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CRA , Incor por ated 
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Gentlemen : 

Enclo s ed herewith is the report of the analysis 
of the Ro t ary core taken from the Woodward Lease, 
Well No . 9, Bourbon County, Kansas, and submitted to 
our labor a tory on November 20, 1965 . 

Your business is greatly appreciated. 

Very truly yours , 

OILFIELD RESEARCH LABORATORIES 

• Carl L . Pate 
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2 c . - Muskogee, Oklahoma 
1 c. - Roy Wood 
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Oilfield Research Laboratories 
GENERAL INFORMATION & S'IJMMA.BY 

Company _ __,;C;..;;R;.;;;A~-=I::;.;:n.;:.c...;.. _________ Leas-e __ w_o_o_d_w_a_r_d _____ Well No, __ 9 __ 

1000 1 SNL & 990 1 WEL, NW¼ Location 

Section 13 Twp 25S Rge 21E B~urb~n Kansas County ____ .., ___ .., ____ State 

Name of Sand 

Top ot Core -

Bottom ot Core - - -
Pay 

Top o(Sand - • - -
Pay 

Bottom of Sand • • • 

Total Feet of Permeable Sand - - - • 
Pay 

Total Feet ot Floodabl/ Sand - • 

Diatribution of Permeable Sand: 
Permeability Rani• 

Millldareya 
Cum. n, 

0 - 5 
5 - 25 

25 - 50 
50 - 100 

100 - 150 
150 & above 

l0o5 
Sol 
4 . 9 
3.0 
4 . 5 
2o5 

Avera,e Permeability MiWdareya - • - - • 

Avera,e Percent Poroaity - • - - - • 

Avera1e Percent 011 Saturation - - - -

l0o5 
15.6 
20o5 
23 o5 
28 . 0 
30.5 

Averqe Percent Water Saturation • - - - - - - - - -
Averqe 011 Content, Bbla./A. Ft. - - • • • • • • .. • • • • 

Total 011 Content, Bbla./Acre - -

Averqe Percent 011 Recovery by Laboratory Floodin, Teata - • • 

Averqe 011 Recovery by Laboratory Floodinl Teata, Bbla./A. n. 

- . -
Total 011 Recovery by Laboratory r1ood1n, Testa, Bbla./ Acre • • • • 

Total Calculated 011 Recovery, Bbla./Acre . (J:ri.,!Ila!'y _& _5efO~d~ry) . 

Packer Bettini, Feet - - - - - - - - - - - - - -
Vllcoa1ty, Centipoitel @ - • • - - - - - - - • - -

A. P. I. Gravity, de,ree1 @ 80 •F • 

Elevation, J'eet • - - - - - • 

Bartlesville 

638.0 
682.0 ./ 

660.5 
673.0 

30.5 

10.5 

49.9 
19.3 
31.5 

37-.7 

483. 

16, 770·. 

16.0 
261 .. 

2,480. 
4,065. 
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A water base mud was used as a circulating fluid in the coring of 

the sand in this well. This well was drill~d in a virgin area. The 

core was sampled by an employee of Oilfield Resear·ch Laberatories. 

FORMATION CORED 

The detailed log of the formation cored is as fellews,: 

Depth Interval, Description 
Feet 

638.0 - 641.7 - Sandy shale . 

641.7 - 660.0 - Grayish light brown, shaly sandstone . 

660.0 - 673.0 - Brown, slightly laminated, slightly shaly sandstone. 

673.0 - 678.4 - Dark, carbonaceous , slightly shaly sandstene. 

678.4 682.0 Laminated sandy shale. 

Coring was started at a depth of 638 . 0 feet in grayish light brown, 

shaly sandstone and c'ompleted at 682 . 0 feet in laminated sandy shale. 

This core shows a total of 36 . 7 feet of sandstone . Fer the most part, 

the pay is made up of brown, slightly laminated, shaly sandstone. 

PERMEABILITY 

For ·the sake of distribution , the core was divided into three sec-

tions. The weighted average permeability of the upper, middle and lower 

sections is 30.4, 104 . 6 and 5 . 5 millidarcys respectively; the overall 

average being 49.9 (See Table III) . By observing the data given on the 

coregraph, it is noticeable that the sand has a very irregular permea-

bility profile. The permeability of the sand varies from 0.24 to a 

maximum of 407. millidarcys • 

PERCENT SATURATION & OIL CONTENT 

The sand in this core shows a fair weighted average percent oil 



-3-
' saturation, namely, 31.5 . The weighted average percent oil saturati0n 

of the upper, middle and lower secti0ns is 21.5, 39.3 and 43.2 respect-

ively. The weighted average percent water saturati0n of the upper, 

middle and lower sections is 49.0, 27.2 and 25 .1 respectively; the over-

all average being 37 . 7 (See Table III). This gives an ever-all weighted 

average tot-al fluid saturation of 69.2 percent. This low tetal fluid 

saturation indicates considerable fluid was lost during coring .which 

was probably oil. 

The weighted average oil content 0f the upper, middle ·and lewer 

sec t i ons is 300, 624 and 700 barrels per acre f00t respectively; the 

overall average being 483. The t0tal 0il content, as shewn by this 

core, is 16, 770 barrels per acre of which 8,110 barrels are in the ·pay 

s and section (See Table III) . 

LABORATORY FLOODING TESTS 

Part of the sand i.n this core responded very well t0 lab0rat0ry 

flooding tests, as a t0tal recovery 0f 2,480 barrels 0f oil per acre 

was obtained fr0m 9.5 feet 0f sand . The weighted average percent 0il 

saturati0n was reduced from 43 . 4 t0 27 . 4 , er re·presents an average re-

c0very of 16 . 0 percent. The weighted average effective permeability 

of the samples is 2 . 29 millidarcys, while the average initial fluid 

production pressure is 27 . 0 p0unds per square inch (See Table V). 

By 0bserving. the data given in Table IV, y0u will n0te that 0f the 

34 samples tested, 22 produced water and 10 0il. This indicates that 

appr0ximately ·29 percent 0f the sand represented by these samples is 

floodable pay sand. The tests also indicate that the pay sand secti0n 

extends fr0m a depth 0f 660.3 to 673 . 0 feet . 
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CONCLUSION 

From a study of the above data, we estimate that approximately 

4,065 barrels of oil per acre or an average of 387 barrels per acre 

foot can be recovered from the area, represented by this core, by 

efficient primary and water-flood operations. The following data and 

assumptions were used in calculating the above oil recovery value: 

Original formation volume factor 

Irreducible water saturation, percent 

Past primary recovery, percent 

Present oil saturation, percent 

Average porosity, percent 

Oil saturation after flooding, percent 

Performance factor 

Net floodable pay sand, feet 

1.05 

18.0 

.None 

79.6 

19.S 

27.4 

0.50 

10.S 

This core shows a rather clean pay sand section (660.S - 673.0 

feet) having a good oil saturation, a comparatively low water satura-

tion and a rather wide variation in permeability. Apparently, the zone 

extending from 641.7 to 673 . 0 feet is, more or less, gas sand; while 

that extending from a depth of 673.0 to 678 . 4 is not floodable. There 

is a low permeability layer separating the oil and gas sand sections. 



Oilfield Research Laboratories 

RESULTS OF SAnJRA TION & PERMEABILITY TESTS 

TABLE 1-B 

Company CRA, Inc . Lease Woodward Well No. 9 

Sample Depth, Effective Peteent Saturation Oil Content Penn., Feet of Sand Total Oil Perm. 
Porosity 

Bbls. / A Ft. Mill. Content Capacity 
No. Feet Percent Oil Water Total Ft. Cum. Ft. Ft. X md. 

1 642 . 2 17 .9 19 45 64 264 1.6 1 .0 1.0 264 1.60 
2 643 . 2 18 . 5 ts 38 56 258 11 . l cl 2.1 284 1.21 
3 644 . 4 17 . 9 14 46 60 195 2.1 1 . 2 3 .3 234 2.52 
4 , 645 . 6 14 .5 28 64 92 316 2 . 5 0 . 9 4 . 2 285 2.25 
5 646 . 2 18 .3 11 -52 63 157 39 . 1 .1 5 .3 173 42 . 90 
6 _'. 648 . 2 18 . 8 11 50 61 161 71. 1.0 6 .3 161 71 . 00 
7 649 . 8 15 . 5 26 52 78 313 1.2 1 . 0 7. 3 313 1 . 20 
8 6 51 . 5 17 . 4 15 69 84 203 135 . 1 .0 8.3 203 135 . 00 
9 652 . 5 22 . 9 17 39 56 302 25 0 1 .0 9 . 3 302 25 . 00 

10 653 . 5 20 . 4 18 42 60 c.) 285 31. 1 . 0 10 . 3 285 31 . 00 
F-11 654 . 4 16 . 8 19 - - 248 - 0 .5 10 .8 124 -

11 ·- 654 . 6 17 . 9 19 45 64 264 109 . 0 . 5 11 . 3 132 54 . 50 
12 655 . 5 21 . 1 22 39 61 361 65 . 1.0 12.3 361 65 . 00 
13 656 . 4 20 . 2 30 36 66 471 36 . 0 ., 5 - 12.8 235 18 . 00 - -- - 377 F-13 656 . 6 18 .o- 27 ; 0 . 5 13 . 3 188 - - ' - --14 - ~ 657 .5 18 .5 30 40 70 431 12 .. 1.0 14 . 3 431 12 . 00 · 
15 658.5 15 .7 31 56 87 378 0 . 71 1 . 0 15.3 378 0 . 71 
16 J 659.5 16 .7 27 48 75 350 0 . 62 1 . 0 16.3 350 0 . 62 
17 660.4 18.3 25 34 59 355 1.5 0 . 5 16.8 177 0 . 75 ·- ..... i-- J,,_ ... F-17 660 . 6 18 . 6 34 - - 490 - 1 .2 18.0 588 - -
18 • t- 662.5 18 . 3 33 42 75 469 28 . 1.3 19.3 610 36 . 40 
19 663.5 20.7 39 29 68 626 20. 1 . 0 20.3 626 20.00 
20 664.5 19.8 44 29 73 676 102. 1.0 21.3 676 102.00 

F-21 665.4 19 . 2 42 - - 625 - 0 . 5 21.8 312 -



Oilfield ReNmch Laboratories 

RESULTS CF SAroRA TION & PERIIEABIUTY TESTS 

TABLEl-eB 

Company CRA , Inc • Lease Wo_odward Well No. __ 9 __ _ 

Sample Depth, Effective Percent Sataration Oil Coateat Pema .• l-'eetof~ Total Oil Perm. 

No. Feet 
PcilOsity 

BbJs./A~ Content Capacity 
Pacent on Water Total Ft. Cam. Ft. Ft. X md. 

21 665 . 6 18 . 7 29 39 68 421 55. 0 . 5 22 . 3 210 27 . 50 
F-22 666 . 4 18 . 7 30 - - 435 - 0 . 5 22 . 8 218 -

22 666 . 6 20 . 9 24 41 65 390 71 . Oc5 23 . 3 195 35 . 50 
23 667 . 5 23 o7 51 - 21 72 940 115 . 1.0 24.3 940 115 . 00 
24 ' 668 . 5 l9 a0 55 29 84 812 170 . 1 . 0 25 . 3 812 170 a00 

F- 25 669 . 4 , 20 . 1 41 - - 639 - Oo5 25 . 8 319 -
25 669 . 6 19 . 8 33 31 64 508 7 06 Oo5 26 . 3 254 3 .80 

F- 26 670 . 4 19 . 3 41 - - 614 - Oa5 26 . 8 307 -
26 670 . 6 22 . l 39 15 54 669 407 0 0 . 5 27. 3 334 203 . 50 
27 671 . 5 2l o2 49 23 72 809 210 . · 1 . 0 28 . 3 809 210 . 00 
28 672 . 5 23 . 6 49 18 67 900 101 . 1.0 29 . 3 900 101 . 00 
29 673 . 5 19 . 4 35 30 65 529 11 . 1 . 0 · 30 . 3 529 11 . 00 
30 674 . 5 ...- 20 . 3 44 26 70 695 13 . l ... Q_ 31 . 3 . • 695 13 . 00 
31 675 . 5 21 . 1 49 20 69 804 2 . 7 1 . 0 32 . 3 804 2.70 
32 686.5 21 . 9 48 20 68 816 1 . 6 1.0 33 . 3 816 1.60 ; 
33 677 . 5 22 . 1 46 20 66 789 1 . 9 0 . 8 34.1 631 1 . 52 
34 678.2 19 . 2 34 39 73 508 0 . 24 0 . 6 34 . 7 305 0 .14 

Total- - ---- --16,770 -· 
- -

-
.. •. 



Company CRA, Inc. 

Depth Interval, 
Feet 

641 . 7 = 660 . S 

661 .7 - 673 . 0 

673 . 0 - 678 . 4 

641 . 7 - 678 . 4 

Depth Interval, Feet ot Core 
Feet Analy7.ed 

641 . 7 - 660 . 5 16 . 3 

660 . 5 - 673 . 0 13 . 0 

673 . 0 - 678 . 4 5.4 

641 . 7 - 678.4 34 . 7 

Oilfield Research Laboratories 
SUMMABY OF PEBMBABILITY & SATURATION TESTS 

TABLE m 

Lease Weodward 

Feet of Core Average 
Analyzed Permeability, 

Millidarcys 

15 . 3 30 . 4 

9 .8 104 . 6 

5 . 4 5 . 5 

30 . 5 49 . 9 

Average Average Average 
Percent Percent Oil Percent Water 
Porosity Saturation Saturation 

18 . 7 21 . 5 49 . 0 
19 . 5 39 . 3 27 . 2 
20 .7 43 . 2 25 .1 

19 . 3 31 . 5 37.7 

Well No. 9 

Permeability 
Capacity 

Ft. X Md. 

465 . 26 

1,025 . 45 

29 . 96 

1,520067 

Average Total Oil 
Oil Content Content 
Bbl.IA Ft. Bbls./Acre 

300 4,880 -
624 8,110 

700 3,780 

483 16,770 



Ollield lwardl l.allOlatmiel 

mm.n - necJlllm ... ..... 
OamP12'7 CRA, Inc e 1.- Woodward WelllfD. __ 9 ______ _ 

OdllmlOOSalutallnn ()QPe, MS~ Saop Deplb, Jllleeltte • Ro. Peet Pcawlb 
Pm.- 1' BblL/A.l'I. 1' IIIIIIL/A.l'I. 

1 642 . 2 17 . 4 15 202 0 0 
2 643.2 18 el 16 225 0 0 
3 644 . 4 18 . 2 12 169 0 0 
4 645 . 6 14 ol 24 262 0 0 
5 646 . 2 18 . 8 12 175 0 0 
6 648 . 2 19 o0 8 118 0 0 
7 649 . 8 15 .1 23 269 0 0 
8 651 . 5 17 . 8 16 221 0 0 
9 652 . 5 22 . 6 15 263 0 0 

10 653 . 5 20 o9 15 243 · O 0 
11 654.4 16 . 8 19 248 0 0 
12 655 . 5 20 . 9 19 308 0 0 
13 656 . 6 18 . 0 27 377 0 0 
14 657 . 5 18.6 26 375 0 0 
15 658 . 5 15.3 28 332 0 0 
16 659 .-5 16 . 2 25 314 0 0 
17 660 . 6 18 . 6 34 490 8 115 
18 662.5 17 . 8 33 456 1 14 
19 663 .. s 21.1 39 638 14 229 
20 664.5 20.2 44 689 18 282 
21 665.4 19.2 42 625 15 223 
22 666.4 18o7 30 435 0 0 
23 667.5 23 . 2 51 918 26 468 
24 668.5 19.4 55 827 28 421 . 

1'clllllll: .. • ...... , rtr. 
._Volume o1..- i...,aeil Ille. tilDe o,r - • -uca;. 

....................... ,....11111 ·1 2h I Stu: 

B IIINISa__.,._. Vo1ama lallla1 
of ...... 1'11114 .... - Pllall_._ 

1' 1' BblL/ A. l'I. ........ IIDJMp ., ... w~--.;.. OD ..... .. 
15 65 202 0 Imp . = 
16 63 225 30 0 0800 35 
12 80 169 34 0 0777 30 
24 72 262 0 Imp o -
12 80 175 236 8 . 40 20 

8 69 118 41 0 0800 30 
23 61 269 0 Imp . -
16 75 221 194 3.70 20 
15 74 263 24-l 16 . 24 20 
15 77 243 233 17 . 49 20 
19 61 248 -8 0 . 200 45 
19 73 308 239 12 . 65 20 
27 64 377 7 0.300 40 
26 67 375 58 l o70 25 
28 64 332 0 Imp o. -
25 55 314 0 Imp. -
26 64 375 13 0 . 500 30 
32 54 442 3 0 . 200 50 
25 59 409 58 1 . 40 20 
26 67 407 75 2.30 20 
27 67 402 29 0.800 20 
30 54 435 0 Imp. -
25 60 450 40 1.70 25 
27 66 406 232 10.70 20 



D8UL'l'8 or r.uoauaar n.oGIJIMU.....,. 
TABl.llff 

,-.._ --~/ 

CRA. Inc . r.... Woodward 1NlJID. __ 9 _____ _ 
0omDAJ' ------------------------

Valmw Jlllllal Od81m10ll8aturallon Olla.ova, B 11..._JSatar....., S8IDllle Depth, ...... af ....... 111114 
Ro. Peet Pcawlv .... la ..._ 

Pm.at " Bbla./A.J't. " Bbla./ A. J't. " " Bbl&/A.J't. ......... IIPl+s.,,,,,. ll!il L 8 
Oil .... _. ,,.._ __ -

25 669 . 4 20 . l 41 639 14 218 27 70 421 47 1 . 40 20 
26 670 . 4 19 . 3 41 614 0 0 41 47 614 0 Imp . -
27 671 . 5 20 oS 49 790 18 290 31 60 500 48 1.50 30 
28 672 . 5 23 . 2 49 882 23 414 26 61 468 70 2 . 20 20 
29 673 . 5 19 . l -33 489 0 0 33 36 4:39 0 Imp . -
30 674 . 5 19 o9 41 633 0 0 41 37 633 4 0 . 200 so 
31 675 . 5 20 . 9 45 730 0 0 45 28 730 0 Imp . -
32 676 . 5 21 . 6 44 738 0 0 44 27 738 0 Imp . -
33 677 . 5 21 . 7 43 724 0 0 43 29 724 , 0 Imp . -
34 678 . 2 19 c6 32 486 0 0 32 45 486 0 Imp . -

. 

1'otlll: OD «1b'e M 1115 Ill. 

._Volulm ol watm ICWU&ud d .. - of - I A I .. •-sas. 
"--n.1&1Dimdb7...-. ..................................... ... 



Oilfield Research Laboratories 
8UMMABY OF LABOJlATOJlY FLOODING TESTS 

TABLE V 

Company CRA, Inc• Woodwar d 
------------------------ ... Leu.,.,..,'""-----~---------

Depth Interval, Feet 660 . S 673 , 0 

Feet of Core Analyzed 

Averaae Percent Porosity 

Average Percent Original Oil Saturation 

Average Percent Oil Recovery 

Average Percent Residual Oil Saturation 

A'ftl'8&'e Percent Residual Water Saturation 

Aftl'IIP Percent Total Residual Fluid Saturation 

Average Original Oil Content, Bbls./ A. l't. 

Average Oil Recovery, Bbls./ A. ft. 

Average Residual Oil Content, Bbls./A. Ft. 

Total Original Oil Content, Bbls./ Acre 

Total Oil Recovery, Bbls./ Acre 

Total Residual Oil Content, Bbls./ Acre 

Awrqe Effective Permeability, Millldarcys 

Averqe Initial J'luld Production Pressure, p.s.i. 

NOTE: Only those samples which recovered oil were used in ealculatina 
the above averages. 

9 . 5 

20 , 2 

43 , 4 

16 . 0 

27 . 4 

62 , 0 

99 , 4 

690 0 

2..6.L 
429 . 

6 , 556 , 
2 1480 . 

4 , 076 . 

2 . 29 

27 . 0 

Well No 9 ----~ 




