OILFIELD RESEARCH LABORATORIES

\ 536 NORTH HIGHLAND - CHANUTE, KANSAS 66720 - PHONE {316) 431-2650

APt: [5-155" LoSLle

July 13, 1978
r/,//

Missouri Lead & Zinc Company
1705 North Walnut
Pittsburg, Kansas 66762

Gentlemen:

Enclosed herewith is the report of the analysis of the
rotary core taken from the Hiller Lease, Well No. 2, Kansas,
and submitted to our laboratory on June 28, 1978.

¢ Your business is greatly appreciated.
Very truly yours,
OILFIELD RESEARCH LABORATORIES
Carl L. Pate

CIP:ss

Lc to Pittsburg, Kansas
lc to Chanute, Kansas

- REGISTERED ENGINEERS -

CORE ANALYSIS - WATER ANALYSIS - REPRESSURING ENGINEERING - SURVEYING & MAPPING - PROPERTY EVALUAT!ON & OPERATION
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GENERAL INFORMATION & BUMMARY

Company Missouri Tead & Zinc Company rease Hiller Well ¥o_2
Location
Section Twp Rge County. state Kansas
Name ofSand = = = = = = = = = = = w = a = = = Bartlesville
TopofCore = = = = = = = = = (.Regei.ve.(.i) e e e e = 166,0
Bottomof Core =« = = =« = = = = (.Reﬁeive.d) - = e - = 206. 3
TopofSand - - - - - - - - - (Receiwved). - - - - 177k
Bottom ofg% e = ® e e e = ® = ® ®=® & o o e = e 195.0
Total Feet of Permezble Sand - -« - =« -« ( Analyzed) - = e = 28.3
Total Feet of Floodable Sand « « =« « « « = = o « = = o = ll+. 3
Distribution of Permesble Sand:
Permeability Range Feet Cum. Pt
Millidarcys
0 - 50 8¢5 8¢5
50 - 100 10.0 18.5
100 -~ 200 5¢3 23.8
200 & above Le5 2843
Average Permeability Millidarcys « = =« = « = = o« » =« = e 106, 9
Average Percent Porosity = = = = = = « « = o ® = = = 20,6
Average Percent Oil Saturation « =« = « = =« « = o o e = o Llie 8
Average Percent Water Saturation = = « « = = = « = = e = ) ' 55 e
Average Oil Content, BbIs./A.Ft. - = = = = = o = o = = = = © 7 Tk
Total- Oil Content, Bbls./Acre - « =« =« = « & o = « =« =& = 20, 203, )
Average Percent Oil Recovery by Laboratory Flooding Tests = = o« «w = = 11 .’O
Average Oil Recovery by Laboratory Flooding Tests, Bbls./A, Ft. = « « « = - 201.
Total Oil Recovery by Laboratory Flooding Tests, Bbls./Acre = = = = = = 3,216,
Total Celculated Ofl Recovery, Bbls./Acre P.ririar.y & Wat?e?:r?flqod.ing) 4,905,

Packer Setting, Feet = = o = &« =« =« « =« =« =« o e o o o
Vlscosity, Cent!mlses @ - - - - - - - - - - - - - - -
A P.LGravity,degrees @ 60 °F « <« « = e = =« o = e o = =

Elevation, Feet = = = = = = o = = = = = = = o = =
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A fresh water mud was used as a circulating fluid in the coring
of the sand in this well. This well was drilled in a virgin area.
The core was sampled by a representative of the client.

FORMATION CORED

The detailed log of the formation cored is as follows:

Depth Interval, Description
Teet
166,00 = 1774 Gray sandy shale,
177 = 1777 Grayish brown shaly sandstone.
1777 - 184.5 Brown slightly laminated carbonaceous sandstone.
184he5 — 186.6 Light brown laminated carbonaceous shaly
sandstone.
186.,6 — 190.3 Brown slightly laminated carbonaceous shaly
- sandstone.
190.,3 - 191.3 Light brown laminated carbonaceous shaly sandstone,
191.3 - 200.0 Brown carbonaceous shaly sandstone.
200,0 - 200.6 Gray calcareous shaly sandstone.
200.6 - 206.3 Brown slightly carbonaceous shaly sandstone.

Coring was started at a depth of 166.0 feet in gray sandy shale
and completed at 206.3 feet in brown slightly carbonaceous shaly
sandstone. This core shows a total of 28,9 feet of sandstone. For .
the most part, the pay is made up of brown slightly carbonaceous to

carbonaceous shaly sandstonee.

PERMEABILITY

For the sake of distribution, the core was divided into three

sections. The weighted average permeability of the upper, middle and
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lower sections is 228.9, 88.3 and A4L4.l millidarcys respectively;
the overall average being 106.9 (See Table III). By observing the
data given on the coregraph, it is noticeable that the sand has a
very irregular permeability profile. The permeability of the sand
varies from 6.0 to a maximum of 346 millidarcys..

PERCENT SATURATION & OIL CONTENT

The sand in this core shows a good weighted average percent oil
saturation, namely, 4L4.8. The weighted average percent oil saturation
of thé upper, middle and lower sections is 518, L45.1 and 37.1 respect—_
ivelye. Thé weighted average percent water saturation of the upper,
middle and lower sections is 19.6, 35.7.and 47.0 respectively; the
overall average being 35.9 (See Table I11). This gives an overall
weighted average total fluid saturation of 80.7 percent. This fairly
low total fluid saturation indicates that some fluid was lost during
coring “which was probably oil.

The weighted average oil content of the upper, middle and lower
sections is 958, 728 and 538 barrels per acre foot respectively;
the overall average being 7lh. The total oil content, as shown by
this core, is 20,203 barrels per acre of which 14,443 barrels are in
the pay sand section. (See Table III).

LABORATORY FILOODING TESTS

Part of the sand in this core responded fairly well to laboratory
flooding tests, as a total recovery of 3,216 barrels of oil per

acre was obtained from 16.0 feet of sand. The weighted average per-

cent oil saturation was reduced from 48.5 to 37.5, or represents a
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Tuy 13,2958
-l -
average recovery of 11.0 percent. The weighted average effective
permeability of the samples is 16,28 millidarcys, while the average
initial fluid production pressure is 16.1 pounds per square inch
(See Table V).

By observing the data given in Table IV, you will note that of
the 21 samples tested, 18 produced water and i6 oile This indicates
that approximately 34 percent of the sand represented by these
samples is floodable pay sand.

CONCILUSION

From a study of the above data we estimate approximatley 4,905
barrels of oil per acre can be recovered from the sand reservoir,
represented by this core, by efficient primary and waterflood opera-—
tions provided the injected water can be confined to the pay sand
section (177.4 to 195.0 feet). The following data and assuﬁptions

were used in calculating the above oil recovery value:

Original formation volume factor 1.0%/Q4%3
Irreducible water saturation, percent 18.O/A$5:O
Primary recovery None
Present oil saturation, percent 8l.2 N
Average porosity, percent 2245 /?9.8
0il saturation after flooding, percent 37.@/!33;9
Performance factor , V 0.45

Net floodable pay sand, feet 143 //9)6

The core shows a fairly clean pay sand section having a good oil
saturation, a rather low water saturation and a good permeability

and porositye.
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RESULTS OF SATURATION & PERMEABILITY TESTS

TABLE 1-B
Company Missouri lead & Zinc Gompany Lease Hiller well No. 2
Sample Effectiv7< Percent Saturation 0il Content Perm. / Feet of Sand Total Oil Perm.
Porosit A ! ! apacity
No. Petcenz 0il Wate)-)&‘ Totzl Bbls. /A Ft. Mill. X Ft. Cum. Ft. Content g‘t,px E{i
1  13ad | 56 88 333 Ols 0.3 | 043 100 __28,20 1
2 2245 17 62 787 169. 1.3\\ 1.6 1023 219,701 7"
3 (5) 2k 7 19 | 61 807 153. 3) |[ 1.0 } 2.6 807 153,00
: SRURINARRE ROR O S FE A P
LRV IR L o\ ) ) °
6 25,674 20 69 | 956531 | LB\ 1.0 ) 5.6 | 95640 3i6.001
- 7 22,6 % 261 8L TO19 28he” | \LeS5A Tl 1528 126,00
8 204 7 33 76 | 692 [ 723 O, v L15 L3.20
9 20,7 32 79 757 DSl 0.9 | 8.6 681 51,30
10 2042 1O 87 738 128, 0.6 | 9.2 A3 76480
11 22,8 | _ Jd 80 {780 115, 1.4 110.6 1092 161,00}
T2 20.0 3 |86 | 669  |._226, 1.0 (11,6 669 |226.,00
13 226 14 39 77 817 90, 1.3 {12.9 1062 117.00
14 16.7 Ll 82 492 69. 1.0 |13.9 492 69400
15 207 36 84 771 71 Oe7 |1heb 540 49,70
16 204 L 32 85 839 21, 1.0 15.6 839 21,00
17 204 4 33 77 696 59 1.0 | 1646 696 59,00
18 21,4 36 79 71h 53 1.0 [17.6 71L 53,00
19 2047 43 79 578 39. 1.0 [18.6 578 39,00
20 1844 Ly 83 557 12. 1.0 |19.6 557 12,00
21 20, 2 L5 81 561 39. 1.0 |20, 561, 39,00
22 19.1 35 82 696 .0 1.0 | 21.6 696 6,00
23 18, L6 86 587 28, 1.0 [ 22.6 587 28,00
2L, 10. 5 62 82 163 38, 0.5 | 23,1 81 19.00
25 184 L4 52 85 471 764 0.9 | 24.0 L2l 68440
26 17.6 L8 88 546 57 0.9 | 24.9 491 51,30
27 16.6 5l 24 515 7o 1.1 |26.0 566 81.40
28 19.9 43 9 01 32, 1.0 | 27.0 01 32,00
29 19.7 51 92 27 The 1.3 2g.3 15 96420
&Y/ & 867 ' 2692
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SUMMARY OF PERMEABILITY & SATURATION TESTS

TABLE I
Company — Missouri—Lead-&Zinc Company Lease Hiller Well No. 2
Depth Interval, Feet of Core Average Permeability
Feet Analyzed Permeability, Capacity
Millidarcys Ft. x Md.
1776k = 1845 7ol 228,9 1,624.90
1814—.5 - 19500 lOe5 88.3 927000
195,0 = 206,.3 10.7 Lol L7230
177k = 20643 2843 106._9 3,024, 20
Depth Interval, Feet of Core Average Average Average Average Total Oil
Feet i Analyzed Percent Percent Oil Percent Water 0Oil Content Content
Porosity Saturation Saturation Bbl./A. Ft. Bbls./Acre
177.14- hand 1814».5 7:1 2306 51.8 19.6 958 69800
18Le5 = 195.0 10.5 20,7 k501 357 728 79643
195,0 = 20643 10.7 18,6 37.1 1740 538 5,760
177k = 20643 2843 20.6 Llo8 3549 yann 20,203



T RESULTS OF LABORATORY FLOODING TESTS . . -

TABLE IV
Company _Missouri Tead & Zinc Company Lease _Hiller Well No. __2
Sample Depth Effective Original Oil Saturation Oil Recovery Residual Saturation Vol‘l).}me Eftective Il?lig%l
No. Feet | Porosity Water Permeabi Production
Percent % Bbls./A. Ft. % Bbls./A. Ft. %}( % Bbls./A. Ft. | Recovered Millidarcys®**® Pressure
O Water ce® Lbs./Saq./In.
e |1 17746 15,3 | 32 | 380 | .5 59 LD 66 | 321 322 12,91 | 15 |)s
2 1785 23.L | L5_| 806 1144 197 D 61 609 396 26455 15
3 1795 25,6 | 42 1 834 13va| 258 25 65 576 163 19.99 15
L 180, 5 2L.6 | 67 | 1279 3242 611 , :% 62 668 439 20482 10 |y
IXS| 5 181.5 2L.8 1 56 | 1077 | 18s2a| 3146 3| 57 | 731
6 182.5 2L,0 | 48 894 16333 298 % 63 596
7. .0 183.5 | 2h,3| 58 11093 | 25431 A71 3 6L | 622
8 18L.," 2oL |3 ke [T 7R 122 'Eg =56 |—626
9 18545 L5 | [ 47 | 784 |, 6% 100 : 57 | 068k
10 186.5 20.2 | (47 738 10 O L7 LO 738
11 18745 23.2 | | 792 |Lu g 72 INe) 56 720
12 138. 5 19,1 | 43 638 2 ﬁg z% 15»(6) g@ﬁ
— )13 18945 217 | b7 | 792 7 _67h
T, 190.5 | 16,7 38|59 U [ 0|38 Lk | 492
15 191.5 20,6 | L8 767 3 L8 L5 L5 719
16 192.5 20. 4 53 839 10 158 L3 57 681
17 193.5 RL.7 | L 7hl 3 51 41 56 690
18 1945 21.3 L3 711 2 33 L1 55 678
19 195.5 20.3 37 583 0 0 37 5k 583
20 196.5 18.4 1 39 557 0 0 39 Ll 557
21 197.5 204 | 34 538 0 0] 3L 54 538
\.\%ﬁod.?
3
Vs

Notes: co—cubic centimeteor.

s_Volume of water recovered at the time of maximum oil recovery.
*o__Dotermined by passing water through sample which still contains rezldual oil.
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SUMMARY OF LABORATORY FLOODING TESTS

TABLE V
Company__Missouri Tead & Zinc Company Lease Hiller Well No 2
Depth Interval, Feet 177k = 18445 184e5 = 19540 1774 = 195.0
Feet of Core Analyzed 7.1 8.9 16.0
Average Percent Porosity 23.9 2Ll 2245
Average Percent Original Oil Saturation 51,8 L5.8 L84 5

| Average Percent Oil Recovery 18.6 Le9 11,0
Average Percent Residual Oil Saturation 33,2 4£0e9 375
Average Percent Residual Water Saturation 6243 53¢l 572
Average Percent Total Residual Fluid Saturation 9545 94,0 OLe7
Average Original Oil Content, Bbls./A. Ft. 970, 759, 8534
Average Oil Recovery, Bbls./A, Ft. 351, 81, 201,
Average Residual Oil Content, Bbls./A. Ft. 619, 678, 652,
Total Original Oil Content, Bbls./Acre 6,885, 6,759, 13,6Lk,
Total Oil Recovery, Bbls./Acre 2.493, 723, 3,216,
Total Residual Oil Content, Bbls./Acre 1,392, 6,036, 10,428,
Average Effective Permesbility, Millidarcys ' 25,05 9,28 16,28
Average Initial Fluld Production Pressure, p.s.. 12,5 18.9 16,1

NOTE: Only those samples which recovered oil were used In caleculating
the above averages.
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