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SUMMARY

A-core sample from the Chance formation was submitted to characterize the rock matrix,
determine permeability and identify the soluble rock species present. Coreflow testing
using 15% hydrochloric acid was performed on the submitted sample to determine. fluid
compatibility with respect to the core.

CONCLUSION

e A Scanning Electron Micfoscope (S.E.M.) analysis was performed on the samples.
See S.E.M. for rock matrix description and attached photomicrographs.

e The solubility in 15% hydrochloric acid (HCI) of the sample was 0.41% after 30
minutes at 22 °C.

o The solubility in 12% hydrochloric and 3% hydrofluoric acid (12/3) of the submitted .
sample was 7.8% after 30 minutes at 22 °C.

» Coreflow testing performed on the sample indicates that using 15% hydrochloric acid
as a stimulation fluid may damage the permeability. :

Lab Sample No. Sample Description
P-517%a Core plug, J-19, 4456 ft.

" SCANNING ELECTRON MICROSCOPE ANALYSIS

A- freshly -fractured surface from the submitted core sample was examined using a
scanning electron microscope (S:E.M.) equipped with an energy dispersive x-ray probe.- - -

The sample consisted of moderately well sorted sandstone with visually poor porosity.

. Framework grains consist of quartz and chert. An intergranular mineral comprised of

microcrystalline quartz and a calcium alumina-silicate of unknown structure, but does
have a similar morphology to margerite. The cementation is accomplished through
pressure contact solution and silica sutures. No clays were visually determined. The
sample had an abundance of pyrobitumens throughout the matrix.

NOTICE: THE INTENT OF THIS REPORT IS TO PROVIDE INFORMATION ON THE SAMPLES TESTED. WHILE THE RECOMMENDATIONS ARE MADE IN
GOOD FAITH AND REASONABLE EFFORTS HAVE BEEN MADE TO ENSURE THEIR RELIABILITY, NOWSCO WELL SERVICE LTD. ACCEPTS NO
LIABILITY FOR DAMAGE ARISING FROM THE USE OF THIS REPORT.
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HCI Acid Solubility Analysis

The solubility of a two-gram portion of core was determined gravimetrically using 200
ml of 15% hydrochloric acid. Testing was conducted over a 30 minute time period at
room temperature (22° C).

The acid filtrate from the 15% hydrochloric acid solubility was analyzed to determine the
soluble species present. Results are summarized in Table #1 along with the molar
carbonate ratio (Mg/Ca). The ratio gives a measure of the degree of dolomitization of the
carbonate. Pure limestone (CaCQ,) = 0.0, pure dolomite (CaCO,.MgCO,) = 1.0, and the
presence of magnesite (Mg,CO;)=>1.0.

Table #1
Sample Analyzed Element Calculated Composition Molar Soluble
# (wt%) (i) (S‘g‘/‘g’a) (wt¥)
Ca Mg | Fe  SO4 | CaCO3 | MgCO3 | FeCO3 | CaSOy
P-5179a 0.12 <0.01 | 0.06 <0.01 0.29 <0.01 0.12 <0.01 <0.01 0.41

HCI/HF Acid Solubility Analysis

The solubility of two-gram portions from the submitted core was determined
gravimetrically using 200 ml of 12/3. HC/HF acid. Testmg was conducted over_a 30
minute time period at room temperature (22° C). ‘

' rTat‘)le #2 o k S

Sample # Solubility
(%)
P-5179a : 7.8

NOTICE, THE INTENT OF THIS REPORT 1§ TO PROVIDE INFORMATION ON THE SAMPLES TESTED. WHILE THE RECOMMENDATIONS ARE MADE iN
GOOD FAITH AND REASONABLE EFFORTS HAVE BEEN MADE TO ENSURE THEIR RELIABILITY, NOWSCO WELL SERVICE LTD. ACCEPTS NO
UIABILITY FOR DAMAGE ARISING FROM THE USE OF THIS REPORT,
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CORE FLOW ANALYSIS

Core flow testing on the sample was performed using a Nowsco CFA-4 Core Flow
Apparatus Nowsco equipped with a Hassler sleeve-type core holder. The regained
permeability of the core was established after treating the core with the 15% hydrochloric

acid blend described below. Results are presented in Table #3.

s Coreflow testing was performed at a simulated bottom hole temperature of 69 °C and

an overburden pressure of 4,500 psi.

e Comparing the permeability values for the reference fluid (Soltrol) before and after
the 15% HCI treatment fluid stage indicates the extent of i improvement or damage that

is created by the treatment.

. The 15% HCI acid blend used in the coreflow test contains the following additives;
Nowferr 1W at 10 L/m’ + Nowferr 14P at 0.8 kg/m® + AH-1 at 23 L/m’ + AI-2 at 2
L/m’ + AI-275 at 3 L/m’. The acid stage had a backpressure applied to the core of

1000 psi.

e Soltrol is an iso-paraffinic C,, solvent.

i~

~ Table #3

Sample #: P-5179a

Plug Diameter: 2.5 cm Plug Length:  6.35 cm

Fluid Direction Pressure Volume Permeability
| Nitrogen Forward | 35 e 11.64
[APIBrinc | Forward 100 50 951
“Soltrol TForward | 317 50 3.40

15% HCI Reverse 556 100 0.93

Soltrol . | Forward 923 50 0.74

NOTICE: THE INTENT OF THIS REPORT IS TO PROVIDE INFORMATION ON THE SAMPLES TESTED. WHILE THE RECOMMENDATIONS ARE MADE IN
GOOD FAITH AND REASONABLE EFFORTS HAVE BEEN MADE TO ENSURE THEIR RELIABILITY, NOWSCO WELL SERVICE LTD. ACCEPTS NO

LIABILITY FOR DAMAGE ARISING FROM THE USE OF THIS REPORT.



12/718787

14:01 FAX 403 284 7488 NOWSCO WELL SERVI(E

O

SUMMARY

Core samples from the Chance formation were submiticd to charscterize the rock matrix,
determine permeability apd identfy the soluble rock species present. Coreflow testing
using various fluids was pcrformed on the submilted samples to determine fluid
compatibility with respect to the core.

CONCLUSION

A Scanning Elctron Microscope (S.E.M.) analysis was performed on the samples.
See S.E.M. for rock matrix description and artached photomicrographs.

The high concentrations of calcium fémspars reduce the chances of 2 succeSsful
hydrofluoric (HF) treaument. If HF acid is to be used it is recommended not to exceed
an HF conceatration of 1.5%.

The solubility in 15% hydrochloric acid (HCD) of the submitted samples ranged from
4.8 to 12.3% after 30 minuwes at 22 °C.

The solubility in 12% hydrochloric and 3% hydrofluoric acid (12/3) of the submitted
samples P-4975a through P-4975d ranged from 3.1 to 23.2% after 30 minutes at
22 °C.

Permeability of the core plags tested ranged from 0.14 t0 149.95 millidarcies (mD).

Coreflow testing performed on sample P-4975a indicates that a $1.3% decrease in
permeability would occur. Testing performed on sarmple P-4975d however, indicates
that permeability would increase. Coreflow testing usimg HF acid on these samples is
inconclusive.

Coreflow testing performed on sample P-4575c indicates that using 15% hydrochloric
acid as a stimulation fluid should significaptly increase the permeability.

| Sample Identification
Lab Sample No. Sample Deseription
P-4975a Core plug, J-19, 4438 5 ft,
P-4975b Core plug, G-08, 2400 ft.
P-4975¢ Core plug, M-08, 4372 fi.
P-4975d Core plug, M-08, 4365 ft.
P-4975¢ Core plug, G-08, 4399.2 fi.
P-4975f Core plug, G-08, 4401.0 fi.
P-4975¢g Core plug, M-08, 4364 .0 ft.
P-4975h Core plug, M-08, 43630 it

NOTICE: THE INTENT OF THIE REPORT E 70 FROVIDE INFORMATION ON THE SANPLES TESTED. WHILE THE RECOMMENDATIONS ARZ MADE IN
QOO0 FAITH AND AEASCONABLE EFFORTS HAVE BEEN MADE TO ENSURE THER RELIABIUTY, NOW SOU WELL BERVICE LT ACCEPTS NO UABIUTY
FOR DAMAGE ARISING FRCM THE USE OF TG REPORT.
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ScANNING ELECTRON MICROSCOPE ANALYSIS

A freshly fractured surface from core samples P-4975a and P-4975d were examined using
a scanning electron microscope (S.E.M.} equipped with an x-ray dispersive probe.

Sample P-4975a was examined afict being treated with acid, outlined in the coreflow
testing procedure. The sample was friable but not unconsolidated. It consisted of a
moderatcly well sorted sandstone with good visual porosity. The matrix grams were
predommately quartz aod feldspars, and exhibued a rough surface texture, most likely
from exposure to acid. Cementation was difficult to determine, the sample appeared to
have poor cementation and visually it looks as if this was accomplished through pressure
contact and minor amounts of silica sutures. No accessory minerals were determined other”
than the presence of an abundant amount of Sifica fines throughout the pore system. The
sample was extremely abundant with pyrobitumens.

Sample P-4375h was also examined and was not exposed to acid. The sample consisted of
a moderately well sorted sandstope with some areas exhibiting good porosity and other
areas with poor to no porosity. The good porosity areas will be referred to as “open’” and
the poor areas as “Infill”. The matrix grains were composed of guartz, calcium-rich
fekdspar and minor amounts of chert. There was also an abundance of pyrobitumins
present. Cementation in the “open” areas consisted primarily of pressure contact and silica
sutures. In the “infl" areas the cementation consisted of calcite infill. Accessory minerals
consisted of fine silica particles and very fine calcium-rich feldspars. No clays were
visually determined. The calcium-rich feldspars had the appearance of becoming or were
1n the process becoming clays.

It is recommended due to the presence of calcite and calcium-rich feldspars that an XRD
analysis be performed to determine the amount of these minerals prebcnt SO a better
decision on the type of stimulation fluid can be made.

See attached photornicrographs.

NOTICE: THE INTENT OF THIS AEPORT 1§ TC PROVIOE INFORMATION ON THE SAMPLES TESTED. WHILE THE RECOMMENDATIONS ARE MADE N
BOCO FAITH AND REABONABLE EFFOATS HAVE BEEN MADE TG ENSUAE THEIR AELIABLITY, NOW SO0 WELL SERVICE UTD). ACCERTS NO LABILUTY
FOR DAMAGE ARISING FROM THE USE OF THIS REPOAT,
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HCl Acid Solubilitv Analysis
The solubility of two gram portions of core from each of the intervals werc determined
gravimetrically using 200 ml of 15% hydrochloric acid. Testing was conducted over a 30
minute time period at room temperature (22° C).
The acid filtrate from the 15% hydrochloric acid solubility was analyzed to deternine the
soluble species present. Results are summarized in Table #1- along with the molar
carbonatc ratio (Mg/Ca). The ratio gives a measwre of the degree of dolomitization of the
carbonate. Pure limestone (CaCOz) = 0.0, purc dolomite (CaC0:.MgCOs) = 1.0, and the
presence of magnesite Mg,CO3) => 1.0.
Table #1
Sarmople Analyzed Element Calculated Composition Molar | Soluble
# (%) (Wt%) Ratio (wt%)
¥ | (Mg/Ca)
Ca | Mg | Fe ' SO, | CaCO;s | MgCOs | FeCO; | CaSO;

P-4973a | 0.10 | <0.0i] 0.06 ; «0.01 Q.25 <0.0{ 013 <0.01 <0.01 0.4

P4975b | 540 | <001 006 | 025 | 1322 | <001 | 0.2 0.35 <0.01 13.7
‘P-4975¢c | 1138 | 001 007 | «0.01 | 284] 0.04 0.15 <0.01 <0.01 28.6

P4975d | 2.72 | <0.0i] 0.07 | <0.0 68.79 <0.04 0.14 <0.04 <0.01 6.9

P4975e | 4.27 | <0.01] 004 | 0.09 10.57 <0.01 0.09 012 | <0.01 10.8

P-4975f | 489 ! <001} 0.04 | 0.10 | 1214 <0.01 0.08 0.14 <0.0{ 12.3

P-4975g | 1.00 | <0.0)0 0.06 0.15 2.32 <0.01 0.13 0.22 <0.01 2.7

P-4975h | 440 | <0.01 0.04 | 011 | 1087 || <001 || 0.08 0.16 <0.0f } 111

NOTICE: THE INTENT OF THi® REPORT IS TO PAGVIDE INFORMATION ON THE §AMPLES TEJTED, WHILE THE AECOMMENDATIONS ARE MADE W
QOO FAITH AND AEASONABLE EFFORTS HAVE BEEN MADE TO ENSURE THEIR AELABIITY, NOW 8CO WELL SEAVICE (TD, ACCEFTS NC LABILITY
FOR DAMAGE ARISING FRCM THE USE OF THIS REFPOAT.
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HCUHF Acid Solubility Analvsis

The solubility of two gram portions from samples P-4975a to P-4975d were determined
gravimetrically using 200 ml of 12/3 HCVHF acid. Testing was conducted over a 30
nxinute time period at room temperature (22° C).

Table #2
" Sample # “ Solubility
' (%)
P-4975a 3.1
P-4975b ' 6.2
- TS — 1
P-4975d 9.9

In all cases a white precipitate formed when the rock came into contact with HF acid. The
precipitale was likely fluorosilicatcs.

Permeability to Nitrogen Determination

The permeability to nitrogen on submitted core plugs P-4975a to P-4975h was determined
using a Nowsco CFA-4 Core Flow Apparatus equipped with a Hassler sleeve-type core
holder. All testing was conducted at 22 °C. Results are presented on Table #3.

Table #3
Sample # Permeability
(mD)
P-4975a 233
P-4975b 1.53
P-4975¢ 0.14
P-4975d 55.17
P-4975e 18.19
P-4975f 2.23
P-4975g 1.50
P-4975h 149.95

NOTICE: THE WTENT OF THES REPOHAT (5 TO PRQVIDE INFOAMATION ON THE SAMPLES TESTED. WHILE THE RECOMMENDATIONS ARE MADE IN
GO0 FAITH AND REASONABLE EFFORTS HAYE 8EEN MADE TO ENSURE THER REUASIITY. NOW&CO WELL SERVICE LTD. ACCEPTS NO LIABILITY
FOF DANMAGE ARISING FROM THE UBE OF THES REPOAT,
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* Comparing the permeability values for the reference fluid (sohfol) before and after
"~ each treatment fluid stage indicates the extent. of improvement or damage that is

CORE FL.OW ANALYS]S

Core flow testing on samples P-457Sa. P-4975d and P-4975c was performed using a
Nowsco CFA-4 Core Flow Apparatus. The regained permeability of the core was
established after treating the core with various treatment fluids. Results are presented in

Table #4, #5 and #6.

* Allcore flow testing was performed at a simulated bottom hole temperature of 69 °C

and an overburden pressure of 4,500 psi.

created by the treaument.

¢ The 15% HC] acid blend used in all the coreflow tests contains the foHowmg additves;
Nowferr 1W at 10 L/m’ +Nowfen: 14P at 0.8 kp/m’ + AB-1 at 23 L/m’ + AL-2 at 2
L/m’ + Al-275 at 3 L/m’. The 12/3 acid blend also contained 50 kg/m® ammonium

bifluonde.

* Soltrol is an iso-paraffinic Ci; solvent.

Table #4
Sample #: P-4975a
Plug Diameter: 65cm. | Plug Length: 2.5cm
Fluid Direction Pressure Volume Permeability
(psi) (1mls) (mD)
Nitrogen Forward 180 2.27
AFPI Brine Forward 1131 100 3.29
Soltrol Forward 1947 100 1.50
15% HCI Reverse 1871 100 0.74
12/3 HCVHF Reverse 1885 100 0.59
% NH.Cl Reverse 1851 100 0.98
Soltrol Forward 2210 10 0.13

NGOTICE: THE INTENT OF THIS REPORT 1B TC PAOVIOE INFORAMATION ON THE 5AMPLES TESTED. WHILE THE RECOMMENDATIONS ARE MADE IN

GOOD FAITH AND FEASONABLE EFFORTE HAVE BEEN MADE TO ENSURE Tl'EiR RELLABILITY, NCWSCO YWELL 8ERYICE LTD. ACCEPTH NO LiagILITY

FOR DAMAGE ARISING FROM THE USE OF THIS REFORT.
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Table #5

Sample #:P-4975d
Plug Diameter: 2.52cm | Plug Length:  4.5%cm
Fluid Direction Pressure Yolume Permeability

(psi) (mis) (mD)
Nitrogen Forward g1 - 55.2
API Brine Forward 80 50 31.0
Soltrol Forward 150 150 271
15% HCl Reverse 20 285 2512
12/3 HCVHF Reverse 8 300 523.4
3% NH4(C1 Reverse 8 100 785.1
Soltrol Forward 2.8 200 11150

Table #6

Sample #:P-4975¢
Plug Diameter: 2.51cm | Plug Length:  3.17 cm
Fluid Direction Pressure Volume Permeability

(psi) (mls) (mD) -
Nitrogen Forward 13 --- 18.2
APT Brine Forward 225 50 4.4
Soltrol Forward 379 200 2.5
15% HCI1 Reverse. 16 150 67.1
Soltrol Forward 1.7 200 17342

NOTICE: THE INTENT OF THIS REFOATIS TO PROVIDE INFOAMATION ON THE SAMPLES TESTED, WHILE ThE RECOMMENDATIONS ARE MADE N
GOOD FAITH AN REASCHABLE EFFOATE HAYE BEEN MADE TO ENSURE THEIF REVASILITY, NOW SCC WELL SERVICE LTD. ACCEFTS NO UABILITY
FOR DAMAGE ARMSING FRIOM THE USE OF THIS REFCAT.






