vs. pres” and determine what type of fluid
associated with each of the cases above.

« Two-Phase Saturated | Single-Phase Oil | Single-Phase Gas
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Fluid Type Case |

——Qil ® Psat(oil) = = Oil (extrapolated) ——Gas ® Psat(gas) — — Gas (extrapolated)

_ Pressure = 8500 psia
100000 : ‘ — —
—_ ‘\_
E 10000 \
g | e - GOR = 1504 scf/STB
5 1000 | — .
S : —
7 '/
Takeaways:
1) Outside of the two-phase region - single-phase
i) Below the green line - oll 7000 8000 8000 10000

Pressure [psia]
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Fluid Type Case Ii

——Qil ® Psat(oil) = = Oil (extrapolated) ——Gas ® Psat(gas) — — Gas (extrapolated)
1000000 F
Pressure = 8500 psia
100000 | ‘ ~~—
GOR = 15024 scf/STB
E‘ \4’¥
g 10000 .
) /
: 1000 | —
& :
(U]
—'/
100 .
Takeaways:
1) Outside of the two-phase region - single-phase
i) Above the red line - gas 000 8000 9000 10000

Pressure [psia]
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Fluid Type Case Il

_ GOR =10000 scf/STB

——Qil ® Psat(oil) = = Oil (extrapolated) ——Gas ® Psat(gas) — — Gas (extrapolated)
1000000 F
Pressure = 5000 psia
100000 | ‘ ~~—
E‘ \
= . e
g 10000 ;
2 —— bt D
3
: oo | //
& :
(G
100 .
Takeaway:
1) Inside of the two-phase region = two-phase  ww 000  s00 000

Pressure [psia]
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A Advanced Topic

Compositional
Tracking



Use Readily Available Data + EOS!

Seed Compositions

Welltest Database

A 4 Daily Wellstream (z))
O

Compositions
> m < Z, | 0
Production Database

y \

*IPTC-19596 summarize methodologies

Time
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Estimate Wellstream Composition

Requirements:
= A properly tuned EOS Model

= Separator rates (GOR,,,)

= Separator conditions (Peep, Tsep)

= “Seed feed” — estimate of z;
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Estimate Wellstream Composition

Method:

" Flash "seed feed” to pge, | Toep 2 Vi X
= Recombine y; | x; at GOR,,, =2 z,

sep

v: molar volume — M/p (calculated from EOS model)
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Estimate Wellstream Composition

Method.
Regress until z, + EOS matches

= Sep. gas. (yi) =N,, CO,, C,, ...,C,4
= Sep. GOR =

=Liquid APl = C-, component distribution
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“Shale” PVT



“Shale” Characteristics ... a PVT Perspective

Span a wide range of fluids (low to high GOR)

e Initially slightly undersaturated / saturated*

e Rapid decline in bottomhole pressure (p,,)

° Producing GOR —f(p,)

*with some exceptions (e.g. Bakken, Eagle Ford, Duvernay)
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“Shale” Basins Span a Wide Range of Fluids

EAGLE FORD SHALE (rotated 90°) MONTNEY SILTSTONE

R 4 ST B3 5
I NS :

.:_—-wl

: g

et |

7135
Ok N
i

713 a
o

> A -7 .

qt'
- '.;‘."’
N

D “f.’.‘ VAN
e a s

Thickness <180m | Thickness <300m

Porosity 6-11% !
Pressure 11.3-20 kpa/m |

Xy

Porosity 6-10% :
Pressure 10.5—-18 kpa/m |

G
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Slightly Undersaturated/Saturated

Initial Reservoir Saturation

Pressure, Pressure Range,

pRi (pSia) psat (pSia)

¢ FagleFord 4000 — 10000 2000 -7000 Vv

5000 — 9500 1500 —3500 =
\  Montney 3000 — 7000 2000-7000
) SCOOP/STACK 3500 - 9500 2000-7000 v
L% Permian 3000-10000 1000 -7000 v/

279
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e Rapid decline in bottomhole pressure (p,,)

o DP o BP —BHP o GOR
P T 5500
9500 - ° o 2 °% L0
° &° & ° & 5000
o 6% ° 90 [
8500 - ° o g : ° ° & ° & °
° # gy o & Beo | 4500

<
B
e
o
ﬁ ~~
0 7500 - m
a 4000
c =
S 6500 - 5
= 3500 &
= x
£ 5500 - 3000 3
® °
© 4500 - 2500 &
2 x
§ 3500 - 2000 5
a @
) y
2 2500 1500 ©
=
5 1500 -~ 1000
°
@ 500 | | ‘ ! ‘ 500

0 50 100 150 200 250 300

Time (days)

Source: Fluid Sampling in Tight Unconventionals (Carlsen et al. 2019)
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“Unconventional” Well Performance

" Producing GOR strong function of

nitial GOR (composition)

~lowing bottomhole pressure — p,
Degree of undersaturation (Pri-Psat)
PVT model

Rel. perm

nfinite acting | boundary dominated periods

- most unknown: GORI, rel. perm, IA/BD

=“Conventional” reservoirs — GOR(p,,)

Sources: Whitson and Sunjerga 2012; Jones 2017
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What does this Imply?

=Change in “produced fluid properties”
l.e. GOR | STO API

!

*Produced compositions are changing!
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Produced Compositions are Changing Fast!
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Unconventional Fluids Systems

Exhibit strong field-wide fluid
consistency

l.e. molecular weight —
specific gravity
relationship

PVT properties are highly
“correlatable” across one
field/basin

- allows for the use of
one unified fluid model
(field-wide EOS)
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Unconventional Fluids Systems

GOR vs. C1 of reservoir fluid
100

"PVT correlations demonstrate i ILRII4
strong field-wide consistency g e

although the reservoir fluid (i.e. i =~

composition) varies significantly. il '

GOR, SCF/STB

PVT properties can be

GOR vs. C7+ of reservoir fluid

estimated from one key > .
parameter: GOR. This contrasts % = "

from reservoir fluid complexity in =~ £ = S
conventional reservoirs.” K e

GOR, SCF/STB

Tao Yang (Statoil | Equinor) PVT Specialist Lead
Whitson employee (1999-2005)
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Unconventional Fluids Systems

GOR vs. C1 of reservoir fluid
100

“In conventional rocks, due to i ILRII4
relatively high permeability, 5 i 485

fluids migrate within the S 5 ~

reservoir with a complex i NN |
charging and mixing history... P === il i

GOR vs. C7+ of reservoir fluid

The fluid mobility in shale > .
reservoirs is much lower, : = "
reflecting the dramatically g s S

lower permeability.” i e

GOR, SCF/STB

Tao Yang (Statoil | Equinor) PVT Specialist Lead
Whitson employee (1999-2005)
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Unconventional Fluids Systems

GOR vs. C1 of reservoir fluid
100

B : . : < 0 e
Fluid communication and g 7 -
migration is limited. Reservoir S 5 ~
fluid differences are i ) | |
dominantly determined by GOR, SCF/sT
thermal maturity, which is the o
) . GOR vs. C7+ of reservoir fluid
main reason behind the > .
consistent PVT correlations P i
s £ 20 -

over large areas. £ 1 >

10 M

L e

GOR, SCF/STB

Tao Yang (Statoil | Equinor) PVT Specialist Lead
Whitson employee (1999-2005)
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So ... what’s different between the basins?

Basin A Basin B Basin C

¢ R

(C11)A ¥ (Cll) * ((_:11)

r——————————— — = Can be

I (CBOp)A F (Cg()p) ¥ (CSOp) I radically

— — — — — — — — — — o ] different
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