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Disclaimer

Although every effort has been made to ensure that the programs that are a part of PE? Essentials
work as expected by checking them against historical models that have been built and used in
the past, the author does not warrant any of the programs for accuracy.

Use of PE? Essentials and its output results are entirely at the user’s risk. The author does not
accept any liability for use of the programs or for decisions made based on the output results.

Copyright Information

This documentation is associated with the PE? Essentials software is Copyright (©2025) by Eastex
Petroleum Consultants Inc.
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Quick Log Analysis Tool

There are numerous log analysis books available. The definitive reference for log analysis
techniques is Crain. E. R., The Log Analysis Handbook, Volume 1, Quantitative Log Analysis
Methods, PennWell Publishing Company, 1986. In addition, some of the techniques and
equations presented here were also published in LeBlanc, D. P., “Enhanced Shaly Sands and
Carbonate Analysis on the HP-41c”, Canadian Well Logging Society Journal, December, 1983 and
LeBlanc, D. P., “Shaly Sands and Carbonate Analysis on the HP-41c”, Canadian Well Logging

Society Journal, December, 1982.

PE? Essentials ‘Quick Log Analysis’ tool (Figure QLA-1) is a basic log analysis tool that can be used
to evaluate up to five log intervals and includes a pressure-depth analysis module.

. Quick Log Analysis - Version: 2025.0

v ] | 3
Exit Program Load PE Tools Model Load Log Data Pressure Gradient Save Model to PE Tools dB Info
Change PE dB Pre-QLA Quick Log Analysis PEE Tools Examples Database.PEEdD
Well Information Shale Parameters Log Data
Well Interval 1 Interval 2 Interval 3 Interval 4 Interval 5
Well Name Example QLA Well GammaRay Clean 40 API Interval Top 5810 0 ] 0 0
Location Anywhere Gamma Ray Shale 80 API Interval Bottom 5945
Field Good Field SP Clean -55  mV Water Resistivity, Rw 0.55 0.55
Zone Oil gas Zone 5PShale  -50 mV Clesr Al | Clear2105 | Ckear3to5 | Cesrdto5 | Cesr5to5
KB Elev 150 Gl MNeutron Porosity Shale  0.25  dec Log Assignments
Density Porosity Shale 0.1 d bz R ho-b 5 NMR-PHI -89
ensity Porosi ale . ec tho- - 2
Date 1/1/2000 GR Rt 11
e Sonic AT Shale 61  ps/ft Depth 0 Neutron 3 MMR-Perm -5
Comments |Example Well S -99 [ - Rxo 7 S =
-99 = not assigned enie e -
Water Resistivity Shale Model Porosity Model Saturation Model Perm Model
5 Info F
Analysis Parameters () Gamma Ray (2 Sonic O Wyliie
O Clavier () Density ) Archie O
= = = imur
a= 1 m= 13 n 2 Rw From Logs - () Neutron 0 Simandoux
Sonic AT Water 139 psfft Resistivity in Water Zone 10 ® I E () N-D CrossPlot () Poupon o=
i N-D Shaley Sand
Sonic AT Matrix 335 psfft Neutron Porosity in Water Zone 0.1 © Minimum o Ty el m o
—_— D . NMR phi o L,
ensity Porosity in Water Zone  0.18
rho Fluid 1 glcc —
the Matrix 277 glec Rwlog 0457 Analysis Results - Interval Weighted Averages
Shale Resistivity 5 ST Parameter Well Interval 1 Interval 2 Interval 3 Interval 4 Interval 5
Met Pay 433 2
Net Pay Cutoffs
Vshale 0.278 0.2031
Wshe= 05 Swe= 06 PHI>= 001 Rw From Salinity Porosity 0.3219 0.2107
Water Salinity (ppmMACL) 10000 ‘Water Saturation 0.3422 0.3522
Reservoir P: et 1 ili
Reservoir Parameters [renaiemeemrekel 110 Permeability 559.7933 283.8401
Reservair Area 80 Acres » TOC - Sonic 128 31
—— Rw_Salinity  0.411 TOC - Density 216 18.5
QilBo 125 volfvol phi-h 1393732 04215
GasBg 0.0045 wol/vol phi-(1-5w) 0.236 0.0968
phi-h-(1-5w) 102,167 0.1937
kh 242390.5 567.7
Log Plots Pre-QLA Plots QLA Plots Gas Indicator Yes Yes
00IP 50727.13 96.167
Capture Screen GlIP 79118.11 149.99

Figure QLA-1: PE2 Essentials Quick Log Analysis Tool

The QLA tool can load raw log data into the system, either through a LAS file or from Excel, prior
to performing log analysis on an interval basis. The purpose of the Quick Log Analysis tool is to
be able to perform a quick analysis of potential reservoir intervals from the log data and presents
the weighted averaged analysis results for each interval.
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4 | Quick Log Analysis Tool

QLA.1 Importing Log Data

There are two options available for importing log data: LAS files; or Excel files. Refer to the “PE
Essentials 2025\Example Input Files\QLA Files” directory for example files.

QLA.1.1 LAS Files

Log Ascii Standard (LAS) files are the most common ascii file format available for log data. There
is also a binary file format called DLIS, but this is not implemented in the PE2 Essentials Quick Log
Analysis tool.

QLA can read, and write, LAS files as long as they conform to the version 2.0 LAS standard. If the
available data is in a different format, then an Excel file can be used to import the data. To load
a LAS file, click the “Load Log Data” menu item. Choose “LAS Data Import” and select the LAS file.
Figure QLA-2 shows the load results.

LAS Data Import Log Assignments Neutron Matrix
Export Log Data to CSV
Excel Data Import tho-b 35 NMR-phi  -99 © Sandstone
Depth D SRl 2 N Neuron| 3 Rt 1T NMRPerm 09 i
——  sp g% Reo 7 —— O Limestone
Sonic AT 12 — Sw-ext  -99
80 = not assigned . —
Welk: Example QLA Well
0: DEPTH (F) 15 SP (MV) 2: GR (GAPI) 3; NPOR (DEC) 2 HCAL (IN) 5: RHOZ (G/C3) 6 HMIN (OHMM)  7:RXO (OHMM) & AHT20 (OHMM) S AHT30 (OHME
2200 107.6072 .19 0.349% 94038 22904 1.9998 22214 61007 6.7095
22005 106.9822 243718 0.3876 94028 23143 22749 2.2045 641322 st |
2201 108.2947 229518 0.3515 94038 23472 2.1971 2.3231 7.027 7.8856
2015 107.7322 429204 0.2002 93798 233 2.8961 3.1072 7.2912 7.9879
2202 106.6607 07379 0.3518 29231 22048 2.858 29761 7.0909 7.8016
22025 105.1697 247139 0.3536 2,809 2.266 27862 28771 7.0524 7.6881
2203 1024197 235659 0.3936 2.887 22469 2.85 29413 6958 77243
22035 100.2047 50,181 0.3546 2,875 22267 2,054 3.0376 6.6972 74575
2204 1001072 50.749 0.4001 8.875 2212 27708 2.861 6.5349 73236
22045 100.6697 500202 0.4015 28269 22304 26815 2787 61282 6.9161
2205 1014197 241856 0.413 2.7909 22576 2.5469 2.6266 59625 66399
22055 99,8572 38,7786 0.3334 87548 22555 24543 2.5341 63472 71378
2206 98.7322 33.6667 0.3743 8.7548 2.2483 2.8849 29127 6.9248 7.8031
22065 1000447 378877 0.3441 8.7548 22484 3.0918 3.0802 6.487 7.2086
2207 99,9222 27.0469 0.3442 8.7788 2.2601 2.7006 26376 5249 5.7906
22075 99,7047 221568 0.3882 87548 2278 2.2509 2.106 45136 5.3503
2208 1004197 437823 0.291 87788 22899 24981 2.4006 5.6063 6.283
22085 100.6697 294465 0.3669 2.8269 22864 29357 3.0083 69169 7.5765
2209 101.5447 47.7426 0.3604 2.851 22141 29588 3.0256 2,001 8.9203
22095 1002947 231155 0.3489 2.851 2301 31775 3.2854 7.802 9.3642
2210 100.7947 46562 0.3114 2,809 23321 37628 40155 6468 72737
2105 100.7947 26378 0.3747 8.875 2313 3.53% 3.559 45056 48244
2211 101.1697 409821 0.4514 2,875 22486 23174 2,249 38423 41434
2115 102.2322 39.9938 0.4305 8.875 21955 2.03%9 19715 44886 45413
2212 102.2322 388578 0.3333 28269 22004 26058 26513 5.1666 57468
2125 101.7947 299038 0.3%27 2.851 22199 23780 2.3088 50711 55614
213 1000447 383845 0.4324 2.851 2,259 2245 22779 50347 5.4733
2135 101.1072 432125 0.4015 2.851 22567 26338 26772 49145 5.28236
2214 94,2322 232125 0.3343 2.851 22707 24513 24238 26582 49381
2145 99,2047 47.1088 0.402 28269 2.2661 2257 2.2525 43451 51124
2215 99,2047 24822 0.4025 2.8269 2.2586 24641 2,678 29926 5.2495
22155 a2 9877 41 8645 N3RT7 /8269 22497 28805 7.R58A 50159 5.2796
Clear Data Cancel Continue

Figure QLA-2: Log Data Import

The data import is presented in a table with numbers assigned to each log. Prior to exiting this
screen, the Log Assignments must be made. This indicates which LAS data is assigned to specific
logs. This is required to ensure the analysis is valid.
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It should be noted that the QLA tool uses bulk density, not density porosity. This ensures that the
final density porosity is presented using the correct matrix density which is entered on the main
screen.

Finally, the matrix under which the Neutron log was recorded (sandstone or limestone) must be
specified. This is required since the QLA tool will correct the Neutron log to the matrix density
that has been entered on the main screen.

After the parameters have been set, a plot of the well log data is presented (Figure QLA-3).

Example QLA Well Anaysis Interval: OWell 01 ©O2 O3 Oa O3 Return
PHID - Data (x /) : 05805455/ -2297
2000 -2000 2000 ‘..u T 1
=
2250 2250 2250 — R 0ol
s
2500 - 1 2500 2500 = 08
- S
2750 1 2750 2750 — 0.7
—
3000 1 3000 3000 = 06
3250 1 3250 3250 e 051
E_ =
-3500 1 -3500 - -3500 i 04
3750 1 3750 3750 =3 0.3F
=
4000 1 4000 - 4000 —== 0.2F
S
-4250 1 -4250 - -4250 3—._ 0.1
4500 - 4 -4500 -4500 = of
=
4750 1 4750 = -4750 — 0.1
==
i
5000 1 5000 £ 5000 == 02
5250 1 5250 e = 5250 3 03
5500 1 5500 5500 : 04
= =
5750 1 5750 5750 = 051
=il
5000 1 5000 6000 = B
=
5250 - 1 5250 5250 - i i 0T
5500 1 5500 1 5500 i 08l
5750 1 5750 1 5750 i 09f
e S S N B i I I I I I 7000 oL L L e _
0 15 30 45 60 75 90 105120 135 150 0 01 02 03 04 05 06 b3 1 10 100 1000 10000 =
© Plot GR Plot SP B Piot PHID @ Plot PHIN 8 Plot PHIS Plot T-phi @PiotRT @ Plot RXO Plot T-Perm

Figure QLA-3: Log Data Plot

The log plot can be used to ensure the data has been imported and for log quality control.

QLA.1.2 Excel Files

If a version 2.0 LAS file is not available, an Excel file can be used to import the data. Figure QLA-
4 shows the Excel format that must be used to import the log data. Refer to “PE Essentials
2025\Example Input Files\QLA Files\Log Data.xlIsx” for an example Excel log data input file.

To import from an Excel file, the Excel file must be open and the data worksheet selected.
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6| Quick Log Analysis Tool

A B E D E F G H 1 J K L M N
1 |LogData
2 |QLA2025 Example
3 |DEPTH Sp GR NPOR HCAL RHOZ HMIN RXO AHT20 AHT30 AHTGE0 AHTS0 DT GR2
4 F MV GAPI DEC IN G/C3 OHMM  OHMM  OHMM  OHMM  OHMM  OHMM  US/F GAPI
3 2200 107.6072 42,119 0.3496 24038 2.2904 1.9998 2.2214 6.1007 6.7095 8.1753 8.7193 103.8460 46.1331
6 2200.5 106.9822 44.3718 0.3876 9.4038 2.3143 2.2749 2.2945 6.4133 7.1574 8.6445 9.2221 105.2436 42,552
7 2201 108.2947 42.9518 0.3515 9.4038 2.3472 21971 2.3231 7.027 7.8856 9.7654 10.3563 106.6206 40.3401
8 2201.5 107.7322 43.9304 0.2908 9.3798 2.3236 2.8961 3.1072 7.2812 7.9879 9.6571 10.0797 107.1082 32.1246
9 2202 106.6697 40.7379 0.3518 8.9231 2.2948 2.858 2.9761 7.0909 7.8016 9.5192 9.7497 107.1549 33.2305
10 2202.5 105.1697 44,7138 0.3536 8.899 2.266 2.7862 2.8771 7.0524 7.6881 9.4983 9.5026 106.2107 34.8104
11 2203 1024197 49.5639 0.3936 8.887 2.2469 2.85 2.9419 6.958 7.7243 9.5311 9.5469 1048097 37.0223
12 2203.5 100.2947 50.181 0.3546 8.875 2.2267 2.954 3.0376 6.6973 7.4675 9.1662 9.2365 104.4823 38.5495
13 2204 100.1072 50.749 0.4001 8.875 2.2212 2.7708 2.861 6.5349 7.3236 8.9773 8.9115 103.69 41.70%4
14 2204.5 100.6697 50.0302 0.4015 8.8269 2.2394 2.6815 2.787 6.1882 6.9161 8.3404 8.5134 104.1057 40.7614
15 2205 101.4197 44.1856 0.413 8.7909 2.2576 2.5469 2.6266 5.9625 6.6399 7.9585 8.29594 104.9029 42,1833
16 2205.5 99.8572 38.7786 0.3834 8.7548 2.2555 2.4543 2.5341 6.3472 7.1378 8.7854 9.1509 105.24  37.1276
17 2206 98.7322 33.6667 0.3743 E.?54E_ 2.2433 2.5649 2.9127 6.92458 7.9031 10.1098 10.6115 106.2572 39.0235
18 2206.5 100.0447 37.8877 0.3441 8.7548 2.2434 3.0918 3.0892 6.487 7.2086 8.8559 9.317 103.3474 35.45975
19 2207 99.9822 37.0469 0.3448 8.7738 2.2601 2.7006 2.6376 5.349 5.7906 6.8048 7.0941 99.2786 42.6573
20 2207.5 99.7947 42,1588 0.2882 8.7548 2.279 2.2509 2.106 49136 5.3593 6.2926 6.53478 99.8895 46.9757
21 2208 100.4197 43.7823 0.291 8.7788 2.2899 2.4981 2.4006 5.6963 6.283 7.5535 7.8499 101.4309 47.6077
22 2208.5 100.6697  45.4465 0.2669 3.8269 2.2864 2.9357 3.0083 6.9169 7.5765 9.4021 10.1438 104.0155 47.6077
23 2209 101.5447 47.7426 0.3694 8.851 2.2741 2.9588 3.0256 8.001 8.9303 11.4411 12.6717 109.1727 41.0774
24 2209.5 100.2947 49,1155 0.3439 8.851 2.301 3.1775 3.2854 7.802 9.3648 11.8535 13.1708 108.6076 38.1282
25 2210 100.7947 46.662 0.3114 8.899 2.3321 3.7628 4.0155 6.468 71.2737 8.8288 9.665 107.094 37.4563
26 2210.5 100.7947 46.378 0.2747 8.875 2.3136 3.5386 3.558 4.5056 4.8244 5.4376 5.7816 106.3998 41.92
27 2211 101.1697 40.9821 0.4514 8.875 2.2486 2.3174 2.2496 3.8483 4.1434 4.7849 4.9704 106.53485 42.0253
28 2211.5 102.2322 39.9938 0.4305 8.875 21955 2.0399 1.9715 4.4886 4.9413 5.9373 6.2519 106.4089 41.13
29 2212 102,2322 38.8578 0.3833 8.8269 2.2004 2.6058 2.6513 5.1666 53.7468 6.9322 7.4567 107.0675 45.2378
30 2212.5 101.7947 39.9938 0.3927 8.851 2.2199 2.3789 2.3988 5.0711 5.5614 6.6143 7.1804 109.1971 45.9775

Figure QLA-4: Log Data Input from an Excel File

Following input of the log data from Excel, the table and plot presented in Figures QLA-2 and
QLA-3 will be presented.

QLA.2 Pre-QLA

The Pre-QLA module is designed to enable picking intervals and performing a pre-analysis of the
data.

Pre-analysis encompasses picking intervals form the log for analysis. The top and bottom depth
of the intervals are set on the main screen and each interval can be selected Pre-QLA Plot (Figure
QLA-5) for in-depth review.

Once an interval is set and chosen (Figure QLA-6) the Pre-QLA module enables the setting of the
shale parameters and shale model; setting the porosity parameters and choosing a porosity
model; and evaluating Rwa within the interval. Rwa can be used to estimate the water resistivity
and is also termed a quicklook parameter for finding hydrocarbon zones.

It is possible to export the Pre-QLA results for the selected interval to a CSV file by clicking the
“Export preQLA Data to CSV” button.
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Example QLA Well Analysis Interval: @ Well (01 2 3 4 5 Export preQLA Data to CSV Return
Vsh-GR - Data (x / y) : 0.0191275/ -2477
-2000 -2000 T
Vsh-GR
2

-2500 ~2500

-2750 2750 -

-3000 -3000 -

-3250 -3250

-3500 -3500 -

-3750 -3750

-4000 -4000

-4250 -4250 -

-4500 -4500

-4750 -4750 -

-5000 -5000

5250 -5250 -

5500 -5500

5750 5750 -

-5000 -5000

-6250 6250 -
-8500 1 -8500 1 -8500 1
6750 1 6750 - 1 6750 - 1
T 5T 0z 03 04 05 05 07 08 09 1 7000, R 52 o3 o o5 0.6 T

@Vsh-GR  BVsh-Cav @ Vsh-ND Vsh-SP PHID PHIN PHIS PHIN-D | T-PHI RwaD BRwaN BRwas Rwa_ND Rwa T

Figure QLA-5: Pre-QLA Plot

Example QLA Well Analysis Interval: () Well © 1 2 3 4 5 Export preQLA Data to CSV Return
5810 T — T — T 5810 5810 — T
5817 - N R W R — 5817 - 5817 -

-56824 1 5824 -5624
-5631 1 5831 5631
-5638 1 5838 - 5638
5845 1 5845 - 5845
5852 1 5852 5852
-5659 1 -5859 - -5659 -
-5066 1 -5866 -5666
5673 1 5873 5673
-5880 1 -5880 - -5680 -
-5887 1 5887 -5887
5604 1 5894 5694 -
-5001 1 5901 5901 -
-5908 1 5908 - 5908 -
5915 1 5915 5915
5922 1 5922 5922
5929 8 -5929 -5929
5036 1 5936 - 5936
5943 T 1 5943 - 5943 -
901 02 03 04 05 05 07 08 09 1 950, o 02 03 oa 05 0.6 b I T
[JVsh-GR Vsh-Clav [ Vsh-ND Vsh-SP PHID PHIN  (JPHIS PHIN-D | T-PHI [JRwaD [JRwaN [JRwas$ Rwa_ND Rwa_T

Figure QLA-6: Pre-QLA Plot — Interval 1
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8 | Quick Log Analysis Tool

QLA.3 Log Analysis Models

A number of petrophysical models make up a log analysis system. PE? Essentials Quick Log
Analysis tool includes models for shale, porosity, water saturation and permeability (Figure QLA-
7).

Shale Model Porosity Model Saturation Model Perm Model
-~ Infe (") Sonic ;
(_) Gamma Ray = ~ Archi O wyllie
| I L —
© Clavier :’J Density — Arenie LI Timur
- () Meutron 0 Simandoux
_ () N-D CrossPlot () Poupen Calibration= 1
[:) M-D CrossPlot © N-D Shaley Sand
) Minimum NMR phi Info Info

Figure QLA-7: PE? Essentials Quick Log Analysis Tool - Model Options

Although there are many models and techniques available, the included models are some of the
most commonly used models for log analysis.

QLA.3.1 Shale Models

Shale volume is required to correct porosity and water saturation results for the effects of shale.
Shale volume is also an indicator of reservoir quality and is used to indicate net pay.

The most common models used to calculate shale volume are based on the Gamma Ray (GR) log,
the Spontaneous Potential (SP) log, and the Neutron-Density logs (Figure QLA-3).

Shale Model

(Info

Gamma Ray
Clavier

SP

N-D CrossPlot

@ Minimum

Figure QLA-8: Shale Model Options

The ‘Gamma Ray’ and ‘Clavier’ options both use an index (Isn) calculated from the GR log.

For the ‘Gamma Ray’ option, the assumption is that the shale volume, Vs, follows a linear
relationship from the clean GR value, GRo, to the 100% shale GR value, GR1go.

Ish = (GRiog - GRo) / (GRo - GR1go) (QLA-1)
Vsh = lgr (QLA-2)

EpPCis
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Shlumberger and Dresser-Atlas (now Baker-Hughes) published optional equations that changed
the Vsh calculation to a non-linear function of Igr. Shlumberger’s equation is included as the
“Clavier” option as follows.

Vsh = 1.7 - (3.38 - (Isy + 0.7))°> (QLA-3)

The Dresser-Atlas equations are as follows.

Vsh = 0.083 (237!~ 1) :Tertiary Rocks (QLA-4)
Vsh =0.33 (2%-1) :Older Rocks (QLA-5)

Note that the Dresser-Atlas equations are not included in the PE? Essentials Quick Log Analysis
model.

The ‘SP’ option is similar to the Gamma Ray option in that the assumption is that the shale
volume, Vs, follows a linear relationship from the clean SP value, SPo, to the 100% shale SP value,
SP]_OO.

Is = (SPiog - SPo) / (SPo - SP100) (QLA-6)
Vsh = IsH (QLA-7)

The ‘N-D CrossPlot’ option uses the Neutron (¢n) and Density (¢p) logs to determine Vsh.
Vsh = (dniog - Polog) / (nsH - Post) (QLA-8)

The Vsh calculated by N-D crossplot may be impacted by the assumed value of the rock matrix,
the existence of gas and the rugosity of the borehole.

Choosing the ‘Minimum’ option will choose the minimum Vsh calculated using all models.

QLA.3.2 Porosity Models

There are three basic porosity logging tools — sonic, density and neutron. Each tool can be used
as an independent indicator of porosity or the Neutron (¢n) and Density (¢p) logs can be used
simultaneously (crossplotted) to determine the porosity (Figure QLA-9).

Porosity calculated from logs without applying a shale correction is termed apparent or total
porosity. Effective porosity is the resulting porosity after applying a shale correction.

Porosity Model
() Sonic
() Density
() Meutron
(I N-D CrossPlot
© N-D Shaley Sand

NMR phi
Figure QLA-9: Porosity Model Options
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10 | Quick Log Analysis Tool

The sonic log records the sonic travel time, At, of a small interval of rock. The equation for sonic
porosity, ds, is as follows.

s = (Atiog - Atma) / (Atw - Atma) (QLA-9)
The equation for sonic-based porosity, with shale correction is as follows.

d) = (Atlog - ((1 - Vsh) A'tma) - (Vsh*Atsh)) / (Atw - Atma) (QLA-10)

Where: ¢ is the porosity in decimal, Atiog is the sonic log reading in the interval of interest, Vsh is
the volume of shale, Atma is the rock matrix travel time (Table QLA-1), Atsh is the sonic travel time
in 100% shale and Aty is the sonic travel time in water.

Lithology ot
psec/ft psec/m
Fresh Water 200 656
Salt Water 188 617
Shale 60 - 150 | 197-492
Granite 50 164
Sandstone 55.5 182
Limy sandstone 52 171
Limestone 473 155
Limy Dolomite 46 151
Dolomite 44 144
Anhydrite 50 164
Coal 95+ 312+
Salt 66.7 219

Table QLA-1: Sonic At Values

One caution to be kept in mind is what is termed as the ‘sonic compaction factor’, Cp. This is only
an issue if Atsh is greater than 100usec/ft (328usec/m), which could occur for depths less than
3000ft (1000m).

Cp = Atsn/ 100 or Cp = Atsn/ 328 (QLA-11)
d=0ds/Cp (QLA-12)

The Quick Log Analysis tool assumes that C, is one; i.e. no compaction correction applied to ¢s.

The density log measures the bulk density, pb, of the rock and records either the density, py, or
the density porosity, ¢p. The equation for density porosity is as follows.

o = (Pma—pb) / (Pma — p1) (QLA-13)

The equation for density-based porosity, with shale correction is as follows.

¢ = o - Vsh dosh (QLA-14)
d)Dsh = (pma - psh) / (pma - pf) (QLA-15)
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Where: ¢ is the porosity in decimal, ¢p is the density porosity, Vsh is the volume of shale, ¢psh is
the density porosity of 100% shale, py is the recorded log bulk density, pma is the rock matrix
density (Table QLA-2), psh is the density of 100% shale and pris the density of mud filtrate (water).

. P
Lithology = —_—
Fresh Water 1 1000
Salt Water 11 1100
Shale 2.5-2.83] 2500-2830

Chlorite 2.6-2.96] 2600-2960
Kaolinite 2.6 - 2.68] 2600-2680
Montmorillonite | 2.2- 2.7 | 2200-2700

Granite 2.75 2750
Sandstone 2.65 2650
Limy sandstone 2.68 2680
Limestone 271 2710
Limy Dolomite 2.83 2830
Dolomite 2.87 2870
Anhydrite 2.95 2950
Coal 1.5-2.35] 1500-2350
Salt 2.03 2030

Table QLA-2: Density Values

The existence of gas may cause the calculated porosity to be too high because a low bulk density
is recorded. This can be corrected by modifying pras follows.

P#= (1 — Sxo)Pg + SxoPmf (QLA-16)
Where: Sy is the water saturation in the invaded zone, pg is the gas density and pms is the density
of the mud filtrate.

Note that this correction is not incorporated into the Quick Log Analysis model.

The neutron log measures hydrogen index of the rock and presents it as the neutron porosity,
on, of the rock.

The caveat for the neutron log is the matrix on which the log is recorded. Most analysis and
interpretation charts assume that the neutron log is recorded on a limestone matrix. For this
situation, the neutron porosity can be corrected to a different lithology. As an example, for
Schlumberger CNL logs the following corrections apply.

- Limestone to sandstone: ¢nss = 0.222¢dnis? + 1.021¢dnis + 0.039 (QLA-17)

- Limestone to dolomite:  dndol = 1.4dpn1s? + 0.389¢n1s - 0.01259 (QLA-18)
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In general, if the neutron porosity is presented on a limestone scale, add 0.04 to the log reading
to yield neutron porosity for a sandstone matrix, and vice-versa.

The equation for neutron-based porosity, with shale correction is as follows.

b = dn - Vsh Dnsh (QLA-19)

Where: ¢ is the porosity in decimal, ¢n is the neutron porosity, Vsh is the volume of shale and
onsh is the neutron porosity of 100% shale.

The existence of gas may cause the neutron porosity read too low because of the reduced
hydrogen index in the gas. This effect is not a constant and is a function of the density and
wetness of the gas. Dry, low-pressure and high temperature gases have larger impact on the
neutron porosity. Shale will reduce the gas effect since shale ¢nsh tend to be high values.

If the existence of gas is suspected, using the neutron-density crossplot model is preferred to
calculate porosity. The ‘N-D CrossPlot” model will take an average of the neutron and density log
porosities.

¢ =(dn+do)/2 (QLA-20)

If the neutron porosity is more than 0.02 less than the density porosity, a gas effect is assumed
to exist and the porosity calculation is as follows.

¢ = ((dn* + do?) / 2)°° (QLA-21)

This weights the porosity towards the density porosity and is valid in a clean sandstone or a
carbonate reservoir.

The ‘N-D Shaly Sand’ model takes an average of the shale-corrected neutron and density
porosities.

¢ = (dne + doc) / 2 (QLA-22)
One = ON - Vsh Onsh (QLA-23)
doc = o - Vsh dosh (QLA-24)

If the shale-corrected neutron porosity is more than 0.02 less than the shale-corrected density
porosity, a gas effect is assumed to exist and the porosity calculation is as follows.

$ = ((dne? + dpoc?) / 2)0° (QLA-25)

This weights the porosity towards the density porosity.

QLA.3.3 Water Saturation Models

There are two shaly sand water saturation models as well as the Archie water saturation model
included in the Quick Log Analysis model (Figure QLA-10).
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Water Saturation Model

Archie
@ Simandoux

Poupon

1

[info)

Figure QLA-10: Water Saturation Model Options

The Archie water saturation model is the original standard used by the oil industry but is now
only used for clean sandstones or carbonates. The equation is as follows.
Sw=(a Rw/ d™R)V/n (QLA-26)

Where: a is the tortuosity factor (1 for carbonate and 0.62 for sandstone), m is the cementation
exponent (2 for carbonate and 2.15 for sandstone), n is the saturation exponent (ranges from 1.8
to 2.5, normally set equal to 2), Rw is the formation water resistivity and R is the true formation
resistivity.

For the flushed zone, the Archie equation is as follows.

Sxo = (@ Rmt / ™ Ryo) MM (QLA-27)
Where: Rmf is the mud filtrate resistivity and Ry is the flushed zone resistivity.

If the value for Sy is greater than the value for Sy, this may be an indication that movable
hydrocarbons exist in the reservaoir.

The Archie equation is inaccurate when shale is present in the reservoir. One of the most
commonly used shaly sand water saturation model is the Simondoux model.

The Simondoux water saturation equation is as follows.

w=[(A? +B)?3 - C]*" (QLA-28)
A =1[(1 - Vsh) Vsh aRw/2¢™Rsh]

B = (1 - Van) aRw/d™R:
C=0.5(1 - Vsn) Vsh aRuw/d™Rsh

Where: a is the tortuosity factor (1 for carbonate and 0.62 for sandstone), m is the cementation
exponent (2 for carbonate and 2.15 for sandstone), n is the saturation exponent (ranges from 1.8
to 2.5, normally set equal to 2), Rw is the formation water, Rsh is the resistivity of the shale, and
Rt is the true formation resistivity.

An alternative shaly sand model is the empirical Poupon-Leveaux model, also referred to as the
Indonesian model. The Poupon-Leveaux water saturation equation is as follows.
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Sw=[(A+B)2RJV" (QLA-29)
A= [Vsh(z- Vsh)/ Rsh]o's
B = (d)m / aRW)O.S

Where: a is the tortuosity factor (1 for carbonate and 0.62 for sandstone), m is the cementation
exponent (2 for carbonate and 2.15 for sandstone), n is the saturation exponent (ranges from 1.8
to 2.5, normally set equal to 2), Ry is the formation water, Rqh is the resistivity of the shale, and
Rt is the true formation resistivity.

QLA.3.4 Permeability Models

There are two permeability models included in the Quick Log Analysis model (Figure QLA-6).

Permeability Model

o Wyllie

Timur

Calibration= 1

(Info
Figure QLA-11: Permeability Model Options

The Wyllie-Rose permeability model is the original method used to calculate permeability from
logs. It is accurate when calibrated to core data. The equation is as follows.

k = 65000Cor ¢° / Sw? (QLA-30)

Where: k is permeability in md, Cor is the correlating parameter equal to 1 for oil and 0.1 for gas.

The Timur permeability model is similar to the Wylie-Rose formulation but incorporates different
constants. The equation is as follows.

k = 3400Cor ¢** / Sw? (QLA-31)

Where: k is permeability in md, Cor is the correlating parameter equal to 1 for oil and 0.1 for gas.

The Cor constant is entered as the ‘Calibration’ input on the main screen. This factor can also be
used to calibrate the log reading to the core data.
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QLA.4 Log Analysis Parameters and Results

A number of parameters are required in order to generate a log analysis. Formation water
resistivity, Rw, is one of the main parameters required for all water saturation models. There are
two main techniques to derive Ry; calculate directly from a water bearing interval, or estimate
the value based on water salinity (Figure QLA-12).

Water Resistivity

Rw From Logs
Resistivity in Water Zone 10

Neutron Porosity in Water Zone 0.2
Density Porosity in Water Zone 0.2

Rw_Log 0.552

Rw From Salinity
‘Water Salinity (ppmNACL) 7100
Interval temperature, 'F 110

Rw_Salinity ~ 0.555

Figure QLA-12: Input Formation Water Resistivity

Estimating Rw from a water zone is done using the Archie equation with input Rt and ¢. For this
calculation the a, m and n parameters need to be entered as well (Figure QLA-13). To estimate
Rw based on salinity, the ppm NACL and the temperature have to be entered. If both calculations
are performed, then the Ry to be used in the water saturation calculations has to be specified.

The net pay cutoffs and the reservoir parameters are optional inputs but are normally entered
so that net reservoir and hydrocarbon (oil and/or gas) volumes can be calculated.

Input of shale parameters are required if shaly sand analysis is to be performed (Figure QLA-14).

Analysis Parameters

a= 1 m= 18 n= 2

Sonic AT Water 189 psfft
Sonic AT Matrix  35.5  ps/ft

rho Fluid 1 gfcc
the Matrix 277 gfcc

Shale Resistivity 5 ohm-m
Net Pay Cutoffs
Vsh<= 05 |Sw<= 06 PHE= 001

Reservoir Parameters

Reservoir Area 20 Acres

QilBo 125 wvol/vol

GasBg 0.0045  wvolfvol

Figure QLA-13: Input Analysis Parameters
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Shale Parameters

Gamma Ray Clean
Gamma Ray Shale

5P Clean

5P Shale

Meutron Porosity Shale
Density Porosity Shale

Sonic AT Shale

a0
80
-55
-50
0.25
0.1

&1

APl
AP|
my
mY
dec

dec

ps/ft

Figure QLA-14: Input Shale Parameters

Once all the model/analysis parameters are entered, log analysis is initiated by clicking the ‘Run
Log Analysis’ button. Figure QLA-15 shows the analysis results for a water zone in the example
well (note all zones in the well are wet).

Example QLA Well Export QLA Results to LAS Analysis Interval: O Well ©1 2 3 4 Export QLA Results to C5V Return
5810 5810 5810 T 5810 [ 5810
Vsh Sw Pay Flag
s817 [ 5817 5817 — l—lf s817 [ 5817 Gos g
5824 5824 5824 5824 -5624
5831 - 5831 - 5831 - 5831 -5831
5838 - 5838 5838 - 5838 - -5838 |
5845 5845 5845 5845 - -5845
5852 5852 - 5852 1 5852 - -5852
-]
5859 - 5859 - 5859 - _ 5859 | -5859 -
5866 |- -5866 5866 |- 1 5866 -5866
5873 5873 5873 5873 -5873
5880 [ 5880 5880 [ - 5880 [~ -5880
5887 |- 5887 - 5887 |- = 5887 -5687
5894 - 5894 5894 - — 5894 -5604
5901 - 5901 - 5901 - 5901 [ -5901 -
5908 - 5908 - 5908 - é 5908 -5908 -
5915 5915 5915 5915 5915
5922 5922 5922 < 5922 5922
5929 5929 5929 - _ 5929 - se9r
5936 5936 5936 —_— 5936 5936
5943 5943 5943 g/—s/- 5943 -5943 F————————
590007 02 03 04 05 06 07 08 08 1 G o1 o 02 0% 0s 590007 02 03 04 05 06 07 08 08 1 B T R T TR TR ety 11

Figure QLA-15: Log Analysis — Water Zone

The log analysis results for each interval are averaged and presented in the results table (Figure

QLA-16)
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Analysis Results - Interval Weighted Averages
Parameter Well Interval 1 Interval 2 Intersal 3 Interval 4 Interval 3
Met Pay 433 2
Vshale 0.278 0.2031
Porosity 0.3219 0.2107
Water Saturation 0.3422 0.5522
Permeability 559.7933 283.8401
TOC - Sonic 12.8 31
TOC - Density 21.6 185
phi-h 1343783 0.4215
phi-(1-5w) 0.236 0.0968
phi-h-(1-5w) 102167 0.1937
kh 2423580.5 567.7
Gas Indicator e Yes
Qalp 5072713 96.167
GlIP 11811 149,99

Figure QLA-16: Output Log Analysis Results

The log analysis results for each interval includes a sonic-based and density-based total organic
carbon (TOC) calculation. These calculations are purely qualitative estimates and should be used
for comparative purposes only. The TOCs are calculated as follows (ref:
https://spec2000.net/11-vshtoc.htm).
Sonic: TOC =0.234 * (At + 59.433log(R)) - 31.86 (QLA-32)
Density: TOC =45.14 -142.9(p — 1.014)/(log(R) + 4.122) (QLA-33)
Where: At sonic travel time in psec/ft, R is the resistivity and p is bulk density in g/cc.

The analysis results also include a summation of the hydrocarbon volumes contained in the
intervals identified as net pay.

To disable either the oil volume calculation or the gas volume calculation, enter zero for the ‘Oil
Bo’ or the ‘Gas Bg'.
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QLA.5 Pressure-Depth Analysis

The Pressure Gradient Analysis tool is accessed from the main menu (Figure QLA-17). Data is
loaded into the tool by clicking ‘Load Data’.

Pressure Gradient Analysis _ [} %
OpenPEdB PEE Tools Database.PEEdb
| Test Well - GOW Load Data Save to PEdB
-9100 T T T T T T T T T Update Graph Save Graph
Pressure Data ©
Gas Line Gradients
9200 Qil Line -
Y Water Line ===|] MdGul.he 012  |psifft
L [“] Add Oil Line 0375 |psifft
-9300 []Add Water Line | 0465 |psi/ft
Fluid Properties
-9400 .
OilAPI 32
OilSG| 0.866
-9500
WaterSG| 1.074
£ Water 104897
g -es00f i
[a]
Fluid Contacts
-9700 Gas-Oil  Calculate 9450.9
Oil-Water  Calculate 9756.6
-9800 - Gas-Water n/a
Axis Setti
9900 nes
y Axis x Axis
Maximum: | -10100 4540
0&40 4270 4300 4330 4360 4390 4420 4450 4480 4510 4540
Pressure
Continue

Figure QLA-17: Pressure-Depth Analysis

Data can be entered manually in the Depth/Pressure table; imported from a PE Tools database
file (‘Load PE db Data’), Figure QLA-18; or imported from an Excel file (‘Excel Import’), Figure QLA-
19. The data in the figures is from ‘Gradient Data.xlIsx’ included in the ‘Example Input Files\Excel
Files’ directory.
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Depth Pressure
__Depth I Pressure |
9170 42493
9187 | 425134
9203 | 4253.26
9220 | 42553
9236 | 4257.22
9252 | 4259.14
9269 | 4261.18
9285 | 4263.1
9302 | 4265.14
9318 | 4267.06
9334 | 426898
9351 4271.02
9367 | 427294
9384 | 427498
9400 | 42769
9416 4278.82
9449 | 428278
9466 | 4289.155
9482 | 4295155
9498 | 4301.155
9515 | 4307.53
9531 | 431353
9548 | 4319.905
9564 | 4325905
9580 | 4331.905
9597 | 433828
NR12 A24400

Depth in feet; Pressure in psi

Excel Import

Load PE dB Data

#  Select Well Name
1 Testwell- GOw
2 O Test Well - GOW 2

Cancel

Load P-D Data

Pressure-Depth Data Import

Depth Pressure

I .| [oier Pressure-Depth Data Import
9170 42493
9187 425134
9203 4253.26
9220 42553 e Link to Excel Oiffield Depth in feet; Pressure in psi
9236 257.22 e P
252 425914 i ressure
9269 4261.18 9170 42493 A
9285 22631 Info: Offshore Well 9187 425134
9302 4265.14 gggé :22 5535-236

267 7
T Ty e 9236 257.2
9351 7102 s 9252 425014
9367 427294 ‘Start Row 9269 426118
T .y K= s s
4276 N

16 | a7 Depth | b | End Row 9318 4267.06
9449 4282.78 P (optional) 9334 4268.98
9466 | 4289.155 [ < | 9351 aone
9482 | 4295.155 l ] 9367 27294
9498 | 4301155 9334 427498
9515 430753 9400 42769
9531 431353 9416 Q78
P40 [_Import Data_| i At 18
9564 | 4325905 p e 9466 4289.155
9580 | 4331905 9482 4295.155
9597 433828 e a408 4301155
= = Continue 9515 4307.53

Depth in feet; Pressure in psi 9531 431353

Figure QLA-18: Pressure-Depth Analysis, Database Import

Figure QLA-19: Pressure-Depth Analysis, Excel Import

After the data is loaded, it can be saved to the PE Tools database with “Save to PE db” (Figure
QLA-17). The database model will also contain the analysis parameters for the well.

This tool can be used to estimate fluid properties and fluid contacts.

Gas/water/oil gradient lines can be added to the plot. The line can be moved by clicking on the
upper left end of the line and moving it to the desired location. The gradient is then modified to
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get the best fit. The equivalent reservoir fluid property, at reservoir conditions, is calculated for
the given gradient and presented in the ‘Fluid Properties’ box (Figure QLA-20).

[C)Add G Lime: 015 s
[IAdOiline | 035 ik
[JAds Water Line | 055 puh.

Fluid Properties

i858 8 ¢
88 5858 ¢ &

;
i

F:
£

I I T BT T R T R )
Pressure

H
i
H

Fluid Properties

: Sradients oilapl| 32
[[] Add Gas Line 0.15  |psifft oil'sG [ 0866
[’] Add il Line 0.375 |psi/ft

[[JAdd Water Line | 045 |psi/ft Water SG | 1.039
Water ppm | 56678

LT

Figure QLA-20: Pressure-Depth Analysis Example

If more than one gradient line is included on the plot, the fluid contact - GOC, OWC or GWC — can
be determined by clicking the appropriate ‘Calculate’ button.
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