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INTRODUCTION

The purpose of this brief report is to obtain approval for a reduction in the open hole
logging, recommended in the South Pierson Lower Amaranth Oil Pool. _

In the "Evaluation of the Lower Amaranth Formation in the South Pierson Field,
Southwestern Manitoba" a recent publication by the Manitoba Government, the author
M. Arbez concluded that both the Neutron and Density were necessary in the determination
of accurate Lower Amaranth porosities. It was recommended that these logs be run in
tandem (or a Sonic log) along with a Dual Induction log for the minimum requirements for
proper reservoir evaluation.

This report attempts to demonstrate that accurate porosity determination in the
Lower Amaranth can be obtained with the Density log alone.

1. Porosity Determination

The empirically derived equation for calculating totai porosity (¢ T) has been given
by the board as:

b

¢ T = (0.52 [Neutron Porosity] + Density Porosity Value)/1.52
(The porosity values are in % - sandstone scale)

This suggests that the porosity determination from logs is biased to the density value
and only half of the neutron value contributes to the porosity reading. In the Board’s
empirically derived equation for calculating effective porosity the Density log is weighted
even more heavily (84%).

Glen Lawrence, of Home Oil’s petrophysical group has been calculating Lower
Amaranth porosities using only the Density log with a small shift for grain density. The 14-
9.2.29W1 well is used to help explain Home’s methodology used for porosity determination.

2, Grain Density

A grain density histogram of the Lower Amaranth core in 14-9-2-29W1 is shown in
Figure 1. The mean density of 2740.2 kg/m® does not reflect the grain density of the
reservoir rock. The reservoir has been identified through core, petrographic, and
petrophysical analysis as a dirty, very fine sandstone to siltstone rather than a clean sand.
In fact, the clean sand which has low API gamma ray values (~35) is pervasively cemented
with anhydrite and is thus dense as well as tight. An example of this tighter "reservoir"
(some streaks do contribute) is shown in Figure 2 in 14-9 from 1025.0m to 1026.0m KB. In
this interval the permeability is shown to have an inverse relationship with the Gamma Ray
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log. The higher permeability rock is observed immediately above and below this unit where
the sand contains more clay, is finer grained and has less anhydrite (less dense). :

When the higher grain densities are eliminated we observe in Figure 3 that the mean
is 2723 kg/m? for the 14-9 well. We have found that for all wells an average of 2730 kg/m’
is an appropriate grain density to use for evaluating porosities of the reservoir.

3. re To Lo rrelation Using Densi

- Figure 4 shows the corrélation of core porosity (CPOR) to the high resolution
Density log (limestone matrix) that has been shifted to a grain density of 2730 kg/m® (PD
2730). Visually, this is obviously a very good correlation, statistics confirm this with a
correlation coefficient of 0.837 and a slope of 1.025 for the best fit line (in Figure 5). For
this particular well the b value or y intercept suggests that a quarter of a percent shift could
make a slightly better correlation. ‘

4, re To Lo lation Usin vernmen uation

The Board’s empirically derived equation ¢ T = (0.52 N + ¢D)/1.52 has been
cailed PDTOT here and is correlated with the core porosity of 14-9-2-29W1 in Figure 6.
While a good correlation is observed, statistics of the crossplot of these two curves shown
in Figure 7 reveal that the correlation .coefficient is slightly higher than the density (PD
2730) and PDTOT correlation. The slope of the best fit line calculates to a respectable
0.952 with a b value of 1.703. The PD 2730 vs core porosity appears to be a slightly better
correlation considering these last two parameters.

5. Government vs Home’s Porgsity Log Correlation

Figure 8 shows a correlation between the Manitoba Governments empirically derived
porosity log (PDTOT) and Home’s shifted density log (PD 2730). An extremely good
correlation exists with a minor shift of a fifth of a porosity percent. A crossplot of these two
logs is shown in Figure 9. A high correlation of fit of 0.969 and a slope of 1.036 confirm
that an excellent correlation exists between the two logs. This demonstrates that although
two different methods were used to calculate porosities both methods are very close to
actual total porosity values as well as highly correlatable to each other.

6. Effective Porgsity Correlgtion

M. Arbez also determined empirically an equation for correlation of Neutron-Density
to effective porosity. This was based on humidity dried core analysis for four wells. The
effective porosity can be calculated using the following formula: $E = (0.16 $N + ¢$D)/1.16
($ is porosity percent, sandstone scale). -

The curve for this equation is shown along with Home’s Depsity curve in Figure 10.
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A crossplot of these two curves show how closely they correlate (Figure 11). Of course
these two curves should correlate closely since the PD2730 log is 100% density and the
PDEF is 84% density with 16% of the Neutron porosity also contributing. To approximate
the effective porosity, a shift of the Density log (PD 2730) of three porosity units (2.945 on
y intercept) is all that is required.

7. Porosity Determination From Field Logs

: _To estimate total porosity from a high resolution Density log, use the limestone

matrix and add one (1) porosity unit (pu) to the value on the logs. This can be done since
it has been shown that a grain density of 2730 kg/m® for Density log closely approximates
total porosity from core. Since the grain density for limestone is 2710 kg/m’ and since
20 kg/m? (the difference) is equivalent to 1.2 porosity units, simply add one (1) porosity unit
to the value observed. A limestone matrix, high resolution density log which reads 15%
porosity would be equal to 16% total porosity.

To estimate effective porosity from a high resolution Density log, use the limestone
matrix and subtract 2.0 porosity units. It was shown that a shift of 3 porosity units on the
density log with a 2730 kg/m’ grain density (PD 2730) closely approximates effective
porosity. That is, the actual porosity value would be approximately 3 porosity units smaller
than the total porosity value. In order to estimate the effective porosity on a limestone
matrix (2710 kg/m®) high resolution density log simply subtract 2 porosity units (ie. add one
for grain density and subtract 3 for total to effective porosity correlation).

8.  Conclusions
1)  Grain Density of the reservoir rock is close to 2730 kg/m’.
2) Reservoir is very fine sandstone to siltstone that has high Gamma Ray values
due to relatively high clay content. This has low anhydrite cement and is less

dense than clean anhydrite sand, which does not contribute largely to
production.

3) A high resolution Density log (limestone scale) with a 20 kg/ m’ shift for grain
density, closely approximates total porosity values in core.

4) A Density log (limestone scale) shifted 2.0 porosity units can closely
approximate effective porosity values obtained from humidity dried core.

5) A Neutron log is not necessary for porosity determination.



9. Recommendations

The Manitoba Government has made public a document on the South Pierson field
that is valuable to both Home Qil and industry in general, and we fully support further
studies.

We recommend that the minimum requirements for logging the Lower Amaranth be
changed to "Sonic log or Density log" rather than "Sonic log or Compensated Neutron-
Formation Density log in tandem", along with the Dual Induction.

We seek approval to change the logging programs of the 1991 wells by eliminating
the neutron tool.
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INTRODUCTION

The purpose of this brief report is to obtain approval for a reduction in the open hole
logging, recommended in the South Pierson Lower Amaranth Oil Pool. .

In the "Evaluation of the Lower Amaranth Formation in the South Pierson Field,
Southwestern Manitoba" a recent publication by the Manitoba Government, the author
M. Arbez concluded that both the Neutron and Density were necessary in the determination
of accurate Lower Amaranth porosities. It was recommended that these logs be run in
tandem (or a Sonic log) along with a Dual Induction log for the minimum requirements for
proper reservoir evaluation.

This report attempts to demonstrate that accurate porosity determination in the
Lower Amaranth can be obtained with the Density log alone.

1.  Porosity Determination

The empirically derived equation for calculating total porosity (¢ T) has been given
by the board as:

b

¢ T = (0.52 [Neutron Porosity] + Density Porosity Value)/1.52 -
(The porosity values are in % - sandstone scale)

This suggests that the, porosity determination from logs is biased to the density value
and only half of the neutron value contributes to the porosity reading. In the Board’s
empirically derived equation for calculating effective porosity the Density log is weighted
even more heavily (84%).

Glen Lawrence, of Home Oil’s petrophysical group has been calculating Lower
Amaranth porosities using only the Density log with a small shift for grain density. The 14-
9-2-29W1 well is used to help explain Home’s methodology used for porosity determination.

P

2. Grain_Density dg. u,
b

A grain density histogram of the Lower Amaranth core in 14-9-2-29W1 is shown in
Figure 1. The mean density of 2740.2 kg/m’> does not reflect the grain density of the
reservoir rock. The reservoir has been identified through core, petrographic, and
petrophysical analysis as a dirty, very fine sandstone to siltstone rather than a clean sand.
In fact, the clean sand which has low API gamma ray values (~35) is pervasively cemented
with anhydrite and is thus dense as well as tight. An example of this tighter "reservoir®
(some streaks do contribute) is shown in Figure 2 in 14-9 from 1025.0m to 1026.0m KB. In
this interval the permeability is shown to have an inverse relationship with the Gamma Ray
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log. The higher permeability rock is observed immediately above and below this unit where
the sand contains more clay, is finer grained and has less anhydrite (less dense).

When the higher grain densities are eliminated we observe in Figure 3 that the mean
is 2723 kg/m? for the 14-9 well. We have found that for all wells an average of 2730 kg/m’
is an appropriate grain density to use for evaluating porosities of the reservoir.

3. To Lo rrelation Using Densi !

- Figure 4 shows the corrélation of core porosity (CPOR) to the high resolution
Density log (limestone matrix) that has been shifted to a grain density of 2730 kg/m® (PD
2730). Visually, this is obviously a very good correlation, statistics confirm this with a
correlation coefficient of 0.837 and a slope of 1.025 for the best fit line (in Figure 5). For
this particular well the b value or y intercept suggests that a quarter of a percent shift could
make a slightly better correlation. ‘

4., Lo lation Usin vernmern uation

The Board’s empirically derived equation ¢ T = (0.52 ¢N + ¢$D)/1.52 has been
called PDTOT here and is correlated with the core porosity of 14-9-2-29W1 in Figure 6.
While a good correlation is observed, statistics of the crossplot of these two curves shown
in Figure 7 reveal that the correlation coefficient is slightly higher than the density (PD
2730) and PDTOT correlation. The slope of the best fit line calculates to a respectable
0.952 with a b value of 1.703. The PD 2730 vs core porosity appears to be a slightly better
correlation considering these last two parameters.

5. Government vs Home’s Porosity Log Correlation

Figure 8 shows a correlation between the Manitoba Governments empirically derived
porosity log (PDTOT) and Home’s shifted density log (PD 2730). An extremely good
correlation exists with a minor shift of a fifth of a porosity percent. A crossplot of these two
logs is shown in Figure 9. A high correlation of fit of 0.969 and a slope of 1.036 confirm
that an excellent correlation exists between the two logs. This demonstrates that although
two different methods were used to calculate porosities both methods are very close to
actual total porosity values as well as highly correlatable to each other.

6.  Effective Porosity Correlation

M. Arbez also determined empirically an equation for correlation of Neutron-Density
to effective porosity. This was based on humidity dried core analysis for four wells. The
effective porosity can be calculated using the following formula: $E = (0.16 N + ¢D)/1.16
(4 is porosity percent, sandstone scale). -

The curve for this equation is shown along with Home’s Density curve in Figure 10.



A crossplot of these two curves show how closely they correlate (Figure 11). Of course
these two curves should correlate closely since the PD2730 log is 100% density and the
PDEF is 84% density with 16% of the Neutron porosity also contributing. To approximate
the effective porosity, a shift of the Density log (PD 2730) of three porosity units (2.945 on
y intercept) is all that is required.

7. Porosity Determination From Field Logs

: _To estimate total porosity from a high resolution Density log, use the limestone

matrix and add one (1) porosity unit (pu) to the value on the logs. This can be done since
it has been shown that a grain density of 2730 kg/m® for Density log closely approximates
total porosity from core. Since the grain density for limestone is 2710 kg/m’ and since
20 kg/m?® (the difference) is equivalent to 1.2 porosity units, simply add one (1) porosity unit
to the value observed. A limestone matrix, high resolution density log which reads 15%
porosity would be equal to 16% total porosity.

To estimate effective porosity from a high resolution Density log, use the limestone
matrix and subtract 2.0 porosity units. It was shown that a shift of 3 porosity units on the
density log with a 2730 kg/m® grain density (PD 2730) closely approximates effective
porosity. That is, the actual porosity value would be approximately 3 porosity units smaller
than the total porosity value. In order to estimate the effective porosity on a limestone
matrix (2710 kg/m®) high resolution density log simply subtract 2 porosity units (ie. add one
for grain density and subtract 3 for total to effective porosity correlation).

8. Conclusions

1)  Grain Density of the reservoir rock is close to 2730 kg/m’.

2) Reservoir is very fine sandstone to siltstone that has high G
due to relatively high clay content. This has low anhydrite cement and is less
“dense than clean anhydrite sand, which does not contribute largely to
production.

3) A high resolution Density log (limestone scale) with a 20 kg/m? shift for grain
density, closely approximates total porosity values in core.

4) A Density log (limestone scale) shifted 2.0 porosity units can closely

approximate effective porosity m@?tained from humidity dried core.
5) A Neutron log is not necessary fod\porosity determination.@ F¢ wﬂﬂ)
Fo.om)
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9. Recommendations

The Manitoba Government has made public a document on the South Pierson field
that is valuable to both Home Qil and industry in general, and we fully support further

studies.

We recommend that the minimum requirements for logging the Lower Amaranth be
changed to "Sonic log or Density log" rather than "Sonic log or Compensated Neutron-
Formation Density log in gfndem"”, along with the Dual Induction.

We seek approval fo change the logging programs of the 1991 wells by eliminating

the neutron tool.
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Manitoba %

Energy and Mines Petroleum 555 — 330 Graham Avenue
Winnipeg, Manitoba, CANADA
R3C 4E3

{204) 945-6577
FAX: (204) 945-0586

February 20, 1991

Mr. D.A. Bertram

Chief Reservoir Engineer
Southern District

Home 0i1 Company Ltd.
1700 Home 011 Tower

324 - Bth Avenue S.W.
Calgary, Alberta

T2P 2Z5

Dear Sir:

RE: South Pierson - Lower Amaranth
Porosity Determination Report

This letter is to acknowledge receipt of your report entitled "South
Pierson, Lower Amaranth Porosity Determination”,. The Branch believes
both the techniques proposed by Home in this report and those outlined in
our recent publication yield accurate porosity estimates for the Lower
Amaranth Formation in the South Pierson area.

The Branch is prepared to approve a logging program consisting of a
density log and dual induction log for most Lower Amaranth locations in
the South Pierson area. The Branch however, requests Home 0il consider
running a neutron log on exploratory wells,

Yours truly,

LoD

L.R. Dubreuil
Director

LRD:cvs



Home Oil Company Limited 1600 Home Qil Tower
324 Eighth Avenue S\W.
Calgary, Alberta T2P 2725
Telephone {403) 232-7100
Fax [403) 232-7678

12 February 1991

Manitoba Energy and Mines PRy e,
Petroleum Branch o
555 - 330 Graham Avenue g
Winnipeg, Manitoba i .
R3L 4E5 RO O L B

Attention: Mr. L.R. Dubreuil
Director, Petroleum Branch Ml e it

Dear Sir:

Re: Logging Requirements
South Pierson, Manitoba

As a result of the recent publication entitled, "Evaluation of the Lower Amaranth
Formation in the South Pierson Field, Southwestern Manitoba" by M. Arbez of
Manitoba Energy and Mines; Home Oil Company Limited has prepared a report in
response which specifically focuses on porosity determination in the Lower Amaranth
formation. Three copies of thz report titled "South Pierson, Lower Amaranth Porosity
Determination™ are attached. M. Arbez’s report recommends that both the Neutron
and Density logs be run as minimum requirements for proper reservoir porosity
measurements. Home Qil has complied with these requirements in the past. Home
Oil’s report illustrates that accurate porosity determination in the Lower Amaranth can
be determined from the Density log alone.

Home Oil requests that the Neutron log be eliminated from the logging requirements
of future wells and the Density log alone be run for porosity determination in the
Lower Amaranth. If you have any questions or concerns, please contact either John
Murray at (403)232-7541 or Allan Willms at {(403) 232-7362.

Yours truly,
HOME OIL COMPANY LIMITED

S Et

D.A. Bertram
Chief Reservoir Engineer
Southern District

an Interhome Energy Company




ARW/ijic

CC:

J.S. Murray (w/o attachment}
A.R. Durda {w/o attachment)
D.A. Cairns {(w/o attachment)
G.B. Harrison

S. PIERSON {(MAN){RES)

S. PIERSON (MAN)(TIC}

Day File



SOUTH PIERSON

LOWER AMARANTH POROSITY DETERMINATION

John S. Murray
Glen D. Lawrence



INTRODUCTION

The purpose of this brief report is to obtain approval for a reduction in the open hole
logging, recommended in the South Pierson Lower Amaranth Oil Pool. .

In the "Evaluation of the Lower Amaranth Formation in the South Pierson Field,
Southwestern Manitoba" a recent publication by the Manitoba Government, the author
M. Arbez concluded that both the Neutron and Density were necessary in the determination
of accurate Lower Amaranth porosities. It was recommended that these logs be run in
tandem (or a Sonic log) along with a Dual Induction log for the minimum requirements for
proper reservoir evaluation.

This report attempts to demonstrate that accurate porosity determination in the
Lower Amaranth can be obtained with the Density log alone.

1.  Porosity Determination

The empirically derived equation for calculating total porosity (¢ T) bas been given
by the board as:

r

é T = (0.52 [Neutron Porosity] + Density Porosity Value)/1.52 -
(The porosity values are in % - sandstone scale)

This suggests that the porosity determination from logs is biased to the density value
and only half of the neutron value contributes to the porosity reading. In the Board’s
empirically derived equation for calculating effective porosity the Density log is weighted
even more heavily (84%).

Glen Lawrence, of Home Oil’s petrophysical group has been calculating Lower
Amaranth porosities using only the Density log with a small shift for grain density. The 14-
9-2-29W1 well is used to help explain Home’s methodology used for porosity determination.

2. Grain Density

A grain density histogram of the Lower Amaranth core in 14-9-2-29W1 is shown in
Figure 1. The mean density of 2740.2 kg/m’ does not reflect the grain density of the
reservoir rock. The reservoir has been identified through core, petrographic, and
petrophysical analysis as a dirty, very fine sandstone to siltstone rather than a clean sand.
In fact, the clean sand which has low API gamma ray values (~35) is pervasively cemented
with anhydrite and is thus dense as well as tight. An example of this tighter “reservoir”
(some streaks do contribute) is shown in Figure 2 in 14-9 from 1025.0m to 1026.0m KB. In
this interval the permeability is shown to have an inverse relationship with the Gamma Ray

1



log. The higher permeability rock is observed immediately above and below this unit where
the sand contains more clay, is finer grained and has less anhydrite (less dense).

When the higher grain densities are eliminated we observe in Figure 3 that the mean
is 2723 kg/m’ for the 14-9 well. We have found that for all wells an average of 2730 kg/m’
is an appropriate grain density to use for evaluating porosities of the reservoir.

3. re To Lo rrelation Using Density Lo

- Figure 4 shows the corrélation of core porosity (CPOR) to the high resolution
Density log (limestone matrix) that has been shifted to a grain density of 2730 kg/m® (PD
2730). Visually, this is obviously a very good correlation, statistics confirm this with a
correlation coefficient of 0.837 and a slope of 1.025 for the best fit line (in Figure 5). For
this particular well the b value or y intercept suggests that a quarter of a percent shift could
make a slightly better correlation.

4, re To Lo lation Usin vernmen ation

The Board’s empirically derived equation ¢ T = (0.52 ¢N + ¢$D)/1.52 has been
called PDTOT here and is correlated with the core porosity of 14-9-2-29W1 in Figure 6.
While a good correlation is observed, statistics of the crossplot of these two curves shown
in Figure 7 reveal that the correlation .coefficient is slightly higher than the density (PD
2730) and PDTOT correlation. The slope of the best fit line calculates to a respectable
0.952 with a b value of 1.763. The PD 2730 vs core porosity appears to be a slightly better
correlation considering these last two parameters.

5. Government vs Home’s Porosity Log Correlation

Figure 8 shows a correlation between the Manitoba Governments empirically derived
porosity log (PDTOT) and Home’s shifted density log (PD 2730). An extremely good
correlation exists with a minor shift of a fifth of a porosity percent. A crossplot of these two
logs is shown in Figure 9. A high correlation of fit of 0.969 and a slope of 1.036 confirm
that an excellent correlation exists between the two logs. This demonstrates that although
two different methods were used to calculate porosities both methods are very close to
actual total porosity values as well as highly correlatable to each other.

6. Effective P i rrelation
M. Arbez also determined empirically an equation for correlation of Neutron-Density
to effective porosity. This was based on humidity dried core analysis for four wells. The

effective porosity can be calculated using the following formula: $E = (0.16 ¢N + ¢D)/1.16
(¢ is porosity percent, sandstone scale). -

The curve for this equation is shown along with Home’s Deunsity curve in Figure 10.

2



A crossplot of these two curves show how closely they correlate (Figure 11). Of course
these two curves should correlate closely since the PD2730 log is 100% density and the
PDEF is 84% density with 16% of the Neutron porosity also contributing. To approximate
the effective porosity, a shift of the Density log (PD 2730) of three porosity units (2.945 on
y intercept) is all that is required.

7. P ity Determination m Field Lo

"To estimate total porosity from a high resolution Density log, use the limestone
matrix and add one (1) porosity unit (pu) to the value on the logs. This can be done since
it has been shown that a grain density of 2730 kg/m® for Density log closely approximates
total porosity from core. Since the grain density for limestone is 2710 kg/m” and since
20 kg/m? (the difference) is equivalent to 1.2 porosity units, simply add one (1) porosity unit
to the value observed. A limestone matrix, high resolution density log which reads 15%
porosity would be equal to 16% total porosity.

To estimate effective porosity from a high resolution Density log, use the limestone
matrix and subtract 2.0 porosity units. It was shown that a shift of 3 porosity units on the
density log with a 2730 kg/m’® grain density (PD 2730) closely approximates effective
porosity. That is, the actual porosity value would be approximately 3 porosity units smaller
than the total porosity value. In order to estimate the effective porosity on a limestone
matrix (2710 kg/m®) high resolution density log simply subtract 2 porosity units (ie. add one
for grain density and subtract 3 for total to effective porosity correlation).

8. Conclusions
1)  Grain Density of the reservoir rock is close to 2730 kg/m’.
2) Reservoir is very fine sandstone to siltstone that has high Gamma Ray values
due to relatively high clay content. This has low anhydrite cement and is less

dense than clean anhydrite sand, which does not contribute largely to
production.

3) A high resolution Density log (limestone scale) with a 20 kg/m® shift for grain
density, closely approximates total porosity values in core.

4) A Density log (limestone scale) shifted 2.0 porosity units can closely
approximate effective porosity values obtained from humidity dried core.

5) A Neutron log is not necessary for porosity determination.



9. Recommendations

The Manitoba Government has made public a document on the South Pierson field
that is valuable to both Home Qil and industry in general, and we fully support further
studies.

We recommend that the minimum requirements for logging the Lower Amaranth be
changed to "Sonic log or Density log" rather than "Sonic log or Compensated Neutron-
Formation Density log in tandem”, along with the Dual Induction.

We seek approval to change the logging programs of the 1991 wells by eliminating
the neutron tool.
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Manitoba g?f

Energy and Mines Petroleum 555 - 330 Graham Avenue
Winnipeg, Manitcba, CANADA
R3C 4E3

(204) 945-6577
FAX: (204) 945-0586

January 7, 1991

Mr. Allan Willms
Reservoir Engineering
Home 011 Company Ltd.
1700 Home 0il Tower
324 ~ 8th Avenue S.W.
Calgary, Alberta

T2P 225

Dear Sir:
Re: Logging Program - South Pierson Area

Home Scurry S. Plerson 4-17-2-29 (WPM)
Home et al S, Plerson 10-17-2-29 (WPM)
Home Scurry S. Plerson 12-17-2-29 (WPM)
Home Scurry 8. Pierson 16-18-2-29 (WPM)
Home Scurry S. Pierson 16-19-2-29 (WPM)
Home Scurry S. Pierson 4-31-2-29 (WPM)

Your application to modify the logging program for the subject wells and run a
single porosity log, the density log, has been reviewed.

For the additional cost of running a combination neutron - density log,
estimated at less than §2 000/well, the Petroleum Branch would prefer Home 0il
run both porosity logs to allow use of the log interpretation techniques
outlined in the Department's report "Evaluation of the Lower Amaranth
Formation in the South Plerson Fleld, Southwestern Manitoba™, April, 1990.
However, based on the results of Home's log analysis study it appears that
porosity can be accurately determined using a grain density adjustment to the
density log. Therefore, your request to run only a density log is approved
for the subject wells with the exception of 4-31-2-29 (WPM). The Petroleum
Branch requests that both a neutron and density log be run on the 4-31 well
because it is in an area of minimal well control. In addition Home plans to
core the well allowing further confirmatlon of Home's log analysis methodology.



The Petroleum Branch also requests that if possible on one of the repeat
passes of the density log a grain density of 2 730 kg/m3 be used to allow
for the direct reading of corrected porosity values from the log.

If you have any questions please contact John N. Fox, Chief Petroleum Engineer
at (204) 945-6574.

Yours truly,

E72 YR,

L.R. Dubreuil
Director

LRD:cvs
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g
Home Qil Company Limited 1600 Heme Oil Tower
‘ 324 Eighth Avenuce S.\W.
—-———
“———

Calgary, Alberta T2F 225
Telephone (403) 232-7100
Fax (403) 232-7678

21 December 1990

Manitoba Energy and Mines Petroleum Branch
565 - 330 Graham Avenue
Winnipeg, Manitoba

R3L 4E5
Attention: J.N. Fox

Chief Petroleum Engineer
Dear Sir:

Re: Logging Program
South Pierson Area

The purpse of this letter is to request a change in our logging program for the
following six licensed wells:

/@”(997\5 q,' LEL 2887,

04-17-002-29 W1M-= TN e
10-17-002-29 WIM— —" gt LT

12-17-002-29 WIM—<~—=7 20 oo oo oo
16-18-002-29 w1M‘ﬂ»———_—' .
16-19-002-29 WIM——— '
04-31-002-23 W1M

Home Qil is requesting that the Compensated Neutron Log (GEFEDE-tREEteHOE
iggoing-progeemy Home Qil believes no accurate porosity measurements are derwed
from this log. AtEereresporsity FTESETETETTS m&m Formation

Density Log {FBT) alone.

If you have any further concerns or questions, please give me a cail at (403)232-
7362,

Yours truly,

HOME OIL COMPANY LIMITED

Ao (Vo

A.R. Willms
Reservaoir Engineering
ARW/jlc

- an interbome Energy Company

T T [ il ey
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2 A
The purpose of this brief report is to obtain approval for a reduction in the open hole
logging, recommended in the South Pierson Lower Amaranth Oil Pool

INTRODUCTION

In the "Evaluation of the Lower Amaranth Formation in the South Pierson Field,
Southwestern Manitoba" a recent publication by the Manitoba Government, the author
M. Arbez concluded that ¥E SSTENEC L34 R P TR PRI tET IR A 0T

v s, e . 1 e b H
4 \ ot Ce D E | b 3 - ii-dt-Agsieddfl )

4

s¥W=R It was recommended that these logs be run in
a Dual Induction log for the minimum requirements for

e ZCCILE R SR —r

tandem (or a Sonic lo ong with
proper reservoir evaluation.

This report attempts to demonstrate that 2
Lower Amaranth oSSl aiEEEIETii sy

1. rosi ingtion

The empirically derived equation for caleunlating total porosity ($ T) has been given
by the board as:

& T = (0.52 [Neutron Porosity] + Density Porosity Value)/1.52
(The porosity values are in % - sandstone scale)

This suggests that the porosity determination from logs is biased to the density value
and only half of the neutron value contributes to the porosity reading. In the Board’s
empirically derived equation for calculating effective porosity the Density log is weighted
even more heavily (84%).

Glen Lawrence, of Home Cil's petrophysical group has been calculating Lower
Amaranth porositics using only the Density log with a small shift for grain density. The 14-
9-2-20W1 well is used to help explain Home’s methodology used for porosity determination.

2.  Grain Density

. A grain density histogram of the Lower Amaranth core in 14-9-2-29W1 is shown in
Figure 1. The mean density of 2740.2 kg/m® does not reflect the grain density of the
teservoir rock. The reservoir has been identified through core, petrographic, and
petrophysical analysis as a dirty, very fine sandstone to siltstone rather than a clean sand.
In fact, the clean sand which has low API gamma ray values {~35) is pervasively cemented
with anhydrite and is thus dence as well as tight. An example of this tighter "reservoir”
(some streaks do comtribute) is shown in Figure 2 in 14-9 from 1025.0m to 1026.0m KB. In
this interval the permeability is shown to have an inverse relationship with the Gamma Ray

1
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log. The higher permeability rock observed is adjusted to this unit where the sand contains
more clay, finer grain and has less anhydrite (less dense).

When the higher grain densities are eliminated we observe in Figure 3 that the mean
is 2723 kg/m?® for the 14-9 well. We have found that for all wells an average of 2730 kg/m®
is an appropriate grain density 10 use for evaluating porosities of the reservoir.

3 Core To Log Correlation Using Density Log

Figure 4 shows the correlation of core porosity (CPOR) to the Density log that has
been shifted for a grain density of 2730 kg/m® (PD 2730). Visually, this is obviously a very
good correlation, statistics confirm this correlation with a correlation coefficiencies of 0.837
and a slope of 1.025 for the best fit iine (in Figure S). For this particular well the b value
ar y intercept suggests that a quarter of a percent shift could make a slightly better
correlation.

4. Core To Log Correlation Using Goverpment Equation

The Board's empirically derived equation ¢ T = (0.52 ¢N + $D)/1.52 (where ¢N
and ¢D are neutron and density porosity values in percent -sandstone matrix) has been
called PDTOT here and is correlated with the core porosity of 14-9-2-29W1. While a good
correlation is observed, statistics of the crossplot of these two curves shown in Figure 7
reveal that the correlation coefficient is slightly higher than the density (PC 2730)
correlation. The slope of the best fit line calculates to a respectable 0.952 with a b value
of 1.703. The PD 2730 vs core porosity appears to be a slightly better correlation
considering these last two parameters.

5. ment vs Home’ ity Log Co jon

Figure 8 shows a correlation between the Manitoba Gavernments empirically derived
porosity log (PDTOT) and Home’s shifted density log (PD 2730). An extremely good
correlation exists with a minor shift of a fifth of a porosity percent. A crossplot of these two
logs is shown in Figure 9. A high correlation of fit of 0.969 and a slope of 1.036 confirm
that ¥an excellent correlation exists between the two logs. This demonstrates that although
two’ different methods were used to calculate porosities both methods are very close to
actual total porosity values as well as highly correlatable to each other.

-

6. ve Porosi ion

M. Arbez also determined empirically an equation for correlation of Neutron-Density
to effective porosity. This was based on humidity dried core analysis for four wells. The
effective porosity can be caiculated using the following formula: ¢E = (0.16 $N + $D)/1.16
(¢ is porosity percent, sandstone scule).

7
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The curve for this equation is shown along with Home's Deumsity curve in Figure 10.
A crossplot of these two curves show how closely they correlate (Figure 11). Of course
these two curves should correlate closely since the PD2730 log is 100% density and the
PDEF is 84% density with 16% of the Neutron porosity also contributing. To approximate
the effective porosity, a shift of the Density log of three porosity units (2.945 on y intercept)
is all that is required.

7.  Conclusions

1) Grain Density of the reservoir rock is close to 2730 kg/m’.

2) Reservoir is very fine sandstone 1o siltstone that has high Gamma Ray values
due to relatively high clay content. This has low anhydrite cement and is less
dense than clean anhydrite sand, which does mnot contribute largely to
production.

3) A Density log (limestone scale) with a small shift for grain density, closely
approximates total porosity values in core. ,

4) A Density log (limestone scale) shifted 2.0 porosity units can closely
approximate effective porosity values obtained from humidity dried core.

5) A Neutron log is not necessary for porosity determination.

8.  Recommendations

The Manitoba Government has made public a2 document on the South Pierson field
that is valuable to both Home Qil and industry in general, and we fully support further
studies.

We recommend that the minimum requirements for logging the Lower Amaranth be
changed to "Sonic log or Density log" rather than "Sonic log or Compensated Neutron-
Formation Density log in tandem”, along with the Dual Induction.

We seek approval to change the logging programs of the 1991 wells by eliminating
the neutron tool.




PRGE .8B5

]
[,

a

E it

2 HOW

11:23 FE

3

=

IRt

ke ks LEC

Histogranm

a3 ecdaonm

-

A - Well: 14-9-2-29V1sF Trace: CGRAIN* Depths: 1022.290 to 1040.000
C/D: Tast: Cutoff:
23-NOV-50 15:10
25 . P04 — e e e o mmmm e — o S B i g e e +
i | ! | | |
! | i | | H
i | t I i 1
| | 1 | { t
| _ | I ! |
| | I | 1 _
| I | i J |
| ! i i i I
| I | 1 | _
20 . 0D Fm—rmm e e e e e e e e e ————— b m e g O U
i ! ] J | !
! | A | | |
| | A f | }
| I A I ! !
| | A | ] i
I | A { f !
I | ) i _ [
| ) | & ] | |
| { & I | _
15 04 e e e e e e e e e e e e = e b e =t e e o e e e et e e -y
| | a | I _
! I A J | _
i | A | i 1
i | A I | |
l ! A J ] |
1 | A { | |
_ | A ; ] !
| | A A i 1 |
| I A A | | [
10 . 004 m e e e e e A R e e A e = e e e e e ————— S —
| | A A A { i ]
| _ A A ) { | i
| | L A | | |
| | & A A A i ] !
i { A M A a i i {
| } A h AA A A ! I i
f | A A AN A A | | j
f | ' A M AR A A oA | l ]
I | A K AR A A | ) |
3 0Ot e e e e e e e A RAR A A e R e A e st e e o e et e e e o
I | A RAAA A A oA | _
! | A MMAA R AANKA A | 1 i
| ! A ARAA A AANA A A | l |
| I ARMAMAA & AMBAAN A A A| | b
| | AARAARA R AMARA K& A A} | b
| i A ARAARAARR ARAAR AA AR AA | ¥
| I A MARRMAAAR AMMAR AR AA AX ] 1
| i A ABARRARARAAAMRAAMAARKA AX A A A | A
I i A AAAXAARAAAARMARABRAAAAL AR A A A | A
0 e B O e e e e e e e e e e o e e e e e e e e e R, ¥
2600, 2660, 27120, 2780. 2840, 2500 .

CGRAIN

Mean. 27402
Std Dev 0.27

T euwrE



MO Bt ZE

FRO

"3 11:29

-~
-

Tt

: I | T
. 0 -
!
3 \
m ~ in . T ‘.‘._fl, ——] A A—— ;
5| 38l g 192 S 0 2. 0 1 S P | Y O A b do ke
T 5 o4 A _ TIOT 0 irstrt s i Ja 18
; L w H— Lk . I
: w | — | R Y Y N
2 ; ~Ft o -F—t— e e L S S S
a : T I SO U N S S S
I ¢ - i A 2 |2
Q o L] N o
! s ) S e Tl 4 o 2
_ o] 3 1., Y I A I D A I I el e N IN h T 2 2
o Mt e i L A T T T T ET
1z : 5., : : AU Ll LR AL >>. T
_w." * r : * Al ‘\ f.}.\Cm \: YR S B AT P ! |
RN “ \A x‘ IV 1 _ i f __J. ;a AT @mﬁ _;%_ LA LA | ._ F
u ; £ © [ j H %
T DU TR MR N
HEFRINEERENRNRE AR e Ny
_c.au!.%u sﬁ:«o.uﬁ.u..”.zzn .n_:..w.:.“,..un_s:....‘..m.._.“.\;coq”uou: .I.M,........:... .....u..:":r.....:..... ...",..”m.“.,u.. i B ) ) ) )
S

Trowks =



PRGE.BB7Y

[y

Elia

M

F RO

‘g2l 3y

TovLl

$GTe¢ 06-ACN-TZ

+
¥

- - -

et

+-

Y AYYY WYV
NY TYYVY ¥y

g g
LT
P EEE R

<

E A

————————— e ————————— i = . —— —————— - -

!
{
i
!
' !
|
|
|
_ [

o e o e 4 b e i e o e e o 7 7 o 7 e o A B ks e
I !
| I
| |
] !
| 1
| i
i i
1 {
i i

———————————— Bt o e il e e m - —— -

0eo P01

vy
v

o< L LA

o!l"clclulal.ll‘.nl.ll!'4||

v

v
¥
A
Y
¥
¥
A
¥
¥
b &
¥
7
h 4
¥
v
ki
¥
¥
¥
~-¥-
v
¥
A
¥
v
v
k]
N
¥
-¥-
A
v
b4
¥
L 4
X
¥
¥

13301IND

<«

pozzIRY

"roLe

t3say
tsyxdey

Ll L L

|
|
I
I
[
!
|

I
|

|
1
!
|
_
_
|
_

T Y T

NIY3DD

13/2

P HIVEDD renea]

(]

we1603cS1H

"999¢

LI

89

ISTMEZ-T~6-FT

97
i

i

‘T18k

!
[}
t
t
!
i
1
1
|
1
1
1
1
I
i
e e e e e e i — —
[+
o
=
]

¥

+ o i i e o o e e e 40000

vy
¥yvyw

@ HdrI e DR

FlouRE 3



PAGE . Qa3

-15
-1

SPOR

FRITI0 -

Rata Plattad: 27-KOY—20 11:34

-135
=15

CFOR

PO273Q

! <

-

-

45

o

010
105

\

=

+

1040

[HE
ge

K MAX
R
Tarmafer

14—3—2-29W" EF

Wail:
1 Q0

{_

W

ﬂ\%‘_ AL I
FEEN \

4]

T
GR

Kinax

1CQ

1]

TAH

-

RTSTD WIE VRO 2 02UMMG - CITNTUL 14T0 03480 ~ 4425 TA™D 25 G « Uree

Fres St Drsme PSITEDB BA



FRGE . @9

—

RO SN N NU -~

qW TNy (N

s3uTOg
BT

$T7:21 06-A0MN~LT

~

>

40d>
000" LT
1
T r
1 T 1
-‘H \
T m\
Lo R
. q\\
T i el
1 16 . )
! S T
v PO S A | -1 T
I 1 ¢1 1% ox
2 O O s 14
A A U O 1
T VT A S 1
|4 ﬁ\, °
1€ I )
.,\ T +
T .
! _
G e e e e e e
: 1
9 ET FY 01 b ¥ 3 2
¥ L t L ) L t

PAEN J3I0IND 100 JCIEVTATIZSTG 1ayatepy

‘gror o2

TzoT

LAl S I

- -

{varssur yydag ayd

r1ag

a0

. Ml&hﬁ.o -
v fs

voe 000" D
+ e w4 00000

.

AT ey 00009

T Y 0ge 71

PP T, 050" 51

O YT RE T

T 400" 0E

d81Me6C-- T~ 1154

O 3y

1:r\h:w\“€5 f;



E.018

PAG

E iy

Hion

-15
-15
}

J

|

A %A AY: 4

=
PRTOT
CPOR

CPCR

sOT0T

[

g

»]

e

>

[»

o

b \\i

=

]

=3

I

1{ !

‘ Bl

!

==

!

=
MR
8T
BAA £
-
=S

e

{
\‘T\]\

N

Qutw Plattad: 27—-NOY—30 18:02
}
4
-’
5
RE :“'-"f ‘
: {_&H’ i
T
e
ES
IS

|
f
!

“ L L
o & a a
o - e e 2

of of U5 i _ =
al = i ] ; =~
1 H i ] ! | S 15
b - —— I, o R S i O 11
b = fi e i cntlt il Sl I i
3 = > = = o t‘hu.silw.ﬂl
a |H._ m m h ! h:ll.lﬂ._.lrl!u TE R A TR
1 3
LioCpE = el PO
7 e o SR, Jugap = i i
T = ==t R L
- f W N S N ; _Ili = e | |
] —3f - w i i “ ro !
_ | m i W - - 3 _.\.w R I .M-ul.“ |
i il ! == e Ere aae o I Rbrage Ay H Ry o :
Ul et T =—— == —— = N e e ] e e b e o ] R et o EXemd s P et t ==k Q ;
N T T T T SRRV S s s S e e e R S b e e o e e o 2 o

i

FATHTML) WITT 20D SBTMING © DINTRAL 600 3234837 [5%] LB st
= 4 w = . o

o " [w.,,.

&

T 3 o

VU RE 6

11:3d F RO

'3l

TEH



el yV ﬂ
2569 2o,

p »S8'0O 11y s10)
w
0
M Hod2 . .
o0D°-at 960" FE 000" R1 006 2T 0000 Y 00900 4
S A A T o JL A 0G0 0
; . : st -
i
1 + paon 9
.
' .
t .
: .
v .
v .
X .
m + poo- 2l
9 .
p .
9 .
: A
z1 :
5 ¢ )
o :
w g :
m ) - oA
- o0 el
. . -
5 s *
T : i
< & )
= 1 .
e .
F -
1 .
@ .
™ + - 000 tL
T A
[l -
z R T 000" b
= sjutod 4 z z s 0 EY FT GQT F 1 ¢ z 1
’ 811 1 1 7 g ¥ L L L 2 L i 1 1 1
pasn J3CIND JOR TOIPUIWIIIS] rayyTen p deag
FG:8T 0B—AON-LE “QF01 €21 -zi01 fesl@awy yidea eyl aod JSTHAT-2~6-11 T12H

P I37d-58082> Ve

a4 a0

FligwRe 77



.l

(K}

T

-15
-15

|
patk =

sotor { GOV T)
i
1
b
i

b
e S el
i
i
l

Poz7za ( MomE D)

. H H
N e P I T R

Dain Plottod: 27-MOY-90 1756

-15)

POTET
FD2730

FAWer

- - . &} P s i .
L _ oogl : .
[T ISR TRU IV DN BURW
u
w s} —— e e - — e a
H[ o+
l'l o i il (]
) = L SN T SN 2 13
. © z . Ll c |-
1 e s P
- [ ——— e
—\.;_ 1 vy EEr———]
| - y ll- i r 5 1l
|5 1 m < ; n 3 m Z
o P B = ¥ il>
. v 3 et —
E P . ”?/mz|
L E=E =
s _flw o st |||1.In..-.|l' T
T g = =

L2 3T A7) - 14T RO ITROTHE - Cortgater Giatacd e PRLGI0N LOGR
= < -

o =

t
i
-

o

F RO



PRGE.B13

o
oty

Ert

i HOC

F

1

31 11

=
[l

JAHM

Q29’0 ¢
2eQt T
696 °C -~y

000° 0L ped b2 pag’' ¢
B
ﬁ . -
1 .
I .
1 .1
£ .
# .
z +
7 .
g .
8 .
£ .
v .
% .
‘ .
£ .
¥ .
% L
it '
st .
5 .
1 *
Gt ‘
L .
S
q '
07 :
$ +
z .
5 .
& .
1 .
1 .
+ -
P T + -
§3utod 4 ¥ T £
L7 ¥ E K

p®sn JFOINI IO IOIFPUIWEIZSI]
Tent23ul Yyadeg ey xo4
LOTA-SS0H>

0361 06-AQH-LT "QrotT °31 TZINt

T n T

gtLzad

L 4 [43

4 T k1

OO0 Q acfﬁy

poo-2 00o00° 00000
T T e S 0000’0
pnag- 9
eoD T
R e
oo ke
e T T T R Coe . 900 ¢
5% 6 L ¥ [ £ T ki 1 1 1
L) ? 5 7 ] |1 4 ? T
18yarap p doig
ASINBLT-T~6~FT TT18r

(SN )

) B O

Flouee 9



PARGE. @14

-13
-1s

1)

-,

PD2730 (\'WHE)
U=

L7-HOV—-$0 17:46

roEr  {

Oain Plotted:

+3

WP P

[
=
3 |

|

J
}
2
Yb
=
B
;»
?
S
:4%2 i
2
-
; pa b
\%
-l

e e I et I IPURES U O VS S
—E -1 - i;_
I i R . N

i T I SEEE

109
090

E g

Tm9—Z--29W . OF
1 LA

{wein:

!

-13

FOEF
FO2730

45

.]_Ir_x- e e O 0 T BB

i
1
I 4 94—
Iy

e = = === R BRI Sems e

FROM HOo

= 11:+31

[alt

THEMH

o

JIHL

Bk (o

FMAK

160

STTECT L ITHNG ¢« CETAL VADC TR g3 - LAY L EDO IS0 - Comywe Graptas Xvdian FEIED v |58
- - N & = (e & = b ©



FRGE.BLS

3

)

O

11:32 FRUM

=]

]

TR

€2 (@ ynr K
6T {w)we g,
PLEQ Y P e

oA

J4304d
8Dt 0 000" p2 00" 8 épo-zy
e
1 . . . .
1 . . .
: . . . .
: . . .
? o e e e e e e e e e e e e ey .o
c . . . .
ol . . . .
' . . . .
4 . . . [ -
M . . . .
: . . . .
. . . . .
13 . ’ - 1 1
[3 : ) ! ’ T eI
4 + - - e e e e e e e e C e e ey T -
gt . : ' T1 ¢S
¢ . . - ¢
&1 . . . 1 3 .\w\m £
P - i - AR ol A B
R i . : 4 m\\v 1 1
te - . : 1z e
L : \ . 1
2 . .
0 .
» . .. . e
1 .
" .
+ "
v N
1 . .
b o e e e e
PO e e e
ERL L 1 L 5 3 5T 11 TIT T %
YA 1 1 7 9 < a g ST &
POSA JIOAIND 10N ICLRUIWTINGIQ Ieyltay
Y161 OE-AON-LT "GFOT ®3 CT70T (¥AIa3NI Y3dag Ay IcJ

000" 9 JQoo- o
.oy e

7 Ty

engo'y

PRI

Ty T RD |

D 0G0 kL

T 300°0¢
F L S [ 1 1

¥ 9 £ [ T

1] doig

JETMET =2 —r . 21T ¥+

M o F-moa

U

FloulRE



Home Oil Company Limited 1600 Home Qi Tower
324 Eighth Avenue S.W.

Calgary, Alberta T2P 2Z5
Telephone {403) 232-7100
Fax {403} 232-7678

(I

21 December 1990

Manitoba Energy and Mines Petroleum .Branch
555 - 330 Graham Avenue
Winnipeg, Manitoba

R3L 4E5
Attention: J.N, Fox

Chief Petroleum Engineer
Dear Sir:

Re: Logging Program
South Pierson Area

The purpose of this letter is to request a change in our logging program for the
following six licensed welis:

04-17-002-29 WiM &
10-17-002-29 WiM £
12-17-002-29 WiM > .~
16-18-002-29 WiM @
16-19-002-29 W1M &
04-31-002-29 WIM “orers,

Home Oil is requesting that the Compensated Neutron Log (CNL) be deleted from the
logging program. Home Qil believes no accurate porosity measurements are derived
from this log. Accurate porosity measurements can be made from the Formation
Density Log (FDC} alone.

If you have any further concerns or questions, please give me a call at {403)232-
7362.

Yours truly,

HOME OIL COMPANY LIMITED

a0
A.R. Willms -
Reservoir Engineering "
RW /i : o ah v .,
A /]IC | G _(:‘-5 3% T II

an interhome Energy Company
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