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INTROCDUCTION

In the second quarter of 1976, INTERCOMP undertook to commence
studies on the proposed Norcen Gas Storage Project. The
studies as per proposal were to progress in three stages:

I. Feasibility Studies

II. Development

I1I. Operations

This report, which represents part of Phase I, provides the
results of the Petrophysical and Geological analysis based
on the well control to date. Prior to the commencement of
the evaluation program, the Duperow and Souris River nitrogen
bearing reservoir units were considered to be prospective
gas storage zones. Subsequent to the drilling of the first
two evaluation wells, the Souris River Porosity zone was
found to have all the favourable attributes from a gas
storage standpoint within the proposed operational scheme.
Additional feasibility studies on the Duperow were hence
curtailed and advanced geclogical and petrophysical studies

continued on the Souris River Porosity unit.

Although 3 to 5 delineation wells will ultimately be required
to refine trap capacity estimates, data from four recently
drilled delineation wells along with other offset well

control has provided sufficient data to qualify the Souris
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River Porosity as a potential storage horizon. Furthermore,
the results of study to date indicate that further work

under Phase II - Development is merited.
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CONCLUSIONS

Caprock integrity has been confirmed at the top of the
Souris River Porosity zone. Well control has indicated
that anhydrites effectively seal this interval from

overlying Souris River and Duperow porous developments.

A closure of roughly 100 feet has been proven to occur
in the structure as outlined by the nitrogen gas accumu-

lation in this reservoir unit.

At least two.and possibly three individual separate
reservoir elements are present in the Souris River
Porosity unit. These reservoir units are separated by
thin but laterally correlatable anhydrite beds and this
separation is manifested by the presence of different
nitrogen-water contacts in at least two of the three

porous units.

Based on well control to date, the minimum trap capacity
in terms of nitrogen gas is 32.4 Bcf GIP based on
proven gas-down-to levels. This estimate is slightly
conservative since no water level has-been established
in Zone 1 and defined within a 5 and 7 foot interval in
Zones 2 and 3, respectively. Assuming a water-up-to
level for Zones 2 and 3 and a gas-down-to for Zone 1,

the trap capacity is calculated to be 34.4 Bcf.
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Recognizing the uniformity of bedding in the Souris

River Porosity unit, the proven differing water levels
indicate that the nitrogen volumes contained are probably
not spill-point controlled in all three zones. Hence,
additional trap capacity may be available before spill
would be effected through the structural saddle located

at the southwest end of the Daly structure.
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RECOMMENDATIONS

One additional well in the northeast sector of the

structure would be valuable in refining structural regimen

in this area.

Evaluation programs on any additional delineation wells
need not necessarily include core. However, should
core be cut, full diameter core analysis should be run.
Full porosity log coverage in terms of FDC-CNL and
Sonic are recommended in order to fully evaluate
critical reservoir parameters throughout the Daly

structure.
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PETROPHYSICS

The evaluation of all special core data pertinent to the
Souris River formation is now complete. Results are herein
presented for the following petrophysical control parameters.
1. Porosity-Permeability
2. Formation Water Resistivity

3. Lithological-Saturation Indices

POROSITY-PERMEABILITY

Porosity
As ocutlined in the preliminary INTERCOMP report dated

November 31, 1976 porosity control was previously derived
from atmospheric core analysis data augmented where necessary
by a full suite of open hole logging devices - namely the
CNL-FDC and Borehole Compensated Sonic logs. The recently
completed Special Core Analyses studies conducted at Shell
Canada Resources Production Laboratory have confirmed an
anticipated porosity reduction under simulated overburden
conditions. Figure 2 illustrates the comparison of routine
atmospheric to overburden measured porosities. Analysis of
this plot indicates that a reduction of 1 porosity unit at
25% porosity can bé expected. At lower porosities, in the
order of 5-10%, the reduction is less severe, being only 0.5
porosity units. This reduction, however, is in the order of
5 percent of total pore volume at high porosities increasing

to 10 percent of total pore volume at intermediate to low
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porosities. Table 1 is presented to show the heterogeneity

of the Souris River formation. Small plugs were cut from
intervals previously analyzed by the whole core analysis

method. The whole core method generally produced higher
porosities but the trend was not totally consistent. Individual
data points varied by as much as 6.6 percent but were generally
within 1 to 2 percent of each other. Any future core analysis
work in this formation should definitely be full diameter in

nature.

‘Permeability

Differing porosity-permeability relationships are indicated

for Zones 1 and 2 versus Zone 3. Figure 3 illustrates the
pre-dominantly intercrystalline pore network present in

Zones 1 and 2, while Zone 3 (Figure 4), which possesses
significantly more secondary porosity, displays wide variations
in permeability for any given porosity range. Figure 5
illustrates the effects of overburden pressure on permeability

to water under overburden conditions.

The high fraction of secondary porosity present in Zone 3

has produced another predictable situation -- high gas
trapping tendencieé. Figure 6, presents ihitial-residual

non wetting phase saturation relationships, clearly depicting
this situation. At 80% initial gas saturation (a figure
representative of average reservoir conditions) residual gas

saturations are 40% for Zones 1 and 2 and 50% for Zone 3.
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FORMATION WATER RESISTIVITY

Laboratory analyses of recovered waters from drillstem test
#2 in Daly Gas #1 indicate a saturated salt water condition
is present in the aquifer. Total solids were measured as
high as 280,170 mg/litre. This is equivalent to a water
resistivity at reservoir temperature of 0.033 ohm-meters.
This value was used in all calculations of water satu?ation

in Daly Gas #1 and 2.

LITHOLOGICAL~SATURATION INDICES

The formation resistivity factor (FRF) is a measurement of
the ratio of the electrical resistivity, Ro, of a porous
medium completely saturated with brine to the resistivity,
RW, of the water in the pores. Figure 7 illustrates the
reiative insensitivity of this factor to overburden conditions.
A simulated reservoir condition of 2500 psi net of external
less internal pressure was used. The brine used was a
synthetic brine containing:
102,000 ppm Sodium
168,000 ppm Chloride
5,100 ppm Calcium
800 ppm Magnesium

1,100 ppm Sﬁlphate
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The effect in this case was a negligible increase in FRF
under overburden conditions. This is due in part to the
extremely high conductivity of the saturating brine and
possibly to some extent to the modest reduction in total
pdrosity effected by the application of overburden pressure.
Several low porosity points are anomalously off-trend. The
cause of these spuriously low FRF values in the low porosity
samples is not known. It is possibly related to microfractur-
ing resulting in a short-circuiting of the normal electrical
path thus producing anomalously low FRF values. It might
also result from improper sample preparation permitting a
brine film to act as a parallel conductance path along the
outside of the plug. Normally, the application of reservoir
pressure to these jacketed samples eliminates both the
microfracturing and brine film problems. For purposes of
this study the majority of the reservoir lies above 10%
porosity and, as such, a lithological exponent m (the slope
of the relationship of FRF and ¢) of 1.71 was selected as
representative of reservoir conditions. This value too is
anomalously low; normal FRF relationships for dolomites

range between an m of 2.0 and 2.4.

With the anticipated highly water wet natufe of the Souris
River Porosity reservoir a saturation index, n, of 2.0 was
selected. The above mentioned variables were combined for
solution of the standard Archie relationship for water

saturation:
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sw = Rt/Ro
where: Rt = True resistivity
Ro = FRF * Rw and,
FRF = 1/¢"
Thus:
sw=2-0 = __Rt S—
0.033 ¢ ~°

Results of the petrophysical evaluations of each well on the

Daly Structure are contained in Appendix D herein,

10.
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11.

GEOLOGY

GENERAL GEOLOGY

Based on well data arising out of the drilling of 7-18,

10-7, 11-19-10-27 W1M and 10A-12-10-28 W1M, a fairly definitive
geologic/reservoir model has been established. Cross section
(Figure 8) and structural contour map (Figure 9) illustrate

the structural interpretation on top of the Souris River
porosity. As was originally indicated by seismic, a structural
high trending northeast-southwest exhibits some 100 to 125

feet of structural closure; this structure is the probable

result of salt solution effects and consequent draping.

CAPROCK INTEGRITY

Drilling has confirmed the existence and integrity of a
Souris River porosity seal in the Daly structure. Proof of

caprock sealing quality is substantiated by three observations:

1) Core examinations have confirmed the presence of massive
anhydrite beds immediately above the Souris River
Porosity Zone; these anhydrites are correlatable both

north-south as well as east-west across the field.

2) Based on log evaluations, some porous stringers above
the sealing anhydrites and within the Souris River
interval are water bearing above the gas intervals

within the Souris River Porosity Zone. Such a situation
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12.

could not exist if vertical communicability were present.

3) Based on tests and log evaluation, separate water
levels have been proven to occur in Zones 1 and 3.
Zone 1 is gas bearing a minimum of 42 feet lower than
proven water-up-to in Zone 3 (refer to the cross section
Figure 8). Since a gas-down-to of 1947 feet subsea has
been defined in Zone 1, and Zone 2 indicates a water
level to occur in the interval 1949 to 1954 feet subsea,
it is uncertain, based on present data, whether Zones 1

and 2 are separate or common reservoirs.

STRUCTURAIL MAPPING

Since a number of wells drilled in the subject area do not
penetrate the Souris River section, the seismically derived
Bakken structure was assumed as a "base" structural horizon.
Isopachs of the interval Bakken to top Souris River porosity
were established for non-penetrating wells by correlation to
nearest control and projection to Souris River level. An
isopach interpretation was thus prepared, which, when added
to the Bakken structure, resulted in the derivation of a
structural contour map on top of the Souris River Porosity
(Figure 9). Recognizing individual zone reservoirs, as per
the foregoing discussion, a series of structural contour
maps on top of Zones 2 and 3 (Figures 10 and 11) and base
Zone 3 (Figure 12) were derived by isopach addition to the
structure map on top of Zone 1 (Figure 9). Table 3 presents

the tops summary utilized in this mapping phase.
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13.

VOLUMETRICS

On the basis of the petrophysical evaluation data shown on
Table 2, the structural interpretations and the fluid level
data derived from existing and recent drilling, a series of
capacity maps were constructed. Figures 12, 14 and 15
incorporate the gas~down-to and water-up-to information in
conjunction with structure to define the areal limits of
nitrogen gas on a per zone basis. These porosity foot maps
were planimetered to establish total pore volume per zone on
a gas-down-to basis for all Zones; in Zones 2 and 3 a water-
up-to capacity was established for comparison purposes.

Since a finite water level has not been established for

 Zone 1, the gas pore volume shown for this zone is a minimum

value,

Applying weighted average water saturation data on a per

zone basis and a computed gas expansion factor, a proven
gas-in-place was calculated and tabulated per zone. Table 4
provides the summary of gas-in-place per Souris River Porosity

Zone. The critical reservoir parameters utilized were:

Pressure 1531 @ 1910 feet subsea
BHT ' 92° F

Pc 492,8

Tc 227.3

zZi 0.98

Ei 99.9
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BASIC DATA

All the basic data, both geological and petrophysical, were
forwarded to Norcen on a continuous basis during the evaluation
work of Phase I. In order to provide a complete dossier, a
number of prepared data items previously provided have been

assimilated and included in the Appendix herein.
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C.P.-178

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler Logging Job No./Run No. _Core #1 interval | Welt Name
Date Ewarminer Sidewall Gun Aun Neo. 3000~ Daly Gas No. 1
Racovery 60  of 60" shous 3060 7-18-10-27wlm
* e HYDROCARBON SHOWS
Depth Ree, |% O | H.C. oresenee c.,..::mc Show Lith, Description and Remarks
% Intens. Color co.:' Flu“:f_ Avg.
1 {3000~ Dolamite XF/VF grained anhydrite
2 |3003.2 infilled large coral inclusion
3 @ 3002 Several smaller corals
” @ 3001.7 Visible vugs in Calc
5 infill & @ 3002.3 - 3003.2
e |3008.2 Grey Xline sucrosic dol
? 4.8 ‘Visible vugs 3003.5 - 3004. Churned
e |3004.8 ' Anhydrite W/Minor inclusions
9 {30016.7 Xline dense dolomite clear/BN
10 - ' ) ' ' ' ‘ ' ' External core color is grey.
11 130016.7- ‘ Interbedded BN earthy/Xline dol
12 IST & Grey dol. Beds> lan to 2 an
~ 13 Increasing in thickness to bim
.t Fracture @2 60° to hole from
18 17.8 -+ 19.4. Bedding displacement
' % . Porous Bed @ 20.6 to
. 20.8
.a [3021.7 Xline/Sucrosic dol IST visible-
w0 | 39.5 vugs & %+ % om scattered
20 ‘ throughout. Brach? @ 22.5 No
21 definite bedding churned
22 appearance possibly bored
23 Bedding Planes apparent @
24 3026.6 - 6.9, 28.1 - 28.3, 3030,
" 31.7 - 32
4 |3039.5- Anhydrite slightly dol
| 42.5
28
29
- 30

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. DIL OR DLL)

=+ RECOVERY CODE: INCHES OF RECOVERY, or
MF - MISFIRED

SO - SHOT OFF
MT - EMPTY APP. B-1
RR - RUBBLE



CP.-179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

e amplar i nterval L me
e el g "B Gas o, )
* ramneT Recovery 60 of 60" shots 7-18-10-27wlm
L] e HYDROCARBON SHOWS
% Ol H.C. Fluorescence Cut Show L
Dapth Rec. Lot loder v Diosens]  cotor cg',"' F‘fu“:, E:; . Lith, Description and Remarks
Cut : .
. | 3042.5- Anhydrite & Doltc LST. Appears
2 45.4 to be churned zone. No distinct
3 bedding. LST Xline/Sucrosic Buff/
) B |
s | 3045.4- Interbedded Grey Sucrosic/XLINE IST
6 48.6 ) Buff/BN XLINE/SUCR DOL LST. Bottom
; 1' churned Dol IST W/Anhydrite
8 Inclusions
o | 3048.6- Buff/BN Dol IST & DK BN Anhydrite
10 50 ' ' ' ' ‘ ' No apparent bedding. Increase in
" ' Anhydrite towards base
2 | 3050- Sucrosic LST Buff/EN minor ‘
—n 56.7 bedded anhydrite. Same porosity
y ' apparent @ 3050 - 51,
' 3054 - 3055, 3056 - 56.7
e | 3056.7- Churned anhydrite & dol LST
.7 | 58.4 LST $age increases towards
18 . Base
s | 3058.4 Anhydrite W/Minor beds of
o | 60 ‘ Dol LST up to 1 am thick.
21
22
23
24
25
26
27
28
29
.

* UNLESS OTHERWISE NOTED DEPTH 15 SAME AS RESISTIVITY LOG leg. DIL OR DLL)

«* RECOVERY CODE: INCHES OF RECOVERY, or
MF - MISFIRED

sO - SHOT OFF
MT - EMPTY APP. B-2
AR - RUBBLE



C.P 179

10
11
12
13
14
18
16
17
18
19
20
21

22

23
24
25
28
27
28

29

=30

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler Logging Job No./Run No. COTe #2 Interval | Well Nama
—— P op—— Sidewall Gun Aun No. §9§8" Daly Gas No. 1
* Recovary 60 ot 60"  shows 7-18-10-27wl
. e HYDF!OCAHEON SHOWS
Depth Rec. | %01 RS orerenes co,:,:mc Show Lith. Description and Remarks
sin % [ntens| Color | of o | Ave.
3060- Finely laminated Anhydrite
60.8 and dol. LST beds more dolamitic
towards base '
3060.8- Chalky dolamite Gy w/40% anhydrite
61.3 inclusicons
3061.3- Churned earthy limey dolomite (EN)
62.6 and anhydiite up to 60% anhydrite.
3062.6- Dol LST sucrosic w/major anhydrite
67.1 inclusions @ 64, 64.5, 65.2
65.5 - 66 and 66.3
3067.1- Finely bedded dol LST earthy/
68 sucrosic %" Bed @ top has
same vuggy @
3068- 70 | Yellowl N | N Dol sucrosic stained yellow fluor
70.7 No cut or CF minor anhydrite incl.
3070.7- AR J |/ 60 sucrosic 40 earthy dol LST
73.6 Sucrosic LST stained & exhibits: fluor
as noted. TLarge cabbage stram
@ 72.75 - 73.2. Appears churned
3073.6~ 100 M (/S sucrosic dol LST BN minor
74.5 anhydrite inclusions
3074.5- Finely bedded sucrosic dolamite
76.3 90 AA 1ST Minor anhydrite interbeds
3076.3 Sucrosic/XLINE BN/GyGn Dolcmite LST
77.6 finely bedded becaming churned
@ base ends a styolite @ 77.6
 3077.6— Dol LST top 3" churned GyGn w/Bn
80.2 incl. No distinct bedding features
In Bn sucrosic LST. Some P.P & on
broken surface.

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. DIL OR DLL)
¢* RECOVERY CODE: INCHES OF RECOVERY, or
M R

F MISFIRED
50 SHOT OFF
MT EMPTY
RA RUBBLE

APP. B-3




C.P 179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

77 | Type Ssmpler Logging Job No./Run No. Interval | Well Name
Cots Examiner Sidewall Gun Run MNo.
Resovery of shots
- 1) HYDROCARBON SHOWS
% oil H.C. Fluorescencs Cut Show )
Dupih Rec. {20 |odor i) cotor cg.f.,, Ffu“;r R'\z;' . Lith. Description and Remarks
Cut N

4+ | 3080.2- Yellow| N | N Gy Gn/Bn churned XLINE dol LST
2 81 ' PP ¢ & small vugs apparent.
a| 3081 - Nil /| / Fuff/Bn earthy/sucrosic dolamite LST
a 82.6 Tr Xul infilled vugs and PP ¢4 on
5 broken surface.
s | 3082.6- Earthy fossiliferous IST Many
7 "85.4 crinoids on face broken @ 83.5
s | 3085.4- Sucrosic Bn dol LST contains
9 86.4 mainly stram frag which
10 exhibit good vuggy 4.
11 | 3086.4 ‘ Earthy/sucrosic LST minor
12 89 ' anhydrite laminar VF bedding

123 scme vuggy porosity throughout.
a | 3089 - ' Earthy/XLINE dol LST. Distinct
15 91 bedding
s | 3091 - Earthy/sucrosic dolLsST
17 96.6 ' Distinct bedding visible
e | 3096.6- ﬁé‘gﬁ e sucrosic Bn Dol LST. No
19 99.9 distinct bedding. Minor anhydrite
20 ‘ inclusions. Mottled LT and DK BN
21 | 3099.9- Nil JS U/ sucrosic dol IST Dk Bn @ top
.2 | 3103.3 to alternate LT and Dk Bn. Minor
23 ' brachs
2¢ | 3103.3- Sucrosic dolamite LST AA
s | 04.5
26 | 3104.5- 60 Yellow | / |/ XLINE/sucrosic limey dol mottled
27 8.8 Gy Bn/Dk Bn Minor PPg and small
28 vugs visible on broken surfaces
29 | 3108.8- 70 % lllgw 7 |y sucrosic/XIINE dol LST mottled

. 9.8 No porosity visible.

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. DIL OR DLL}

*r QRECOVERY CODE: INCHES OF RECOVERY, or
MF - MISFIRED

SO - SHOT OFF
MT - EMPTY APP. B-4
RR - RUBBLE
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30

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler

Logging Job No./Run Neo.

Sidewall Gun Run No.

Intervel

Well Name

Date Examiner
Recovery of shots
- s HYDROCARBON SHOWS
Fluorescence Cu
Depth Rec. ’s"ts:: 0':"3,‘ I Color i sﬂ‘;‘f“ Lith. Description and Remarks
Intens. Color of F(I:Ut Avg.
Cut uor.
3109.8- Nil N N Earthy dol LST 40% Earthy/sucrosic
11.9 dol 1ST 60%. Latter Dk Bn
3111.9- J/ J |/ earthy/sucrosic dol LST.
16.5
3116.5- Banded Lt grey and Dk Gy Gn XLINE
31.20 1ST.

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG {eg, DIL OR OLL}

** RECOVERY CODE:

MF
50
MT
RR

INCHES ©OF RECOVERY, or
MISFIRED
SHOT OFF
EMPTY
RUBBLE

APP. B-5



c.P 179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Type Sampler Logging Job No./Aun Ne. Core %3 Interval | Well Name
=— s Sidewall Gun Run No. 3472- Daly Gas No. 1
Recovery 60 of Q' shots 3532 7-18-10-27wlm
. 'S HYDROCARBON SHOWS
Depth | Ree. g’tg‘i e " ':::cmc;mm ‘_2;3:?“;?:;. SE,E.'." Lith, Description and Aemarks
1| 3472 - Dk green slightly dolomitic anhydrite
2 72.7
3| 3742.7- Anhydrite brownish translucent
4 78.7
s | 3478.7- Churned intermixed anhydrite
6 79.9 and XLINE dolamite
7| 3479.9- Anhvdrite Bn Translucent
8 80.6
9 | 3480.6- ‘ 184 + 85 0% |Bitumen|No Bluor Dolomitic limestone Buff/Dk Bn
10 85.6 Cut lor Cht F | Laminar beds € top massive beds for
" ‘ most part. Large ripple @ 82.7 -~ 2.9
12 1 op Blark le Bed|@ 83.73 XLINE/F sucrosic to 82.7 Dolamitic
e Sactosid IST |exhibith Tr Muggy @ | F sucrosic 82.7 - 85.6  Lomestones
14 | 3485.6- ' Grey green argillaceous dolamitic
15 | 3500.1 limestone. Anhydritic. Increasing
16 dolamitic anhydr towards base. Shale
1 beds @ 98.8-98.85 & 99.85-500.1
18 . Shale Dk Grey waxy
19 | 3500.1- Anhydrite gnish bn Massive
20 01.5 '
21 | 3501.5- Dolamitic limestone bedded XLINE
22 02.05 Stylolitic, anhydrite inclusions
23 | 3502.05~ Anhydrite brown massive
24 03
25 | 3503 — 7 Dolamitic limestone XLINE bedded
28 04.9 apparent vugs near top campletely
- Anhydrite infilled. Anhydrite
- filled fracture (Vert) 03.6 - 06.3
29 | 3504.9- Dolamite XLINE green anhydritic ?
a0 10.4

* UNLESS OTHERWISE NOTED DEPTH IS5 SAME AS RESISTIVITY LOG {eg. DIL OR DLL)
** RECOVERY CODE: INCHES OF RECOVERY, or
MF

MISFIRED :
50 - SHOT OFF
MT . EMPTY APP. B""G

RR - RUBBLE



C.P.179
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SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

Typs Sampler

f.ogging Job No./Aun No.

Core #3

Interval Wall Nama

Sidewall Gun Run No, 72- Daly Gas No. 1
Date Examiner o €0 o 607 mem 3537 7-18-10-27wlm
- .. HYDROCARBON SHOWS
Depth Rec. (%.0f | MC. ruerapence °°'°?“t:u: Show Lith. Description and Remarks
Intens. Color (';;ft Fluor. Aveg.
3510.4- Interbedded Gn XLINE dol & tan earthy
11.7 dol IST 10.4-10.8, 10.8-11.1 Earbhy
dol LST finely bedded, 11.1-11.7
Churned Dol LST AA Dk Bn w/Gn dol
inclusions.
3511.7- Dolamite Gn XLINE V. argillaceous
16
3516 - 16-17 earthy/XLINE dol LST buff/Bn
19.8 Minor anhydrite. Incl 17-18.7
Heavily worked dol LST earthy/sucr
Many stram fragm. Anhydrite incl
18.7-19.8 laminar bedded sucr dol
LST and anhydrite.
3519.8- Anhydrite Bn Translucent.
22.9
3522.9- Dol LST BUFF/TAN sucrosic vugs visible
29 from 25.8-28 on  20% of core face.
Anhydrite infilled fractures (two
vert) 26.9-28.8
3529 . - Anhydrite Bn/Gn
30 ‘ o
3530 - Crystalline dolamitic limestone
32 Grey Bn/Grey Green No porosity

visible

@ 3522.9 - 29

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG (eg. DIL OR DLL)

% RECOVERY CODE:

MF
50
MT
RA

INCHES OF RECOVERY, or

MISFIRED
SHOT OFF
EMPTY
RUBBLE

APP. B-7
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SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

i e IR S ™ ey cas o 1
Ot Examiner Recovery 60 of 60"  shom 3592 7-18-10-27wlm
. e HYDROCARBON SHOWS
Depth Rec. | OI | HLS: aeraspance cou:-:Ut cut Shiow Lith. Description and Remarks
% Intens. Color couft Fluor. Avg.
3532 - - Interbedded anhydrite & earthy dol
32.8 1LST XF
3532.8- Anhydrite Bn translucent
34.3
3534.4- Interbedded VF sucrosic/earthy
35.3 dol LST and anhydrite
3535.3~ Dolamitic limestone sucrosic
39.3 VF brown minor beds earthy
Dol IST @ 3536.8-37. Minor anty incl.
3539.3- Anhydrite brown translucent
41.8 1 an bed earthy/XLINE dol 1ST
@39.9 0.4' Gy Gn_earthy dol
LST @ 40.8-41.1
3531.8- Dol LST XFXLINE/sucrosic Buff/lt bn
43.3 41.8-42.7 Bedded w/Gn anhydritié °
Dol and anhydrite inclusions becaning
more massive IST @ base
3543.3~ No Shows Dark Bn/Blk Bituminous? Dolomite
44,
3544 - 30%|Lt Yell or Fluon NC NCFYF Sucrosic/XLINE dol LST Bn PP@. Some
45.4 laminar bedding apparent
3545.4- Dolamitic limestone sucrosic/XLINE
46.9 | Tr gtain| Tr §traw|yellow fluof NJ NCF' PPg 5% small vugs cn chip sample wvugs
68% [yellow oy Fluor becane apparent on core suifface
"46.5 5% of sample
3546.9- XLINE/sucrosic dol LST gy/bn  good
47.4 vuggy 4 20%
3547.4- XLINE dol IST bn Tr sucrosic some
48.1 vuggy ¢ @ top. Bituminous shale @
47.5.

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG {eg. DIL OR DLL}

** RECOVERY CODE:

50
MT
AA

INCHES OF RECOVERY, or
MF -

MISFIRED
SHOT OFF
EMPTY
RUBBLE

APP. B-8




CP 179

SIDEWALL SAMPLES AND CORES
HYDROCARBON SHOWS

o oo o/t _COT0 B 81 |™BRNY Gas o, 1
Oate Examiner 0 o 00" wen 3592 7-18-10-27wlm
- [2) HYDROCARBON SHOWS
Depth Anc, |%0il | H.C. ruerepance cg.::m Show Lith. Description and Remarks
Stain 10dor 1 o lintans.] cotor ot AR
, | 3548.1- Sucrosic/XLINE dol LST Tr FPP@ rare
2 48.5 vugs Bn anhydrite infills same
3 large vugs and a small ver fracture.
. | 3548.5- Mottled Bn and Buff Dolamitic
s 54 limestone VF Gr sucrosic buff
s F Gr sucrosic Bn No large vugs
7 E apparent. Abundant small vugs & PPg
8 on chip faces. Same small dolamite
9 replaced corals. Dolamite rhanbs
10 abundant.
11 | 3554 - ‘ Gy bn XLINE & bn sucrosic dol LST
12 61.4 extremely vuggy fram lcm to 3 or 4
13 in size. XLINE mat'l less visible g
14 than sucrosic 5 & 20% respectively
15 becames increasingly more sucrosic
16 towards base & anhyd. Infilled large
17 vugs increase w/depth. '
s | 3561.4- Mottled Bn XLINE/sucrosic & buff
19 75.2 : sucrosic dol limestone. XLINE/sucr
20 “ mat'l exhibits rare PPg & 5% vuggy
21 ¢ (small vugs) sucrosic mat'l
22 exhibit 10-15% small vuggy & &
23 abundant PP@g. Many large anhydrite.
28 : Infilled vugs throughout.
2s | 3575.2- : Gy Bn XLINE/sucrosic dolamitic lime-
26 80.3 stone very rare vuggy @ on chip faces
27 very rare PP#.
28 | 3580.3- Gy gn dense dol IST/limey dol. Same
29 92 bedding & churned appearance
30 apparent @ 80.3-81. Min anhyd incl

* UNLESS OTHERWISE NOTED DEPTH IS SAME AS RESISTIVITY LOG {eg. DIL OR DLL} throughout.
=4 QECOVERY CODE: INCHES OF RECOVERY, or

MF . MISFIRED

SO - SHOT OFF

MT - EMPTY

RR - RUBBLE APP. B-9
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DRILL STEM TEST REPORT

Nov. 2, 1976

WELL NAME: Daly Gas No. 1 DATE :
LOCATION: 7-18-10-27wlm TEST NO. : 1
TESTING COMPANY: Johnston OPERATOR ¢
FORMATICN: Duperow INTERVAL: 3050-3090
TYPE TEST: Straddle SIZE OF PACKERS: NO. OF PACKERS: 4
3
HOLE SIZE: 87 TOTAL DEPTH DRILLER: 3625 TOTAL DEPTH 10G: 1695
MUD WEIGHT: 10.0 VISCOSITY:: 50 WATER LOSS: 20
JARS: Yes SAFETY JOINT: Yes PUMPOUT SUB: Yog
TIMES (MINUTES) : PREFTOW: 5 INTTIAL SHUT IN: =~ 60
VALVE OPEN: 60 FINAL SHUT IN: 120
RECOVERY (FEET) DESCRIPTION GAS RATE - MINUTES
— MCF /DAY

________ OIL

360 __ _wATER ~ Mud Cut

.20 __ M

480 TOTAL FLUID
SAMPLE CHAMBER RECOVERY INFORMATION: Salt Water
GAS MEASUREMENT: BIOW ON PREFLOW Faint
GAS/FLUID TO SURFACE  N/A
BLOW DURING FLOW PERIOD __ Faint
TIME PRESSURE PLATE SIZE RATE DESCRIPTION OF FLOW
N

PRESSURES: (P.S.I.G.)

I.H.P. 1574 I.F.P. 90 I1.5.1.P. 1369

F.H.P. 1574 F.F.P. 192 F.S.I.P. 1318
BOTTOM HOLE TEMPERATURE NA GRAVITY OF RECOVERED OIL: NA
PREFLOW: 130 P.P.M. CHLORIDES IN RECOVERED WATER __ 64,300 NaCl

MISCELIANBOUS INFORMATTION:  Four fluid samples taken @ 480' 28,600 ppm @ 240!
44,600 ppm @ Top tool 60,7000 prm  From MFE sampler 64,300 ppm NaCl.
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DRILL STEM TEST REPORT

WELL NAME: Daly Gas No. 1 DATE : Nov. 3, 1976
LOCATION: 7-18-10-17wlm ' TEST NO.: 2
TESTING OOMPANY: Johnston OPERATOR:
FORMATION:  Souris River INTERVAL: 3545-3625
TYPE TEST: Bottam SIZE OF PACKERS:  NO. OF PACKERS: 2
3
HOLE SIZE: 87 TOTAL DEPTH DRILIER: 3625  TOTAL DEPTH LOG: 3625
MUD WEIGHT: 10.0 VISCOSITY: ~ 50 WATER IOSS: ~ 20
JARS : SAFETY JOINT: ' PUMPOUT SUB:
TIMES (MINUTES) : PREFLOW: 5 INITIAL SHUT IN: ~  @n
VALVE OPEN: 60 FINAL SHUT IN: 120
RECOVERY (FEET) ‘DESCPIPTION ‘ GAS RATE _ MINUTES
MCF /DAY
________ oI s
__ _2620' __  WATER
___180" _ wmD_
TOTAL FLUID

SAMPLE CHAMBER RPOOVERY INFORMATICN: Shipped to Corelab for analysis

GAS MEASUREMENT: BLOW ON PREFLOW Good
GAS/FLUID TO SURFACE _ None
BIOW DURING FLOW PERICD Good

TIME PRESSURE ' PIATE SIZE RATE DESCRIPTION OF FLOW

PRESSURES: (P.S.I.G.)

I.H.P. 1800 I.F.P. 245 I.S.L.P. 1522
F.H.P. 1860 F.F.P. 1471  F.S.I.P. 1522
BOTTOM HOLE TEMPERATURE GRAVITY OF RECOVERED OIL:
PREFLOW: P.P.M. CHLORIDES IN RECOVERED WATER
MISCELLANBOUS INFORMATION: 3 samples of fluid rec'd for lab analysis. #1

midpoint recovery, #2 @ 1000' ablove tool, #3 60' above tool. NaCl coomt
stabilized at approx. 250,000 ppm over bottam 1000 ft,
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DRILL STEM TEST REPORT

WELL NAME: Daly Gas No. 1 DATE: Nov. 3, 1976
LOCATiON: 7-18-10-27wlm ) TEST NO.: 3
TESTING COMPANY: Johnston OPERATOR:
FORMATION: Souris River INTERVAL: 3515-3540
TYPE TEST: Straddle SIZE OF PACKERS: 73/4"  NO. OF PACKERS: 4
HOLE SIZE: 83/4 TOTAL, DEPTH DRILLER: 3625 TOTAL DEPTH LOG: 3625
MUD WEIGHT: 10.0 VISCOSITY: - 50 WATER 1OSS: 20
JARS: Y SAFETY JOINT: Y - PUMPOUT SUB: Y
TIMES (MINUTES) ¢ PREFLOW: 5 INITIAL SHUT IN: =~ 60
VALVE OPEN: 90 FINAL SHUT IN: 180
RECOVERY (FEET) DESCRIPTION GAS RATE ~ MINUTES
- MCF /DAY
________ OIL
Apprax 10 _ _ _ WATER _ Clean, sli saline 6730 mcf/d
________ MUD o
TOTAL FLUID

SAMPLE CHAMBER RECOVERY INFORMATION:  Sent to Core Lab for analysis

GAS MEASUREMENT: BLOW ON PREFLOW Strong

GAS/FLUID TO SURFACE Gas to surface in 1 min.

BLOW DURING FLOW PERIOD 6.37 incr. to 6.73 in 35' - steady

TIME PRESSURE  PLATE SIZE RATE DESCRIPTION OF FLOW
3
5:45 pM| 1428 178 6.37 mm | Strong
3
7:00 PM 1504 1 /8 6.73 mm | Strong, sli hint of water in blow

PRESSURES: (P.S.I.G.)

1.H.P. 1829 I.F.P. 1011 ~ 1.8.I.P. 1523
F.H.P. 1829 F.F.P. 1113 F.S.I.P. 1523
BOTTCM HOLE TEMPERATURE  92°F GRAVITY OF RECOVERED OIL:
PREFLOW: 1011 P.P.M. CHLORIDES TN RECOVERED WATER

MISCELLANEOUS INFORMATION: Rec'd 10' clear water. Tested w/Refractometer @
55400 ppm NaCl. ‘
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