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PVT report — an old hat?
PVT oTt4yeT — cTapad wnana?

» Yes/ [1a
» Decades of experiments and reports/ ['oabl
nccriegoBaHuUnM 1 OTYETOB

» But with new feathers/ Ho ¢ HoOBbIMY NepbsMN:
» Improved equipment/
YcoBeplueHcTBOBaHHOE 0bopyanoBaHue
» Improved reporting/
YrnyJlweHHas OTY4eTHOCTb
» Needs new quality control/ HeobxoanmocTtb
HOBOIro KOHTPOJIA KavyecTBa

» People forgot how to wear it/ Jltogn 3abbinn
KaK ncnonb3oBaTb
» General ignorance about how fluid
properties are determined and reported/
Ob6Lee He3HaHKE TOro, kKak onpeaenstTcy
N OonncbiBaroTCA cBoUCTBaA oritomnaoB 3



Outline
CopaepxaHue

» Sampling/ Ot6op npob
» Black Oil systems/ Cucremsbl ctaHgapTHON HeTH
» Gas Condensate systems/ Cuctembl ra3oBoro KoHgeHcarta

» Flow assurance/ Obecnedyenune BecnepeboiHoro Pexunma Mogaun

[ToTOKa

» Summary/ BeiBoabl



Motivation
MoTtuBauus

To know the fluid properties
Drilling mud invasion Bottom )
hole sampling Gas coning from the reservoir

LS Gy e e to the facilities
et to the refinery
—_— — ' 3HaTb cBOUCTBa dntonaga
T o /3 nnacTa-konnekTopa
= K o6opynosaHuio
K HIM3

5

Formation of a gas cap
Condensate dropout
Fluid — Fluid Interaction ->EOR

= AL~ AT



What are the data good for?
Ona yero nHcpopmaumsa nonesHa?

» Reservoir engineer/ NNpoMbICIIOBbIV UHXEHEP:

» simulation (black oil or compositional)/BocnponsseneHue npouecca
pa3paboTku (CTaHOapTHas UK KOMMO3ULUMOHHasA HEPTb )

» well models/ mogenn ckBaXkuHbl
» Facility engineer/ IHxxeHep No TEXHMYECKOW SKCniyaTaunm.

» designs surface installations (simulation with process SW)/
[lpoekTMpoBaHMe NOBEPXOCTHOro 0bopyaoBaHMS
(BOCnpomnsBegeHne npoLecca pa3paboTku, BKIToHas npouecce
NMMUTaLNU C NOMOLLbIO NOrpamMHOro obecreyeHusl)

» design of transportation routes/ NnpoekTupoBaHne MapLLpPyTOB
TPaHCMOPTUPOBKM

» Economics/ OKOHOMUKA:
» Reserves/ 3anachil;

» commodities (quality = price) stock tank oil, NGL, condensate, gas/
CbIpbEBbIE TOBapbl (Ka4eCcTBO=LE€Ha) ToBapHas HEdTb, .
ra3oKoHOEeHCAaTHaaA XUAOKOCTb, KOHAEHCAT, ras



>

Starting point = reservoir fluid samples
HavyanbHaga To4yka = npoObI Ny1acCTOBOU XUAKOCTU

Laboratory work starts with good, representative samples/ JlabopaTtopHas
paboTa HaYMHAETCA C XOPOLUUX, penpe3eHTaTUBHbIX NPobd

Impossible to get good results from non representative samples (garbage in,
garbage out)./ HeBo3MOXHO nony4nTb XxopoLine pesyrnbraTbl N3 HEKa4YeCTBEHHbIX
Npob (4TO Noceellb, TO N MOXHELLb)

Goal: information about the composition and quality/
Llenb: nHdopmMaumsa o CTPYKType 1 KadecTBe

Essential, whether bottom hole sample (BHS) or surface sample (SS)/ Heobxogumel
nnoéo 3abomnHble Npobbl, NMMB60 NPOOLI C MOBEPXHOCTM:

Reservoir conditions (p, T,depth) — experiments/ [lnactoBbie ycnoBus

(p, T, rmybuHa) — ucnbiTaHu4

Sampling conditions (p, T,V=rates) — experiments/ Ycrnosua otbopa npob
(p, T, V = gonun) — ncnblTaHns

Sample only single phase streams/ OT6op npo6 TonbLKo M3 ogHOMasHOro NoToka
Sample only a conditioned well = clean and stable flow/
OTOOp TONBLKO N3 NPUCMOCOBNEHHON CKBaXXUHbI = YNCTbIN U CTAOUIbHbIN NOTOK



Bottom hole sampling
OT60p NpoO6 c 3ab60A

Danger: OBM mixed with reservoir fluid — decontamination

Tracers help!

OnacHocTb: cmewmBanHme PHO ¢ nnacTtoBon XXUOKOCTbIO — OYUCTKA
[TomoLlb MHaAnKaTopos!

Artificial mud/
CuHTETUYECKNI BYpOBOWN pacTBOp

Diesel/

Ounsenbs

single carbon number
eauHoe yrnepoaHoe 4Yucrio
10 20 30 40

single carbon number
eauHoe yrnepoagHoe 4Yucro
10 20 30 40
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Separator sampling
OTOOp OoTCenapupoBaHHbIX 0Opa3LoB

» What is the flow rate and the retention time (size of the separator)?
Temn gobblvn N Bpems yaepxaHus (pasmep cenapartopa)?

» |s carry-over or carry-under significant?
3axBaT nerkux dopakumm v napa CyLiecTBeHHbI?
» Are the rates stable? lNokasaTtenun notoka ctabunbHbI?
» How high is the pressure? Hackonbko BbICOKO gaBneHmne?
» How many phases are recorded? Ckonbko a3 3anncaHo?

gas + carry over
a3 + 3axBar

well nerkux cppakuuin
stream

MpuTtok
B CKBaXXUHe

XUOKOCTb + 3axBaT napa
liquid + carry under 9
watergopna




Separator sampling, cont‘d

OTOOp OoTCenapupoBaHHbIX 0Opa3LoB
» Where is the reservoir in the phase diagram?

[ Oe nnacT B gnarpamme oa3oBoro paBHoBecua?
» Gas phase is at a dew point
[[@a3oBasi oa3a OKOJ10 TOYKM KOHOEeHcaLun

» Liquid phase is at a bubble point/ )Knagkas Basa okono To4kn Ha4vyana
KNNEHUS

> sat sat res fluid
— pllqmd pvapor nnaCTo%aé F))Kuaggrb

cenapupoBaHHbIu ra
seprqwé

cenapupoBaHHasa XUaKoCTb

separator

condition
COCTOAHUE

cenaparopa

)
| -
-]
(7))
(7))
)
| -
(@
]
o
>
o
(7))
O
©

AOGconiTHOe AaBneHue

temperature rtemneparypa



Separator samples
OTcenapupoBaHHble Obpa3ubl

Reservoir
Mnact

Surface separator
NMoBepXHOCTHLIN

cenapartop

Laboratory
JlabGopaTopusn

reservoir
fluid/

NMnacrtoBas
XNAKOCTb

pres’Tres’Zk

separator gas

| OTcenapupoBaH-

HbIX ras
psep1Tsep’yk

gas 1
pamb’Tamb’yyk

liquid 1
pamb’: amb’yxk

G LRsep’ Kk:yk/Xk

BHS

3abounHble
Npo6bl

separator liquid

| OTcenapupoBaH-

HaA XNAKOCTb
psep’Tsep1Xk

gas 2
pamb’Tamb’ka

liquid 2
pamb’Tamb’XXk

SS

[MpobbI C
NOBEPXHOCTU

GLR 1
Ku=YYilYXi



Samples (SS), validity checks
[MpoObI C NOBEPXHOCTU, KOHTPOSIb AOCTOBEPHOCTU

» Was a valve leaking?/ bbina nu yteyka yepes knanaH?

» Liquid: Determinig ps& at ambient condition and recalculating
to sampling condition/ KXngkocTb: yTOYHUTL AaBrieHne
HacCbILLLEHUSI NPU BHELWWHNX  YCNOBUSIX N MEPECYET Ha
ycrnosusa otbopa npob

» Gas: p.V/T should be the same at ambient and sampling
conditions/ I'a3: p.V/T 0om«HO ObITb OQNHAKOBLIM NP
BHELLIHMX YCIOBUAX U YCNOBUSIX oTbopa npob

12



Samples (SS), analyses

[MpoObI C NOBEepPXHOCTU, aHaNu3

Analyses by gas and liquid
chromatography

Component

Component

Xpomartorpagusa rasa n Xugkoctu

Hydrogen

Benzene

earlier times/ PaHee +  now/ cenyac — HEES

Hydrogen
Sulphide

Cyclohexane

Carbon Dioxide

Heptanes

.. . Component . '

Nitrogen

Methyl-Cyclo-
Hexane

Nitrogen
Hydrogen Sulphide

Methane

Toluene

Carbon Dioxide

Ethane

Octanes

Methane
Ethane

Propane

Ethyl Benzene

Propane

iso Butane

Meta/Para-Xylene

Isobutane
N-DButane

normal Butane

Ortho-Xylene

Isopentane
N-—Pentane

neo-Pentane

Nonanes

Hexanes

iso Pentane

1,2,4-Tri-Methyl-
Benzene

Heptanes +
Total

normal Pentane

Decanes

Hexanes

Gas gravity (air = 1.00)

Methyl-Cyclo-
Pentane

Hexatriacontanes
Plus




Quality check of sample compositions
[lpoBepkKa KayecTBa cocTtaBa ob6pasuoB

via equilibrium- or K-values (Wilson, Hoffman, etc) versus
characterization factor, e.g.

Uepes yctonunsocTtb — unm 3HadeHune K (BunbcoH, XopdmaH, 1 ap.) B
COMOCTaBJIEHNUN C XapaKTepmayoLwnumMn dpaktopamm, Hanpumep:

characterization factor F
xapakrtepusyowmin paktop F

¢ InKx
— |[NKXx est

A InK
InKest

14




Reservoir fluid: composition
[ThacToBas XNAKOCTb: KOMMNO3ULMOHHbLIN COCTaB

» BHS: mathematical recombination
3aboun:. maTemaTnyeckasa pekomonHauus
» SS: mathematical and physical recombination
[ToBEPXHOCTb: MaTemMaTnyeckas u umsnyeckass pekoMmHaLuus

Reservoir fluid: properties
NMnacTtoBas XNOKOCTb: CBOUCTBA

» Experiments, that mimic the flow process
cnbiTaHua, UMUTUPYOLLME NOTOK

» Correlations for Black Qil (BO)
Koppensuua ona ctaHgapTHOU HedTH

» EOS/ YpaBHEHME COCTOAHUS

15



Flow processes, Black Oil
[MoTok, cTaHAapTHaa HePTb

Problems/ NMpobnembi: CCE

MocTosiHHOE

KOMNO3NUMNOHHOE

» Gas gets out of solution, moves yBenudenme
upward, forms a gas cap/ a3
BbIXOOQUT U3 pacTBopa, ABUraeTcs
BBepX, 0bpasyeT rasoByto LLAMNKy

» 2phase flow into the well bore,
different mobilities, GLR
guestionable/ [IByxda3oBbin
NOTOK B CKBaXXWHY, pasnnyHas
NOABWMXXHOCTb, HEOAHO3HAa4YHOE
ra3oXuaKOCTHOE COOTHOLLEHUE BoAa water

oil

0|| AkcnepumeHT

DLE auddeperumanshoro

BblaeneHns

16



Constant composition expansion (CCE)
[locTossAHHOE KOMNO3ULUUOHHOE yBernnyeHune

» V(p) saturation pressure (p,) — dV/dp is discontinuous
OaBrieHue HacbiweHusa (p,) — dV/dp He poBHO npu p,,

> p>py,: compressibility/ cxumaemocTts C =Z(10)
» test/ Tect: Y(p)=(p/p,-1)/(V,/V,-1) linear in/ nuHenHbIN Nno p
» principle/ npuHuwmn:

Py > P2 > Ps=Pp, >




Differential liberation experiment (DLE)
JKcnepumeHT auddepeHUunanbHOro BbiaeneHuns

» Priniple/ npuHuun: '
as
collector
PVT cell
P4 —
hlgh pressure low pressure
expansion expansion
. PacnpocTpaHeHue PacnpocTtpaHeHue HU3KOro

=
Qo

BbICOKOIro faBfeHus AasneHus



Differential liberation experiment (DLE)
JKcnepumMmeHT auddepeHuManbLHOro BbiaeneHus

Gas In solution — R (p) determines the volumetric behavior/
PacTtBopeHHbIN ra3 - R (p) onpegensdeT npocTpaHCTBEHHOE NOBeAEHNE

Test 1 - B, (R4(p)) almost linear in R,/ TecT1 - B (R.(p)) noyTu
NMHEenHbIN no R,




Differential liberation experiment (DLE)
JKcnepumMmeHT auddepeHuManbLHOro BbiaeneHus

Table 40: Differential vaporization - Oil

Test2 Pressure 0il Volume Factor (Bo)
C. = Bo(Pam)-1 = Z(1073) (psia) (F"/scf]

7515
7015
6515
6015
5515
5415
5370
4615
3965
3065
2215
1365
565

15

Residual oil density at 60°F  : 0.829 (g/cc)
AP| Gravity + 3% 20




Differential liberation experiment (DLE)
JKcnepumMmeHT auddepeHuManbLHOro BbiaeneHus

Zg, check with REFPROP from NIST/ Zg, nposepka ¢ REFPROP un3 NIST

Test 3 - Y-function, use/ ucnons3osaxue V, ;,(p) for/ ansa V,, (not

In textbooks/ HeT B y4ebHuMKax)

AbconioTHoe AaBneHue 21

abs. pressure




Differential liberation experiment (DLE)
JKcnepumMmeHT auddepeHuManbLHOro BbiaeneHus

Test 4 - In(u,(pam)/M,(P)) Similar shape as/ noxoxas popma Kak
B,(p), (not in textbooks/ HeT B y4ebHMKaXx)

—
o
N’
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=
~
&
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o
)
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=
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Bo(p)-Bo(p_atm)



Differential liberation experiment (DLE)
JKcnepumMeHT anddepeHumanbLHOro BbliaeneHus

Test 5 -

s
s
=)
©
(o
==
L
Q
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L
o
X
[01]
c
o
=
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S
ra
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c
@)
o
c

well stream composition, concentation of light components

(N,, C;, possibly CO, and C, are convex, the rest is concave)/
CTPOEHME NPUTOKA K CKBaXXMHE, KOHLIEHTpaLUsA Nerkux KOMNOHEHTOB
(N,, C;, Bo3moxHo CO, n C, gBn. BbINyKNOCTbIO, OCTanbHOE BOTHYTO)

abs. pressure a6contwoTHoe AaBneHue

Cl —«C2 -o—C3
iC5 —e—nCb C6




Production process/ lNpouecc ooobbIun
» Combination of DLE (reservoir) and CCE (tubing)/
KombuHauns DLE (nnact) u CCE (To0uHr)
» Flash (CCE.B, R < diffferential (DLE) B, 4,R<4
Benbiwka (CCE) B, Ry < anddpepeHuman (DLE) B4, Ry

Y
@)
m
©
o
m

100 150 200 250

abcontoTHOE AaBneHue
abs.pressure [bar]




Experiments and flow processes, GC
UcnbiTaHusa u npoueccobl nputoka B 3K

Problems/ NMpobnemsi.

» Formation of a condensate bank, in
case of lean condensate immobile
well stream composition = reservoir
composition/ PopmMmnpoBaHue CCE
ra3oBOW OTOPOYKM, B Crlyvae, ecrnm MocrosnHoe
CTaBUNbHbI KOHOEeHCaT O Venmenme
HEN3MEHHOIO COCTOSIHUA NPUTOKA K
CKBaXXMHe # COCTOSIHUIO KomnnekTopa
» Rich condensate: 2-phase flow into
the well bore, different mobilities,
GLR questionable/ boratbiu
KOHOEHCcAT: ABYXBa3HbIN NPUTOK K
CKBaXkUHe, pasnnyHas nogBmxXHOCT
HEO4HO3HAYHOE ra3oXKMAKOCTHOE

COOTHOLWIEeHne

gas condensate
ra3oKkoHgeHcart

Condensate bank
—— KoHpeHcaTHas oTopouka

CVD KoHTakTHOE

pasrasupoBaHue

Boga water

40



Constant composition expansion (CCE)
[locTosAHHOE KOMNO3ULUUOHHOE yBernnyeHune

> p > p

» Test - Y(p)=(p/p4-1)/(V/V4-1) linear in p (not in textbooks)/
Tect - Y(p)=(p/p4-1)/(V/V4-1) NnUHENHLIW NO p (HET B y4ebHMKaX)

26

» principle/ npuHumn:

> P3=Pg > Ps




Constant composition expansion (CCE)
[locTossAHHOE KOMNO3ULUUOHHOE yBernnyeHune

> saturation pressure (py) — p-V/Z,,, Is discontinuous (SPE36919),
Z1,n from overall-composition

> [aBneHue HacblweHus (pg) — p.V/Z,,, npepbiBUCTOE
(SPE36919), Z,,, 0T obLiero coctasa

pdew

3KCMNepUMeHT

experiment

abconTHOe AaBneHue 27

absSolute pressure [bar]




Constant volume depletion (CVD)
KoHTakTHOe pa3ra3upoBaHue

a30BbIN KONNEKTOp

as
) ; collector
» Principle e
[TprHUMN
window
PVT cell l
liquid
collector
Konnekrtop ans
¢dnrounpa

high pressure low pressure

expansion expansion

PacnpocTtpaHeHne PacnpocTpaHeHue HU3KOro
BbICOKOro AaBreHus AaBneHus



Constant volume depletion (CVD)
KoHTakTHOe pa3ra3upoBaHue

Test 1 - V,CCE(p) > V,CVP(p) ...liquid drop out/ BeinageHue XnakocTu

S
©
2
>

2000 300 400 500 600
p abs [bar]

AS



Constant volume depletion (CVD)
KoHTakTHOe pa3ra3upoBaHue

» Test 2 - Y-function, using 1+V,, ., <ream(P) Slightly curved, close to
YCCE (not in textbooks)

> TecT2 - Y-pyHKUMS, ncnonb3ys 1+V o « creaxure (P) CNETKA
N30rHYTbIN, 6rn30K K YCCE, (HeT B yuebHMKax)

200 300

p abs [bar]




Correlations
Koppenauus

» Estimates for Black Oil — tables
OueHKkn anga ctaHgapTHOM HedTH - Tabnuubl

» General form/ Obwasa dpopma:

» Pp = fo(TressPstoPsTGRS)

> Bo = 1EB(TreS’pSTO’pSTG’Rs)

> IJo = 1;p(TreS’pSTO’pSTG’Rs)

> |, calculated from Gonzales, Eakin/ pac4yumsieaemcsi o
['OH3arnecy, QaKkuHy

» Z, from REFPROP (developed by NIST/ pazpabotaHo
HUCT)

31



Equations of State — EOS
YpaBHEeHUA COCTOAHUSA

v vvyyvVvyy

Input = composition/ Bknag= NoCTpPoOeHne

try to match the experiments/ nonsiTka cornacoBaTtb UCMNbITAHUA
prerequisite/ Heobxogumoe ycrnosue: C,, modeling/mogenupoBaHue
= reveals the inconsistencies/ obHapy>xeHne HECOOTBETCTBUM

mind the errors of the field measurments/ obpatnuTe BHUMaHUE Ha
OLLUNOKM NONEBLIX U3MEPEHUN




Flow Assurance/ ObecneyeHue
BecnepebonHoro Pexuma lNopgaum MNotoka

» Gas hydrates: gas composition necessary
[[@30Bble rmagpaTthl: He0H6X0aMM ra3oBbI COCTaB
» Paraffins/ NapauHsbl
» Saturates, aromates, resins, asphaltenes

[lpenenbHblie yrnesoaopoabl, apoMaTUyeCcKme opraHnyeckme
BellecTBa, CMOJibl, acdaribTeHbI

» — SARA or PNA analysis
» Heavy end — liquid chromatography/ Ts»xernblie KOMMNOHEHTbI—>
XpomaTorpadua donongos
» Wax appearance temperature (WAT) — cold finger test/
TemMmnepaTypa Ha4yana Kpuctanusauum napadguHa
» Asphaltenes/ AchanbTeHbl
» SARA or PNA or IP44

» Flow test with capillary/ iccneooBaHue Ha NpUTOK C KanunsspHOCTbIO
33



Summary
BbiBOObI

» Starting point for determination of fluid properties: quality-sampling/
OcHoBa a4 ycTtaHOBMNEHUS CBONCTB (PSIIOMO0B: KA4eCTBEHHbLIE MPOOLI

» Tools exist to check the laboratory data/
CyLWlecTBYOT UHCTPYMEHTbI NPOBEPKU TabopaTopHbIX AaHHbIX

» Estimates can be gained via correlations or EOS/
OueHKM MoryT BbITb AOCTUMHYTbI YEPE3 KOPPESNALMIO UMK YpaBHEHNE
COCTOSIHUS

34



Thank you for your attention!
Questions are welcome!

Cnacn6o 3a BHuUmaHwue!
Bonpocbi?

35



]i‘istinguished
ecturer Program

Your Feedback Is Important

Bawe MHeHne BAXHO

Enter your section in the DL Evaluation Contest by
completing the evaluation form for this presentation
[loceTnTe cBOIO CeKLUIO ANA OLEeHUBaHUA 3TOU
npeseHTaUMm M y4acTusi B KOHKypce

Society of Petroleum Engineers

Distinguished Lecturer Program
www.spe.org/dl 36




