Gamma Ray and Spontaneous Potential Logging Core

GAMMA RAY AND
SPONTANEOUS POTENTIAL
LOGGING CORE

Introduction

LEARNING OBJECTIVES @

By the end of this lesson, you will be able to:

v Identify three or more ways to convey openhole logging tools
into the borehole, and the impact of hole angle

v Explain why log calibrations and “repeat sections” are performed

v Recognize the key elements of an openhole log “print” and list
at least five types of data on the heading

v/ Describe the relationship between logging tool depth of
investigation and bed resolution

v Explain what is meant by “curve blocking” and explain why it is
useful
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Introduction

THE PETROPHYSICAL “DETECTIVE" @

Petrophysical evaluation

m Identify, quantify subsurface
hydrocarbon resources

m Evaluate fluid, rock properties

m Conduct single or multi-well
studies

Deliverables

m Static and Dynamic reservoir
description

m Fluid distribution (at and away
from wellbore)

m Calibrated determination of rock
properties using multiple data
types

MEASUREMENTS ARE BOTH DIRECT, INDIRECT! @

Direct measurements:
m Direct comparison
m (e.g. ruler, weighing scales)
m Very few in petrophysics
m Velocity is a direct measurement
Indirect measurements:
m Via the effect on something else
m (e.g. temperature via Hg expansion)
m Porosity is an indirect measurement
Calibration is always required

m Logging tool “calibration” is a verification that the logging tool is
functioning properly and reading correctly across an appropriate
range
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HYDROCARBON VOLUME — WHAT'S DIRECT?

HCVOL:A*h*(N/G)*(I)*(l-SW)

Reservmr m
volume Por03|ty

Hydrocarbon Net over Water Water
volume gross saturation
Reservoir .
A=area [Matrix

" {’ e } h* (NIG)

TRADITIONAL LOGGING COMPANIES

Traditional Logging Companies for Open Hole Logging

M

Wireline

m Schlumberger

n Baker - Atlas Schlumberger

m Halliburton e

m Weatherford (formerly Reeves) BA]('E‘R‘-
HUGHES

Logging while drilling

m Anadrill (part of Schlumberger) HALLIBURTON

m Baker-Hughes Inteq (including Teleco)

m Sperry (part of Halliburton) v

m Weatherford (Precision) Weatherford
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Introduction

HORIZONTAL WELL LOGGING @

| Loggmg or Drill Pipe '
Assisted Logging

<+«—='Cable

—— Drill' Pipe

. Cable side-entry sub

Logging Interval

courtesy of Schlumberger

HORIZONTAL WELL LOGGING @

Other optlons~: SR
. Coiled Tubing Umt
Use of atractor to pull
thetoolstring-down to

desired depth

Drill Pipe

. Cable side-entry sub

Leogging Interval

e 0 e
ey

courtesy of Schlumberger
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LOGGING WHILE DRILLING @

Logging While Drilling (LWD) is the alternative to wireline logging.

LWD tools are built into drill collars and contain very sophisticated
electronics designed to withstand extreme vibrations and high
temperatures and pressures.

KEY ELEMENTS OF THE LOG )
@/
N »Skills
Heading ey HEADING
RIG: Floating-124
PEx{HALS]-DSI-NGS
SUITE-1, RUN -1
SCALE: 17200
WAL e RTI50M
EASTINGS: 1267893 G -L2TEM
Tool sketch/ g NONTHINGS: 367847 o5, 159
Pemanent Datum: AT Dee: _om
Well sketch 2 | og Measurea From: oF, 25.9 M above Perm. Gatem
5 Cvifing Mieasured From: __QF,
f . = Mae. el Deviation Legrute Latiuse
' EEE R 17088
Logging Dute 12-APR-19E
Run Nember 1
Depan Oriler 3495 M
L T Sehlumserger Depth 34505 M [HUD)
: ain log Bottom Log interval 4775 M
(11200 scale) Top g mreret ey
.| Casing Driller Sive @ Depah L6 @ 15eRELM &
Direction of Casing Sehiumbsrger 15655 M
survey run e =
Trpe Fluid in Hole I
[ ensiny  wiscosay L226/C3 [ 7os
HIEEr | acs | =5
| source et samete i
W Measured Temperaturs COMCHMM @ reDeoe ®
RMF @ Measured Temperature QOTECHMM @ e DdGe e
RIC @ Measured Temperature CIEECHMM @ 2DeGC e
Source RMF [ ranc Sampie Pressed | Sample Pressed
AM @ AMT | s @ naar com @ 11t oow @ 11 e ]
Rapeat section :-l:‘::;h(m“f'w:“*:l ::\::cm | :’m
(1/1200 scale) Loguer o Sotom | e T 530
Ut Number Location 2 v
Rscesded by 0 Paston { B.Charba / & Memllan
Witnesied by W Blake M Biek ] & Weaten
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KEY ELEMENTS OF THE LOG

T 'E
i
-

Heading

Remarks

S
R

Tanca
TEL THE ACCURASY G CORREC PV B O
o QU PART, 88 LABLE 08 Ao

A
75 CLAISE 4 O U SEILRAL PR 4D CODFTOME A3 BT T B GB CURRE

278 G MG G P LRINCELS PR BT S S MBS S v S
"M L SAALL NG, ERCEPT o DA CARE OF SHOYS CR WL
um a-..nmn.mmn--am-wnu CURRIS OR WL TARES) Y
R, AGINT O% CULOTERL IS TERPRETARONE ARE KLIO BURCT

Tool sketch/
Well sketch

REMARKS

Main log

§ (11200 scale)

Direction of

survey run

Repeat section
(1/1200 scale)

KEY ELEMENTS OF THE LOG

Tool sketch/

WELLEKEN:H
Well sketch
BIT SIZE
MIN | ‘ | |
=—Main log .
§ (11200 scale)
Direction of
survey run aw

Repeat section
(1/1200 scale)

© PetroSkills, LLC., 2016. All rights reserved.6



Gamma Ray and Spontaneous Potential Logging Core

KEY ELEMENTS OF THE LOG @

Heading €] NEUTRON (P.U) Rinvasion (£2m)

F 5 GR (API) EIjg"Bi'-iﬁéiﬁ"ﬁ;"f&::"'-""il 02 Rghaiiow (2m) 2000
. 0 100
=== Remarks

W20 30| 02 Ry (m) 2000
i _Tideep (5m) )
e MAIN LOG |3 2600
“I| | Tool sketch/ :
Well sketch

Direction of
survey run

Repeat section 5 ! 5
(1/1200 scale)

t

KEY ELEMENTS OF THE LOG @

E] NEUTRON (P.U) | Rinvasion (2m)

GR (APl)  |Z145 DENSITY (gice) 15| 02 Rghanow (2m) 2000

G] 100|% 2.0 o] o2 R (Cam) 2000
——deep o)

REPEAT SECTION Ia.z 2000

|

ALE

ae] &
% T

Tool sketch/
Well sketch

=-ain log
§ (11200 scale)

Direction of ’ * 1
survey run I \ \hj—l—lzﬁoll- - .

Repeat section i : | iﬂ
(1/1200 scale)
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——————— SHOP SUMMARY
;iE | After survey
,r:;__i calibration PERFORMED:
“ L
LBTC DETECTOR CALIBRATION SUMMARY
Sutors six y BEHSITY RESISTIVITY SONDE NURBER 7
. ] 4
calibration RUCLEAR SERVICE CARTRIDGE WOMDER ' 3;{
POMERED DETECTOR MDOUSING HUMBER 11854
| POMCRED GARMMA=GAMMA DETECTOR HUMBER 1 1869
Twhes ) LDT LOGGING SOURCE MUMDER ' 6778
i LDT CALIBRATION MODE | HATE
Shop JIBSTER CALIBRATED
[ . " AL+FE AL UNITS
: calibration W 107 73,0 crs
LW PR 113.4 cPs
i LS 5.2 130.9 cPs
LITH 5.5 29.7 cPs
551 13,7 130.3 cPs
?a':} qua;lty form 52 e ezo crs
optiona
P HY SETTINGS
WY LS1 1630.5 V
WY SS1  1337.8 V
SPECTRUM QUALITY RATIOS
CONPUTED VALUE NOMINAL YALUE  TOLERAMCE
aRL 633 0.43 -
GRSS 473 0.72 -
onLt .309 0.32 /-
aLIR 1.3%7 1,33 */=
ar 1.002 .00 /=
AL+FEL1
At = PRESENTATION COMMENTS
er survey
2 T WEADING COMPLETENESSACCURACY | X |CompeayName mesg por,
calibration 1 PLWPRINT QUALITY
1. CURVEPIP/SCALESANSERTS
4 TOFRCSG IDENTIFICATION |
5 STANDARD PRESENTATION
& IMPORTANT CONSTANTS LISTED
Before survey 7. REMARKS
calibration e
CALIBHATION b | VR SO
1. SHOP CAUBRATION VALIDNTY
1. BEFORE SURVEY ACCURACY
* " 3 AFTER SURVEY DRI
calibration 2. CTHERS
— OPERATING TECHNIOUE SOMMENTS
1. DEPTH MATCHING
Data quality form 2. LOGGING SPEED 1 2600 FPU
3 CENTRALZATION % wo upper ceabulize
(optional) 4 RESPONSE IN KNOWN C EEET o callper cAdet i €56
5 SETTING OF COMSTANTS “
& PRESENCE OF STANDARD CURVES
7. RELOGGING OF ANOMALIES X
B. TAPING QUALITY
3. OTHERS
DATA QUALITY COMMENTS
1. OCCASIOMALLY NOISY 3 Shuce st 9500
1 ANDMALOUS RESPONSE [ Did not, rehoganomels
3 SERQUS ANOMALOUS RESPONSE
4 REPEATABILITY
5
Use the coces wn the Dmmmuumwuw-lmmm
1. RQUGH HOLE . PAD CONTACT
2. BOREMOLE FLUID 7. TOOL UMITATIONS EXCEEDED
3 TOOL STICKING 8 TOOL FAILURE
A, ANISOTROPYFRACTURE 3 POOR OPERATING TECHNIQUE
5 GAS 10. OTHERS
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IMPORTANT INFORMATION: LOG HEADER

PEx|HALS]-DSI-NGS
SUITE-1, RUN -1
-8
z EASTINGS: 126789.3
g NORTHINGS: 367847
§ Permanent Datum: LAT Elew: _OM
logMeasured From: _____ DF 159 M above Perm. Datum . .
5 gl | g tsses i o, Header Key Information:
" # 7 = STATE: Max, Wall Devistion Lengitude Latitude
& & E E 5 Alatun 27066
Logging Date 12081998 ] Depths
Bun Number 1 .
Septn brer S = Casing depths
Sehlumbarger Degth 34505 M (HUD)
Sorom gt Soram = Permanent datum
Top Log Intarval 1535 M
Casing Orilar $i @ Cepth 9625 1IN & 156684M & = Type Of_ mUd and
Caning Schlumberger 15685 M propertles
Bt e 8200 M - . age
ot P a7 e = Resistivities
Density Vincosity 112G/ s = -
s [ e * Rig elevation
Source of Sample Pits
EM @ Measured Temperature. D083 CHMM L 29 DEGC L
EMF @ Measured Temperature Q.0TE CHMM L 29 DEGC L
EMC @ Measured Temperature 0.186 CHMM L 28 DEGC L
Source RMF RMC Sample Pressed Sample Pressed
EM @ RMT RMF @ MET 003 @ 111 | 0030 & 111 Ld @
Maximum Recorded Temperature 111 DEGC 11 109
Circulation Stopped Time 12-APR-1998 12:00
Logger on Bagtom Time 13.APR-1998 5:20
Uit Bumber Locaten 242 | o
Recorded by D. Padton / B.Charba / A Memillan
Witseided by R. Blake [ M. Bilek / 5. Weston

THE “REMARKS": SEE ANY PROBLEMS?

ALL INTERPRETATIONS ARE OPINIONS BASED ON INFERENCES FROM ELECTRICAL OR OTHER MEASUREMENTS AND WE CANYST AND DO NOT
GUARANTEE THE ACCURACY OR CORRECTNESS OF ANY INTERPRETATIONS, AND WE SHALL NOT, EXCEPT IN THE CASF OR WILLFUL
NEGLIGENCE ON OUR PART, BE LIABLE OR RESPONSIBLE FOR ANY LOSS, COSTS, DAMAGES OR EXPENSES INCURRF INED BY ANYONE
RESULTING FROM ANY INTERPRETATION MADE BY ANY OF OUR OFFICERS, AGENTS OR EMPLOYEES, THESE INTERPR. E ALSO SUBJECT
TO CLAUSE 4 OF OUR GENERAL TERMS AND CONDITIONS AS SET OUT IN OUR CURRENT PRICE SCHEDULE.

OTHER SERVICES1 OTHER SERVICES2

051 FMIHDSIX-GR 051

052 CMR-GR 0s2:

053 MOT-GR, MSCT-GR 053

054 VSP (CGG) 0s4

035 CST-GR 055

REMARKS The Remarks section
First run in hoke. Tool string eccentred as por tool skotch | nc | u d es:

3% 1.0° standoffs used on DSI, 2 x 1.0° standoffs used on HALS

GR and CNT accentrad by bowspring

Addimional mud data: KCIwivie = 7%,

= Services provided

KCI equivaient = 81,900 mg/L,

Total mud chiorides = 39,000 ppm, = Tool string makeup

Chemicals: KCI. caushc soda, fiowspan, Ovispac reg and 5L, sollex, circal

Total depth remarks

Tide correction = 1.4 m.

Circulation time = 1.5 hours (10:30 - 12:00).

D8I hrings: Uoper Dioce, Lower Dipole, P & § 803 OFND = Environmental corrections

GR, CHL_ TLD and AIT ermironmentally cormecied,

= What occurred during logging

Reutron porosity comechons: borehole salinity, mud cake, hoke size, mud weight, standoll, pressuratemperature,

Surface re-zero = 9.1 m,

Logger did not tag TD. HUD a1 3480.5m

Log was spliced & 2770m due to software probiems.

The NGS appears fo be off depth in some places. This is due io the NGS data not beng speediension comacted (PEX is comected)
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OPEN HOLE LOGGING TOOLS @)

Limestone

—_—

SRR

7% Granite | e

?.E‘?&:.J;;-m*?ﬁ
Open Hole Logs Formation Properties
® Gamma Ray and SP logs ® Rock type

® Resistivity (Laterolog, Induction) ® porosity

® Nuclear (Density, Neutron) |I~ " permeability

® Acoustic S .

- Fluid type (oil, gas, water)
| |

Nuclear Magnetic Resonance - . .
Fluid Volume (saturation)

Formation Imaging g 4D
® Sampling (pressures and fluids) - Ormatioggops
Fractures

PRINCIPLE OF LOG INTERPRETATION @
Wllogglmm:;‘ into the wellbore and data are at the surface where analysis reveals
(@ e e e Ay .
By s iner
e 7;’11%
alk
I ]

——————————————————
In i Gamma ray log imagenits in rack 1), Density and neutron logs ipumple and gold respectively, track 21, Reslstivity bogs (red, green amd blue, track 11,
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BASIC LOG ANALYSIS QUESTIONS @

BASIC LOG ANALYSIS QUESTIONS @

Does the rock have
reservoir quality?
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Introduction

BASIC LOG ANALYSIS QUESTIONS

Wihait dine airs Ehey?  oil or gas

BASIC LOG ANALYSIS QUESTIONS

Wiheit Kine are @[ﬁ)@“j? light oil or heavy oil

12
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BASIC LOG ANALYSIS QUESTIONS @

Wiheit kine are @h@y? sweet gas or sour gas

BASIC LOG ANALYSIS QUESTIONS @

Wit ine are they?

There are "Quick-Look” and more “Advanced” Techniques

Net Pay, Porosity, Water Saturation, and Permeability

© PetroSkills, LLC., 2016. All rights reserved.13 13



Introduction

PARAMETERS NEEDED

Formation
Water
Resistivity —
Rw

Resistivity of
Rocks and
Fluids

Formation
Factor

Lithology

and Porosity

Saturation —

Water Permeability

Relationship

Hydrocarbon

S Indicator(s)

END PRODUCT - "ANSWER LOG"

Delineates Lithology, Fluids

m Sandstone, limestone, dolomite, etc.
(Reservoir)

m Shale, etc. (Non-reservoir)
m Qil, Gas, Water

Quantifies

m Porosity

m Water, Oil saturation
m Net Feet of Pay

But, more information is needed
m Does apparent pay flow?
m Is mineralogy affecting log response?

m What does water saturation (Sw)
calculation mean?

Is it a “calibrated” result?

|Depth i 5|
(feet) i B
meters xox | xox | xon xxx wk | wx
wot xox xnx
xwx HXK woen | wox XXX oo xwx
oo ot
o 100w xnx o o |

5200
(1585)

Flag

5300
(1615)

|

p
Transition

Pare Space

Qb‘f owc

TR

14
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BASIC LOG INTERPRETATION @

Understanding Tool Physics and Tool Response
Depth of investigation and resolution
Tools utilized and brief description of operating principles
Principles of interpretation specific to tools to determine:
m Net-Gross
m Porosity
m Resistivity
m Saturation
m Permeability

Overlays, "quick-looks,” and cross-plots

DEPTH OF INVESTIGATION AND RESOLUTION OF LOGGING @
TOOLS N
Induction 80 cm
log
(* Resistivity )
Laterolog 80 cm
=
2
Neutron 40 cm g
" Radioactivity o
A o Gamma-ray 30cm o
Density 20 em
( Acoustic.", Sonic 60 cm
Ve . Micro rh-;sistivity 5 cm
/ PR icro log
\ Resmtlwty. f Dipmeter Zem
) 250 em 200 cm 150 cm 100 cm 50 em 0cm
Depth of Investigation
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READING LOG RESPONSES @

Logging tools have vertical resolution limits
Adjacent beds lithology contrasts affect log response
Quick look evaluation blocking averages readings over intervals

Block boundaries at same depth on all log curves for well
evaluated

CURVE BLOCKING TO HIGHLIGHT ZONES @

Very thick bed - read average

Boundary - take mid way point

Thick bed - read peak value
ﬂ

d e p t h Shoulder - read plateau
I Thin bed - read peak value

(not fully resolved

Gradation bed - read step profile

True formation profile

—————————————— Blocks used for evaluation
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Gamma Ray and Spontaneous Potential Logging Core

LEARNING OBJECTIVES @

v Identify three or more ways to convey openhole logging tools
into the borehole, and the impact of hole angle

v Understand why log calibrations and “repeat sections” are
performed

v Recognize the key elements of an openhole log “print” and list at
least five types of data on the heading

v Understand the relationship between logging tool depth of
investigation and bed resolution

v Understand what is meant by “curve blocking” and explain why it
is useful
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