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Permeability and Porosity Data

Whole Core

Depth, Porosity,

Sample Air Pérmeability,
Number Feet " Millidarcies Per Cent

Gray Shale

8 . 2725 0. 006 0.9

1 2750 0. 004 1.3
2 2885'6" 0. 006 1.6
9 e 2930 0. 001 0.4
B RO e i T WA TR Wovgly

Grain _
Density, gm/cc

2.63

2.75

2,73
2,65

Brown S‘h‘a.le

I T ..ﬁ.w;ff— =,
&13 L_.L-—-;\-:*MJ-&Q:O*.;L_; ok S

10 3480'6" 0. 6
11 13495 - 0.2 .
12 35856 0,023 0.5

§ 4 e O T S R A
White Slate - o

3660
3825'6)
38656
3875
38956
3930'6"

18
15
16
19
17

0. 0002
0. 0006
0. 0002
0. 015
0. 0002
0. 0025

Marcellus
20 - . 3950%" 0. 001 4
48A 4000 0. 00028 0. 16
49A - 402076 0. 00025 0. 21

These analyses. opfnians or interpretations are based on observations and material supplied by the client to wham, and for whose exclusive and confidential use,

The interpretations or opinions expressed represent the best judgment of Core Laboratories,
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Formation Factor Data

Resistivity of Saturating Br.ina, Ohm-Meters: 0,203 @ 75°F,

Sample. B . Porosity‘; ' | Formation
Number _ Per Cent ' Factor
Gray Sha}e .
25 - 0. 4 58,3 . i

23 § .z . . - 417

Brown Shale ' - : ‘ : ey

" 32 . 0.2 1292
49 0.4 1009

White Slate

35 0.3 o  48.1
37 ' o 3.4 | 72. 4
" Marcellus
43 1.3 309 - o
45 06 39.7 S
v,

nalyses, opinions or interpretntions are based on observations and material wupplied by the cllent to whom, and for whose exclusive and confidential wse,

boratories, Inc. and ity officers mnd employe=, nssums ho responsibility and make no warranty or represantations as to the productivity, proper opera= g
profitableness of any oil, gus or other minei well or sand in connsctlon with which such report is used or relied upon, * Wb
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Acoustic Velocity Data

N Gray Shale "Brown Shale White Slate’ Marcellus
Sample Number: 9V 11V 29V 28V 34V 33v 40V 39V

Porosity, Per Cent: | 1.0 0.9 ' 0.3 '0. 1 1.3 0.5 ‘ 1.1- '0_ 7

Effective Overburden

Pressure, PSI Transit Time, Micro-Seconds/Ft.,

300 80.9 79.3 66.7 67.1 93.9 94,8 92.2 93,5 Pt
600 80.1 77,9 66,1 -65.7 93.6  94.4 91.1 91.2 o
900 ' 79.2 76,2

1000 ‘ ‘ 65.5 64.3 92.7 93.9 90.6 88.8 -
1200 77.5 75.3 o o
1500 76.6  74.5 64.9 63.4 91,9 93.5 89.6 86.9

2000 | 64.3  62.9  91.5 93,1 89.1 85.9

These analyses. opinions or interpretations are based on obs:rvations and material supplied by the clieat to whom. and for whose exclusive and confidentinl use, . -
thia reponyiu rnm?e. The int:zr'pr?utiom or opinions expressal tepresent the best judgment of Core Laboretories. Ine, fall errors and omissjons excepted): but . bt
Core Laboratories, Inc, and its officers and employess, nssume no responsibility and make no warranty or representations us to the productivity, proper epern-
tion, or profitableness of any oil. gns or other mineral well or sand in connection with which such report is ured or relied ugon.
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-Liguid Permeability Data

Brown Shale

Sample Number:__ 30 Porosity, Per Cent: 0.5

Air Permeability, Md.: 0,41

~ Liquid _ Throughput, Liquid/Air -
. Permeability, Md. Pore Volumes Permeability Ratio -l

3% Potassium Cliloride Solution

P <0.0000009 (estimated) .\
: (No Flow after 50 hours @ 5000 PSI)

: 3
Thera analyses, opinicns or Interpretationn are based on obzarvations and materinl supptied by the client to whom, and for whose excluaive end confidensial usa,
this report is made, The interpretations or oplnions expressed represent the best judgment of Coré Labortories. Ine. (all errors and omismions exerpted); but |
Core Laboratorios. Ine. and ita officers and employeas, nanume no reaponsibility and make no warrsnty or representations as to the productivicy, proper opacna
tion, or profituhleneas of nny oll, gns or other 1o'neral well or sand In connection with which auch report In used or relled upon. .

o e e
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Liguid Permeability Data ' o ’,
Brown Shale . e - - |
Sample Number: 50 ‘ Porosity, Per Cent: 0, 4

Air Permeabillity, Md.: 0,01

Liquid Throughput, N . Liquid/Air
Permeability, Md. . Pore Volumes - Permeability Ratio

3% Potassium Chloride Solution

<0, 0000009 (estimated) .
(No Flow after 43 hours @ 5000 PSI)

N I I

e

Thess analyses. opinions or inteypretations sre based on obssrvationa nnd materia) supplied by the client to whom, and for whose exclusive and confidential nsa,
this report 18 meds, The interpretations or opinfons expressed represent the best judgment of Core Laborataries, Ine. (all errors and omissions axveptad}; but
Core Laboratrrizs, Inc, and its officars and employees, nssume no responslibility and make no warrenty or representations as to.the productivity, proper opara- .
tler, or profit«hleness of sny oll, gus or other minaral well or sand In conpection with which such report 1» ured or reled upon, '
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1

Liquid Permeability Data

Brown Shale .

'Samp le Number: 3¢

Porosity, Per Cent: 0.7
Air Permeability, Md.: 0.01

Liguid
Permeability, Md.

Throughpﬁtp . _' Liquid/Air .
Pore Volumes Permeability Ratio

3% Potassium Chloride Solution

(Testing Diécontinued - Sample Fractured)

These snalynes, opinions or lntex-pregalionl are based on obaervations and material supplied by the clisat to whorm, n
this report’is mads. The interpretations or optnions expressed represent the beat judgment of Core La
Core Laboratories, Inp, and ita officers and employees, A3yume no responsidillt

tlon, pr profitublencss of any olf, gas or other mineral well or sapd In connsctl

.

nd for whoss exclusive and confidential usa, b
torotories, Ine. (nl! errors and ominslons axvepted): but ! ‘
y and make no warraniy or vepressntations as o the productivity, proper opern- |
on with which such r+y 12 s used or relied upan, S
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Liguid Perrneability Data

White Slate

Safnple Number:_ 48 : . Porosi'ty,- Per Cent: 1.2 -

- Aix Permeability, Md.: 1.3

Liguid Throughput, ‘ Liquid/Air |
. Permeability, Md. Pore Volumes ‘ Permeability Ratio

3% ‘Potassium Chloride Solution

0.000028 - | 1.08 . . 0.000022

0. 000029 ' 1.92 0. 000022
0. 000029 ) 2.50 0. 000022
0. 000016 12,8 ~0.000012
0. 000022 - 15,2 | - 0. 000017 u

5% Potassium Chloride Solution

0. 000020 0.583 0. 000015
0.000019 . [ T Y 0. 000015
0.000019 - 2.08 ' 0. 000015

0. 000015 a - 2, 83 - o0.000012
0.000017 o 9. 17 \ . 0.000013 .
0. 000017 | \ 10.3 - . ~0.000013

i

Thesa nnalysen, opinions ov iaterpretations nre based on observations and matetinl pupplied by the ellent to whom, and for whoss exclusive and confidentlal um
this report fs mude, The interpretations or opinions expressed reprasent the beat judgment of Core Laboratories. Ine. {all arrors nnd omissjons axcepted); bu
_ Cora Laboratories, Inc, and its oficers and employees, aasume no responsibllity and make no warranty or representations ns to the productivity, propar oparn |
tlon, or profitibleneas of any oll, gas or other mineral well or aapd In connectlon with which such repor:.la used or rellod upon. - :
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Liguid Pe fmeability Data

Marcél_l_t_x_g._

mple Numbex: 42

r Permeability, Md. : 0.52

"

Liquid | Throughput,
Pore Volumes

These analyses,
thia report is m

Porosity, Per Cent:_1.0

Liquid/Air
Perrmeability Ratio

3% Potassium Chloride Solution

.00024 - 1. Q0

. 00014 - 2,05
. 00014 ' - 2.10

.00012 2.50

5% Potassium Chloride Solution

. 000040 ‘ : 2.50
. 000044 : 8. 00
. 000049 . ‘ : 13.5
. 000025 o - 64.5

L 000033 - E 76,5

opinfons or iaterpretations are basad on oba-rvations and moterial supplied by the ellant

! to whom, and for whoss exclusive and coofidential vss, |’
ade. The interpretations or oplaions express < represent the best judgment of Core Laborntories, Inc. {al} £rrors and omisslons exceptad

ch ramart e tined e woalfad

0. 00046
0. 00027
0. 00027
0. 00023

0. 000077
0. 000085
© 0, 000094
0. 000048
0. 000063

AATAY

}:

but
Core Laboratorics, Inc. and its oficers and emp! : : ibhl d % : H per ope

N . H pioyees, anr-me no reaponsibllity and make no warranty or representations as to tha product vl TODaT Oparne |
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Sample Number:__ 46
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Liquid Permeability Data

Marcellus

Air Permeability, Md.:

Liquid
Permeability, Md.

0. 000014
0. 000013
0. 0000071

(Testing Discontinued - Sample Fractured)

Thess mnnlyses, oplnions or Interpretations are based on observations and matesial supplied hy the elient to whom, nnd for whoss exclusive and confidertin! use, .

Porosity, Per Cent: 0.2

Liquid/Air

Throughput, .
Pore Volumes Permeability Ratio
4, 00 0. 00018
5.50 : 0. 00016
18.5 0. 000089

4

this report fs made. The interpretations or opinions expressed represent the beat judgment of Core Laboratories. Ine, {a]l errors and omissions axg ptodd; hut?

Core Laboratories, Ine, and Its officers end employess,

assume no responsibility and make no warranty or representations s to the productlvity, propvr opera«

tion, or profitahlaness of xny off, gus or other mineral well or sand In connection with which such roport s used or relled upon. ) : |'
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Liguid Permeability Dé.ta.‘l

Sample Number: 8 | Porosity, Per Cent: " 0,7

Alr Permeability, .Md. 2 ‘0. 002

Liquid ' Throughput, | Liquid/Air
Permeability, Md. - Pore Volumes . Permeability Ratio

3% Potassium Chloride Selution

0.0000108 ‘ 0.14 Lo 0. 0054
0. 0000049 | 0.17 _ 0. 0024
0. 0000027 ' 0.32 D 0. 0013

0. 0000022 0.33 , ‘ - 0.,0011

5% Potassium Chloride Solution : C

0. 00000108 | 0.12 . 0,0009 | |
0. 0000009 . o- 31 ] o . . 0. 0005

These analys:u. oplaions or Intarpretations are based on observations and materisl supplied bg the client to whom, and for whore exclusive and confidential use's
"this repcrt ia rande. The interpretations or oplnians expressed represent the beat judgment of Core Laboratories, Ine. (n]l errora and ornisslons axcepted): bu

Core Lalwrczories, Ine. and fta oficers and employees, aasume no responsiblllity and make no warranty or representations as to the productivity, proper cperal™
tlan, or preltanieness of any oll, ga» or other mineral well or sand in conpection’ with which aueh report i uaed or relled Unon. i
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Liguid Permeability Data

Sample Number: = 14 . _ Porosity, Per Cent: 1,3

Air Permeability, Md.: 0, 026

Liquid Throughput, ~ Liguid/Air
Permeability, Md, _ Pore Volumes . Permeability Ratio

3% Potassium Chloride Solution

0. 0000314 | o011 o C0.0012°

0..0000290 : 0.19 S 0.0011

0. 0000122 : . 0.24 ) . 0.0005

5% Potassium Chloride Solution

0. 0000097 R 0.13 ' ' 1 0.0004 o

0. 0000089 _ | .o 0,26 - 0.0003. - |
0, 0000080 0. 41 | "~ 0.0003 g
0. 0000065 0.66 | 0. 0003

+ Trese annlyses, opinions or Intet . . ’ T F
sr . nterpretations are based on observatlons and material aupplied by the client to whom, snd for whoss sxelusive and confidential vy
this r;zo.'t Ix made, The interpratations or oplniona expressed represent the best judgment of Cora Liborstories, Ine. (pll errors and omiasjons oaxcepted); b
!°"' boratories, Inc. and its officers and employess, assume no responsibility and make no wai-iniy or representations as to the productivity, propar operl
tion, or profitubluness of any oil, gas or other minera! well or sand In connection with which such reort §s used or relled upon, ™
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Well No. 20403

§

Mineralr Content Determination
(by x-ray diffraction)

LR

Gray Shale Brown Shale White Slate Marcel'lus‘“'-‘

Sample Depth, Feet: 2985 3050 33860 3570 3845 3950 40207

Mineral _ . ' Per Clent‘ of Tctgl Sample g
Quartz B & 25 78 68 .56 68
Feldépars 4 3 . Trace 3 | ‘ 2 3
Caléite | 1 2 50 1 3
Illite | : 3 3 Trace 3 ‘ 3 - 4
Montmorillonitt'a - Trace o Trace - | 2 - 1. .
Dolomite <1 2 9 1 | 2 . ) 2 | ‘1_ "
_Chlorite 100 9 4 9 9
Pyrite : _ 8 9 | - 5 , 8
Siderite | - S TUN s ‘

Galen_a. | | | -

..

\ B

Y

i i i i y i inl use,
These &nalynes, npinions or inter retations are based on ohrervations and material supplied by the elient to whom, and for whose exclusive and confident ! )
'..'a-i: repcr’tyh made, The internr;ptstiom or .opininm exprensed represent the best judgment of Core Laborntories, Ine, (all errors snd °m'”£'.’.‘.‘:', “"f"_‘f‘ﬁdh but

. Gore Laboratories, Ine. and its officers knd employesx, Asume no _reaponsihitity and make no warranty or repregantation. cLror? And amissg el
tian., or profitableness of any nil  ee 2 RNC employecy, Ay
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are foot concentration o
(This assumes perfect transport of proppant. ]«
k has agreed tO make the above measurements at two cO
1d be expected in Well No. 20403 at the upper an
900 psi and 3900 psi- -

1p. per squ

Terra e nfining pres-
sures which wou d lower frac-
guring 1ntervals——2
Tek then demonstrated how Young's modulus values can be used
to determing whic s could be considered as parriers 1o fracture pro-
agation. 1t can be shown that where & layer of rock with 2 nodulus of E2
it will become increasing1y if-

%5 bounded DY rocks with f Eys
d a fracture toward the 1ithologic houndary as
However, it

ficult to exten
approaches this boundary ;1§ the value E, is greater than Eq.
proach the boundary where £, is 1ess than Ey.

requires less Pv
stress of 51

It was alsO chown thab for a rock type with a mean
surrounded by rock with a mean stress of S,, the pressure required to extend

= fracture from the first rock type into the surrounding rock increases as
Sp-51 increases. By plotting the fracture extension pressure versus ihe
1ength of the extended fracture, i uch greater pressure
jncrement is required to extend 3 fracture initially than is'required for pro-
gressiveiy greater distances. 1t would appear that a large body of data is
necessary pefore the effectiveness of a possib1e fracture parrier can be

determined.
When asked whether it could have been predicted that the £irst fracture

of Well No. 20403 yould extend yerticaily rather than horizonta1ly, all of the

Terra Tek personne1 responded 1 the affirmative.
where the vertical pressure gradient of the frac
stress gradient of the surrounding rock (usually approxima
the preferred direction of propagation will be upward. 1f a highe?

fluid 1is used such that themgradient ex total streSS'gradient, the
fracture should propagate downwards - 0 hance for 1ateral extension

is when the density of the fluid results in an equal gradient (approximate1y
hydrostatic gradient). In this case, the fracture should have no preferred

extension direction and should extend for equal distances'along the fracture

plane in 211 directions. .

Lawrence Livermore Meeting - L
and Joseph Hearst.

On MNovember 19, Merle Hanson, Ri
met Evic smith and presented some of their results on the 109s and cove sampl€s
peing done at lLaw-

» from our Pevonian shale wells. The ¢
i £ inform%tion gfrecw'

yence Livermoye Laboratory i
content and rock P

turenlocations, gas

, densitometer has been used to contour the data from a log run using a long-

time sweep with a chort spacing configuration This jnformation will be com=
i i der to develop

pared 10 the data from U
nterpreting.the 10gs.

models for i

T LA
e

L, ermeabiIity mea5urement ofF @ 1ronew e
£ 20-40 mesn sanu .
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