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INJECTIVITY/FALL-OFF TEST

TEST DATE: DECEMBER 10 - 29, 1999

As requested, an injectivity/fall-off test analysis was performed on the subject well. A

summary of the test data and the analysis results is attached. The report marked
ORIGINAL contains the test data on a diskette. Three copies of the report are attached.

Should you have any questions, please feel free to contact me at (403) 216-5101.
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Petro Management Group Ltd.
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Summary of test data & results

Case Name : Finite Conductivity Fracture #1

Horme Pierson 16-05-02-29W1 Fall-off Test

Spearfish (1023.5-28.5, 1029-34) Dec. 10 - 29,1999

Model Parameters

Water Permeability (ky,) 0,791 mb Fracture Haif Length (xf) 50.40m
Totai Mobility (k/u} 1.26 mD/imPa.s Fracture Flow Capacity (kpw} 101.288 mD.m
Total Transmissivity (kh/uh 4.9t mDm/mPa.s Fracture Face Skin (sf) 0.015
Weilbore Storage Constant Dim. {Cp) 29.05 Skin Equivalent to Xf -5.159
Exterior Radius (1g) 600.00m
Formation Parameters Production and Pressure
Net Pay (h) 3.90m
Total Porosity (4y) 17.00% QiBy 6.901 md
Water Saturation (Sw) 70.00% Final Water Rate -6.00m3id
Oil Saturation ($o) 30.00% Final Gas Rate 0.00010%m3/g
Gas Saturation (Sq) 0.00% Final Flowing Pressure {pyin} 15628.62kPa
Wellbore Radius (rw) 0.091m Final Measured Pressure 11372.90kPa
Formation Temperature {T) 420°C Initial Pressure {pj} 16158.87 kPa
Formation Compressibility {cf) 5 658e-7 kPa-1
Total Compressibility (ct) 4.716e-6kPa-1 Synthesis Results
Average Error 0.03%
Synthetic Initial Pressure {p) 7790.06 kPa
FIUid Properties Extrapolated Pressure al Specified Time 8678.69kPa
Waler Compressibility {Cw) 4,20322e-7 kPa-t Pressure Drop Due To Skin (4ps) 60.78kPa
Flow Efficiency {(FE} 0.991
Oil Compressibility (co) 1.28311e-5kPa-1
Gas Compressibility (¢g) 6.163512-5kPa-1 Damage Ratio (DR) 1.009
Water Formation Volume Factor (By) 1,000
Water Viscosity (L) 0.628 mPa.s M
Gas Viscosity (1g) 17.800 pPa.s Specified Flowing Pressure (Pwis) 15628.62kPa
Solution Gas Ratio (Rsw) 0mdjmS 3 - Month Gonstant Rate 7.724m¥%d
Specific Gravity (G) 1.000 6 - Month Constant Rate -6.779 m31d
PVT Reference Pressure (ppyT) 16158.87 kPa Specified Forecast Time 12.00 manth
Forecast Constani Rate @ Current Skin -6.031 m3rd
PI /It (Actuat 9.86e-4 m3fd/kPa
Forecast Constant Rate @ Skin=0 -6.077 m3/d
PI/ 11 {Ideal) 9.95e-4 m3/d/kPa
P
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SUMMARY OF RESULTS

1. The average reservoir pressure (Pg) is 8 679 kPa.

2. The effective permeability to water of the Spearfish formation is 0.79 mD.

3. The apparent wellbore skin factor of -5.2 and the fracture half length of 50.4 m
confirm that the well was stimulated. The fracture face skin (S;) of 0.015 indicates
that the effectiveness of the fracture has been slightly reduced possibly due to fine
plugging from the injected water.

4.  The stabilized water injection rate is 6.8 m/d

5 The injectivity index (LL.) is 9.86E-4 m/d/kPa.

6. Radius of investigation is approximately 109.2 m.
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DISCUSSION

1. Test Overview:

The Home Pierson 16-05-02-29W1 is completéd in the Spearfish formation at 1023.5 -
1028.5, 1029 - 1034 mKB and is equipped with a 60.3 mm tubing (landed at 1020.24
mKB). The well was fractured during the initial completion to improve productivity.

During the test, water was injected at 6.9 m?/d for 24 hours at a wellhead injection pressure
4 956 kPa. Subsequently, the well was shutin for a 449 hour fall-off period.

2. Data Validation:

During the injection/fall-off test, tandem electronic pressure recorders were set at 1015.8
mCF & 1016.8 mCF. The pressure and temperature profiles of the two recorders tracked
closely through out the test, as shown on the Raw Data plot (Figure 1), in the Section "Test
Data Quality". The difference in pressures, measured by the two recorders, was fairly
constant during the buildup period (Figure 2), indicating gocd quality of the pressure data.

The primary pressure derivative (PPD) plot was constructed for the bottom pressure
recorder (Figure 3). The PPD showed no pressure anomalies. The PPD plot should be
monotonically decreasing with time for valid buildup data. The bottom recorder was used
in the test analysis.

The pressure data was reported in absolute. Depth correction was made to adjust the
recorded pressures from the recorder run depth to the MPP, using a water gradient of 10.0
kPa/m.
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TEST INTERPRETATION

1. Pressure Fall-off Analysis:

Pressure fall-off analysis was performed on the shut-in period. The reservoir parameters
were provided by Anderson Exploration Ltd., as shown in the attached form “Summary of
Test Data and Results”. The final water injection rate prior to shutting in the well was 6.9
m?/d at a sandface flowing pressure of 15 629 kPa, as shown in the Strip Chart (Figure 4)
in the section "Pressure Transient Analysis".

Both the Horner Plot and the pressure derivative analysis were used in the analysis, as
discussed below, and results were later fine tuned using the pressure history match
techniques of the test pressure data.

Wellbore storage regime was identified by the unit slope straight of the pressure derivative
as shown in the Diagnostic Derivative Analysis piot (Figure 5) in the section "Pressure
Transient Analysis”. Linear flow regime, which is used to evaluate the effectiveness of
fracture treatment, was identified by the 1/2 slope straight line of the pressure derivative.
The flattening of the pressure derivative plot, after 283 hours of shutin, confirms that radial
flow was reached.

Radial fiow analysis was performed to determine the reservoir parameters using the semi-
log straight line drawn through the late time pressure data, as shown in the Homer pilot
(Figure 6). The extrapolation of the last data points yielded a P’ of 8 303 kPa. The (P*)
was corrected for the shape, areal extent of the reservoir and the location of the well to
determine the average reservoir pressure of 9 378 kPa. The results of the Horner plot and
the pressure derivative are summarized below:

“ Horner Derivative
i
Effective Permeability, mD 0.98 0.97
Ave. Reservoir Pressure, kPa 9378 n/a
Apparent Skin Factor 4.8 -4.8
#C4a?;;1:y?g\l-bt“n..:\?:::diﬁbp 3N2 Email: pmg@petromgt.com ?::f( g:gg; .z?:g:glgg
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Linear flow anaiysis, using the Tandem Root plot, was performed to evaluate the
effectiveness of the hydraulic fracture treatment (Figure 6a). The straight line drawn
through the pressure data during linear flow regime, concluded a fracture half length (X,)
of 45.6 m.

2, Pressure History Match:

The preliminary results from the Horner analysis were used as starting parameters for
pressure history matching of the test data. The best match of the test data was obtained,
using the Finite Conductivity Fracture Mode!. The overlay of simulated analysis results on
the real test data is presented in the cartesian, semi-log and log-log plots (Figures 7,8 and
9), in the section "Pressure History Match". The parameters used to achieve the history
match are as follows:

|| " History Match
Reservoir Pressure, P, 8 679 kPa
Effective Permeability, k 0.79 mD
Fracture conductivity, K.w 101.3 mD.m
Fracture Half Length, X 50.4 m
Six-Month Stabilized Rate, g 6.8 10°m*d

3. Well Injectivity:

The well stabilized injection rate of 6.8 m3/d and the injectivity index (l.1.) is 9.86E-4
m°/d/kPa were obtained from the test history match at the current wellbore skin of -5.2.

#401, 100 - 4th Avenue S.W. Bus: (403) 216-5100
Calgary, Alberta, Canada T2P 3N2 Emait: pmg@petromgt.com Fax; (403) 216-5109
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Water Rate , ma/d
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Finite Conductivity Fracture Water Well Model

Case Name : Finite Conduclivity Fracture #1

Home Pierson 16-05-02-28W1

Spearfish {1023.5-28.5, 1029-34)

Water Permeability (ky)
Total Mobility (k/uk
Total Transmissivity (kh/py

Weilbore Storage Constant Dim. {Cp)

Formation Parameters

Fall-off Test

Dec. 10 - 28,1959

Model Parameters

0.791 mD Fracture Half Length (xf)
1.26 mD/mPa.s Fracture Flow Capacity (kw)
4.91 mDm/mPa.s Fracture Face Skin (sf)

29.05 Skin Equivalant to Xf

Exterior Radius (rg)

Net Pay (h)

Total Porosity {($)

Waler Saturation {Sy,)

Cil Saturation (Sg)

Gas Saturation (Sg)

Wellbore Radius ()
Formation Temperature (T)
Formation Compressibility {cf}

Total Compressibility (cp)

Fluid Properties

Water Compressibility {Gy)

Oil Compressibility (cg)

Gas Compressibility (cg)

Walaer Formation Volume Factor (By,)
Water Viscosity (Hy)

Gas Viscosity {ng}

Solution Gas Ratio {Rgw}

Specific Gravity (G)

PVT Reference Pressure (ppyT)

50.40m

101.298mD.m

005

-5.159

600.00m

Production and Pressure

390m
17.00% 8¢
70.00% Final Water Rate
30.00 % Final Gas Rate
0.00% Final Flowing Pressure (pyio)
0.091m Final Measured Pressure
42.0°C Initial Pressure {p;)
5.658e-7 kPa-1
4.7166-6kPa-1 Synthesis Results

Average Emor

Synthetic Initial Pressure (p;)

Extrapolated Pressure at Specified Time
4.203226.7 kPa-t Pressure Drop Due To Skin (Apg)
Flow Efficiency (FE
1.28311e-5kPa- o FE)
6.16351a-5kPa-! Damage Ratio (DR)
1.000
0.628mPas Forecasts
17.800 pPa.s Specified Flowing Pressure (Dwis)
3ime
G e/ 3 - Month Constant Rate
1.000 6 - Month Constant Rate

16158.87 kPa Specified Forecast Time

Forecast Constant Rate @ Current Skin
P1/ i {Actual)
Forecast Constant Rate @ Skin=0

PL/ 1 (ideal)

fw' CADatatWellTestandersonPierson\160502. FKT 07-Jan-00 Ver 2.305

-6.901 m3d
-6.900 m3/d

0.000 103m31d

15628.62 kPa

11372.90kPa

16168.87 kPa

-0.03%
7790.06 kPa
8678.69kPa

60.78kPa

0.991

1.009

15628.62kPa
-7.724m3d
6.779md
12.00 month
-6.031 m3id
9.86e+4 m3/d/kPa
£.077mdid
9 9504 m3td/kPa
P
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‘ Home Pierson 16-05-02-29W1

‘5 Spearfish (1023.5-28.5, 1029-34)
Fall-off Test

| Dec. 10 - 29,1999

Time Cum Time Pressure Gas Rate Oil Rate Waler Rate
hr hr kPa(a) 103m3nd m3/d m3rd

15052.00 0.000 0.000

2 -0.0100 8000.0100

8002.7250 14780.61

8004.7333|

10.7333 8010.7333 15129.03

801 2.73733 14989.80

8014.7333 14677.25|

24 8022.7333 14416.41
iy 333 : 7
8024.7333 14815.92

25 2417 8025.2417

8025 3083

8025.3250|_

42 2513583]  8025.3583 14978.13

- 1
I

_
Print Filter Used: Nth Line = 1.000

P
Page 1 M
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! Home Pierson 16-05-02-29W1

. Spearfish (1023.5-28.5, 1029-34)
' Fall-off Test

| Dec. 10 - 29,1999

Print Filter Used: Nth Line = 1.000

PRV VN

Time Cum Time Pressure Gas Rate Oil Rate  Water Rate
' hr hr kPa(a) 103m3d m3/d m3/d |
| )
1 ‘
| 253750 8025.3750 ;
| !
i
|
]
| 8UZs
\ 8025.4250
14799.65
14785.69
72 14736.73
8825 88 b b et
258500]  14722.08
25.9000 |
Bk ‘
3 . 8026.0333
heoeer] s
26.1000| _ 8026.1000 |
; 26.1833]  8026.1833]  14644.58] |
l
1

hsj. ¢ \Data\WellTestanderson\Pierson\160502 FKT 07-Jan-00 Ver 2.305
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. Home Pierson 16-05-02-29W1

' Spearfish (1023.5-28.5, 1029-34)
; Fall-off Test

| Dec. 10 - 29,1999

Time Cum Time Pressure Gas Rate Qil Rate Water Rate

hr hr kPa(a) 103m3/d m3/d m3/d

14597.06

8027.7583 N W — .
: 8583 4447 85]- Pl e e
8027.9667 14433.78

28.0750! 7 4428
28.1917 8028.1917|  14416.15]

8028 4333

0291251
8029.2833

14343 .11

8029.6083 14324.28

I
1 :
L 126 30.3583 8030.3583] 14283.82 | ;
3 Print Filter Used: Nth Line = 1.000 |

; Page 3
&sj CAData\WellTastanderson\Piersont1 60502 FKT 07-Jan-00 Ver 2.305
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f

| Home Pierson 16-05-02-29W1

| Spearfish (1023.5-28.5, 1020-34)
! Fall-off Test

| Dec. 10 - 29,1999

—

Time Cum Time Pressure Gas Rate Oil Rate Water Rate

hr he kPa(a) 103m3/d m3/d m3/d

14241.30

8031 7333 14219.12

80341083 14124.60

8034.8250 14099.32

355917 80355917

13832.27

13797.32

13761.17

168 51.4000 8051.4000 13685.05 ?

! Print Fiiter Used: Nth Line = 1.000

P
Page 4 M
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1
| Home Pierson 16-05-02-29W1

' Spearfish (1023.5-28.5, 1029-34)

| Fall-off Test
| Dec. 10 - 29,1999

Time

hr

Cum Time

hr

Pressure

kPa(a)

Gas Rate
103m31d

Qil Rate
m3/d

Water Rate
m3/d

8053.4917

SO0

33

60.8250

829

84

3.6500

8073.6500

B33

8096.3667

8102.041'7'

81081750

8121.9500

8129.6750

138.0167

8138.0167
147.0250
1567500 8156.7500

Print Filter Used: Nth Line = 1.000

i

hs) ¢ \Data\Well TestandersonPierson\1 60502 FKT 07-Jan-00 Ver 2.305
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| Home Pierson 16-05-02-29W1

| Spearfish (1023.5-28.5, 1029-34)
| Fall-off Test

' Dec. 10 - 29,1999

T
'

Cum Time
hr

Pressure

kPa(a)

Gas Rate
103m3/d

Oil Rate
m3/d

Water Rate
m3/d

5

___268.3333

287.7333

355.7250

8355,7250

8!

382.1000

6

8382.1000

11601.64

410.5750

8410.5750

242

474.5250

8474.5250

11372.90

Print Filter Used: Nth Line = 1.000

hsj' C ADataVWelTestandersontPiarsom 160502 FKT 07 -Jan-00 Ver 2 305
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EQUATIONS

and

NOMENCLATURE

(METRIC UNITS)




Flow Time

Shut-In Time

Horner Time

Superposition Time

Equivalent Time

Root Time

Tandem Root Time

BASIC TIME FUNCTIONS

At

t + At
At

q; ~ 4q;
¢, = Y —L—"loge—,.)
J=1 q,

= 4 t rAL-f

At, =y Llog

4 LAY

At, = t-At
t+At

JIrAf - AL




BASIC_TIME FUNCTIONS (cont’d)
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TYPECURVES - DIMENSIONLESS VARIABLES
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McKINLEY ANALYSIS

Wellbore Capacity

Alpha

Note: Alpha is the same as C

Wellbore Storage Constant
Compressible Fiuid

Wellbore Storage Constant
Changing Liquid Level

Transmissivity

Pressure Drop Skin

Flow Efficiency
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SEMILOG ANALYSIS
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Stabilized Rate

Productivity Index

MBH Average Pressure

DIETZ Average Pressure

Eracture haif-length

Channel width

Skin Factor

Fracture Conductivity

SEMILOG ANALYSIS (cont"d)
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LINEAR ANALYSIS
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NOMENCLATURE

Symbol Description Metric (Sl) jeld
a LIT flow equation coefficient - - -
A drainage area m? ft2
AOQF absolute open flow potential (gas) 10°m3/d MMcfd

LIT flow equation coefficient - -

formation volume factor - -

c compressibility - kpa® psi’
Cove compressibility of wellbore fluids kpa™ psi’’
(o wellbore storage/unioading constant m>*/kPa bbl/psi
C simplified flow eguation coefficient - -
Ca shape factor - -
Cuo apparent wellbore storage constant - -
Co dimensionless wellbore storage constant - -
Coo storage pressure parameter - L.
DR damage ratio - -

F wellbore capacity (McKinley) m?/kPa ft3/psi
FE flow efficiency ' - -

G relative density (gas) - -
GOR gas-oil ratio m®/m’® f3/bbl
h net pay m ft

k permeability mD md
Kixy.2) permeability in the x,y,z direction mD md
K, fracture permeability mD md
kyw fracture conductivity mbD.m md.ft
kh flow capacity mD.m md.ft
Ki/u mobility - -
khiu transmissivity - -
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Pa
Pt
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Description

length of harizontal well
effective length of horizontai well
slope of transient plots

simplified flow equation coefficient
pressure

bubbie point pressure

gas pseudo-critical pressure
initial pressure

average reservoir pressure
flowing wellhead pressure
shut-in wellhead pressure
flowing sandface pressure

final flowing pressure

shut-in sandface pressure
extrapolated pressure
dimensionless pressure

pressure drop

productivity index

fiow rate - gas
- liquid

™" flow rate
n™ flow rate

stabilized rate - gas
- liquid

external radius
radius of investigation
wellbore radius ‘

solution gas ratio

kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
m?/d/kPa

10°m3/d
m3/d

m3/d
m>/d
10°m?/d
m*/d
m
m

m

m>/m

psia
psia
psia
psia
psia
psia
psia
psia
psia
psia
psia
psi
bbi/d/psi

MmMcf/d
bbi/d

bbi/d
bbl/d

MMcf/d
bbi/d

ft
ft
ft

ft*/bbl
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__ Description

skin factor

apparent skin factor

saturation (oil, gas, water}

time

dimensionless time

pseudo-time

dimensioniess time (based on drainage area)
dimensionless time (based on fracture 1/2 length)
n™ flow period, or superposition time
shut-in time

shut-in pseudo-time

equivatent time

dimensionless time at pseudo-steady state
time to stabilization

temperature

gas pseudo-critical temperature

wellbore volume - gas
- liquid

channel width

fracture width

length of reservoir

fracture half-length

x -location of observation well

x- location of centre of active well
width of reservoir

y- location of observation well

y- location of centre of active well
gas compressibility factor

z-location of centre of active well

Metric {S1)
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Symbol Description Maetric (Sl Field

welibore storage/unloading constant m?*/kPa bbl/psi

u viscosity - gas uPa.s cp
- liquid mPa.s cp

A inter-porosity flow coefficient - .
T transmissivity (McKinley) mD.m/mPa.s md.ft/cp
t/] porosity - -
by pseudo-pressure kPa%/uPa.s psia/cp
w storativity ratio - -
Subscripts
D dimensionless
DA dimensionless based on area
Dxf dimensionless based on fracture half -length
f formation or flowing
g gas
i initial
o oil
R reservoir
S shut-in, skin, stabilized or storage
t total, transient, or wellhead {tubing head)
w water or wellbore (sandface)
ref evaluated at reference pressure

Superscripts

- average




DIETZ SHAPE CODES

AVERAGE RESERVOIR PRESSURE - MBH CORRECTIONS

NO FLOW OUTER BOUNDARY
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STABILIZED STABILIZED

CONDITIONS CONDITIONS
inc, C, FORty, > - nc, ¢C, FOR t, >
IN BOUNDED RESERVOIRS
@ 345 316 0.1 ? 1 238 108 0.3
2
° 343 309 0.1 o—1 1.58 4.86 1.0
2
@ 345 316 0.1 ® |, 073 207 0.8

2
A 332 276 0.2 ? , 100 272 0.8
4
330 271 02 e—Il1 146 0232 25
Y
4
, ,31& 309 219 04 ® 1,216 0115 30
i 4
° 1 312 226 0.2 122 3.9 0.6
5
® 1 168 538 07 s y 114 343 0.3
. 1
3 2
° ; 086 236 07 o1 050 0607 1.0
3 2
[ 256 129 06 - %0|1' 220 0111 1.2
2
, H
® 152 457 05 a1 i4
| ! 232 0098 09
IN WATER DRIVE RESERVOIRS

295 191 0.1
IN RESERVOIRS OF UNKNOWN PRODUCTION CHARACTER

@ 322 25 0.1

PSEUDO-STEADY STATE SHAPE FACTORS FOR VARIOUS RESERVOIRS

FROM DIETZ (1965)




UNITS CONVERSION AND PREFIXES

METRIC (S!1) UNIT FIELD UNIT _DIVIDED BY
10°m?/d MMcfd 2.817 399 E+01
kPa psia 6.894 757 E+ 00
mD md 9.869 233 E-01
mD.m md.ft 3.008 142 E-O1
m ft 3.048 E-O1
m? bbi (35 Imp gal} 1.589 873 E-01

(42 US gal)
Pa.s cp 1.0 E+03
°C °F (°F-32)5/9 E+00
K °R 5/9 E+0Q0
m? section (640 acres) 2.589 988 E+06
ha section {640 acres) 2.589 988 E+02
m> gallon (Imp) 4.546 09 E-03
m?> gallon {US) 3.785 412 E-03
m?/103m? bbl/MMcf 5.643 052 E-03

Standard conditions: Metric {Sl} 15°C, 101.325 kPa
Field 60°F, 14.65 psia




