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434359 WELL LOGGING 2013(3/2555)
COURSE OUTLINES
1. INTRODUCTIONS & ROCK PROPERTIES(2 hrs.)

2. Resistivity and Basic Relationships of Well Log Interpretation(1 hrs.)
3. Resistivity Device(2 hrs.)

4. Spontaneous Potential (SP) Log(2 hrs.)
5. Induction Electric and Dual Induction Logs(2 hrs.)
6. Acoustic , Gamma Ray and Caliper Logs(2 hrs.)
7. Quantitative Analysis —Part I (2 hrs.)
8. Density, and Neutron Logs(3 hrs.)
9. Combined Porosity and Lithology logs Determinations(2 hrs.)
10. Focused Resistivity Logs (2 hrs.)
11. Openhole Log and QUICKLOOK Interpretations(3 hrs.)
12. Shaly Sand Interpretations(3hrs.)
13. Case Hole Logging(3 hrs.)
14. Computer Processing of well Logs(1 hr.)
15. Fracture Detection with Well Logs(1 hr.)
16. Dipmeter Principles(2 hrs.)
17. Logs Correlations(2hrs)
18. Special Logs, MWD, LWD(2 hrs.)
19. Core & Core Analysis (2 hrs.)
TEXT BOOKS
1. DOUGLA W. HILCHIE , APPLIED OPENHOLE LOG
INTERPRETATION, (for Geologists and Engineers) Revised 1982.
REFERENCES
1. Zaki Bassiouni, THEORY, MEASUREMENT, AND
INTERPRETATION OF WELL LOGS, SPE
TEXTBOOK SERIES VOL 4@1994.
2.Schlumberger , * LOG INTERPRETATION
PRINCIPLES/APPLICATIONS ” 1989
3.M. A. MIAN, “PETROLEUM ENGINEERING Handbook for the
Practicing Engineer °, Volume I, PennWell Books , 1992
4.Joseph R Hearst, Philip H Nelson, Frederick L Paillett “ WELL
LOGGING for Physical Properties” A Handbook for Geophysicists ,
Geologists, and Engineers , John Wiley & Sons, Ltd. 2000,
5.Petro Canada “ Fundamentals of Core Analysis and Special Core
Analysis’, PTT.EP. Training, 1988.
GRADING
Homework 25 % Quiz I, II 15+15 %
Mid Term 20 % Final Exam 25 %
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Logging System
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ill Stem Test (DST)

Repeated Formation 'T'ester'(RFT)'
Production Test (PT)

Dr

3. WELL TESTING

Fig 9.1 Typical mechanical drilling log record
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Fig 9.12 Mud Logging Report

A BIT AND CORE RECORDS
B. DRILLING RATE CURYVE
D. O CLRVE (MUD)

C. HiTHOLOGY

E. METHANE CURVE [MUD)

F. TOTAL GAS CURVE {MUDY

G. MUD CHARACTIRISTES

. Ol CURVE (CUTTINGS)
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i I I842 G E. Axcdue of Shell developed the following eqmation that is known & ARCHIE
I EQUATION.

WATER SATURATION EQUATION

Where ¢ = 1.0 for carbonates and (.50 for sands.

This s e basic equation of log fnterpretation. The who

upea fhis equation.

The equation shows that iydreearhons in place can be evaluated if there are sufficient logs
to give dterstitial water resistivity (R ) formation resistivity (R, ), and Peresity (§). In

practice R 15 obtasned either from applying the egastion in aaearby water sand (S = 1)
or froap Gie SP Jop or froas catalogs o water sample meavneeruents; sid § i obiained
from porosdty logs (Density, Neutron, or Sonde). K, is obtained from deep resistivity
readings (Iaductics or Lateroleg).

aﬁa@@

W,
g lanna&iﬁﬂm{’

De‘termme 'true formation re&stwnty (Ry) for
' '--_-_calculatmg unmvaded zone water saturation

o
Estim'ate diaw*tetér of im)aéibn

Indicate moveable hydrocarbons
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Resistivity (Q-m)

0125 3x1014

- Distilled water

Csx100

" Clay / Shale -

<2310

Salt wﬁte’r-‘-b’eariﬁg’ sand

0.5 10

~ Oll-bearing sand

52 103

“Tight” limestone
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R Bet Thitkness
hpia + Mudeake Thickness
d; 1 Blameter of thwvasion

{stap protie} :
dp - Borehole Diamister . -
dyy : Dlamster of Flushed Zone -
dz 1 Blameter ef Transilion Zong

5, r Hydrocarbon Saturalicn
S,, » Watler Saturation
S

%

& Flushed Zone Water Saturation
o - Residuat Hydrocarhen -
- Saturation ;

2

By Mud Resislivity |

Fion Wadtske Resistivity

Pl Mad Filvale Resistivity . .
By 1 Adjasent Bed Resistiviy |
Ry v True Rasistivity . .
gt Flushed 2one Resistivily
R, .; Formation Water Resistivity]

Where ¢ = 1.0 for carboastes angd 0.90 for sands,

Thias f5 for Dot squatton of log interpretation. The

v 1 eouation.

WATER SATURATION EQUATION

whole well-lngan

- sndustry 35 balt

The equation shows that liydrocarbons i place can be evaluated if there are sufficient logy
te give interstitiad wates pesdstivary (R, ), formation sesistivity (R ). and Poresity (43, In

practice Rw is obtuned either from applving the eqnaticn in a nearby water sand {5 = 1)

oy from the SP Jop or froms catalegs or water sample menswenentsy, sud ) is obtained
frean porosdty logs {Density, Neutron, or Senic). R s obtained From deep resistivity
readings (nduction w Laterolog).
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b plat ol Fos Porodiy

?.A}g(F) =Togla)~ |
m*Log(Phi)

~Hence ina 100% water bearing
intérval we cani calculate Rw if we

know porosity and the measured
resistivity. Assuming we know the

soapdeinte o e g

es;stlwtg [§4]

MNow add il o that forrnation....
Gil is an insulator

L

Rr>Ro

Whore

Re is the wot fermation
resisiivity

Fils the true

vesistivity

Rasmtivitgmm

\

Perésiiy Uninvaded Zone Resistivily

Archie Eguation

Lithology Core
assumptions | Analysis Lags
Saturation
n YES
Exponent YES
a | Tortuosity Factor YES YES
Density,
. Neutron,
® | Porosity YES Acoustic,
NMR
Cementation
YES
m Exponent YES &
Formation Induction,
R, . Laterclog
Resistivity (deep)
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OUTINE CORE ANALYSIS

A POROSITY MEASUSERENT

U -BOYEE'S LAW POROSMUTER |
QD RERATURATION -
: . TOLOENE , KOBE POROSIMETER
GRIAN DENSITY )
. -BOYLE'S LAW

MEASUREMENT ;. UNDER CONFINING PRESSURE
HYDROSTATIC LOAD CELL

—_

~ = 3
WHATLIME TEEY ORILCSTERM TEST thoDucTIon TEST

Fig. 10§ Test To.chm'qucs

:ROCK & FLUID PROPERTIES

COWETTABILITY
COMPRESSIBILITY

FORMATION FACTOR

S

Henizio

1. Porosity
A. Absolute porosity
B. Effective porosity
1. Primary porosity -

Fiaae 1LIR £ k tiet and total ¢ ity

e Absolute porosit
oa Effective (interconnecteéd
SR PAMary porosity i
o Setondary porosity

B. SATURATION ~ . °

So = Volume of oil/Volume of pore
. Sg = Volume of gas/Volume of pore -

) porosity

&
et cuaatt

Sw = Volume of water/\fot'umé of Ddl;'{;:'

Fig 1.20 Permeability
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PROVED RESERVE

+ Commercially Recoverable
- Geological, Engineering And Economic Data,
Rule B Regulation
— Operating Methods
- Developed/ Undeveloped
- Price, Cost, Time Span Of Development

- Deterministic (High Degree Of Confidence)
- Probabilistic (80% Probability >= The
Estimate)

PROBABLE RESERVE

More Likely Than Not To Be Recoverable

Step-Qut Drilling/ Inadequate
Subsurface Control

Well Log/No Core Test/No Analogous To
Proved Or Producing Ares

In Fill Which Can Be Proved If Approved
Improved Recovery/Adjacent to Proved
-Area/Workover/Incremental From

Volumetric Estimation
« 50-90% Confidence

PROBABLE RESERVE

+ Separated From Proved Area By Faults
And In The Higher Structure

eeneces af Resereris Digiesting

POSSIBLE RESERVE

+ Less Likely To Be Recoverable
+ 10-50% Confidence

» Supported By Geo/ Eng/ Eco Data But
Beyond Probable Areas

+ Log /Core Not Productive @ Commercial
Rate

« “Infill Drilling Subject To Uncertainty
= Improved Recovery
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POSSIBLE RESERVE

* Adjacent To Proved Areas, Separated By
Faults But In Lower Structure

Enpminnr o Kecrver beginzsiing

Reserves Estimation Methodology
Volumetric Caleulation

Reserves = Bulk Yolunte, 95. So.Bo Rf

¢ = Porosity
8o = Saturation
Bo = Volume Factor

R = Recovery Factor

Volumetric Estimates

» Reserves = Reservoir Volume x Pordsity x O Saturation 4
* Recovery Factor x Shrinkage to Surface Conditions
» In oilfield units:”
Reserves =[7758 x Ax h x ¢ x (1-8) x RiBo
where Or 43360 for gas of By
7757 = bblsfacre-ft
A = area {5q. ft) or Acre
h = pet thickness (ft)
g = porosity (fraction)
S, = water saturation (fraction)
R = recovery factor {fraction)
Bo | = formation volume factor

Bg = Gas formatiom volume factor St

Fig A3 Jropay map for a hydrocarbon-bearing paol

PAY THICKNESS {m)

i At X AL
! fn dae | -
i . i

H i
1. £ P
1 PAY VOLUM i k

!

AREA (m?) CONYAIRED WITHIN THE ISOPAY CONTOUR

Fig, 44, Graphical method for the colcutaiion of the het pay volume, From Rel
permission of Khaver Avademiv Publishers wnd of Professors Archer and Wall
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Mater ‘saturation-porosity relavionships  for productive catbonates arc
-censiderably more varfable thsn in csndstenes. Although $07 5w 1s usually
the cut-aff seen cathesates are productive at 107 Sw and cthers produge
water at 30¥ Sw.  Experfence fn an area and a partisular wone s necessary
to extablish cealiseic cut~offs,

In_curbonaces It is ofitn the casa thar bew permeability sones vhich
wil} praduce nothing SeRGrate FoSEFvHLIrs Those Tod pormiay [ILEY Ednaa

ace wsun Iy Ehatacteized 45 low Forosity and high Vater Saturstion.

Brazple 1-1 shpus an ansiysis of a continuous 1ed feer of limesrooe
with no vhale breaks. The separere raservoits ara marked as well as the
hydrocarbonsunrer contaces.
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RESERVOIA VOLUME DETERMINATIONS FROM ISOCHCORE MAPS
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Resistivity (r)
Assurme a 100% water-bearing formation...
Reck is an insulator ¢

R0>Rw

Whore Ro s the wat
formation resistivity

vpen this equatior

The equation shows tha hydrocarbons in place can be evaluated if there ave suilicient iogs
to give interstigal watee essistiviey { R ), fonmation resistivity R, 3 md Poresity (5). Tn
peactice B iz obtained sither froas appiving the eguation in o nearby water sand {Sy=1
or froms the 5P log or from satalegs or waler sample mensusements; and & is shuined
from porosity Jogs (Demsity, Mevtron, or Seie). R, is obtained fom deep resistivity
readings (Induction or Lotesleg)

A0, = Vel
WATER SATURATION EQUATION R B
. Resistivity (r
ISW #eyR, IR, 74 I Assume a 100% water-bearing formation. .. ;\
Rock is an insutator
Where ¢ = 1.0 for carbonates and $.90 for t2nds.
F = R,
Thiis d5 the basie squation of og srapretstion. The whols well-logeing mowtey is buitt ' R

R >R\'_V

Whare

Ro Is the wet formatlon
resistivity

Fris thoe formatlon
resistivity factor

L. W |
i Resistivity (r)
Resistivity (1)
A R, =1(R, ou v It
Assume a 100% water ;% o= R an; rt of water p esent)‘
Water (safinity) is a conductor &3:. ... amount of water present = parosity %
il
Increase porosity...
Current travels along ...decrease Ro
R et the path of least "
R, resistance
Ro = Rw
1 SO Gy
Whore Ro 15 the wet }%.&;
farmatlon resistivity The length of the cutrent path inereases as the
lortuons of the pore system incresscs
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Remstlwty ()
Tortros:ty factor {a) and cementation factor (Emé
e

Calculate Rwa based on Archie

~Hence in a 100% water bearmg
“interval we can calculate Rw if we
know porosity and the measured
resistivity. Assuming we know the

conctante o and an

AR
&5’&*."2 w .zntt“'é?

: different porosity and’
“eaturited éach oig will
“idriety of brin, He eduld thén '
“nieasuze; at ench bilee saliafly, -
. the resigtivity of the Vale R | e w
“and The tesistiviiy of he'100%"
water saturated réck systeim,
Ro.Wiién he plotted ihe
résilts b saw a serics of
straight lines with slope Fas

shown here ) *s
R
F,=—=
R\v
chie’s:Experiments i Resistivity (r)
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ey g ey

Fommon faen, ©
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| ';i;bg(F) f=*L-og@ o TTE
m*Log(Phi)

Now add ait to that formation...
Oif is an insulator

gy

R:>Ro

Whera

Ro 1s tho wot formation |
resistivity H
1

Rt Is tho true

| reslativity
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Resistivity (r)

= f (R, , amount of water, amount of gil}

e

“HAARRAN
B rsy patuls!

ngher in racké tammg hydrauhcal[y |soiated

ores (vugs).

+ Saturation exponent
+ Usually 2
+ Varies by degree of wetablility - Oil Wet = high “n”

oA

" Saturation Exponent /
Porosity

Uninvaded Zone Resistivity

_Inductlonﬁtools measure;formatmn
- conductivity by mducmg acurrent
flow within the formation

A
f lNDUCTlON PR!NCIPLES?
ArChle ._guation . Atr lter colf, with an altarnat
current passing through [t, sataip] \
Lithology Core Logs altarnating magnetle flold, “F; Ty
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S P IHE SPONTANEOUS POTENTIAL LOG

THIS IS THE SIMPLIEST INFORMATION
RECORBED X OPEN HOLE LOGGING.
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| Applications: .+
» indicates péi meabﬁsty
s caicuiahon of Rw ( formation Wa’iCi reszst:vsty) Sw (watel saturaﬁon) and Net

« defines bcd bound&; ies . R
» indicates shale (it closely follows Gamma Ray logs pseudo g-Ray 3og) _
° corre]ataons and quaiztatlve interpretations (depositional environment) . . ¥
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g | Prmc:tple' Uamma rays are pzoduced by radioactive
: decay of potassmm uranium, and thorium, Whlci
--occur in Vanable amounts m all fonnauons

iy Measurements* |

' gamma ray API (GAPI)

' Pr;mary objectives: .

lithology determination
volume of shale determination

£

THE CGAMMA  RAY  TUOLS

THE GAMMA ?A‘: 15 NOT A POROSITY TOOL - HOWEVER, IT IS USU
AN IN CG}!EI XATION WITH POROSITY TOOLS AND IT Y5 VERY HEL
I% INTERPRETING PORCSITY MEASUREMENTS.

gy

1. PRINCIDLE: R i Thoam et

[RER=

THE GAMNA RAY TOOL MEASURES THE NATURAL RADIOACTIVITY i . ‘
OF THE PORMATIONS. RADIOACTIVE ELEMENTS LIKE POTASSI %'u“ ol oo
IEXD TO CONCENTRATE IN SHALES. THESE ELEMENTS PMIT
EATURAL GAMMA R3YS WHICR CAN BE EASILY MEASUAED BY .
MEANS OF A GEIGER WULLER COUNTER OR & SCINTILLATION [ wswmRann Se

prrecrer. GBETEER CoulTER }% 15
gt Lo b

Bs T 15 ¥ #5 3

¥ £ &

OX THE OTHER HAND, CLEAX RESERVOIR FORMATIONS LIKE
SATDETONT, BOLOSITE OR LIMESTONE DBSUALLY HAVE A YERY

Gamea Ray Evegy (W1

Lo TEVEL QF SATERAL PADIOQACTIVITY.

Fip. 38 ~Garma ray geission specita of rdicactio
inorys.

BY BECORDING THE NUMBER OF GAMMA RAYS EMITTED BY THE !

FORMATION THE GANMA RaAY TOOL THEREFQORE ALLOES EASY i

DISTINCTION BETYEER CLEAN RESERVOIR ROCKS AND SHalIs, e

FURTHERMORE, 1F 3 SMALL QUANTITY OF SHALE [S PRESENT

IX THE RESERVOIR ROCK, THE KUMBER OF GAMMA RAYS MEASURED
ALLOWS A QUANTITATIVE EVALUATION OF THE PEHCENTAGE OF
SHALE CONTAINED IN THE EURUATION.
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< Bstimate volume of shale (Vy)

;':W'el"l?tbiiés}éﬂi:c'_(j}rélfa_i_'i:oﬁ ' S

S = R

- Formation boundaries (bed thickness)

Depth control (run-to-run cdrrelation)

gamma ray operating environmernt
[

Freviuntatot®
o _‘:-:.-%@Fresh water-based mud -

coe o Salt water—based mud
. Oil-based mud

o Axr-drﬂled boreholes

 #Cased hole

aaa&@%
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idhe measurement

potassium, uranium, an

o A0 EXISE lhva;} ab}eqummuesma : fozmat;ons
B Of‘h"‘clase KAszS
@ Monmorilonte KALGLOWOM,

o Emit gamma rays as peﬁ't of the decay process

s Tool measures (*counts™) number of gamma rays emitted

%,
g e
Treipignlutat™

s

gamma ray”?

4 Ph(}tons_: no mass.-and no charge (pure
energy) | : - -

i

Can be thought of as particles or waves

Travel at speed of lighf

Li
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] -Short Radio Wave's o

. _ . losev
. ‘Broadcast Radio Wa\res
:lﬁ" eV
1012 v

' Long Radio Waves .

Mev gy

' Infrared S teV

Lhe source of gamma rays
ecay of K40 U238 and Th232

_.;;lowesi eml; gy? state

Pmsent m vauablc quantrtles m all
f()i"ma‘i:wns -

Potassium 2%

¢ Thorium 9.6 pbm
& Uranium a7 ppm

o Average concentraixons in Earth’s crust |

4/12/2013




oy

[

i

S
e
&"%éiﬁmmﬁp

Energy level of emitted gamina ray = 1.46-MeV '~

2 Complex series of decays o

+ Resulting gamma rays have a range of energies
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Acoustic applications
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Plezo-electric transmitters
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- Types of _acoustic waves generated
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rPseuclo—R‘iylmgh wavcs (nomnl mnde)
- Stoneicy waves

& Body waves (travel through “body” of formation)
= Compressional waves (P-waves)

«+ Shear waves (S-waves)

Direct waves: fool mode
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. How do we mirimize 100l mode?

s ool mode

waves: pseudo-Rayleigh
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reflection in nd)

‘Geherating.body waves
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Body waves: compressional waves

Dtz = interval transit time 'of matrix (assumed)

= By . = interval transit time of ﬂui_d {assumed) -

a: Commonly assumed md%n

-mlvcl tlmes (Dl;

rm)

Sandqmnc 55 5 mscc/ﬁ
o Limestone: - 47.6 msec/ft -
Dolomite: - 43.5 msec/ft -
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Fluid travel time parameter (Atﬂ)
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© Focused Resistivity Logs (2 hrs))
Openhole Log and QUICKLOOK Interpretations(3 hrs )
~Shaly Sand Interpretations(3hrs.)
Case Hole Logging(3 hrs.)
Computer Processing of well Logs(l hr) -
Fracture Detection with Well Logs(1 hr.)

TEXT BOOKS
HILCHIE , APPLIED OPENHOLE LO@‘
ogists and Engineers) Rev @d__

1he Plactwmg Encrmeer Voiume’f{; __Pei_'in:Wcli Books 1992

Petro Canada “ Fund'lmentals of Core-Analy51s and Specnal
Cme Analys;s PTT.EP. T1ammg, 1988
. GRADING :
o j_-Homework 20 %
- QuizL I 20 %
- Mid Term 25%
Final Exam  35%
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434356 PRODUCTION ENGINEERING I 3/2554(2012)
QUIZ NO 1@B1214( Tuesday; Feb. 14, 2012, 21.00-23.00, 2 hys. 75

noints(15%), only one A-4 SHEET and calculators are aflowed)

1. (a) Explain briefly what resource management is. (4 points)

(b) Explain briefly why we need sequencing the fields in offshore
production. (4 points)

(¢) Explain briefly what types of control valves are. (4 points)

(d) Explain briefly what artificial lifts are being used in Thailand.
(4 points)

(e) Explain briefly What three types of Christmas trees are. (4
points)

2. Construct a chart of gas flow rate versus pressure ratio (P2/P1) for
choke diameters (bean size) 32/64 of an inch. Assume that the choke flow
coefficient is 0.85 the gas gravity is 0.7, y is 1.25, and the wellhead
temperature is 120° F. Calculate gas flow rate when the flowing tubing
head pressure Plvaries from 100-1000 psia, and assumed P2=100 psia.
Assume that the choke flow coefficient is 0.85 the gas gravity is 0.7, vy is
1.25, ( 25 points) Given;

iy-1)
P 2 )
P, critical ¥ 1

N2/ N+ D]
g =3.505D2 [Pl ]a s [92) Y {pz](y )Y
& Pec \ .f.l';g-le T=1) py 2 .

3. Design both vert}cal ‘and horizontal separator to separate 6 ,000

Pg

qy =

BPD of crude oil (48°API S.G = 0.788) from the gas (M.W=21)
of 80 MMSCF/D at the separator condition pressure of 200. psia
temperature of 120° E(z = 0.97). Given; the standard conditi_dn at
14.7 psia 60° F. The oil residence time is 2 min, and for horizontal
separator, design A, = % Ay,. The design ratio of length / diameter
should be 2- 3. (Gwen Fe = 0.167for a vertical and=0.382 for a
horizontal separator) (30 points) .

xM;_ ZTP P =70 %624 ]’f) v, =0. 0039qG(B/a’)><t(mm)
Volume _ Q(SCF /D) 147 Zﬂw T gﬂj :
T e R L s EGT

(7;, +460) v

+ J—

q3:86'400.Ach0 p 3o [pl. px)
Py

2p,.(T +460)



vy,

4/17/2013

... Figure 2: Energy Spectrum for measuring
Caompton Scattering and Photoelectric Absorptiqﬁ
. Region Of
. ) Low 25 oclogteciric Effagt
Region Of I(Mae‘; g ﬁ {e and Z information)
Photoetectrie Efect . ; R
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Formuia

= Formation btk density {5}
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»  Density porosily is defined
as pp

‘}g‘w wy A o o3
P By

«  The matrix dansily and ths
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Volunie of Shale caleulations:

Dan;itv Log _ Porosity
{Measured | {matrix }4_51)0&7: fuid ]
| bulk densit f leoutribution| | contribution |

i’
. A shely formation is depicted in Figure Ta. 10 Vsl is the Fn}clmnnl

&
o}\une of shale um the fractional volume of m:strw Js #j}ib =) aned;

‘@r

SVEEHRHOMA erh‘RHO%:

PR = (1~¢1?le + ‘E’f-’f ”n--gﬁw"
ar P (RHOMARHOB}: VAN RHOMA-RIC:
b= Pa ~Pp S
91315 Pr Vsh (RIIOM:\ z{oumn'amommx_

where p = nulrix density fﬁ“"“f\ Rk

=205 forss

. The: Density tool and the Newtron loo] by:- "
=271 for lns -
PHID = PHIeff + PHIDsh{Vsh)

=286 for dolo PHIN = PHIeff + PHINsh({Vsh)

135

- Shal ively reduces (e d porasity en botl

Density Log Porosity

+  Define pyas average density of fluid in pare space
+  Depth of investigation of density tool is shalfow {invaded zone), thus

P =S'.\'u Pt '{"““S}m Py

Gas Effecis Figure 7b illustrates a gas beaz‘mg formation Tn p"";:i:;T . NPT FOmsdph -0
RHOB.= (I- PHII RHOMA + PHI"Ssofrmaf* PHI(1-5x0)*RHOg - and - ?@‘“’“”"“‘"”‘M = P&, (~FFTEIR
2 E"’A ={1- *?’)P ‘ng‘"p# 'W{l S0 jprf Frash water 30 wdhe gy ™
g = 5»?*(1—&3P5~ QA L T T Salt water 11 e m Bh
- cF"‘”’ﬁﬁf (e TFE S ea o0~ eh
s - Prag — * Inwater-hearing 1ones, . -
= - &= Fog 7 Hy 051 ﬁw
Pra= 2y~ 2[5 0 SwEtandprpn S Pos™ By 'EPﬂ,r"P;.)gxa s
iﬂ';filulr?aii:};ﬁzﬁ%{gﬁﬁz@cgﬁiw OmERHOg) Sxe] o o J e 1;‘? * Incil-bearing zones, use same py= P, Assumes 5, 1s bargs and py & .

IRHO e = 0 TRAESANY = 099 ) whore 13 = dently o fot
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=nsit Logging Overview

- :Density Loggmg App ications

03ity (F) deteriiation -'(rora.' porosxly}

&

. :
e M-ﬁ&mﬂ“? e”’ﬂv’}iﬁ%&?&&“?
gcimma ays. commuously emltled : i
e Provxde a shqle :ndlcqzmn
: o i a Estlm’tte volume of sl-nle (V } whcn combmed wnh'
sh
Thulk densﬂy (r) -_ olher porosnty medsuremers :
photoe!ectncfactor(l’) o T
o Prm}ary objectives: = 'Prow;ic agas mdwauon when combinéd with othér -
porosity determination +_porosity measurements
lithology determination . . .
o Estimate gas saturation when combined with other
ﬂ porosity measurements L

- Porosity Determination

Ca ry=(1-Fr,, +Er

=]

Porosity. determination

buik densn‘y [measured by tool]

Praa = momx densﬁy {ossumed):
P = fluid dens:iy {assumed) L

Provides an estimate of folal porosity

‘mensurements,

- Commonly. assumed matrix densities (1)
-+ Sandstone:” 2,65 gm/ce -
" Limestone: -2.7] gnivec -

Dolomite;  2.87 gm/ce

o Represent pure lithologies at zero-porosity

;' voiumc of ;nvestlgatzon Lies ﬂr:shed zone)

a Cdmm'only_ass'mned finid dehsiiies‘ (rn) o
“Fresh water-based: - 1.0 gm/ce
Salt water-based: 1.1 gm/fec
Qil-based: 0.85 gm/ce
Air-drifled borchole any ideas??
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{ro gly 1e!ateé to'dve; agc atomic number (Z) _;ffué

ovegantalt¥

u Photoelectric factor (P,) can be used to help estimate
rock type, even in complex lithologies

" Photoelectric factor )

Limestone
- Dclnmlte
:'. shale(s): ) S :
U anhydrite " P 508
. H.aﬁt.e S 4.65 -
Coeal ~ .2
Barite 266.82

dd onal Denmy Lng,gmg Applications

o Estimation of rock mechanical properties
when used in combination with acoustic
waveform data

 Physics of the measurement

ISE.f toms, causin '«E‘Vﬂﬁ&e

v hen nluh“‘ﬁ‘

B Gamma rays Tetirning to detectors. exhibit a wide range of
; cnergy levcls depmdmg upon tpr 'mcE 11umber of co[llsmns

£ Scatterlng is proporalom[ to electron de:151:y (r ) oi the
"~ formation..- ;

w  Absorption depends apon the formation’s average atomic
number (Z)

Sbi]i"ce'of gamma rays

» Initial energy of these gamma réyé is 662-keV

‘@ A gamma ray, w1t11 an energy: 1eveE of 662- keV (kilo-
: c[ectrou volt). would have the samc striking power as
an electron acceicraled thmugh a 662 000 volt
U potential

o In other words, this is some pretty high energy!
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dlfferent p'zth of' travel

:.:" a Ultumtely (< IOD-keV) 'gamma may
o ase enough encrgy to bc absorbcd

a -:Scaﬁcring and abs'oi'p'tion i'i:sul'is s
wide range of gamma energy levels at
the tool’s detectors

“Energyloss.in gamma rays

Ak
AT,

Duier Shall
. Elecitans

ever el ™
Efesirons

o Binding energy (proportional to Z, decreases
with distance from nucleus)

(A Wa

U,

| E'herg_y loss.in gamma rays

Wasraetions min Qutar Sngi Eyens

o Lithology-independent (weak reiationship to Z)

is abwr ; 'cd

b Srall Eledirons

o Lithology-dependent {sironf’:clauonsth 0 Z)

Compton scatterzng

o Numerous Comptan events can result in much
fower energy levels (and, ultinzately, even
absorption} 4

Compton scattering

& More electrons = greater 'probabilizy‘é"hiélier I,

o Bulk density (n,) is related 1o electron density (x;

e n = 1.0704r < 01883

“u Conclusion; gamma rays > 160-keV are imporlait in the
determination of bulk density (r,)

Ay
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o Servwe comp'lmes may have dli"fexent !.ools, but 1hey all use
Lhts form of lhe equauou : S :

o The truth of the matter...
We measure the number and energy levels of
gamma rays from which we derive the electron
density: then. we caleulate bulk density

- Photoelectric absorption ;g

)

¥
et imantals¥

H et ALK

o  Absorbed gammas obvicusly can't be detected {but ather very low
energy level gammas are)

-....Enotoelectric absorption . . . 4
o -Gamma ray interactions with matter i
hc probab;hly that photoeleciric absorption w;f b Ees e }
oceur s proporﬂonai fo atomic number (Z) of af
“"o,,'fﬂ%&“ "»J;,_fmﬁ“s“"
~'a Photoelectric ab_sorpt_i,ori |
‘a Pmr productmn
(electron/positron emlsswn)
u Conclusion: gamma rays < 100-keV are important
in the determination of photoelectric factor (P,)

- Scintillation. detection

Lt

 Scinillation detection

Q'a"""n.*., natulet®

Gavirts Aoy SRR DAV oo
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: clua!]y a funclmn of‘se»erai
o ihmgs

. PRTES S0 .fnh'-nnlnjn_d_cnsily S
_L'. - Tormation Itholegy -7
e o mudeake density

Ly, mudeake lithology

1 mudeake thickness

G N
o Count rates change as a function of variatians in these physicat properties

Lol

- The count.rate equation

f'-¢x3 a factor related to the contmst between the
" density of the mudcake ad densny of the -
- formation

4 x,; —a factor related to the contrast bet’ween'the

lithology of the mudcake and lithology of the
formation

i

- Computing.the results

?; %
AR

ph toelcctn faclor (P )_of ihe: formatlon caxl’bﬁ,;;.,.cquu':»“'“

puting. bulk density (P,) i

nt-rate equ‘m 15 were modeled for an §-inchi i% \

J
{%{gimm m‘(‘é’

_y (r) écnved ﬁom equauons must

-Z-ji:i Amin’of'cdm‘c’c on is added

‘o IMPORTANT: “This is known as the radius of
curvature correction, and is NOT the same as the”
correction curves that appear on the log!

o What is meant by “radius of curvature™?

Loy

' Computmg bulk density (D)

s of oy atme correct;on has been ‘spp}_&é

a But is ﬂns computed V'lhle of buik éensuy correct *

a 'What'clse is influencing the me'asurcme'nt hat has ’
vet to be accounted for?

The problem of “stand-off”
o :Measmements could be acqulred with

L
"'M:.'i&e:n(l"\

'1re d1rect confact
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. The problem. of “stand-off"
; etect{)rs may ot be.in duecl contact with

Warhouly

Hagmr.\;l Kudzake

o Count rates deperdent upon seattering and

absorption propertics of formation and material
that is creating the stand-off

The problem of stand off

u Tool design does not eliminate stand-off effects!

“locusiof the 7
 mudeake affccled L
points is called the
:'1ibs. The correct”
" density for a point

on a rib is where

the rib connects to

the spine

Lo Bk Epacing Goely

Fious 179, B o o chart.

Density: correction for stand-off

No correction is required

How many times do you think this happens?? .

D sity correction for stand-off

u be less than tru .':dens:ty '

L A pDSithS COI’I'ECtEOI'E 18 requn‘ed M
= Magnitude of correction depends upon the
stand-off distance and mud density

orrection for stand-off 0

Rupose oré_l_i:_ol

computed bulk densﬁy () wi
% be less than true dens1ty3'-'

= A positive correction is required -

Pm < Py
» Magnitude of correction (tmuch smaller than
for wash-cuts) depends upon the stand-off
distance and mud density

Py
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Density.correction for stand-off

“and mudeake density increase,
“wthe éorrection becomes mors 3t
» -severe o Prac = P
= -Carrection may either be positive or negative

AUSE T > i, he compted
bulk density {ry;} will be greater
than true density .

# Becauser,,,

= A negative correction is required

'Dé'nsi;y_ correction for stand-off
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Appendix B
Answers to Selected Prohlems
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Porosity combinations

Introduction

+ Whenusing a single porosily measurement, lithology must be

specified, through the choice of a malnix value, for the correct porosity
to be calculated
= When using two or more measurements, lithology may be predicted s
{along with porosily), but with some amb:gu;ty
«  Measurement preferences (in order of choice):
—  Two measurements:
Meutton and Dens

- Quick-look L|thology ant Porosity

# densily and Fa

- MI-EJ (Matr ldenﬁﬂcaiioﬁs) Plots
~ M-N Plots
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é'mmﬁuﬁﬁmity crossplot

— + Advantage:

- Given two possible lthology pak
solutions, the poresity remains
ralatively invariant between the gy

solutions
) - The ¢combination of neutron an
: density is the most common of
i I . porasity tool palrs
Y + Disadvantage:
E" b = Inrough holas or in heavy drilling
£l £ muds, the density dala might be
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o 434359,505359 WELL LOGGING  2012(3/2554)
COURSE OUTLINES

INTRODUCTIONS & ROCK PROPERTIES(2 hrs.)

Resistivity and Basic Relationships of Well Log Interpretation{ hrs

' Resistivity Device(2 hrs.)

Spontaneous Potential (SP) Log(2 hrs.)

Induction Electric and Dual Induction Logs(2 hrs.)

Acoustic , Gamma Ray and Caliper Logs(2 hrs.)

Quantitative Analysis —Part I (2 hrs.)
Density, and Neutron Logs(3 hrs.)

Combined Porosity and Lithology logs

Determinations(2 hrs.)

Focused Resistivity Logs (2 hrs
QUICKLOOK Interpretations(3 h

Shaly Sand Interpretations(3hrs.)
Case Hole Logging(3 hrs.)

Computer Processing of well Logs(1 hr.)
e Eraotias Datactinn suith Wall I aocf/ 1 hed
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The primary goal of well log interpretation is to
determine whether there is petroleum, and if so,
much can be recovered and how fast it will flow.

Well log interpretation is used to determine the
economic viability of the well: How profitable it w
and how soon the drilling costs can be recovered

adi
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One of the
reconnaissance
methods is the
relationship be
the SP curve and
resistivity ratio R

At

only by a constant
petroleum is pres
Rt increases so th
two curves defle
away from each

41772013




4/17/2013

it (?UﬂN}'IT)‘TIVE  AALRSIS ST

(Eigick Lenk \C‘t,!i\\“' o
QUICK-1.0 e “‘“:P
Gl tlot B S8 edvn B
METHOD SO ey
VVVVV RWA

i % wheo, ﬂ,‘g ov.\; m{ Rys Gty
P de = _m..lpq. ?wwc
i

Apparent Water
Resistivity (Rwa
compares the d
resistivity of va
zones in the wet

Ry pF ia \,"_ v Wt
Haro et LLQ’}sya;

43
35 S8 AR A Thrg o Siab,

@;j [l &‘R’a&,tj i B lq

i Fcum.ma smh

{# > H
B S 5 et
bore. The lowes TRy k?:" Slafoiois
isassumed to b el e m_g,;u.ga.-;‘g Re
water, so high R

{5 £ = A~Boylr
. ) o = mp
W omet DB e ) TARR Ry

must contain
petroleurn,

T
B (L L

Fig B5mTha lig Pl 3055 & tunrdap.

T Ty TS TR z
Brbhecn e it curees. bRk Faseriey m"im-q

Tur = BX 0 ij&w lon®t—tif

arvey VEI B8 Mt relitive 80 the Fepye 5 5
et 13 foy o
. =
. a A-B
mzmmrmewuw%fm
T ul A
- ‘: g% =4
N ; e | S |
0z 1
o jﬂkﬁ/ 22 A
“ A ir’ Sucmert € H
B i
o H
47 ~ I i
Mty g™ [l E L :
g = H
Y (. ¥ !
o if !
s, o ?
D ; D G The B, noviey. i
i"w Fovetlay isa Sanatag of the &,
o Hinisl by (?f.‘!t‘r‘}rﬂlnn et tha b a,ni.
¥ B " W Fy L aderivand by PRl 7Th F tropstag 1o Fiog Py
.l ) delingd as; iR e 5
e, N Ll RESISTIVETY Rtamio METRGDR
Fy oo
. "

n ?ts(smuy Febit g fax
Foen 1 i

1wt thay

e Ay Ere

T Ty Thr 5 S
SUEves Sl e

4 fony

ot "lhocuﬂt-ah.}s

Tl cf
NRURT I P b b

by PR BT € DM SRR IR

.—“ﬁs&' * Ctepanan pred el Sy ne s
. LI it

= s g & PP by > 1 s ha

Sare Fiding N, Gdtrze §16 JAE Tt e, Tt aidint v

¥, FEL D dnren. 05 K g, veree ran T

LI R, Sirctumasier O
2t et AL hedrtathang,

g,




4/17/2013

@3 ?ﬁ_‘.z LCY:?“‘}'\" Q‘OB

(D), PFLUSHED Fuvp hETHeb
i ,___,....__._._..__._.«
faudiy

2l < - I
s = -?és AR - Q_LL s 'i; > (\5;‘:} CZ,,i,fé'u
e Ry TR *:Jﬁ;‘??
JELIY AR Rw.t- P e ‘* g ﬁ“&,
5 x o G-ty i
Su = ® <
) ?m. >B¥Y @ }‘gv-\dl.é a"" .
ettt H.C- F2 L St ‘»a}"
wan 5,8 JT# e T .,
by
@,. F Mowlde 08P Sun Bt o e
R - M7 GRSk
F‘”?“Tz_._.“;:‘:} T Pl &q .. '_‘+ _p + ety
Fre w g_:{‘ LTS - Ry  Ru  Bmp

2 v eorEpd - 2 G035 shirp T

L A el

A

@5 R ik Cava “ﬁnv\

fuge = &2 T Rbwechue fa ot
whtin, Fene ani‘q. 22 [Reg 7 S ow BEY o Ry P57
HE  Rofn 3 LS Bmf o
@‘- Wgﬁgq‘?l‘! 3 (ﬁﬂ?&?t‘f{
Sias Fad ‘f'b'i‘

QUICK-L
METHODS

RWA

If the fowest Rwa
reading reflects
water in the po
then the appar
water saturatio
(Swa) can be
estimated by:

QUICK-LOOK METHODS:
RESISTIVITY POROSITY

This method calculates a porosity from
resistivity data using the Archie
Equation, and assuming Sw = 1

In zones that are water filled, < is high
and equai&t@\thg -Lrue porosity.

In zones that have petroleum, Rt is high
and @ is lower than the true value.

@y is plotted with porosity logs and

QUICK-LO{S

QUICK-Ld}

the zones being
compared have
same lithology a
porosity.

knowledge of the lithology is
assumed.

QUICK-LOOK METHODS:
WET RESISTIVITY (RO)

Ro is the actual resistivity of the
formation and fluids. Rt is the
measured vakue.

Ro can be estimated from the formatio
factor (a, mx&- I, and Rw.

Assummg a value Fbr Rw and @, then Ro
is the estimate for the resistivity of a
water saturated zone.




QUICK-LOOK METHODS:
WET RESISTIVITY (RO)

When the calculated Ro is plotted with Rt, the dee
measurement by the log, the two traces should
overlay If there is no petroleum. Otherwise, the
curves wilkdiverge.
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DETAILED LOG ANALYSIS

Lrpnd

s et :
m{wwm : i;hemws- -

Once prospective hydroc
Zones have been ident
then calculations of th

cade, thespparesd Tormasios tadior
Pl e Tozatad By sk s

Fig 813--The £ROP

desired parameters fo
economic evaluation a
made,

DETAILED LOG ANALY
] [ m; [0t SATURATION

| Water saturation in the flu
Zzone and the uninvaded
are calculated using the
Archie Equation.

DETAILED LOG ANALY

= =] (&2t SATURATION
SO

i
' Instead of calcelating Sw
Sxo separately, it is usefi
calculate their ratio, bec
the lithology factors are
eliminated.




Pl b
end Favetees ; ey

i @ET@_I,’ED LOG ANALYS

WATER SATURATION,

:t Hydrocarbon Index. If
SwiSxo =1, no
o hydrocarbons were ma
‘rmw; If it is less than 0.7 for
" or less then 0.6 for car
Fmzz then petroleum will m

DETAILED LOG ANALYSIS
) (& MURATION

i The saturation ratio can
- determined using only

resistivity data (above).
petroleum is present, th

DETAILED LOG ANALYSIS
- ZEE] [F2 ATURATION
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DETAILED LOG ANALY
“#= )t SATURATION

" i Lo Ten
i saf Farsrcirry

Instead of calcutating Sw u
i the Archie equation whe
lithology parameters mu
known, water saturation
also be estimated using
ratio method without knd
the lithology parameters.

DETAILED LOG ANALYSIS:i
| [55] (E2]ATURATION

Substituting Sxo gives S
{water saturation ratio

] J
IRREDUCIBLE WATER
SATURATION

Water saturation, Sw, includes water that is bou
particle surfaces, and water that will not mov
because of capillary pressure. This is called
irreducithe Wéter saturation, S

If Sw = Swirr, then no water will be produced,
is important to know in making an economic
evaluation of the well.




DETAILED LOG ANALYSIS:
BULK VOLUME WATER

i

g\g Bulk water volume
L (BVW) = S, * O,
éTahie 7.1 shows estima
: §§ of BWV at frreducib
gy : water saturations, s
B calculation of BYW (
show whether the
reservoir will produd
water along with

petraleum

DETAILED LOG ANALYSIS:
BULK VOLUME WATER

Plots of @ against Sw will follow the hyperbolic
curves of BVW if the reservoir is at Swirr (left]
Otherwise, both petroleum & water productio

likely.

DETAILED LOG ANALYSIS:
SATURATION CROSSPLOT

With the advent of computers, graphical solutiol
the Archie equation aren't so necessary any
However, there are two that are sometimes u
to get a visual picture of the productive zone
saturatiom™ %L

4/17/2013

DETAILED LOG ANALYSIS:
BULK VOLUME WATER

Bucldes plots are a way of determining whethe
reservoir is at Swirr. (The ordinate should be
not Swirr).

i

s soniaios,

DETAILED LOG ANALYSIS:
ASSIGNMENT

On your spreadsheet from the previous resistiv
assignment, add columns to calculate water
saturation using the rafio method (Swr), Mo
Hydracarbon Index (MHI), and Bulk Volume
{(BVW), e™*%1

Make a Buckles plot of Sw and @ to determine
whether the zones are at Swirn.

For each of the zones you have analyzed, desc
and explain the potential to recover hydroca
economically.
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DETAILED LOG ANALYSIS
PICKETT CROSSPLOT

The form below is the one traditionally used for
Pickett crossplot. (Note equation 7.26 in text
the description in Fig. 7.4 is wrong).

DETAILED LOG ANALYSIS:
~ PICKETT CROSSPLOT

Note that thi
| requires Sw
i If enough po
¢ can be plotte
value of m ¢
determined.

a" can be
caiculated if
i known (or vi
“i. versa).

PICKETT CROSSPLOT

The logarithmic form of the Archie equation can
written in a couple of ways:

DETAILED LOG ANALYSIS:|

DETAILED LOG ANALYSIS:
PICKETT CROSSPLOT

When o is pl
with Ryon lo
graph paper,
slope of the |
-1/m and the

DETAILED LOG ANALYSIS:
_ PICKETT CROSSPLOT

This plot also
requires that
lithology ("a’
Rw be the sg
in all zones
plotted.
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Permeability can be estimated from porosity,
resistivity, Sw and hydrocarbon density data,
However, Sw must equal Swirr, the irreducibl
water saturation.

Bulk Volume Water (BYW) must be calculated a
plotted ifradivance to made sure the zone of
interest is at Swirn

DETAILED LOG ANALYSIS
PERMEABILITY

DETAILED LOG ANALYSIS:
PERMEABILITY

There are two simple formulas for medium gravi

and dry gas (i.e. hydrocarbon density is assu
For medium gravity oil:

KAR -P,
QKA

For dry gas:
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DETAILED LOG ANALYSIS:
Ji:LITY

requires a
separate

DETAILED LOG ANALYSIS

PERMEABILITY

A more complicated formula that includes varia

for hydrocarbon density is:

DETAILED LOG ANALYSIS
PERMEABILITY

The most reliable permeability comes from well
testing and direct measurements of discharg
hydrocarbon density. If cores are available,
permeability can be measured in the lab.

KA(P, P,
Q = ( %L
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QUECKLOOK Interpretations(3 hrs. )

‘Case Hole Logging(3 hrs)) -
Computel Proccssmg of well Logs(1 hr)
“Fracture Detection with Well L(ws(] hr )

- Dipmeter Principles(2 hrs.)

" Loot Correlations(2hrs)
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« The volume of shale in a2 sand is used in the
evaluation of shaly sand reservoirs.

* It can be calculated by
- Spontaneosus Potential
~ Gamma Ray
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ample, in the case of bulk density as measured by a den-
sity log, the relationship is

By = (Syq Qmj + 8, QI:)

* ;-"Jfl Qs.’: Al -~ }/\vlr) Qma" tEq. 2“!3]%%&%&7@%
where ¥y, 3 the bulk-volume fraction of shale, @y, i3 it " st
density, @, is the apparent density of the hydrocarbon,
amd the other terms are a3 previously defined,

There are many formulas tiat relate resisiivity 1o water
saluration in shaly sands. Most are senerally of the form -

tosla-vy  cov

R SR AW V' A a2 .
iy L (Eq. 2-14) _

where Vs o term related to the volume, or some speeific
volumelric characteristic, of the shale orclay; R, ks a -
term related (o the resistivity of the shale or clay; and
G, if it oceurs in the forimuda, i a term related (o the water
saturation, §
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oracla. Using shaly formation analysts, caloulets
waity saturation for the fone &t €.550-0,598 i

Tiguee 3-70,  Denstop-noutron croseplat shey
g siate point, Vi 1953, and shals-cometed §
[T

{iis et I 4 Chlen gharn b Sasdsmalsabsnni

Flguee 3=TE Dl indoctian focwed fop, comipensated densiy, compenzared n:mn‘?fm;:g{m
s Gl Formation, Weld Crunty, Celomda fooursesy of Misks OR Qe Fr Colliss, Cetoradol.




4/17/2013

¥, LAY
‘e
& Fad Dol foe Log -
B ARt P by 5T VRS
P L BT 34 T

3 3% e R

war gy o T sl pa M

A, i toreiies Shde o whey pe .
Binm 0 Ceac ), D= L83 ande, (e 14)
Fuem uf(éu,r. Bafy

B v vy o, Dhabt brar s = %,

S s PR

Tty S% Nw.nv\ i
A 17,6-2: Aw3ym ET

¥ ) EX
DR WA L% L 63f T

e gt T

RLEDILTIRL 3 SHALY BRTRAIenE IRCETPYCLALIOB .
Figure § Bguation §
L. Zorneluve the lops,
2. e clesn saad analysis as \n Algerizhs 2 P7-5 Rua Methoe|
e . R Lt i N * g 3. Establish ciean and shale Mine for garmp ray, 5P
VErHLS 10T resistivity sﬂsfc;:u.c.hy:xsfn‘c rmup{(\.\} Tha key adhantages of the propisnl tec "kl“ ang poroedity logs 1f trossplot xe be dems.
4. Eqtablish shale wvalves fur vesistivicy leg
1. Th vadue of m ddoes poc have to be assumed: i fagt, it an he dalermminedd from this wadyss 5. Determine volume of shasls frasm:
Ly reiad and etor. Gozxma ray 13w}
2. Water reshstivity docs not r-aw: 2 b known in sdvanee providded thae the tessevnlr containg 59 N 13-1
some watet-heacknyg Intervats, Pornsity log ereswmlar $3-2 15-2.3
TABLE 3~i4. Shaly formation evaiuvation for Example 3-23 &, iee the jowast Veh [rom steg 6.
) T fevrenr the pogosity lug fer shale effeuvrs
Resgh by ey o R ¥ fa densiny 1-g 132
. - y . NHY LT 135 o3
4550, 6'?% ! Q"'i 0'.],3 gu) v g-‘; Zi: acguneis (Af yaor dzspcmm) 1i-4
6.3600.504 012 0.20 ol 34 4 ol 1l yoe cressplotted deosity - neatron ard this
6,596,504 0,33 tae £33 He 052 Q12 was the shale volwe vsed ~vead povosity off of
6_5%4}.5')8@% Qo9 0.3 003 52 o059 084 Sredugletem—-ntherrise use denmity porosicy.
’ Co amRbTELNY AW from w i U BRI
) Y. Calgulate 13~R 13-4
? f. 13-7
. B
i E . 18, Lompare Sw frem svep I o thst of step 9. ftep 8
Sty b dere
tate Ll Satutais of Fates FATRA L Lanattes 013 T 107 TRTALY TR0 TR A TR
P st o e
P
st e wr L
am@ a4 "
-rn...«»h! ;
H
i
M 45u = P
3 “n
L]
. 1
. ] ot ~
B ¥ 5 £8 A sh Py
2 : “"““"ﬁ'&"h B i st
r LR - o= i €
i 4 4 =5
e T ey e az% I
eamstar Teseter o = Eh
bl i)
2% ] 131 Bhaly Son L ML TR0 1 -
x‘,m?}ﬁ—_ S laly ' -.l’mrnﬁ«ﬂu F.“tag E:';k;--&. PO e 1o et F s Wl b Lndeina 3 gyain WE Seeiess sdndanemes
I areatite logs ’ ¢ ""L;:‘\.‘ Fiy 3 3 &,j}._,q s LTI S iy o
S Fhad R rn Clavn Sand A 17 o b gl . | e
- ozm 300 ept 5 9 ] Qx:; | I :
Wy ard ym o entqtirs i i3 " % Fedspr b ey
€ = a6 it gp Rew S RAAS oy o = :‘._.."'4» 7230 : ; :
Rue= RE- E BT Siw Fig axg S — a8 ("‘* [EE IR




4/17/2013

fxauple 13+ Shaly Sandaciswa Interpremitien e TR o R T g S L srorr s

Cengrad: The laps {exampic logs Lieda. B oamd o) are over Torkinry sanduiones Hava Read fram the Logs
in she Lowisiana Gaif Doast. The well was drilled with an 241 bage nanguz elvisy ACEIGE PO arashey
#d snd chus thave isx 6o shers newsal o ZP. The L \ Lo (e .50 .
frasser Aplas oand The neubren lop is a sidevall newer 5 ;'53 {aeE, 861 25

bictom of botli nhe Gan3liy aad Soulino & sEndalong parasine
2ay Beay put on to assn the caigulatisng,

and B For rown 3 {usin FR—

iified Shaly Sand Imtursrecacion

o onals pochmivue enly tha aw data ave wied
sratien hetng oolesiaved i;{ffi 14
astesity boing determined fres

3 Rha 9Bier FaLv
fodurrien and nestron and
ity l¢g.

i

same gopes and sane beg toadicgs,

w Wy will degersing R from the dlaon zeadstonaen i
a5, The pevesity Irow the engily and deutrsm avey Yilx
sasazyal ate 3T wwt IRL res AnsUne Aho .
werasiby 44 26%. The Jopductivivy of whe Sudusrion lo0p fs ab .
3330 edlldmhas/m which f2 9,19 she =

irdottion Iog.
sonos & ami Howl
dewrron §5. Porosivy s 8%

24
Ad boED porssiniés in ozoae A axe the sane
appadr te be ¢leas. The sleamer st
dengiyy 7 porunily unisa (pu} greaver

3 N
mnzrzi“-——m.m,cmm

¥g %41l incerpret fwo aomes: Aar agiid . 2 indiestes ans of the logs fg a lieole o wal
finductison Lop depths} 3 At 15225 -

i oa clesn sonw L BMG pavesizies shanld spwen while In &
ataly =epe the densicy paronizy zhould bu L
¢ INLEN-LOI0T she shale values ara:

Tata 2ead foenm Lhe Logs

donducrivity nantIon purasity Sensity surosity : PO G A L $ 1 . w202 gwi [ 543
: - pup fRe f T 763 P deutren LS. puresity = 20 { g w 35} e

eimple 33-1 {continesdd

Fruople 13«1 fconcipved)

oot b ;'hz; _wm;x the Ia Basels
it pide ol the lag. ar vand Ling fo e o
BRofor & 4y LD pelsions, for 3 4e Tl :

eledn

, L . 14‘""!15:\‘ T B
B ¥ WLl integpre The perowlly begk svsareiviy ant of tevwvde e
WATL g0 bR b4 upy PR 1BPN (QEETELY, & 1ot ¥ Loy L
- ETETEY the pRTosily 1o
1. Tpom Fipsre 1ot s g TN L &
tom Flpute 8- 5 ..ﬁ, Bz ;* - i m mad s bolh iops
- Horyipatatat® I8
for whele tnestien ¥in T
A meusrer o« 402
b4 S FEE i1
wRiLiaE covregit
. o Tor femddis s the water saseTssics A
B o or bu iFiE VEBY - b6 £Rp. 03 i
#
Semstty oy
. St T5ed E 9o The resuits of ihe
b SEAL = 49 5-1E

as Eow fw

Tha waTer sATuratiza ave tiend {yme
Iog cajeoierieny. Gn sowe ¥oahdsn da v

fe densier and GeutEoh
st

vt 4 sl . [, .
- fitant Bt faropee: batuson thy s mort mene ¥ & In-ED e 17020
e, sppranch,

IVARE ¢ GELEAND

"

R NESITEN 6% The wareT saluretionw ate cioss et bes N I
o sarcities s log ealuularfons. iv @ Wieh g6 tary , {g :g:f;?..
okt 2 Trem dificrence Yorween thu simpiifisd and . i
sncesialis.

Hpprotei,

& JETIEINTG te o
E ITLHT w 49.5-7 63, E% » 54,4 - 116
—

o A Bude Camisri fex Srages fage
N 2
The "wacer saluvéiiens are ciep frum bosh the densizy s:;%wnuumz,
teg calenlazions. I gane B ehieh bs wery vnaly shers 1€ 4 nipni-
v, ticant diffpxenck bovaian the ¢lspliflsT ped mive cveglete
K appraathe .

S =

¢ dd mewiren of
£ povaeiiies &8

tndar the fumber § i8 a crespples of Lhe dentl;
o samdetone porastiy Rasis.  The Slraghetsi
noted Lp grep @ cavses fhe sixle volumes and,
fyox thone whdnp anly ofa FUrRRlXE 19%. o ayreyment i BLELZ

k]
grepptabla. N H
P 5. Weuss sosprles dor dnanpie 1343 N H
. o S g i
e 4 5
=347 »
T feiar B ¥ g
* povesizy » 153 :
- : ¥ o EE
40 - Tk . 3

Sr

Cie-BHALE é},@ @ BB
—

Sy B t';':l-«ﬁ;:’a

Hepsity sandsions potustn

i k1 e

i 3 HH 640
reptron sEadgisne pevorliy ¥




4/17/2013

CHRRT 3w 14

ST ggmm e 0

Y oomnr sw i w1 E

5
xwﬁw bl

f

et
EATER f. i
A B

RIS
24 G = e b 35)

R TP A

S ren—

WOt snm_sm

T S 5 Bt

3 s ‘nd @Imﬂuizﬁe

i
T
[

Tts g
€ 4,
E i
5
3

B b A Lbeey fata .!nunlu IAE SIS 0 bl vad 1y iersy
i tis Grnatiog are 3 Mol

fimaier 45 m‘u.z T 5

ST
5, 098 1 tepeiin 41 gir Fueoay

5 Perzaity
it @ fee
s 1;

m«m 1 it ;5.:1

n 2imerss o

-

Sy

P Ui, a1y e Feralts wid 5
4

98I b et s

R

SECIO tuntelitng tn Magta

SRty o xiLes, uwﬂua #f She itk at aaise
O iy, Lniﬂe;n.m ey X3 b it an
- v t Dtb\r

L st '&‘u Aotz Sy,
Ay ke s

]
Ew egrvg e o

Hlalde 4 waid gizgar,




PPy b 15 ks con bpsting ey

SHPIRENS HT 7 11
S H e

4/17/2013

S [ 2

okt patsteh®

o

o)

AARAN

Prablems
15.1 Examine the THS and density Jogs of Figs, 18,23 and 18,24,
wnd Dien sngwer the following gquestions. These legs were ob- y
sadnedd Q0 a UUS. galf const well. ri
a. Using the pamma ray curve, estimate the shale content
of Zone €. P
b Explain why in this case she 8P curve cozmot be used 1o ﬁ?ﬁ;’:ﬁ“%
estimate shle contone.
o, Using density jog data, estimate the effective porosite of
Zone-€).
AR, =0.07 B m at formadon mperiure, vse the Ferd
and Hemmack equation to estimawe S, of Zone Q.

Chapter 15

Problem 15.1 a. V;=135%.
b. The SP response in the clean sand is affected
by the relatively bigh formation resistivity.
¢ ¢=27%,
d. §,=29%.

16.9 The IHL/SFLAonI and FRCANL logs of Figs, 16,33 il
£6.33 show & shick sead Botweon 5.468 and 5,726 €1, Con-
suferitg e zesponse of the HHferen ook, the sand o be
divided into five smgor ntersals.

Inferval A5 368 10 2494 R
Infervad A0 — ;
Yrtervat C5,535 10 5,583 G, £ §
Trtervul [3--5.550 10 5,632 f, (8
5032 1 5,726 i, i kK iﬁﬁ,ﬁﬁs@

b i e i each tervid, Selees and deter-

e e py y dnd Ruid satursition in sevetad zones with-

i ek interval. Beg heuding Hst (e Bllinolisg infornsation,

Taxcation Gl of Mexico

Fonl Jeph EALUES

it shee 2% in

¥

Mud 1ypo Ligoe
Mud density 13.0 Ibmigal
Rin 079 Gt at 78K
et O30 Fom ooy 789F
Maxhmem recovded 1emperature E0°F
1

Problem 16.9  Intervals A through C are gés-bcaring; Interval D

13,112 - 1514 . 1 i 153 teoity g o risiesa 158 frertany Arimast P - » y i y
el _— i - m is oil-bearving; and Interval B is water-bearing,
aet im rervsviy tanies, & i was SEISs S Gy 4% M sority mad e




ENTRUDIDUTIVUNG & RUCK TRUPERTIESUZ TS
Resistivity and Basic Relationships of Well Log Interpretation{] hrs.)
Resistivity Device(2 hrs.)

Spontaneous Potential {SP) Log(2 hrs.)
Induction Electric and Dual Induction Logs(2 hrs.)
Acoustic . Gamma Ray and Caliper Logs(2 hrs.)
Quantitative Analysis —Part T (2 hrs.)
Density, and Neutron Logs(3 hrs.)
Combined Porosity and Lithology logs
Determinations(2 hrs.)

Focused Resistivity Logs (2 hrs.)
QUICKLOOK Interpretations(3 hrs.)
Shaly Sand Interpretations(3hrs.)

Case Hole Logging(3 hrs.)

Computer Processing of well Logs(]
Abnormal Pressure(1 hr.)
Fracture Detection with Well Logs(1

Dipmeter Principles(2 hrs.)
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PrOSSUIT sy

Gws.P

Top “hare”
Pressure (>.5}

e Taplh

5 N .
) SERRERIN ; ; Coer s
y ~ 2 \\:&\\‘\\ inerassedt
! 3 &\\\\ R r!;h
{ Effactive \“\‘\\%‘%\%& !
i A
i Presqu (o) T Pore 2 H
/ Prosaurs P }

Motivations for Understanding Geo-
pressures

Rlgtime
hl3)s

Tl Actuzuin PR nguﬂ!c

Bert PP evainstion whitle drilling -

Definitions

Noonal pressure (hydeostatic pressure or normal fnid pres-
sure) is the pressure exerted by o static eolumn of water of the
sume height as the overlying pore fluids and the same density
as the pote water,

Normal pressure = pressure geadient of waler &= depth
Fore pressure (Muid pressure or {ormation pressure) is the
pressure excrted by the pore uids Units: psiift 2 19268 =
ppg_(pounds per gallon): ppg = 00319 = psiff plem’ =
0,433 = psifil,

Pare presstre = apymal pressure -+ overfunderpressure

Definitions

Chverpressiire (geopressuee) is the excess pressure above nop
maf pressure.

Overpressurg = pore pressure & noenmal pressire
Overburden pressure (Hithoslatic pressure or geoslatic pres-
sure} is the pressure exerted by l![w overlying pore ftuid and
rocks,

Overburden pressure = overburden gradient 2 depth
Terzaght's relocfonship (net dilferentiad stress or net overbur-
den stress ur nel eonfining stress) states that the wial stress is
jodatly sapported by the pore fluid and the rock matrix.

5 = overburden pressure = pore pressuire + effective

prossure = 1 4

Definitions

Effective vorieal stress is the stress applied 10 the rock malrix.
Effective pressure () = overburden pressure & pure pres-
sare = 5 A

Broyenr prevsire s the excess pressure ereated in confined

reservoir by the density difference between hydrocarboss aid

wifer
AP = (water gradient = hydrocarbon gradient) % heightof
lydrocurbon colustn

Pore  pressure = normal  pressure -+ overpressire  (brine-

fitted) 3 buoyancy pressure.

«Lithostatic siress’
+Fectonic stress
sFhiid Pressure

~Hydrostatic
-Hydrodynamic
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Abnormal Formation Pressures

Due to:

— Incomplete compaction

- Diagenesis

— Differential Density in Dipping Formatians
— Fluid Migration

— Tectonic Movement

— Aquifers

— Thermal Effects
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Incomplete compaction

A

Fluids trapped in

h place

Fluids begin to
support overburden

S S e e |

Diagenesis

« At 200°F to 300°F Clays undergo chemical
alieration. Montmorillonite clays dehydrate
and release some of the bound water into the
space already occupied by free water,
increasing pressure

Differential Density in Dipping Formations

Seat

Cias Gradieat
0.4 psth

Water Qrudfent]
L4635 psift

Pressure U

e | T3 = T )

Aquifer Gasi¥Warer Cont

@t the sop of 10 formation.

Figare B4 - The tow hpdrosiatic gradient of @ long gor solwmn wilf resuit in shnormoily kigh pressure

Fluid Migration

R e -

“igtre 8.2 - Flaid migration along a feult plans or a poar cereat Jolr resulit in abaormally presnired

Jormationt

Tectonic Movement - Uplifting

Surlace

Figure 9.3 - Uplifing and erosion resulls in sbaorerd peessare due 1 the Shorter atuses sf mad
aflable to balunee formation

Tectonic Movement - Faulting

N

Figure 0.4 The uplifting of e fault Mock can resudt in
sbagranal pressure.
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Aquifers

—

Figure 9.5 - The extreme height of an ogwiffer owtoropping in the
mupnntning renels {a abnormal prexsurs from a well driifed Ina
valley

Thermal Effects

* Theories
— Increased temperature with depth and chemical
reactions cause increased pressures
~ Increased pressures caused increased
temperatures

Salt Formations

Pressure Gradient

Shale Properties used to Predict Pore
Pressures

* Shales are used because:
— Most pressure transition zones occur in relatively
thick shales
— Properties of clean shales are fairly homogeneous
at any depth, and can be predicted with some
degree of accuracy.

Shale Properties used to Predict Pore
Pressures

+ Shales are used because:

— A deviation from the expected can be interpreted
as a change in pressure gradient

— Detecting these deviations in low permeability
shales gives an early warning prior to drilling into
pressured permeable formations, thus avoiding
kicks.

Normally Pressured Shales

Decreases with depth
* Density - Increases with depth
+ Conductivity - Decreases with depth

« Resistivity -

* Porosity -

increases with depth
* Sonic travel time - Decreases with depth
* Temp. gradient -  Relatively constant
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Abnormally Pressured Shales

* Porosity - Higher than expected
Lower than expected
* Conductivity - Higher than expected

* Resistivity -

* Density -

Lower than expected
* Sonic travel time - Higher than expected

+ Temp gradient - increases

Porosity Density  Conductivity Sonic

ComeNTTIVIer Fmwmas | e famsnld
—p Ay g are

HiE

2]

Foeerg
Ferzi oot iouis by
sl Binen 55 a8 Y1 B

s

Temperature gradient - Increases

~= 5 g

Temperature

Pore Pressure Prediction Occurs:

* Prior 1o drilling
* During drilling

» After drilling

Before Drilling

« Offset mud records, drilling reports, bit
records, well tests

* Geological Correlation

Before Drilling

SEHEH

* Open Hole Logs from
offset wells

T 1
i g Leaomin D tranarcy Zeandal
Ein rlionloe oy Sha g 1 Rt et firih
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Before Drilling

+ Seismic data

BNttt e g e e e
BT 7 "'1,,‘“,,5“
RICUFITI

I/ LS HGks

ATLI £,

2950 SRR Ao,

4% oA A% ww en o z@n
ISR TARHER Tl - M RO SE T

Figure 3-5
Wttt ot ABaosmal Prasuie from Seisms tata
Athet Ponngiater)

Indications of Abnormal Pore Pressures

Methods:

1. Seismic data

2. Drilling rate

3. Sloughing shale
4. Gas units in mud
5. Shale density

Avemiaat Jenns

Indications of Abnormal Pore Pressures

Methods, cont’d:

7. Change in Mud properties
8. Temperature of Mud Returns
9. Bentonite content in shale
10. Paleo information
11. Wire-line logs
12. MWD-LWD

Atowsrd Bmisuce

WAL

Prediction and Detection of Abnormal
Pressure Zones

1. Before drilling
b Shallow seismic surveys
b Deep seismic surveys

¥ Comparison with nearby wells

JAEEESNE S el iz

Prediction and Detection of Abnormai
Pressure Zones

Prediction and Detection of Abnormal
Pressure Zones

2. While drilling
Y Drilling rate, gas in mud, etc. etc.
B - Exponent
D.- Exponent
MWD - LwD
Density of shale {cuttings)

v v v v

Abrazmad Prvesse

12153

3. After drilling
¥ Resistivity log
¥ Conductivity log
¥ Soniclog

¥ Density log

Abrnal P s Sk
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D - Exponent

D - Exponent

The Where
drilling rate R = dritling rate, ft/hr If we assume that K=1
equation: K = drillability constant and E=1
‘ N = rotary speed, RPM
i (W W E = rotary speed expon. R
TR e KN® | e o . iog e
| ) W = bit weight, Ibs N
i g/ o . D= .
Dg = bit diameter, in - W
D = bit wt. Exponent log [g—J
or D - exponent ) 8
D - Exponent Example

A modified version of this equation follows:

log Ru
60N
12 W ]

log| e
g(joﬁ Dg

Aol Fresne tat. s

d may be Corrected for mud density as
follows:

s

d = gf mud weight for normal gradient (ppg)']
- { actual mud weight in use(ppg)

eg. d, =d (%) =1.82* (1“2‘} =1.37
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Procedure for Determining Pore Pressure
From d_ - Exponent

Procedure for Determining Pore Pressure
From d; - Exponent

@ Calculate d, over 10-20 ft intervals
% Plot d_vs depth (use only date from
Clean shale sections)
€ Determine the normal line for the d
vs. depth plot.
4 Establish where d, deviates from the

normal {ine to determine abnormal
pressure zone

[~

Abcoamal Frawas LARC)

Depth

d. - Exponent —
Abmirad o 156

Procedure for Determining Pore Pressure
From d_ - Exponent

4 If possible, guantify the magnitude of the
abnormal pore pressure using
overlays, or Ben Eaton’s Method

pd 12

P s s (pPy)fd caicuiated'}
D D {D (D { d, normal |

Pare I
Pressure Qverhurden Normal Pore
Grad, Stress Grad. Pressure Grad.

Azl Prasause 1. 63

~ [n normally pressured
> shales, shale
) '\\ _ compaction increases
\ with depth
/:/_ Bl e pipyprer "
! S
Ny,

=

s e " XS EES e
RALT DO maiG e

Flg. 6% Gonrrabzgd BRaus 0oy mal

Pore Pressure from

Resistivity
= ¥i
b s e
Shale resistivity plots g .
may he developed i e
from (i) logs or l \
(i1} cuttings Y
i b W
What is the pore 119,000 [ T
3

pressure at the point
indicated on the plot?

[Assume Guif Coast).
Depth=10,000 ft

02 05 1 2 3

Aol Besgure AT

From plet, R, = 1.55 ohms

Rosys = 0.80 ohms

From Eaton;

A
o
-,
——
T
|1
¢
¥
rE
i

=,
vt
=
e

. T,
| £ 20.95-(0.95-0.465) 2391 100w
1D V155 1 y

-

= 0.7307 psifit = 14.05 Ib/gal

P =0.7307 * 10,000 = 7,307 psi | _ [

Atnzal Baaree 0365

2 98 1 23

il
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Prediction of
Abnormal Pore Pressure

€ Resistivity of Shale

¥ Temperature in the Return Mud
4 Drilling Rate Increase

© d_- Exponent

4 Sonic Travel Time

€ Conductivity of Shale

EXAMPLE

Shale Resistivity
vs. Depth

1. Establish normat
trend line

2. Look for
deviations

{semi-fog)

ot

At pratess

Macenut rvaere 01-67 Abvoemst Brasirs Fig. 6:13  Bhate sesransy pet e Beinnts 25
AT & Example
Shale Resistivity B p
vs. Depth
- 9
i. Establsh normai é | AT =053°F 100
trend kine n
E o7 82X
2, Look for &
deviations el —. Al =a3zrio
TOP OF ABNORMAL —wpe
. } PRESSURE ZONE -
3. Use OVERLAY
. ]
to guanftify #og o0 nlc ez[o 13{0
- o FLOWLINE TEMPERATURE - *
pm‘e 1 esf.i ure Temperaturg data from Gulluchasl ian.
| {use with caution) L. Why?
* s [s (py e
Determination of Abnormal Pore Pressure S . [ ~(-¥+) }(mﬁ—)
Using the d_ - exponent DD |[D \DJ j\d,
P . . .
Where = = formaton pressuse gradlient, psi/ft
From Ben Eaton: D
P —
NE: 51 norial water gradient in area
P_S_ |5 (P) (4 7 eg., 0433 or 0.465, psift
D D |D D/ id, )
: ) = overburden stress gradient, psifft
d,  =actuai d_ - exponent from plot
o e
d,, =d,~exponent from the normal trend
10k 71 Abacarst fravide w172
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Example Example
Calculate the pore pressure .
at depth X using the data in From Ben Eaton:
this graph. P s [S [ P ) ( a. S
! e .
Assume; }? D D D D nf .d‘cn Vi
West Texas location with . 12 1.2
normal overburden of :X =1 A} []__0 — (),4331(.“__]
1.0 psifft. S
X =12,000 ft. > . .
l = (0.5662 psiAt
D
Example

S P =0.5662 % 12,000 = 6794 psi

EMW = L = 10.9 lbiv'gal
0.052x 12,060
E b 'E:': -__.I_"‘h"""_'i:ﬁ"‘“" b - LX) - E
%interval Travel Time, psec per fi |
Ben Eaton

also found a way to determine pore pressure
from interval travel times.

Example:

In & Gulf Coast weil, the speed of sound is 10,000
ft/sec at a depth of 13,500 ft. The normal speed of
sound at this depth, based on extrapolated trends,
would be 12,000 ft/sec. What is the pore pressure at
this depth?

Assume: S/D=1.0 psi/ft

Ao Prisawe 134171

Ben Eaton

From Ben Eaton,

Az Pirasis

P_S_ 15 (P) 1( ar, Y
D DD LD ,_;_[\Ag:}
. \\5
= 1.0-[1.0—0.465]5{—1—9’—0—@ §
112,000 )
=0.6904 psi/ft

(Ato 1/v)

10178

i3




41712013

Ben Eaton

From Ben Eaton

p = (0.6904 / 0.052) = 13.28 Ib/ga

p =0.6904 * 13,500 = 9,320 psig
Note: Exponent is 3.0 this time,
NOT 1.2!

PLEPS 1w

Equations for Pore Pressure Determination

i

oje
|

= (P} ]"dc calculatad Y *
D LD, d, normal

9HOD

i

b

olvjoz|u

i
"

glo | ol Oie

Aol Proscine

o B

Pore Pressure Determination

el

= = Fonmation pressure gradient, eliher nosmal or geapressured, psivit

o

i

» = Normal water gradicnt in the arca, e.g. 0.433 or (.4635, psi/it

T

= Overburden stress grodient, pstft

R = Shale resistivity from well log, ohm-meters

Ry = Shale resistivity from normal line, ohoemeters
Cy = Shile conductivity from well log, millimhos/meter
Al, = Shale travel time value, microseconds/ft

etc.
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Acoustic , Gamma Ray and Caliper Logs(Z rs. ) |
Quantitative Analysis —Part | (2 hrs,)

Density, and Neutron Logs(3 hrs.)
' Combined Porosity and Lithology logs
Determinations(2 hrs.)
Focused Resistivity Logs (2 hrs.)
: QUICKLOOK Interpretations(3 hrs.)

Shaly Sand Interpretations(3hrs.)
Case Hole Logging(3 hrs)

Computer Processing of well Logs(1 hr.)
Abnormal Pressure(1 hr.)
Fracture Detection with Well Logs(1 hr.)

ipmeter Principles(2 hrs.
Logs Correlations(2hrs)
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CASED HOLE LOSGING
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Cased Hole — Correlation/Evaluation

relative deep reading

Ganmns Ray Lithology and correlation Correlation
: Inexpensive. No porosity,
: Newiren log - single detector | Lithology and carrelation Coryelation
5 Inexpensive. No povesity.
Neunironr log - dual defectoy Foresity, RA somree needed, Fortnation
accuracy less than O kog. Evaluation
7 Acoustic Pavesity. Limited in cased wells, Farmation
requires good bonds for accaracy Evaluation
- Pulsed Newfron Captore Water saturation. Does not work x| Formation
PNC fow or changing salinity, or low Evatustion
porestiy
Palsed Neutron Water saturation. Does nof work Fermatown
Spectraniefry PNS €/ well i low porosity Evaloation
Cased Hole Resistivity Water Saturation. Sallnity Formation
dependent, stationary reading, Evaluation
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Cased Hole — Casing/Cement Inspection

Caliper L@g Accuracy depends on pamber of Cmgin_g Tuspection
fhrgers, speed, fool tvpe.

Eddy Corrent Buer wall favestignsior. Shows some | Casing Inspection
smalfier flaves, measures H -

Fhux Leakiage Casing hody iuspection. Id of inner / Castg Inspection
ctpter wall, and hody easing
problems, net in OB

Tirasonic Casing body inspection. Affected by | Casing Inspection
Fiiridls, nsed in thicker wall pipe
FE2"

Fleciromagnetic Plaase Shift | Cading hody inspeetion. I and wall | Casing Inspection
thiclkaress, averaging tool may
afss sueall defeets

Conventional Acoustic Cement presence. Averaged data, vot | Cement Evalnation
vently nsefiul for wost problem
identification

Sepnrented Acoustic Chanels, Bomd. 360, chanmels and | Cement Evaluation
vaids, ewnd wider ripht
conditions.

Tkirasonic Casing and Cement bond. 3607, Cement Evabeation
chanmnels, voids, boud, pipe
canditions w/ right application.

417/2013




4/17/2013

Brablem er

Dotection of Crossfiow

Cased Hole — Fluid Composition

P iarons i Hae Legza oy Procedure/Level of Detail :
Copactéance, Fluid Dielect, Fluld type - bydrocasban vs. walen
. Dewctionsf  Tomperanie Ditferesce i slope of tenperatis geadions - wii Flulid Reatstivii Fiuid type - trocasion va. valt wates.
o CrossBow oy Swrvey sdetect flow mtes down 1o 25 BPD i liquid and Puksed Neatran Capruse S pliase I fo well, reg. Rowmogeheons formation
¢ Unidorgrommd wruperaiues of Miids e dilerent, tjigtumou Cradiomanmisiiers Fluid 1570 - ol natl saters osven sevolntien s Sk fovinions
low one tanyersture vi. fow disianee Balp ostinate water Liwslted s gtk rate and bigh of) ents
o in e anaotus. )
Vo N oL N i . ‘ — - b o
Noz Log Bogt purforntanee of mofse lops i with pas Gow Etuld Tewsin Flikl dype- ol v, wates bester b bigk GLR.
s flow 10 abant 10 acmsl 01 (Note - a1 ET— FIotd evee ame ooy v
wtandatd BAday). At very Jow gas flow rates e ; o R i
{460 actual VD), gas fow cm be estinated b Leakizane entey- Chanael e bedbad pipe, depending an
Trom milfivaks of ueise betweess die 200-1£2 and Lt
S1-Hr :‘mqnenciw Fluld L3vel Saiary Fraid Yeved onb conlused by fonms, frotha and vinubslons,
157 035 (N = Ny, Whiere 15 the 2omal gax :
flow in f3 mnl\' fivise fogr ctsl at Hnt frzmmnc : Splnaers “Folul Musr rates sl catry/ssif pobuts, Devioted wellynre 4
Osgpen © Open hiwde or chasels Geling si cle sating. ; thialieuge.
Activaion Survey Atcm'n.\ is dmf]}i}’ reduced for Ill‘«LSﬂ}- " " Radivaclhe Tracer Taol “Toral Revw yiles and saloyexit pofatn Xal uyeful b deviated
sl el feo srings (Use teip or soise : el
oals) :()sygm Artivation Veloehy of water plevse. Joddup and fesk detecidon.
. - K
. Evaluation of Cement Piacement and Bond
Location of Cement Top R o
intocmiton Bt R“‘;r Laggiug Procedure / Level of Detail
(39
ol Rer. Loi:glng Preecdure / Level of Detail : : - )
Toals Dvatutiasf et Oypeg hole S Acourney depends oi caiper and hole rorghuess
e o
callper 1 and washouts, Callper fosls witlumore (hat €
T i R b arms are eedod Tor lole velume wesstrement
LesnestCiest L Tonpecatore O rue within £2 to 24 brs oF ceineid jnh o B o osstuRAcy, ) e
: Survey Liile temperatuye variatlon wirl the fopmation, Sweeps wilh © Sweepy give decent estimsfes of hole volusze, it
H may make cenent fop diMcut] o see. ¢ wnackers zfter Avvees iay not reach 3l ef the s space n
. . reEnuing cesing stncenfraiized casell finles, Tseful o sseept kole
et po e o A ) e analyds,
i CBL [cement . Best lrslllls a!‘lu Jilays oF 'i‘]lrl.l. ceurenl fas Temperatine OI\ Sfruu \\'ilhm l’ lu 24 lns nl‘rﬂnml }ob.
Tl lag)y : develnped 0% of the eapipeessive strengih, LSy i Littte remperature varkugen with the fornatlon
Tliese tovls tapy Be oo Jayge foy slim hole wells, : way sakie crimet top QHCaE 10 ses,
DoGravetPack Log | GosiE I finid density difference greater than 0.3
T e B e Co T N H "Ill'ﬂ.' 0.%3 by, Coold vun llf[\')l'(‘ HIK% afley
Cravel-pack i Took response deponsts an density difference mmn:mr h.!d(cr]mlml i
loggtug (GR; : ? i . R i
otsteg (6T  Dretween cement and annular k) i CTL~holk Seml-grmtlative eontact mex svvineng of
- : ¢ oregnlarand - pipefcenient aind comentformation, Afecied by
L sepmepiel £usillo pressyee asd fuof eatibyaljon,
- " ;
Casing Inspection i T—
e 5 i < IR A Rermatie
NPH [w 18t fitcsion Boroehyd ¢ mu
BRIy 0 S RNl e,
Brohlemar Ree. Lopging Procedure/ Level of Defail NL He res h rm !a‘n Vometncses findios gl s mich THE TRY U0 3T T390 SLAATES THE
Infurmation Tools et AAYE CF BICHEAM GF THE
Needed : THERYAL BEETAGH FORILATAN ARSI
Neede THE TUCL . AMTER fADM Lumdt, BY
P o et e :nzmm ( TIE EMNTER QAFTURD
Belection of E-tae callpers i Multhzom calipers generally gond, but sick e GRE
caslisg wear 1 eallpery may rofue amk “over-zeport” the bad -
S ospei

frem driliing

EM - cdily
uzrent tool {at
measures vl
(aickuess

" Scaunte well
o thicknen faol

VI(irgl,rhly accurete If the fuale s Bl wléh = nom

comdtuctive fhefd,

i Laadtatlve lndicxtors ofweaz'[(lliﬂuzess' a

numbers are nof very accuraiey

Ly P P —

QrGe TR BT SR DA GO By iy
i " h

N
fotratan G0 T el 15w pestion 5

Eigue T ITyeas o ¥F A Sutn of recdima

iy,




4/17/2013

o
I je-Legietla g a2 205 2
“OC’ ‘ ool =gy P s b S e i i et s
il e Pl BT W dnao ket e eits
T pei B
Fumrgsinet § (it Uiz dar gt
g e

© N e

S 1538 B0 a2t} D ek s e oped sy

E [Ty ap—
i i oy

%, giﬁﬁﬂm_!ﬁ@

[N A _
s 77

T rvand 4 v rauss uiret

W A o Ror Semalan T Ly

¢ rinipu g,

48§D S P Yoy ¥ o gt
SN Ka . BURE e Bt S B
BN ey by ey Prtamti

a2
ot 0L

Aarn 11 mmmie o anag s

Thu s ey a4
R R T S T P P T e
lapitng v W B Tes ant o St S Bed
bbbt G g @2 SRR o0 T S

FEMEOH AU DTSR LTI WA 41 o et 1 FYE D,

e o H
o o v T 0 i e e £ 11 g et 8 A A
e it ety et e € T et e T

T T T T s

oty X et

i -

(e
T RS i s Sor stenn

7
AR 2 e Tun
BT A s,

Feilimie Crimens

T Tt satiios deont# hone a3 15 the } rz,

an Waner E i srlitence S hed wud 1 et Tl Casr 2iiE

AT Greds) i tomied o &)
from oty Xty ‘.@
vaar bt Inyrpakald

G =i
s o S eines more e et
VRN 88 ot i v s o ©

3 2
oL IR s U T 1 A by maidey
5T Zad 0 sala, The gy

INTERTBRINIICN DASYF

i, M 1 e E ey e

i Batserm SRV erts by T A eprioh
Tha Drssihd Raveem [03ms 5 ee«invrx by £ 24, S F a2 ot 1o e, i S ipuss

R 44 WA ey NissaT tias Lag (LA 5 44 e
P Gk us e s e e A S0 ey 3 T B et
b Faime,

oz e et Lae 2 XL i e 8 King

. AR T a2 s whwre
UM% R ety s 4300 3
s senian T,

I ot

For & dhesn wuser beasing animation, £y 2k

o T,

Xwﬂ%)riq,.i«
Yatie heitn dvo mrama Lzl‘&u! Thin 45 450
kY - B gt £y at I et s
Bt Setria o)

O

yheay

?%

Fg.nmh“f

AL

QUALITATIVE SNTEMISLIATINS

Fignre JuT8,

et T e 5

b5 pused What o
Eroad ary pahung 4




471712013

S e datteamun 0
g i me

3 Fhe Bhalt Kaliermae Modod, o suikas

v Vo vt oo B bl
2

A T

a0 rackeaus L ap
LANER

“ﬁmrﬂrﬂnﬂ
T Tisr R s W 1

o

ey

A S o e et

A Senremeg rreen Al e fun
gt ssurd wnr.

o eng e B e
4 kT 521 3he Lt it

Frcven eabIAmE b ey 3 4ty Tt e
e rtaenie EACh T IS fron by nuee
Mg Laod thy ain T hir et

s Fra 16 ripma anens

-m.xu-mmm.uw-a T ot
Lo i,

erimmes 2 a7k Bt Lentes
itria goptias ht\w»‘ntﬂ-‘ .m"
5 e d a6 b Pamene i et e b,
g v and v o E vty o
Ly sreeoumgind padsteg pre
e 0e o T 0 e word St by mars tena saadetis,

FRRAY. I e el

N A B e s iy
48 245 1 sakemarnn sty o S0 0t rred €hforens ot

PR e 10 Whotsts. 10 S aags e 1o B 5 e v”.‘!,« P

B 3y, 002 Buc 200 VOSSR Tt TS - 16 g rpind 4 o

o e sad s 5 07 gt T3 b wotntier by o

BB di o g A v e

Yrmrin i ood E e

e 35
o (URARARE,

1 patafste

£ ke 4
& ey s
R

o b o g,
R SR g

hgors sl B 314 33 i
x msptbead 4 73 R0 STl ks

e Shuaty Bafeevace Midons 726

ot Bt 53 i e
- m.nst,um‘

e Sy A AL B s
e rasan penanis ol wetar sabcer
et X S18 gt i1

et
& % eubuer ymvan
Satot s e gt

i den i s

i DS ———
Mot romsd SreanEae s s
Saesastess ad tedes s

ARG S WS (s o 8 el A

g
Nl
Sl

AR

{ anatutatd

Figues 37 2
of At Wingding Servicsst” N

et £k ar R

® {Sudston

At s LeakE T
€

Figure I=75. Poocninin

e 5ot i,

ot o

PR,

TV FEY CAPRTE 1 B5
5L B dx hhon antd
i
=T
ors ed
T

orr

ngm

L Tway
~ Eapond oy rs ) i

ot
letannten
Z

1 _=N_ear_ d 't_ector

mﬁsemmbn

e BIOTE i




4/17/20613

TARIT it Novtsca Kfsthnor sipa, S00uEas for 1595 <3 anbqan
G Drtar Alsas

YAty vrnen

s S s

W # i4 W 28 4
f 3
N e
“ e
% n e
ks e

%‘;« s e L] ‘6}"

vy anturedt - B b natatat

ot id - Bt E 5 v sherian (3,0 sy
U w o m w7 38 2% 18 38 St a4 38 3 4% 3
T 2 © Fon g 070 YT BN G £ M e R e £ e e .

B e b ] B, s 1

e

Crimple 3e14,
e

tepne5 uton gt 42t 22

B

A
n‘mnl?ll!-l.ﬁf

1A NS B e e
[RSTEIY

R

I 19, S b s nF T pamngust T

N L YRy P P

. F
I. Find Zo from water zgne

i 7%
Py vy Tl 1sis fpon

2 S L
FI— R Dty
[ T

Furg

U
AnRAnSTs

breiisatutalt!

3. Ca[qﬁlété_: i_f(!gg)
interpretation zone:

Miteatess T, a

. Calculaté Sw from

i Siving B, 8 foy wars v

g o
T, L)
Tot o <hears water-Fosehny formmtin, Fg. 9.8
Tyg el vk,

Wakar st i oiinn T fa

o Deishe

BT

MR




4/17/2013

Tazoupie 4o23, %
vttern 4 for ¢

e e

gy

Frn e bp et vk R, B B R ot ertras M

Lt Tt 2300 5,

PR Rt

or -,’.“V
sunpr

e

. Tzt

B sreis
e Epaan
i ™
[ N
wn

te 3413 foeutivay o

Figure 181 Negeoy

o Wirgling Lapegpn f

9.6 Pulsed Neutron Tools

The pulsed newron wol periedieatly eniits o burt of hi th-cacegy
(H4-MeV) beusrons sndd then measores the time required for a cer-
laist Fraction of the neutrons to he alsorbel by the {ormwion, OF
the commion carth elements, chdoriyg i by far the sirangest neo- %

PP X 3
Log (N, ritde.
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tron absorber. In clean formations, the taof response ix determined
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e fespense can be nsed qualitatively to difierentizne beiween woter-, R & Jéﬁ‘.%?;f Y :n;::'.:tl\}; '};:‘du ?‘;H:d‘;:ﬁ
ail-, and gas-bearing formations. 1t can also be wed quanzitatively Tove Ve e Bt aew ik vonsists o sty 2t b v ibaiod £

o esimale water dataration. Decause the 008 van be tan In cased
holes, it lws beeome 4n impertant device for exafuiting ofd wells
and monitoring dow wells,
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Log and Seismic Tie Effort

Lep Data Validation
- Check the log quality
- See if there is any missing log data
- Determing whether sonic paaks/anomalies representing formation
Log editing
Velocity Correction Sonic over VSP {using 4-2 msec resolution)
Synthetic Seismic Generation
- Acoustic Impedance
- Convolution Wavelet to tie seismic and log peaks
* Bxtracted Wavelet - to utilize wavelet as seen in the selsmic

it is highly recommended {simitar apperaned
* Rickr Wavelet - commuonly used to have zero phaze

Synthetic Seismograms

Synthetic Seismopgrams are used to carrelate selsmic sections
Thaoretlcally this mathod uses many stmpitfication and assumptions put
into the modsl

It provides Important link 1o undearstand the tie between solsenic data and
wall fog responses

]
m»\‘}

hpafutsh

VSPE&
Seismic Section

25T

R P Y s

Velocity Survey

Velocity or chack shot surveys are performed in the wellbore to obtain
vartical travel paths through the formations by Incating sources and
detectors/receivers at certaln configuration, normally the receivers are
placed near the gelogical horizons

The survey only utilize first arrival (o use in the recorded selsmle trace
First arrivals are then converted into vertical travel times on time-depth
graphs which can be used to calculate avorage velocities

Senic fog calibration needs to be done prior to generation of synthetic
logs, nermatly horehole effects are found very often causing drife which is

to be removed to prevent shifting in time of seismic reflections or
pesudoevents
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Vertical Seismic Profile Basic Concept of VsP

= Vertical Seismic Profiling {YSP) uses bath entire recorded seismile trace and
first reak. Receivers are spaced at very closed Intervals in the wellbare in
order to gat 5 sefsmic section in the wellbors

+  The seismic wave and all effects ave measured as a function of depth as 8

~~~~~ propagates through the fermations

= Thrreceivars are clase to reflectors where up-going and down-going waves
ara racorded as & function of depth

+  The down-going wavalets afe ysed 1o design dacenvolation filters

R ——

<
+  in general V5P provide much batter spatial and temporal resolution, the R A e
V' signal chaniges interm of bandwidth and energy foss are measured e it

~  Applicatios of V5P are to correlate the actual seismic events with mora
confidenes, and with much better resolution due to shorter travel paths it
can provide a tol to generate high resolution maps, and better estimate of Faiene
rack properties

Begp 11 VI HRD D0t INTD witEg 40h Sty R

e TASEPIA 35 TH0ER B 0N T S

Basic Concept of VSP Offset VSP

S

’Jq.,gi'llu‘ur,u‘,;‘cv‘” Gifset V58 are used 1o datect faults and pincouts
developad to illuminate structuse away from the wellbore

Muldtiple offset and walkaway VSP

Multiple offset VSP were developed to provide high-resolution seisnzc
stiuemaeal detatls m the sréa where mterference frons the shallow lavers
The disadvantages is very time consvmung, i requires few days for the
acquisition by putting multiple source positioned in different locarions

FUg. VTRV IN0NGSY SOURL, eideilgg racoiver,

] -
|

Offset VSP

o

s, VR WA

fag Trene2
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3 WELL TESTING

| Repeated Formatlon Tester(RF T)
~ Drill Stem Test (DST)
Production Test (PT)
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Quantitative Andlysus ~Part 1(2 hrs.)

'D.;pmeter Pr IIHCI})IGS(E hrs )

- e, a: g 4

ity, and Neutron Logs(3 hrs.)

“Logs' Coneiahons(th 3)
Case Hole Logging(3 hrs. )
Spec;a} Logs(1 hrs.)
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ZR.UTINE CORE ANALYSIS

“‘mmm{uﬁaﬁﬁ

L ~BOYLE‘S LAW PC)ROSIMETER

_Em}m RESATURATION
TOLOENE, KOBE POR@SIMETER

. GREAN ﬂENSiTY |
~BO‘YLE‘S LAW

MEASUREMENT @ @N@ER C@NFENEN@ PR@SSURE
HYDROSTATIC LOAD CELL

, ANALYSIS

e
e i ta

o 30 feet mufﬂpks
__'Pei cussmn Sldewa imch
.::_:Rubi)er or }’Iastic Sleev hes. - zﬂfeet

Px essure Cm e B‘trl el : 2 Sigmcheg* 10 feet o '
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PERMEABILITY Measurement i

-_.:.-_bEDEWALL

HO}\MO’\?I AL

WHOLE C‘ORE
L CVE LRI JCAL

3, i\i-EASﬁRE?v{EN’E UNDER PRESSURE

Hetal Plug Seeratic Flon Bidgram
Sereen ‘ e
To ; Low Alr
Flow =% +Prassurs
Heler 3 (i)
s -+ High Air
s « Prussure s
e D * (Sealing} High i“E Prassize
i To
Pll'f:‘sur; A e o

Rubber Tuhing/

Hassler-Type Core Holders

e

Aoy 0y g b
TSRS B LA e

1
fiovs ey
ey

§ pwmem
s e | Y
4% Ranl Eo R

§ FEE o o2 104 vrnetpico af spasars n e

Qs fxke ol Flow, colsee.
P fr;suxl N!‘fmﬁal Atmoaphares

3, et
B! Fluid Yizcosity, Ceatipeiss
Le th, cm
K Permeztifily. Darcies.

T
Fig 1.20 Permeability

P A4St 6l o i 2f ed s oo preeaasiZi,

ROETING CORE ANALYSIS

ol
I
:
P
£

:::"'.-:;-,:.5 li
NN g
=
.U \%_l‘_-“h
Serfialac- v iah st

Permeameter

P

B
Upstreamlf’mssure Downstream Pressura

Samp!a !{eidef

URATIONMEASUREMEN§ 3

GAS SATURATION )

MERCURY INJECTION 7508

__ -_OIL_SATURATION
e  DEAN-STASK

DISTILLATION
WA’I‘ER CONTENT
RETORT
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Saturation Measurement

ekl
witter

Vister H
VP e §

Corn
[rae e —

Fig 10,14 Retort apparuius for Tuid  Fig 101§ Stark-Tlean distilfation appamitux
soturition duermination. fusr wirler saturntion datermination

o T el =S
erticat Permeabilin Dafine conning protaiifity ar raviy £

dezinage patentiah,

2 Core-Gamma Loy Defing lozt core and depth reltion of core |-
with down-hele logs (reguires down-hole
AAMMATIY)
. Crain Density Refine densivy lop ealeulmions,
. Water Chloride Define connate water sshing

s in oifduase cores |
and degree of Gushing in waler-base soves. :
LS Ol Gravitr Estinte mservorr gravity from correlations
bugsesd
o Pterpretations from Core Anilyai
?. Prediction of fuid produssion {pas, condensate, 0il or water),
- DeBinition ol gas-oil, pas-sater, olbwater conteels and transition rone,
3 Possibitity of gas or watgr coning.
4. Comphetion [t srvals.

SATURATION Measurement

o TARRRNSYT
Trerfuplal st

Retort DL‘AN STAS]
e DISTILLATION ' '

WAT’ER' CONTENT
Retort

Special Cors Anal_nis Tests

Sraiie Trsfs
Pér: Yolume Cﬁﬂ{lmsslhifi
Pl-rmr 'hlIEh‘ﬁmi Pisroniy

Dynamic Tests
Ligaid Permeabifity {Evalnatiun of

Ovorbrden ;

Surfactanis and Polviners)
ve Permenbility

Git 5

A¥Iih Connate water ﬂ%ﬂk

No Connate water “

G- Waker T,

Dminm-n {Gas Slorage Buddle Formalion}
Inhihilmn (Waicr Ereronchiment Into Gas Zone)

Cnm!lllnm)
Elulrirnl Properties:: -
. Fc:rmalmn Feetory's I‘nrml Ly {at Roam un:l \r.-z Resldual G a3 (afier .!tcr}'ntm:tllmrn()
o Prevaure und i Ci y “ulcr}lm] Efaliallong :
= Reslativity Index vs water ‘)‘nlurﬂlinn Sl : Fresh amd Restorcd Saniples |
« ' Catioa Eschasge Capacily - A-iie) - Room snd Reservolr Conditiohs
Aconslle Velotlly (at Net Overburden Prcuun) -+ : | Enkeaced Oil Recovery 707
Grain Densiy 1e  Thermol {Steam, 1n Sisu Comp., Hol Water)
Caplllary Prossure »  Chembeal (Caustie, Polymer, Surfactanr)

«  Restored Stale Techalque {Afr-Bring, Alr-0fl, Ot [ . . Mscibie (€0, N, Hydrucarbar)
Water)

»  Ceatifuual Technique {Adr-Brine, Alr-Gil, Ot
Waler}

*  Blercury Taleerion Technbqec

LussiFrermeabllity Gas Sand Evaluniion

ORE ANAI YSlS DATA AND USE
DATA L i\mt!mg Duter
i Use ——
1, Porosity ¢ Define storage capacity

i
2. Permeability (horizontal} E Dafine tow eapagity, permenbility distribution
i {and profile
3. Satwrasions ! D»['m (13 Prasence of hvdrocarbons {net
; and centacts)
{2 Type of hydrovarbon (gas or oiD)
(3} Connate water if oil-base paud used

i
¢
:
;

4. Lahology { Define tock wpe and chareteristics of core
| (fractores, vogular, laminated, ete

APPLICAT JON OF CORE ANALYSIS

il Estabhshmj, baisis Tor; ;nierprcta%wn of drlll stem teést d'na in
23 terms of foriation characteristics :
i 3! Detétmining bdsxs forinteriretation of ¢ rzil stem tcstdata in
: terms of forthatioh charzcteristics, i
“4.-Selecting cofmpletion depths and intervals for pluggmﬂ éeiiing
_packers, cement shutofTs, Tor watér and gas exclusion
Seiecling intervals for perforating, shooting, acidizing,
Evzluating cffectiveness of completion
Determiaing intervals for recompletion.
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- ‘}’)’viﬁ.umh'*

_ etummzng capacﬁy of :equlsed ﬁeld equipment.
- -Deﬁmng fluid' contacts and: variations acrass field.
" Determining. sttuclutal and stratlgraphlc
 correlations::
.. Establishing basis for inter p;c,tailon and cal:b1 ation

of other well logging methods
8.  Selecting water intake wells and optimum
compietion intervals.

8.9 CORE PRESERVAT.{ON

._days oraiy)

“Saran’ and aEﬂmmﬂm fmi coateé thh W or stuppab]c
. plastics.
5." Canning (cans rust and Icak wuh i:lme, and core may dry
-~ and deteriorate). '
Freezing or Chilling wﬂh dt’y ice (cere isin COZ
atmosphere as ice sublimes),

7. No preservation except insulation to prevent breakage
8. Rubber sleeve cores may be preserved by capping and
tapping sleeve ends.

o -

.D WELLAND RESERVOIR E VALUATION
te nmmg net pay.

u!l\

'water or 2as. mtrusmn "'vher ' erai zZones are ;;”" it
- szmaltancously e

.- Estimating plobablexecovery o
- Delermining, oil or gas in place e

" Providing daLa for eqmtai)le pgntlczpat;on m umt;zed
" operations.. L
Providing data for compwhenswc reservoir slucllcs and
planning for pressure maintenance or secondary
recovery operations.

9. Providing subsurface information for the more technical and
exacting well-complelion and recovery methods of the future.

i

=R

oylcs]uw porosimeters:  the operation of these dévices is
e two-cell types shown in Figure B;t{\:s well
rinciple involved. ey ‘x,

tion of e cell Boyle's law pumsémeler,t I vn ALY

[ d L]
- g
Loy
Teds Cax 2
5 ¥ Y

.;f.p: Sp (B pL ) ot

RT RT

A I T N [ETN
25

s py; e = guge pressurelfi condd 1T
LV =

5
volumes of cells (1) and (2)

ABCaloubution Kanripe

Hiu o, wak

Surmgle weghias tes s s Bl m A B gy

g
%,
J»c,ﬁﬁﬁ?@

O R S

—lt-"_- 3 T =112ec
. & 228 .
So= -lf—f ={.2670r27%
Sg = 1«8,+S) =  1-(0.27+036)

= 370r 37%

POROSITY. & PERMEABILITY MEASUREMENT
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et e

1L
] 2‘

where e --p- e
o p i sand grain denslly
s .

Equation {8.3) is ofien used with the typical value for - s o
pS‘ of 2.65 L.ﬁf}ga WIRDLINE TETT CALLLETEM TEET HiODuSTION TEIT

Fig.1G. I Test Techniques

Example 8.11.

""" Given:the fallowing éaia compulc the porosnly ofa cyhndrw'll snm;)le

Wireline Testing

— CHEAP P,
- rast Dy
-~ RESULTS DEPENDING i HOLE CONDITION

4, AMITED i NFORMAT 150

- SAFE OPERATIGHN

o, ARRAARIS

Pt “hh“?

- YEHT FL PN DM LOGEING GALE
e THFD VBYNEHMITTER TO SEFRCE
— SIVES P.Y.T. BAELE x
— MOAT THAR CME STERVAL
e ’ - YXLS @ FTT FTRMATION (23T TOOU

0 [Eg (8] : FIT FORATION INFERVAL TESTEY

: ’ T EFEAT FORMATION 1E5TEFD

v a - L0 GLOCES PATIC VE CUST ACCEPTARLE

- 8.0-196 o - - DRI e

¢=0 2= 0216=216%
250 % M35 CETECTIN G B TOD Lo Cu

FORMATION EVALUATION; —l

Feticy Tatnar

- Nmmu

d Logs T

%»..,’Ef‘,‘*;!;‘fi’%“’

Repeated Formation Tester(RI" T
. Drill Stem Test (DST) | T
- Production Test (PT) = L

Flg 10.2 Photograph and schematic diagram cf wire Hee formation tester

Aumeie faammir
P T )
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Fiaw tute | TWe9 ermaton

L :@ Ptsure gago

Gousaliring wakm e
Ha, 1 prelest chambsr 10 em®
Flaw tflo: 4% cofimn

Mg, 2 prelest chamber 0 pm?
Flow rla: 112 erelimn

= Clasing valves

T
. he.2 Mot
sampiing chambar  sampling chantbod

Fig 10.3 Repeated Formation Tester{RFT)

~ SHORTEN TERM

L4 &
%’hm.,.mt-“"s\

P: oductlon the/[’roblems
LONG TERM
1 Volume plovmg .
2. Extended Invest:gat:on R‘idlus
3. Reservoir Limits
4. Relative Reservoir shape

5. Boundary Type

Fity 10.4 Tester Record and Chart

SAvo oF “rtu

%-[ Testie ¥ '““‘“
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Driil Stem Test

i
= RELATIVELY CHEAP AMD FAST lx
— HESULYS MAY HE ADLQUATE B,
™ WELL SAFETY NOT GPTIMUW heY

PACKCR PEAFORAAMCE M OPEM HOLE HOF RECEANLE bl

[CASED HDLE FLOAYLRY) Ll

Mll.'.:ﬂinua SHIFITADLY FBR HIGH GAS PRLSSURT AND Hyh STAVIEC ’umgu,.@é‘
L

OTFSHORL VEISEEL MOVEMENT IHOUCED HI#iNG WOVEMENT

w WD DET FHOM FLOATENS WITHt OREM 'MQLE PACKERS

- HARDLY EVEH USED $H GROUP DBCD

AT Wl Tuuting Ol ertian

SHORT TERM - Initlat Rogarvsir PressurarTomparature

- Parmeaabititieg

+ Active Pay Thicknoass

+ Skin Factor

+ Friftt Typa and Propuriies

- Typa.al Fiow Syatam

= Producilan RatsProbiarag

LOMOG THAM " voiume Proving

- Extended vanligation Radizs
+ FBasarvoir Limis
- Relative Mosarvair Shope
- Boundaaey Typs

i

PRODUCTION TESTING
1 : EXPENSIVE

3. EXCELLENT RESULTS-AND

INFORMATION i .
4 OPTIMUM WELL SAFETY G

(PERMANENT) PACKER IS SET 1N
CASING R TR TS LS TN

TUBING STRING SELECTED FOR

HIGH GAS PRESSURE AND H2S

SERVICE

.'_'4 PIBSSUI‘G Gauges( HP, Amelada, CRG, eq
- 5. Well head equipment =
.+ well head control valves and gages

+ Choke manifold -

* Separator, heater, and tanks

* Burner, flare, pipes, and others
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(Considerations
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Fig 10.6b Test Procedure: Installation Phases

. i
3 Volume(mud)jbelow the test zone(packer). H i‘f
1. Types and’ amount of packels g X e L
5. Use of cushions : : - ‘
5. Length of Test (4 72 hour s) o (-I /
7.No. and types of gages( 2-3) L ,/ " B
-.l‘u {nn Ferebura Imngizan Fryun N cos
Running in hole  Hydrostatic Pressure Setting the Packer
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Fig 10.6a Test Procedure: Instaliation Phases Fig 10.6 Test Procedure: Installation Phases
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Fig 10.6 Typical Test Diagram
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g vc been run in to the depth of'.l!'e forma}

Ahatisyoing tu be tested; the test operation as such e'mgeg,x % q‘g,sc
i below 5?;“ &..,

ssurfnee ction are m'lde, the fest hea is mst'lllcd ozi‘tﬁe‘S*ﬁﬁ'lcc

sthie pnckcr is anchored(Fig,10.5n), '

sthe tester valve is openeit: m:ml flgw permd (r;;,.l(} GBY(10-30 min.)

*the tester valve is closed: pressure build up peried (10-30 min.),

sthe tester valve is opencd: main flow period(2-24 kours),

»Ehie tester v_:l[vc is closed: pt‘essurc build up period (2-48 hours)

10.6¢0), - _ R AT

*Reverse cu‘cul.ltaon({‘lg lD 6e),

~the packer is unseated (Fig. 10.6d),

*and pulling out of hole(Fig. 10.64),

Along with diagrams of test assemblies, we show the variations in pre

recorded versus time. The whole recorided dingram is
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> agaanes
Bargy palulak
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Eﬂicwm.}“— P P
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e tion

oy E?EQLG_"E Jo 01055 &
0.252u0 e

b 1 (7 pen } . tha 1m0 6 Eotatig Foe ikt 3 Sk o4 Toh Erat of saitefs For Btdamnt.

Fhe daa in Fable wore ebiained in o pressu iuihh,;\ [ES T
well in Indoresta, The well was produced for an offotive fiwe of 15§
Botus at e £ li rane. Chher data .nc!m.‘.

=080 £ =1L3IRBETR %
‘«\iﬂ 1ipsd i:—-}l(m = $.680n. R,
e, = 30107 $psi ¥ Fpew i, mh“
C =410 psd @ D35
T3k b, = 12,23 30 = 8,08 i,

Etering:
(3} Tonn) fsothernwal compressibitity:
() Penneabiliy &
rc}ﬁi" factor 5

s divop die to skin (o,

tve witlbore iadive r,

i ‘!lldtyi’i
{1} Radius of vestbstion a1 0 = £ hows
£30 Tt s indtiadhy aasvmed fhat the well i dainiag fom the comter of

cirede be it vakid fo vgume 72 10 ™

down Eguation ,
<Y
R T iy
- _M Y B] ;\_\%
ple.tl=p 'b e N -A‘nul.ﬁn
Per™ &+ miop(n)
where,
7 pey Mlowing well pressuse jn psin’
b = canstant
t =1ime In brs 1 B
62, 6oy
7.6 ke -
m = conyant = = Lz R’!l A - th
- [
s= x.lsl[i’—'”;-’i N rd 3-33}

Solution: To selve this example, tefer 3o the Hormer Plor s Fig. 1a.xe

Table oil well pressure buildup test data for example

b Gning :-g- M peips) o oan =f,“
: LA : i)
[ [t AT py )
HER K 2966
EE L R et sx
R :
3
7
y
d

__‘ 162 LypB (A1)
P [;egu-*_\, ] it

el

1626000
&h

n ==

P 152.635.13

nif

§=1.15 -235

puBt O mpe kAt
. %gc,r htan

=5 07N - B3 S 130 1) T ROLIR) < o™
A3x10°" Upsi

. 3.335H0LEIHL.I
(b #1626 B, = 102, P23 IR 3 )

miy - [R5t
= L2645 md

L9045 !l
CESTN NG NTRTRGI M
—~l i‘!iné Q71 +3.2%0
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iy Efficleney =
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- AR - 208
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the ridits of investigation is extimaled
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(I3) The estimated productiviey index is:
. 980
T AS00 - 2700
= L1 bl ak oibduyipsi ata PR ~ 092
or,

ke L2ataPR =

Note that the formation volume facior B, is owiited. Acunlly, the ol
recoversd In the dell pipe is neither ok oil por reservoir vil, bt
semething in between. 1 PFT ar other data are available so that &,
may he estimaied, the caleudstions may be relined, The seriousness af
this omission is, however, miner as far as DST estimates ure
soncernd,

(e} ealeudation of unabered reservoir pernteabifity roguived s koewiedue
of fuid viscosity. $ince it is uausual te have sueh dawt at the time of
a DST, 3wk Js presented e correlation, which may be used for
ofl viscoshty cavimates.
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