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Message from the President

Seminars, seminars, and more seminars! A rich selection is coming your way!

1. We have a fantastic set of speakers lined up for next Wednesday 5th July, for
our seminar titled 6From Petrophysics
detailed on the next page, and tackles head -on the challenges of upscaling
petrophysical and reservoir data from wellbore to the 3D model, with several

field examples used to highlight workflows. Definitely a seminar NOT to miss!

t o«

Abstractsao i s
Reservoirso with

2. 6Cal | for
6Challenging

now open fc
presentati ol

3. The SPWLA Annual Symposium has just wrapped up in Oklahoma, a
successful event with 600+ people registered. This suggests the tides have
turned, boding well for our London 2018 event. The incoming SPWLA President
is Brett Wendt, who has already reached out to the Chapter Presidents with

very positive discussions on our future integration.

4. Afull5 -day professional course on Olntegra
Characterisationd wil/ b e {R@H Qctoldery ThelPEis De
sponsoring this course, with full details on page 17.

5. A 3-day interactive training course on 16 -18t h August title

Acquisition & Qual it ykno@mocourse was @riginallyhcieasted we | |
by Philippe Theys, but is now delivered by Martin Storey under an exclusive
license. The LPS is sponsoring this course also, with full details on page 18.

We have tightened our Travel Policy which reimburses reasonable travel for

students coming from outside London, and the new rules can be seen at
http://Ips.org.uk/about -lps. Finally, 1 am proud to announce that those

me mbers who are genuinel y -tuinmeempd corysewll t(annott
able to attend the LPS seminars for half price. Hope to see you on July 5th!

Best Regards,

Mi chael O6Keef e

O-0LR & Rrdsident
-06

Mi chael

www.Ips.org.uk



OFrom Petro
t o Geomodel

One Day Seminar

“Specific
productivity index
from nuclear
magnetic resonance
and production
logging an
innovative way to
address production
optimization and
reservoir modelling
i ssueso

Evening Lecture

London Petrophysical Society: Newsletter 2017

LPS One Day Seminar

“From Petrophysics to Geomodel”

S =y

From Petrophysics to 'P2 "o

Geomodel
Wednesday 5 July 2017

The Geological Society, Burlington House, London

Registration Open!

Kenned

Start End . : T
time time Name Company Talk Title
09:30 | 0g:a5 | Michael LPS Welcome & Introduction
0'Keefe
1 | 09:45 | 10:15 | Steve Cuddy | Baker Hughes What Petrophysics provides for the Geomodel
Marti
2 | 10:15 | 10:45 9N \isk scientific Pragmatic Petrophysics for Models

Geostart (UK
3|11:15 | 11:45 | Ray Pratt EDSL': d (UK) Log Data QC, editing, splicing & interpolation
4| 11:45 | 12:15 L.achlan petrofac Quality control of petrophysical data upscaled in subsurface
Finlayson models
Along-hole Depth lity i nt: ti tibili
5 | 12:15 | 12:45 | Harald Bolt | 1CT Europe Ltg, | A'O"& 01 DEPth Quality Improvement: creating compatibility

between driller's & Wireline depth

O0'Keefe

LPS

Integrated
& | 13:30 | 14:00 |Alan Johnson| Petrophysical Challenges in upscaling rock properties to Geomodels
Solutions {IPS)
7| 12:00 | 14:30 Lin Ma University of Upscaling a shale pore sy?tem acr_c:-ss multiple scales: An
Manchester example from the Haynesville-Bossier Shale, southeast USA
8 | 14:30 | 15:00 L;::g';f:rk Maersk Qi Pre-production pressure depletion in the Johan Sverdrup field
. . Martyn .
9| 15:30 | 16:00 Beardsell Schlumberger What to do about uncertainty
10| 16:00 | 16:30 | Paul Glover | Leeds University Multiscale fractal modelling of h?temgenenus & anisotropic
reservoirs
Richard ) . ) . .
11| 16:30 | 17:00 Jackson Schlumberger |Interpretation & Integration of formation testing results into 3D
Michael

Closing Comments

£150 for delegates (LPS is not VAT registered)

Students can register for free

Includes lunch and post-seminar wine and savouries.

Doors open at Sam.

For more info or to register for this event please visit www.lps.org.uk/events/

-06

www.Ips.org.uk
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D
Upcoming LPS Evening Lectures (6:30-7:30pm)

Tues 5th Sept Specific productivity index from Marco Pirrone
nuclear magnetic resonance and ENI
production logging: an innovative

way to address production optimi-
zation and reservoir modelling
issues

Technology

The Next LPS Evening Lecture

dawn.houliston@uk.bp.com

Seminars oSpecific productivity index from nuclear
magnetic resonance and production logging: an
innovative way to address production
Membership optimization and reservoir modelling issues 0

joanne.tudge@eu.weatherford.com

sharan.dhamil5@imperial.ac.uk P rese nted by
External Liason Marco Pirrone, ENI

bpmossy@gmal com Tues 5th Sept 6:30pm i 730pm

Newsletter

The Geological Society, Burlington House, Picadilly
JRastogi@slb.com

Publications Refreshments will be available from 6pm.

Wine & Savouries will be provided after the presentation,
S which we would be delighted for you to join us for.
Website - Free Entry -

anne.denoyer@gmail.com

Full Abstract and bio available online at

http://Ips.org.uk/events

London Petrophysical Society: Newsletter 2017 -06 www.Ips.org.uk 19
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...
LPS . Call for Abstracts

e\

Challenging
Reservoirs

Thursday 215t of September 2
The Geological Society, Burlington House, London

Call for Abstracts

Submission Date: by 4" Auqust 2017

Technology

dawn.houliston@uk.bp.com
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.S
LPS I, Rw From SP Does it Really Work?

k . Author: Bob Everett, Robert V. Everett Petrophysics Inc. Canada

The need for a formation water resistivity, Rw, is paramount to computing water
saturation in the Waxman  -Smits -Thomas or Clavier et al Dual Water equations.
However, Rw is often incorrectly used as a fixed value. When analysts resort to a
fixed value from water tests and apply it to large zones it is not only invalid in

most other zones but also not valid within the zone, since Rw varies with depth,
hydrodynamics and formation water salinity. Hence, we need a variable Rw that
can be applied to all zones. Analysts have tried using the Rw from the SP over

OFrom Petro
many years and the response has often been,

7

Geomodel 6
Does it work? The short answer is yes, obtaining Rw from the SP really does work.

There are some caveats. The article discusses results of an empirical
petrophysical method that has worked on many wells. First, estimate the Rw using
the SP and later check the Rw by assuring that Ro =~ Rt in shale.

One Day Seminar

Caveat 1: We check the Rw by comparing Ro to Rt in the shale. The Ro uses total
porosity, not effective porosity as some 0\
requireacation -exchange correction to be able to
cation -exchange -capacity log is created from the computed clay, assuming a

“Specific productivity constant charge deficiency, and this is further converted to a Qv log using the total

index from nuclear porosity and matrix density. At this point, formation salinity is input. Ro is

magnetic resonance computed from the Waxman -Smits -Thomas conductivity using formation salinity,

and production a measured temperature profile, porosity and Qv. When Ro is compared with deep

logging an innovative resistivity, the two overlay in water  -filled zones such as shales and water  -filled

way to address sands; hydrocarbon zones are generally easily recognizable when Rt exceeds

Roo6 (Ref. 4). I n our program, we use Dual
as Waxman -Smits -Thomas (WST), since both methods were derived from the same

data set. Therefore, we expect Ro and Rt to match if there are no hydrocarbons in

the shale. If Ro and Rt do not match in the shale, we shift the SP so they do

match, thus providing a corrected Rw for all intervals, propagated by the

. SP_Baselined. Of course, as noted above, quoting Ref. 4, the Ro must be cation -
Evening Lecture exchange capacity -corrected at this stage. The main steps of the petrophysical

workflow to obtain a clay -corrected Ro are summarized: the steps followed are

based on Dr. Michael Herronds work (Ref. 1,
feldspars and mica or QFM), carbonates and clay. In addition, we have separated

the minerals in the three mineral groups, constrained by measured elements using

neutron spectroscopy. In this article, we use the clay CEC to provide correction to

Ro to check if Ro is equal to Rt in the shales. Ifitis, then Rw is validated. There

are difficulties using the same method of comparing Ro to Rt in shales when a Vsh

method is used, as the variables of a, m, n, Rwb, Vshale or Vclay result in an

imperfect correction to Ro for the cation exchange capacity effect. Furthermore,

analysts often use other approximations of Sw models such as the Simandoux,

Indonesian, etc., saturation models. To our knowledge, only the WST or DW

models using CEC are scientifically correct. There may be others. The important

point is to use the individual clay family abundance to correct for CEC, inserted

into the scientifically correct Sw model.

production
optimization and
reservoir modelling
i ssuesbo
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I GGG
LPS I, Continued - Rw From SP Does it Really Work?

&

Author: Bob Everett, Robert V. Everett Petrophysics Inc. Canada

Of course, as noted above, quoting Ref. 4, the Ro must be cation -exchange
capacity -corrected at this stage. The main steps of the petrophysical workflow to

obtain a clay -corrected Ro are summarized: the steps followed are based on Dr.
Technology Mi chael Herronds work (Ref. 1, 2, 3) to cc¢
mica or QFM), carbonates and clay. In addition, we have separated the minerals

from the three mineral groups, constrained by measured elements using neutron
dawn.houliston@ukbo.com spectroscopy. In this article, we use the clay CEC to provide correction to Ro to

check if Ro is equal to Rt in the shales. If it is, then Rw is validated. There are
Seminars difficulties using the same method of comparing Ro to Rt in shales when a Vsh
method is used, as the variables of a, m, n, Rwb, Vshale or Vclay result in an
imperfect correction to Ro for the cation exchange capacity effect. Furthermore,
analysts often use other approximations of Sw models such as the Simandoux,
Indonesian, etc., saturation models. To our knowledge, only the WST or DW
Membership models using CEC are scientifically correct. There may be others. The important

point is to use the individual clay family abundance to correct for CEC, inserted

- into the scientifically correct Sw model. The average values we use for CEC were
S s derived by Dr. Michael Herron et al as Smectite = 100, lllite = 25, Chlorite = 15
(occasionally 2 provides a better fit (pers. com. Dr. E. Eslinger)), Kaolinite = 6
External Liason (pers. com. M.M. Herron)

joanne.tudge@eu.weatherford.com

While we wrote a program to do this element -to-mineral conversion (called

Petrophysics Designed to Honour Core or PDHC), there are many commercially -

available programs to solve for minerals using input elements. A major

Newsletter assumption is that there is a 1:1 relationship between elements and minerals.

There is not. As a best approximation, we use the element -mineral averages from

Dr. Herronds paper (Ref. 1) for the el emen

The steps to convert minerals from the mineral groups of carbonates, clays and

- siliclastics (quartz, feldspars and micas or QFM), using elements, are:

Publications 1 Normalize estimates of calculated minerals by constraining with the log

elements and measured GR spectroscopy (K, U, Th), to convert the Si & K to

quartz, K -feldspar, plagioclase and muscovite; Ca to dolomite, calcite and

anhydrite (via sulphur); Si, Al, K and Fe to illite, smectite, kaolinite and

. chlorite. This first process, (QFM, Carbonates, Clays) involves a model derived

Website from many cores by Herron et al at Schlumberger Doll Research (SDR). This
process could also be done using Robust EIm in GAMLS (Eslinger and Boyle
2013). The Robust ELM method does not involve a pre -determined model but
makes one from the data, providing an excellent fit to mineralogy from full
diameter core, plugs or cuttings.

f To solve for Sw we need a valid Rw, that is correct at all depths. This means
we cannot use a fixed value and expect Rw to be correct in the shales as well as
clastics/carbonates.

bpmossy@gmail.com

JRastogi@slb.com

creynaud@uk.perenco.com

anne.denoyer@gmail.com
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LPS I, Continued - Rw From SP Does it Really Work?

&

Author: Bob Everett, Robert V. Everett Petrophysics Inc. Canada

Caveat 2: We correct the SP for drift but initially ignore hydrocarbon suppression
by normalizing the value of Rw to a known value, located at any depth in the well
where the value of Rw is oOoOknowno.

The purpose of this article is to provide a method using the SP to derive an Rw

. that is valid over the entire interval of the well, not just a short section.
OFrom Petr o

to Geomodel
One Day Seminar BNIAUCURUTESTY

Many papers describe the origin of the Spontaneous Potential (SP) and its utility to
provide formation water resistivity, Rw. However, in most cases, the application of
SP has not successfully provided a continuous value for Rw.

There are two problems, 1) defining the correct magnitude of the SP deflection and

2) cross -checking the result. The SP curve as recorded has no absolute zero so the
deflection must be measured from a defined zero line. Therefore, defining the zero

line correctly is critical in calculating a continuous Rw from SP. A second critical

SR EEATIVAS  step that is usually ignored is a cross  -check that the wet resistivity, Ro, is less

index from nuclear than or equal to the true resistivity, Rt. Ro must be a clay corrected value, usually

magnetic resonance obtained with a method of wusing spectrosco
and production exchange capacity. A volume of shale method rarely works as the CEC corrections

logging an innovative in shales are not adequate.

way to address Using a conventional method, one draws a shale baseline at the right edge of the
production SP and the SP deflection is measured from this shale baseline to calculate
optimization and Rw. However, this method works only in clean, wet sands and does not define the
reservoir modelling Rw in shale sections. Therefore, it is not continuous. Furthermore, there is no

i ssuesob cross -check that Ro<=Rt, so the conventional method usually fails to provide the
correct Rw cross -check.

Evening Lecture A method that works under any conditions including shales is described and an
example is given. Obtaining a correct continuous Rw is essential to a valid log
interpretation.

London Petrophysical Society: Newsletter 2017 -06 www.Ips.org.uk 8
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LPS I, Continued - Rw From SP Does it Really Work?

&

Author: Bob Everett, Robert V. Everett Petrophysics Inc. Canada

Method

Remember the equation,

SSP = -Kl0og 10 (Rvre/R we)?

dawn. houliston@uk.bp.com Where K = -1*(61+0.133*Temp_degF) and (Res temp (T)+6.77)/Temp_degF+6.77)

Technology

Seminars Well, that is what we are going to use to find the RW from the SP. We are going to

ignore the "Static" part and assume the SP is OK (fully deflected) as is. We are

R e going to ignore the "equivalent" part and keep in the back of our mind that the

equation gives us an approximation. However, | find the approximation is a good
empirical approach even though wi ki SP st a
directly from the SP curve if the bed is clean, thick, porous, permeable, and only

moderately invaded. When these conditions are not met, the recorded SP will need

sharan.dhamil5@imperial.ac.uk t o be corrected. 6

Membership

External Liason The important step is to calibrate the curve so the SP propagates differences

amongst zones. This ocalibrationdé require
bpmossy@gmail.com not the shale baseline but a calculated zero. Having a continuous Rw eliminates

the need to zone the well. One modification is that in very low porosity rocks, we

get a "streaming potential or a wandering SP" and the SP has too much deflection.

So we could limit the RW_SP to 0.012@308F or another low value, since this will

be close to NaCl ppm salt saturation. The other qualification is to straighten the

JRastogi@slb.com base line if it is drifting left or right. This is done in PDHC.

Newsletter

Publications Finding Rw from the SP requires some knowl

any given formation in the well, but not for all the formations in a well. In this
creynaud@uk.perenco.com example we use a temperature -corrected Rw of 0.05 (@308F) as a starting point,
since most of the zones of interest are about 0.05@308F at formation temperature.

Website

As a starting point, use a reservoir temperature gradient of (0.198*depthft +
anne.denoyer@gmail.com 4205)

Check the resulting temperature at bottom hole by comparing the BHT on the log
heading to the calculated reservoir temperature. Usually the BHT+10 to 20 DegF
is about what the reservoir temperature is, for a starting point. If formation tests
have been made and have a measured reservoir temperature, by all means use the
best reservoir temperature you can get.

London Petrophysical Society: Newsletter 2017 -06 www.Ips.org.uk 9
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&

OFrom Petro

Geomodel 6

One Day Seminar

“Specific productivity
index from nuclear
magnetic resonance
and production
logging an innovative
way to address
production
optimization and
reservoir modelling

i ssuesbod

Evening Lecture

London Petrophysical Society: Newsletter 2017 -06

Author: Bob Everett, Robert V. Everett Petrophysics Inc. Canada

RW_SP steps:
TEMP_DEGF
RMF

RW_05
SP_ZERO
SP_SHIFT
SP_BASELINED
RW_SP

N o g > w DN

A method that works on any environment is to first define a zero Line (SP_ZERO)
using the following formula and later do a cross -check that Ro<=Rt, even in
shales.

SP_ZERO =[(Log 10(Rwmr/R w_esTimaTED )) * (-1)*(61+0.133* TEMP_DEGF)]+X

Use Rw-estimatep = 0.05 AT 308F adjusted for temperature or your best guess at R
from a catalog. R wmr must also be adjusted for temperature.

Start with X = 0 and average the Min -Max values. Add or subtract a value (X) to
make SP_ZERO = zero. This gives a straight line that moves with temperature.

Then calculate SP_SHIFT=SP +Z
Add or subtract a number (Z) to SP_SHIFT

to give you a SP_BASELINED value that will produce an RW_SP equal or close to
the Formation Rw from DST or water catalog, adjusted for Temperature.

SP_BASELINED = SP_SHIFT - SP_ZERO
Rw sp= Rur /[Antilog (SP_BASELINED/( -1*61+0.133*TEMP_DEGF))]
Plot the SP_SHIFT, SP_BASELINED and R w sp.

If you have a R w measurement from DST Water Samples or Water Catalog,
generate an R w_known CUrve using R waTtempr, adjusted for Temperature using the
following formula (in this case Temperature is in Fahrenheit):

Rw known = (Rw*(TempF+6.77)/(TEMP_DEGF+6.77))
e.g. Ry of 0.055 @ 77F, is

Rw 05 = (0.055%(77+6.77)/(TEMP_DEGF+6.77)), where
TEMP_DEGF is Temperature in degrees Fahrenheit

The Rw _sp is expected to agree with all the Rw _samples at their respective depths.
When it does not agree, even with a flared curve representing expected error in
measurement, examine the samples critically for validity.

www.Ips.org.uk
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Example
The example illustrates the work flow on a conventional well that has four R w
wat er DS d#} with #cbeasing R w upward. We pick the bottom DST #5 as

an Rw known and see if the resulting R
it should.

#5= 0.0282 @78.98 F

#6=0.0395 @ 72.8 F

#7 =0.0508 @ 84.4 F

#8=0.0788@ 85.1 F

From Log Header, R m¢ = 0.059 @ 190 F (BHT)

w_sp matches the other values as expected that

Generate R vr curve using:

Rwr = (0.059%(190+6.77)/(TEMP_DEGF+6.77))

Rw curve for #5 (Brown) ;

Rw_knowns = (0.0282*(78.98+6.77)/(TEMP_DEGF+6.77))

Rw curve for #6 (Blue) ;

Rw _knowne = (0.0395 *(72.80+6.77)/(TEMP_DEGF+6.77))

Rw curve for #7 (Orange) ;

Rw_known7= (0.0508 *(84.4 +6.77)/(TEMP_DEGF+6.77))

Rw curve for #8 (Green) ;

Rw_knowng= (0.0788*(85.10+6.77)/(TEMP_DEGF+6.77))

SP_SHIFT = SP + Z (Z=0 to start)

SP_BASELINED = SP_SHIFT - SP_ZERO (SP_ZERO unknown to start)
Rw_sp = Rur / [Antilog (SP_BASELINED/(  -1*(61+0.133*TEMP_DEGF))]

www.Ips.org.uk
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PLOT SP ZERO

Using the formula SP_ZERO =[Log (R wr/R w) * (-1)*(61+0.133*TEMP_DEGF)]+X
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Replace the scales for the SP_ZERO to match the SP scale. Now the SP_ZERO
looks more like a zero, relative to the SP.

SP

Test-2 JAMIE LAS

-400

mV

100

SP_ZERO

-400
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100

£

2500 m

— .
-
il

3000 m

%;
>

Plot SP_SHIFT

Using the formula: SP_SHIFT =SP +Z
Replace Z with 250 and the resulting SP_BASELINED will give an RW_SP
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