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INDIVIDUAL WELL REPORT 
FROM THE PROGRAM ON 

CHARACTERIZATION AND ANALYSIS OF 
DEVONIAN SHALES AS RELATED TO 
RELEASE OF GASEOUS'HYDROCARBONS 

WELL P-1. SULLIVAN COUNTY,INDIANA 

R. S. Kalyoncu, J. P. Boyer 
and M. J. Snyder 

INTRODUCTION AND SUMMARY 

Partial data on the characterization of shales from Well 

P-1 (Sullivan County, Indiana) were presented in the ~ifth Quarterly 

~echnical Progress Report on The Characterization of Devonian Shale 

to DOE/METC (ORO-5205). This individual well report presents and 

discusses the total characterization data available on P-1 shales.. 

Coring of the shale samples were accomplished in ~e~tember, 

1976. A total of 17 samples were obtained: 11 for Battelle and six 

for other DOE contractors. 

P-1 well exhibited relatively high hydrocarbon gas contents 

compared to other wells. Average hydrocarbon gas contents surrounding 

the free space in the canisters is about 61 percent of the total 

gases (including air). Methane and ethane make up the bulk of total 

hydrocarbons. 

Chemical characterization data (carbon and hydrogen contents) 

relate well with the hydrocarbon gas content, as do the bulk densities 

among the physical characterization data. 
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OBJECTIVE AND SCOPE 

The o b j e c t i v e  of t h i s  p r 0 g r a m . i ~  t o  determine t h e  r e l a t i o n s h i p s  

between s h a l e  characteristic,.hydrocarbon gas c o n t e n t ,  and w e l l  l o c a t i o n  

t o  provide  a  sound b a s i s  f o r  d e f i n i n g  t h e  p roduc t ive  c a p a c i t y  of t h e  

  astern Devonian Sha le  d e p o s i t s  and f o r  gu id ing  r e s e a r c h ,  development, 

and demonst ra t ion  p r o j e c t s  t o  enhance t h e  recovery  of n a t u r a l  gas  from t h e  

s h a l e  d e p o s i t s .  The program i n c l u d e s  a number of  e lementa l  t a s k s  a s  a  

p a r t  of t he .Resource  Inventory  and Sha le  C h a r a c t e r i z a t i o n  s u b p r o j e c t s  

of DOE'S Eas t e rn  Gas Sha le s  P r o j e c t  and i s  designed t o  provide  a  wide 

v a r i e t y  of suppor t  d a t a  f o r  t.hat p r o j e c t .  

A l a r g e  number of c o r e  samples of gas  b e a r i n g  Eas t e rn  

Devonian Shale  w i l l  have been examined by t h e  end of t h e  program. A f t e r  

t h e  c h a r a c t e r i z a t i o n  d a t a  f o r  i n d i v i d u a l  w e l l s  have been compiled, a t t e m p t s  

w i l l  be  made t o  e s t a b l i s h  t h e  i n t e r r e l a t i o n s h i p s  between t h e  s h a l e  charac t -  

e r i s t i c s ,  t h e  hydrocarbon gas  c o n t e n t ,  and w e l l  l o c a t i o n s  from which t h e  

samples were ob ta ined ,  employing t h e  Automatic I n t e r a c t i o n  De tec t ion  (AID) 

Analys is .  

The fo l lowing  t a s k s  comprise t h e  t o t a l  e f f o r t s  i n  t h i s  r e s e a r c h  

program: 

Task Desc r ip t ive  T i t l e  

1 Core Sampling 

2 Gas Content and Gas Release  K i n e t i c s  

3 Chemical Characterization of Shale  

4 Phys i ca l  C h a r a c t e r i z a t i o n  of Shale  

5 Li thology of Sha le  

6 Data I n t ' e r p r e t a t i o n  and C o r r e l a t i o n  



A. ANALY s IS AND DISCUSSION OF THE CHARACTERIZATION DATA 

Detailed descriptions of the experimental procedures employed 

in the execution of the elemental tasks described were reported in the 

Appendix of the Fifth Quarterly Technical Progress Report (ORO-5205-5) 

submitted to U.S./DOE in January 1978. 

Task 1. Core.. Sampling 

We11 P-1 shales (Sullivan County, Indiana) were cored in 

September, 1976. A total of 17 samples were collected; 11 for Battelle 

and 6 for other DOE contractors. Two barrels of shale core were collected. 

Additional infoxmation and field sampling data (color, on-surface time) 

are-summarized in Tables 1 and 2. Figure 1 shows on-surface times for 

the 11 P-1 cored shale samples. 

Task 2. Gas Contents and Release Rates 

Initial gas release data on the P-1 well are summarized in 

Table 3. gats include hydrocarbon gases,Cl through Cg, nitrogen, oxygen, 

and carbondioxide, all of which accumulate in the free space surrounding 

the shale samples inside the canisters. Methane and ethane make up the 

bulk of the total hydrocarbon gas contents. Average hydrocarbon gas 

content for the well is 60.6 percent with upper and lower limits being 

68 and 53 percent, respectively. Table 4 depicts the pertinent 
statistical parameters of the gas analysis data. 

Hydrocarbon gas contents do not show any particular trend with 

shale depth as shown in Figure 2. 

1 Task 3. Chemical Characterization Data 
1 ,  

Total carbon, hydrogen and nitrogen (C-H-N) values are reported 

in Table 5. Carbon contents range from 0.8 to 11.5 percent and hydrogen 

values vary between 0.5 and 1.3 percent by weight of shales. Average 

values are 6.9 and 0.9 percent for carbon and hydrogen contents, respectively. 



Figures  3 through 5  ana lyze  t h e  chemical d a t a  as a  f u n c t i o n  of 

s h a l e  depth .  An apparent  dec rease  i n  carbon c o n t e n t s  w i t h  s h a l e  depth  

is  observed i n  F igure  3 .  A s i m i l a r  p a t t e r n  i s  a l s o  somewhat apparent  i n  

F igure  4 where hydrogen c o n t e n t s . a s  a  f u n c t i o n , o f  depth a r e  p l o t t e d .  

Hydrocarbon.gas c o n t e n t s  a s  a  f u n c t i o n  of carbon and hydrogen 

c o n t e n t s  a r e  p re sen ted  i n  F igu res  6 and 7 ,  r e s p e c i t v e l y ;  A s  ev iden t  i n  

t h e s e  f i g u r e s ,  hydrocarbon .gas c o n t e n t s  i n c r e a s e  w i t h  i n c r e a s i n g  carbon 

and hydrogen con ten t s  : . : 

Task '4 .  S a a r y ' o f  P h y s i c a l  C h a r a c t e r i z a t i o n  Data 

Dens i ty ,  p o r o s i t y  ( c a l c u l a t e d . f r o m  t h e  d e n s i t y  d a t a )  and s u r f a c e  

a r e a s  f o r  P-1 s h a l e s  a r e  t a b u l a t e d  i n  Table 6.  Table 7 p r e s e n t s  t h e  

p e r t i n t e n t  s t a t i s t i c a l  d a t a  on t h e  p h y s i c a l  c h a r a c t e r i z a t i o n  r e s u l t s .  

P-1 s h a l e s  show an  average  bulk  d e n s i t y  of  2.48 w i t h  upper and lower v a l u e s  

2.55 and 2.40 g /cc ,  r e s p e c t i v e l y .  T o t a l  p o r o s i t i e s  average  3.32 p e r c e n t ,  

ranging  between 2.24 and 4.40 volume pe rcen t .  Sur face  a r e a  v a l u e s  a r e  
2 

s c a t t e r e d  between t h e  v a l u e s  1 . 2 1  and 7.33 m /g w i t h  an  average  va lue  of 

-. 
I n  F igures  8 through 10 hydrocarbon g a s ,  carbon and hydrogen 

con ten t s  a r e  shown a s  a f u n c t i o n  of s h a l e  bulk  d e n s i t y .  I n v e r s e  r e l a t i o n -  

s h i p s  between bulk  d e n s i t y  and hydrocarbon gas ,  carbon and hydrogen 

con ten t s  a r e  dep ic t ed  i n  t h e s e  f i g u r e s .  P o r o s i t i e s  were a l s o  measured of 

B - 1  s h a l e s  employing t h e  mercury i n t r u s i o n  porosimetry technique.  Values 
dep ic t ed  i n  Table 8 range from 1 . 8 6  t o  9.54 pe rcen t  by bulk  volume of s h a l e .  

De ta i l ed  a n a l y s i s  r e s u l t s  on t h e  mercury i n t r u s i o n  p o r o s i t i e s  a r e  p re sen ted  

i a  Appendix A .  

G~~ pe rmeab i l i t y  measurements on t h e  P-1 s h a l e  samples 

showed no measurable pe rmeab i l i t y  v a l u e s  f o r  t h e s e  s h a l e s .  
0'' 

Task 5 .  Sha le  Li tholopy 

Two P-1 s h a l e  samples were 'examined w i t h  t h e  S ~ M l E D u ' a n d  t h e  

pe t rog rzph ic  microscope. Eoth were h igh  i n  i l l i t e  con ten t  and conta ined  

f a i r  q u a n t i t i e s  of q u a r t z ;  t h e  d i f f e r e n c e  between t h e  two be ing  a  some- 

what d i f f e r e n t  r a t i o  of q u a r t z - t o - i l l i t e  c o n t e n t s .  P y r i t e  w a s  r e l a t i v e l y  
. . . .. 
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s c a r c e  i n  t h e s e  samples.  Small ,  b u t  s i g n i f i c a n t ,  amounts of ca rbona te  

mine ra l s  were observed.  EDAX a n a l y s i s  suppor t  t h e  microscopic o b s e r v a t i o n s .  

F igures  11 and 12 a r e  SEM microphotographs of two P-1 s h a l e s .  

X-ray d i f f r a c t i o n  (XRD) p a t t e r n s  on fou r  s h a l e  specimens were 

ob ta ined .  Q u a n t i t a t i v e  a n a l y s i s  on t h e s e  d i f f r a c t i o n  p a t t e r n s  confirm 

t h e  SEM/EDAX f i n d i n g s .  XRD r e s u l t s  on fou r  samples s t u d i e d  a r e  shown i n  

Table 9 . 

Task 6 .  Data I n t e r p r e t a t i o n  

Due t o  t h e  sma l l  number of samples taken  from t h i s  w e l l  ( 1 1  co re  

f specimens) t h e ' f u l l  c a p a b i l i t i e s  of t h e  Automatic I n t e r a c t i o n  De tec t ion  

(A.I.D.) program could normally n o t  be u t i l i z e d .  The impor tan t  c a p a b i l i t y  

of t h i s  program i s  t h a t  i t  can i d e n t i f y . m u l t i p l e  r e l a t i o n s h i p s  between 

groups of v a r i a b l e s  wi thout  assuming any p a r t i c u l a r  model. Th i s ,  t hen ,  

becomes a  powerful t o o l  f o r  i d e n t i f y i n g  t h e  v a r i a b l e  o r  group of  v a r i a b l e s  

t h a t  a r e  most impor tan t  i n  p r e d i c t i n g  t h e  behavior  of o t h e r  v a r i a b l e s  of 

i n t e r e s t ,  such a s  t h e  gas con ten t  of Devonian s h a l e .  

The b a s i c  p r i n c i p l e  of  t h e  program i s  t h a t  t h e  d a t a ' a v a i l a b l e  on ' 

t h e  v a r i a b l e  of i n t e r e s t  ( t h e  c r i t e r i o n )  a r e  s p l i t  i n t o  two groups i n  such 

a  f a s h i o n  a s  t o  achieve  t h e  lowes t  t o t a l  v a r i a b i l i t y  w i t h i n  each group. This  
.,.. 

i s  done f o r  each p o s s i b l e  p r e d i c t o r  v a r i a b l e .  I n  t h i s  manner t h e  p r e d i c t o r  

v a r i a b l e  producing t h e  g r e a t e s t  r educ t ion  i n  t h e  i n i t i a l  d a t a  v a r i a b i l i t y  

i s  i d e n t i f i e d  and t h e  c r i t e r i o n  d a t a  w i l l  b e  s o  s p l i t .  The process  i s  

r epea t ed  on t h e  two new groups. However., because of t h e  sma l l  number of 
..-.. 

samples more than  one s p l i t  of t h e  d a t a  would be  meaningless i n  t h i s  case .  
I 

The program is  u s e f u l ,  however, t o  compare t h e  r e l a t i v e  m e r i t  of v a r i o u s  

v a r i a b l e s  a s  t'o t h e i r  importance a s  p o t e n t i a l  p r e d i c t o r s .  

Table 10 shows t h e  r e l a t i v e  e f f e c t i v e n e s s  of v a r i o u s  p o t e n t i a l  

p r e d i c t o r s  f o r  s e v e r a l  c r i t e r i o n  v a r i a b l e s  of i n t e r e s t .  A s  can  be seen  

t h e r e  was l i t t l e  w i re log  d a t a  a v a i l a b l e  (only  the  Bi rdwel l  E l e c t r i c  Log) 

t o  e v a l u a t e .  The w i r e l o g  d a t a  showed a sma l l  degree of u se fu lnes s  i n  
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p r e d i c t i n g  gas pe r  u n i t  volume of s h a l e . ,  The wi re log  informat ion  does 

c o r r e l a t e  w e l l  with t h e  d e n s i t y  of  t h e  m a t e r i a l .  The u l t i m a t e  u se fu lnes s  

of t h e s e  c o r r e l a t i o n s  i s  q u e s t i o n a b l e ,  however, a s  t h e  d e n s i t y  does no t  

c o - r r e l a t e  i n  a  good f a s h i o n  wi th  t h e  gas d a t a .  A s  might b e  expected t h e r e  

i s  f a i r . c o r r e l a t i o n  between d e n s i t y  and t o t a l  carbon and hydrogen. A s  

was observed i n  o t h e r  w e l l s ,  a  s imple r e l a t i o n s h i p  between p o r o s i t y  and 

gas  c o n t e n t s  i s  no t  ev iden t  and t h i s  p o i n t s  aga in  t o  t h e  need f o r  t h e  

development of g r e a t e r  understanding.  of how gas i s  h e l d  and t r a n s p o r t e d  i n  

t h e s e  systems.  
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. . . . .  ........................................................................................ UN 1HE YUHF.ACt I N  1 . 5 ~  HUUHY 
... 

'! , 



F l k L U  SAMPLING . . .__. .  UAZA . F l l H  WELL P I _ . ................. .-........ . . _ -_ -. ._  _ _.-_._-_._.I __ 
' '  I 

... ............- SURF ACE ................ MAHHEL 01 c"L"G .: ME ................. SEU . I I ":I 

I 
, .................................................... ..... . . . .  



I -- m 

f I N I T I A L  GAS KELEASL OATAl HELL P- 1 T!!sLE_.3, ............................................ ........-........... 

b --A- 

FkEL COKE O P t N  GAS COI4POSCT IOI4, VOLUHE PERCENT G A S  RELEASEO/ I 1  

TOTAL CARBON U N I T  VOLUME- SEO ............... : ,_ .............. ...t74 ~ ~ . ? S " ! ' i ~ . . V ? 1 " ' ~ ! ~ . . - V O C " ! ' ~ ~ . . ~ ~ ~ ~ S ! ! !  
SAtlPLt I U  Tul?.? (; G C C PCT. M~IHA:IE ETHAtlt PRCPANt BUTANE FENTAtiE HYOROC. NITROGEN OXYGEN O I O X I O f  OF SHALE NO. 

' I 1  i 



! m 
........................................................................................................................................................... . - - . ----. ... . . .  .................. - .... 

, . . . . . . . . . . . . . .  .......................................................................................... ..................................... . . . . . . . . . . . . . . . . . . .  
I .  - -11 

- 
1 TBI,E 4 .  . S T A I I S I ' I C P I .  A N A L Y S E S  OF O F F  GAS I ) A T A  - 

lQ 

-. - 
HELL P i .... ....................................................................................................................... 

. ! 
COEFF IC I E I I I  ,-. ....................................................................... .:;rA.r?onR'rl-_.. ...................................................................... 95 P C ~ .  - - - - - - - - - - - -_---- - - - - -  CONFIOENCE INTERVAC-  .... ........ .NO (IF .................... : 

f4E 4N OEU Ifil I O N  U A R  ICNCE OF D E V I A T I O N  L O H E R  L I M I T  U P P E R  L I M I T  S n n P L E s  I!, 

b 
1: 

I*. ............................................................................................................................................................................................................... : 
GEI; V ~ ) L ~ F I E  ISHAL E VOLUYE 1.518 .67  . 4 4 .44 -6.117 1.966 t i  " I  

I 



0 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! 
--" . . . . . . . . . . . . . . . . . . . .  -- . . TABLE 5 .  ' C H E M I C A L  CHPRACTERIZA!!?N (?!!A* 6/?'1 . .  

2 T . O T A L ~  PEHCENT LOU TEMPERATURE ASHtl'o - -.-- - CARD ..... - . - --- - _ S E  Q--- 
SAMPLE I 0  CARBON HY OROGEM N I T R O G E N  2 0 0  C 1 0 0  C CODE NO. 



1 . . . . . . . . . . .  
I. : TABI,E 6 .  SLIMI.IAI(Y o t  '~ ; I I IS ICAL.  C l t A k A C l t ' ~  I Z A  r l o l ~  I J A  I A  

' . I  . _ >  

2.654 5.376 5.u'la ,... . . . . . . . . . . .  .!!._ .!.-C+!,.tr?, -. .......... 2 ,!!!!? .. 
i P 1-2305.  2 .293  . 6 3 b  2 . 3 1 8  5 .014  

P 1 -2515 .  I - - -  . 2 .447  I .U64 .2U7 I . k I Z  
---.-A,-- - - 

r 1 - 2 5 2 ~ .  2 . 4 4 2  .54 7 2 . 7 4 1  3.294 
2.411 - 1.074 u.000 1 .b14 ( I,.. ........ ..... .P. .  .!:?5__3!? ,. .-.-. .. -. ...-. . . .  

P 1-2541.  2.3bM d .  262 2 .211  4.b33 
2.4b2 4 . U h l  I, ..... ..... !?.. .. ! -.?.??!! ?..- . ..:r_,..'!!.'----..- .to!)> ... ._ . 

( P I - Z j b S .  2 .  hUM l.Y3U . Y 3 5  2 .M6S 
I1 -- t' l -t?;7'~. 2.5113 . b l Y  0 . 0 ~ 0  . b l Y  ... .- 

tJ ~ - ? i n s .  . . 2.414 - 6 1 9  4.3;s Z . ; ~ U Y  
P 1-2595 c? 5 9 2  170 4 0 9 9  4 M h Y  (. I r . - .  r.. r ~~~~~~~~~~~~~~~ * .? 

' I d - .  . . .  ..... - - - -  . - .-_ _ _  ... .- . ..... - .. - . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i 

I . .  ................................................................................................................................................................................ . . . . . . .  
( 



C0F.F F I C  I E N T  ............. ..Z U M  n ( Y  -........ e N c E  ........... . -95 flc! r CO.NF!OEE(E I N T E R V A L  ' ? O O F  . . . . .  
N E A N  D E V I P T l O N  O F  ~ E : v I A T I O F ~ ' ~ ~ - " '  LOWER L I f l I T  UPPER L I M I T  SAMPLES 

......... . .. . ... ... . . ....... .. . .. . ......... ..... ... .... . . . . . . . . . . . .  ........ ... .. ............... . . . . . . . . . . .  I 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 4.---..--- .--- ..-----------------2.-5 5.2. 
~ U L <  DEVSI'TV-,'-':/cc 2 . 4 7 8  . 1 1  . o i  2 . 4 0 4  

2.51.'! . 1 3  - 0 2  . 2.609 ... . . .  . ,... . .- .... 4P_9P..?F.'?! oLN?.!?~~!--_=.'.G!? .c.c.c.c.c.c.c.c.c.c.c...c.c.c.c...c.c.c.c.c.c.c.c.c.c..c. --- ..c....c......c.....c.c.....c.c.c.c.c.c.c.c.c.c.c.......c..c 1 P5 ..... .. ....... ?.? 428 _.---------_llllllll... -. 
11 .... 

(. T R U E  ~ F N S I I Y S  G I C C  2 . 4 7 7  1 4  .O2 .Oh 2 .382  2. 57.1 
I -. - 

O P E N  P O R f l S I T Y .  P C 1  1 . 5 2 6  1 . 3 2  1  . 75  . 8 7  . 6 3  a 2 .417  I 1  
c i n s ~ n  I ' o K ~ ! ~  T V  P ~ T  1 . 7 1 9  1 - 6 7  2 . 7 9  . 9 3  . 6 6 7  2.912 11 ( 1. .......................................... ! ............................................... 
T 0 1 4 L  P 3 R O S I T V 9  P C T  3 . 3 1 7  1 . 6 0  2 . 5 6  . 4 8  2 . 2 4 3  11 

1 ... 
I.. ................................................................... . . . . . . . . . .  i*, I 

I i / 

.......................... 1,- 11 ........ ............................... i .....-... : : r- --DkC 2 1917 . . . . . . . . .  
1 

, I . . - - - -  .................... .:-.. .......................................................................................................... ........................ HAJ ...... - I  

~ 
~ 

- 



TABLE 8. MERCURY INTRUSION POROSITY FOR 
P-1 SHALES 

Sequence Sample Porosity, 
No. I. D. No. Vol.,Percent 



. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  
Sample No. Quar tz  ' . I l l i t e  ~ z k l i n  . p y r i t e  . ' .  . N a h c o l i t e .  ' . . S h o r t i t e  . : : ' . S i d e r . i t e .  . ' . ' c a l c i t e  Mica O t h e r s  

M d  P-1-2505 m rn m m d  - - ,' F e l d s p a r  

- F e l d s p a r  

- F e l d s p a r  

- F e l d s p a r  

LEGEND : 

M - Major  
m - minor  
D - minor  t o  d e t e c t a b l e  
d  - d e t e c t a b l e  





0
 

t
"
'
 
a
 
3
 

0
 

x
 



2 6 5 0 .  
0 .  2 5 .  5 0 .  7 5 .  1 0 0 .  

Natural '  Gas Content, Vol P c t  

FIGURE 2 .  GAS CONTENT AS A FUNCTION OF SAMPLE 
DEPTH FUK W U L  P - 1  



5 , .  0 1 0 . 0  

Carbon, percent 

FIGURE: 3 .  CARBON CONTENT AS A FUNCTION OF SAMPLE 
DEPTH FOR WELL P-1 



. 5  1 . 0  . . .  

Hydrogen, percent 

FIGTTRZ 4 .  HYDROQm CONTENT AS A FUNCTf ON OF 
SAMPLE DEPTH FOR WELL P-1 



5 . 0  1 0 . 0  1 5 . 0  

H / C  A t o m i c  P a t i o  - . 

. . - . . . . . 

F ~ G - ~ ~ Z E  5 ,  H / C  ATOMIC RATIO AS A ~ C T I O N  OF 
SAMPLE DEPTH FOR WELL P-1 



2 5 .  5 0 .  - . . -. . . . 7 5 .  
~ a t k a l  . .  . Gas Content ,  Vol ~ c t  

FIGURE 6 .  GAS CONTEBJT AS A . F U N C T I O N  OF CARBON 
CONTENT FOR WELL P-1 



2 5 .  5 0 .  7 5 .  
Na tu ra l   a as .Content,  Vo 1 Pct 

FIGURE 7 .  GAS CONTENT AS A FI.?NCTION OF 
HYDROGEN CONTENT FOR WELL P-l 
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'5 . 0 - .. 
' 1 0 . 0  

.-, - . 

C a r b o n ,  p e r c e n t  

FIGURE 3.  eAR3ON GUNTENT As A FUNCTION O F  
BULK D E N S I T Y  FOR WELL P-1 



0.. 0 . 2  . 4  . -- 6 -. . . P  1 . 0  

~ ~ d r o ~ e n ,  percent - .  

FIGURE 10. IT!!DRBGEN CUNTENT AS A ~ C T I O N  OF 
BULK DENSITY FOR WELL P-1 







A P P E N D I X  A 

MERCURY I N T R U S I O N  P O R O S I T Y  DATA FOR WELL P - 1  



' - I......... .................... 
Ii, 

' 

I SFIJIIENCE NU_MriEH 1 , . 
POdE VOLIIblE .036 CC/G .-. 
................ a .................. ----:------ ------ .. ....... [ 

.... ............................ .......................................................... !.. ----------- ------- ' L 

PCT. PORES 
8 . -  -- -- - -  POHE PORE CHANI;E I N  (;HEATER 

l1 , -; 
PRESSCIHE PHESSl lHE U I A M E T E R  VDLtIME PURE VOLIIbIE lHAr \ l  U I A  II 

ATMS P S I  MlCHOlu CC/G .......... ................................. 
- % 

( 1..  q, ) .  

.......................................... 15 220  440 1 000  (1102 0260  28.2 (. 
, l a  : ......... . . . . . . . . . . . . . . . .  5 .L  t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t  .--------------__-- tttttttt ............................,I ... 

I h .  235.136 .93U .U102 - 0 2 6 0  28.2 
''1 

55 514  360 ............................. 430 0 154  0208 42.5 ........................... l o - - .  ........................... - - - - . Z  ......................... r ._ t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t ?  ................................. . . - - .. - . - - - - - - - - - - - - 
( UO. 587 .R40 .37 0 .0161  . ( ) I95  "-11 

45. 661.320 .330 .U174 - 0 1 8 8  48.1 
) 

50. 734.800 - 3 0 0  . 0  1 0 3  - 0 1 8 1  S0,b -11 

S S BUR 280 27 0 01R9 0175  ( ,I Z _. --t ................................ 52.3 ......................... .................................... ..................-...... .........-................. i4 .......-......... 
-.-!I 

! 
b0. HY1.760 .250 .0198 - 0 1 6 5  . - -  ~ - -  
h 5 9 5 5  240 230  . 0205  .0 158  56.5 ............................ ) I - .  ................................... t .......................... _. t- .  ...--.......................................... 

1028.720 
. -. 

1 0 .  .210 .0212 . lJ151 58:P- ' -  . . - - o n  . 
1s .  1 - -- 1 l t i2 .200 . .ZOO .U21U .0145 - 60.1 - .- -- .- .- 
6 0 .  1175.hUU . I 8 0  .02Z 3 .013Y b1.7 

-- 

HS.  12/49. l h U  . I 7 0  .(I226 .0136 62.3 (. 1% - - - - - - - - - -  - . .  . . . . . . . . . . . .  - 
--- I  ) I 



CHANGE I N  
PORE VOLUME 

CHEATER . - ., - . - - . - . - . . - - - - . . - - - .. - - - 
THAI4 U I A  

c 1 :--- . - -  .) 

1322.640 .160 ,022d . 0 134 b3.0 !,!- .... . . . . . . . . . . . . . . . . . . . . . .  -- --------- - ------- ------ 
.0235 .U127 b4.9 tl .) 

( .  1 UO.. 1469.bUO . I 5 0  
110. 161bL5.60 . 140 .U245 -- .0118 b7.5 - I ----- - - 

.l!ZUY . O i l 3  bP.8 1 201. 1763.520 . I 3 0  
1 3 0  1910  460 - 1 2 0  .U253 .0109 69.8 i lo--: . ..-. 1. i ... - -  - - - - - - - -  - - - - - - - - . . - - - r l  '1 
140. 2057.440 .11U .025b .OlUb 70.8 
1 5 U .  .0262 .OlOU - _  . . ?_2_!!!:4!P JL!? ----_----_-------_4---_4. .---_------------.-----_4.--------..--..-----_4_4_4---..----.----- ..--. 
I7C.  2498.320 . UUU .OZhM .OU94 74.0 I' ) 

I1 1 t !  (: . - - . -- .- -- - - -- 2645.2130 .un3 .u270 ,0092 74.7 - - 
.0274 .OUHb 75.6 i r c .  2 -1 9 2-.-2 4 o . o r 9  

,075 .U27b .UULlb ( . ..... ... 2°C .,-_---__-----_------ Z?x?.r1_0? I - i !  
3233.120 . Uhb .U2RU .OUR2 17.3 

0, 1 
22cq. 

.Ub2 ,028b .OU76 78.9 I,.. . _ .. ;!!'?, rS<? .?!!!! . .. - .--.-- -. 
.0074 79.5 - - a 1  

2b@.  3820.960 . US7 .028M 
2UO. I1 - -  - -  4.1 14.HUO .055 .U292 .007 1 80.5 

.0295 .0U67 81.5 300. 11 4 u n .A o o .u5u g1 

33 1 4649  680  .U4S .0299 .006(1 82.5 : I t  ") 
30 1 .  5290.560 ,041 .0503 .UU5Y 83.9 
3 V 3. . 5731.440 .U3U .U30f1 .0054 85.1 

I 42fi. 6 1  72.320 .U35 .031U .0052 85.7 " 1 
1 9 .  

450. b613.2UU .033 --- .0315 .UU47 87 .O 
.U322 .OU41) 89.0 4 W .  7 2 ~ l - 3 1 4 0  .U3U 

5 110 7494 9bU .0325 .0038 hY .6 ; I? _ - - -  _. . ?P?? - 'I!  ) 

540. 7955.Ct40 .U27 .03Z1 .0035 90.3 
54'0 MhlU 640  .02S .033U .0032 

7 I.... --.- : -.----------_-------.---. .a .(!!-.? - - - - - -  -- 
6 U O  . U964.560 .U24 .Us33 .UV29 91.9 . " 'I 
hL0. 11 9 UTj. . r140----  .U23 - .055b .0026 92.9 -- -- . 0022  93.8 7 1 0 .  lU287.2UO .U21 .034U 
7 ~ 0 .  lU815.040 . 020  .0342 .UU2U 94.5 

( 11 ; --  - - - - - - - -  -- ---. - - - - .  - - - - -  ----,, ') 

7 i U .  11315.920 . U 1 9 .0345 .OUl8 95.1 
H V O .  1175b.800 .U19 .US48 .OU14 96.1 

I 1  .. - -  - - - - - - - -  -. 
\ 

.OU12 96.8 01 , 8 5 0 .  . 12197.680 . U 1 H .(I550 
8 6 0 .  12636.560 . U l ?  .U353 .oOoY 97.4 

.* -- 1 ....----...--- --- 
. 0 7  .UUO7 Y K l  9 0 0 .  1 J22b.4Uo . U 17 + 

'3.50. 13667.2110 . U l b  .035Y .OU04 99.0 y, ., - . - -  - -  .! c. 'I_-. - -  ----- .- 
159b1.2UO . U l b  .U3hl  .UU01 9 9 0 .  

1OJO 14696.UUO .03h;! .0UO0 100.0 16-.. ...- ? *-0-!? - - - - - - - - - -  ------ - . - -  - -- .  --------------. 
(' ; 



I TPSLE 49. POROSITY OAlA FOR SAMPLE P 1 - 2 5 0 5 .  
SEQUENCE NUMBER 2 

1 PCT.  PORES 
PORE PO RE CHANGE I N  GREATER li 

VOLUME PORE VOLUME THAN O I A  I - -  - -_--_---- - -_-  -_--_-  U3.E S.S.URE ..-_ ~-_- - - - - - - - - -_  P_R-E_S-SY-RE E - E - - - - - - - - E E E E E - -  PP5PPr!_E_EIE-f! ------------------------R_--R_---------R_-------------R_----------------------------------------.. - - _ -____ -_  
a TMS PSI MICRON cc /G cc /G INDICATED - -vt 



TABLE 4 9 .  POROSITY DATA FOR SAMPLE P 1 - 2 5 0 5 .  (Continued) - _ I  I i - 
1 .  

Qt  :t 

PCT.  PORES 
PORE PO RE CHANGE I N  GREATER 

I1 .) " 

6 -- PRESSUSE .. PRESSURE O I A H E T E R  VOLUUE PORE VOLUME THAN D I A  
A T M S  P S I  MICRON CC / G  CC/G I N D I C A T E D  I1 ' 

( 
. a  

> .  

" 1 

11 - 6.1-0-. 8 9 6 4 m 5 6 0  0 2 4  0 0 4 8  0 0 2 7  6 4 . 5  - 
- 0 0  2 7  6 4 . 5  hCO. 9 4 0 5 . 4 4 0  . 0 2 3  . 0 0 4 R  * ' . i 

i ii ----.---__-__--_--_-____-- 70.0. - - - -__-_-------__- iD0.2BBZ.2DD0 . O O O O O O O O O O O O O O O O O O O O O O  *-0.00533333333333333333333333333~_.0_0_oTZ - - - - - - - - - - - - - - - - - _ 2 - - - -  'I.*-O o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _  , ,  
- 0 0  1 9  7 4 . 2  7 4 0 .  1 0 8 7 5 . 0 4 0  . 0 2 0  - 0 0 5 5  

7 7 . 4  11 -77.0- 1.L31.5~~9.2.Raaaaaaaa . 0 1 9  - - - - -__---- - -_--  aaaaaaa=aOO050 - - - R R - . - - - _ - - - - - - -  >-n!LlL _ - - R R - - - - - - - R R R R - - - - R - R - R - - - - - - R - R R - R - R .  . 
!, ROO. 1 1 7 5 6 . 8 0 0  - 0 1 9  . a 0 6 0  . 0 0 1 4  8 0 . 6  01 . 



-2 . 
POROSITY DATA FOR SAMPLE P - 1  -2515.  , I  

SEOUENCE NUMB€!? 3 
01 : ) .... 

I - .-.---- P_~QP55..v:_o_ocYyn_E ------- *..Pl_i5-..-C_c_IIc_ ) 
61 I 

PCT. PORES 
PORE PORE' CH4NGE I N  GREATER j 

( PRESSURE PRESSURE DIAMETER VOLUME PORE VOLUME THAN OIA 
A ?NS P S I  VICRON CC /G C C / G  INOICATEO 



I - f " --I ; 

- P O 3 O S I T Y  DATA FOR SAMPLE P - 1  - 2 5 1 5 .  
- - 

01 Ii 

' - -  c E .  
PORE PORE CHANGE I N  GREATER 

1 -- PRESSURE - . - - PRESSURE D I A M E T E R  V OL UHE PORE VOLUME THAN D I A  
A T M S  P S I  MICRON CC /G CC/G I N D I C A T E D  I1 



-- - , 
I POROSITY DATA FOR SAMPLE P 1 -2528 .  

, . 
C 1 

SEQUENCE NUMBE? 4 
01 ; r 

f .'I 
61 ' 

I PCT. PORES 
PORF PORE CHA.NGE I N  GREATER l1 1 

~I?ES.S~R.EEEEEEEEEEEE 
4 TMS 

rl~~_s_sKREEEEEEEEEEEEEEEEEEE 
P S I  

- .- 

DIAMETER VOLUME 
MICRON CC/G 

PORE VOLUME THAN O I A  
CC /G I N D I C d T E O  

11 6 .  88.17b 2.500 , 0 0 4 5  0 1 1 6  28.2 
. 0052  . 0 1 0 9  32.4 

I1 
7. 10  2.8 72 2.100 

33.8 I, F!LLLLLLLLLLLLLLLLLLLLLL1l-z!-s_6-B .................... ~~PPOPPPPPP~PPPPPPPPPPPPPPPPP-P_o~9s~ - - - - - - - - - - - - - - - - - - - - - - _ 4 - _ 4  :!'LO1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'i 
01 ' 

3 .  132 .264  1.600 . 0 0 5 4  - 0 1 0 7  33.8 
, 0 1 0 6  34.5 14 1.0.7 . . . . . . . . . . . . . . . . . . . . .  1!+-6>-96-0_ o _ o _ o _ o _ o _ o _ o _ o _ o _ - o _ o _ o _ o _ o _ o _ o _ o _ o _ o _  L:500 ....................... *-_o!I9s.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - -  . 

- 0 0 6 5  40.1 
- 1  ., 

11.  1 6  1.656 1.400 . , 0096  . 
15 13. 17  6.352 1.300 - 0 0 6 5  0 0 9 6  40.1 

- 0 0 9 6  40 .1  
11 

1.3- . 191.048 1.200 0065  
. 0 0 6 5  - 0 0 9 6  40 .1  l a  -___---_------_.----------- ..----------__-------- z_o-s~-z~!ttttttttttttttttttttt~-~~.e_o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  - - - __  . - I1  

'i 

1 5 .  220.440 1.000 . 0 0 6 6  - 0 0 9 5  40.8 !' 4 0.8 -_. -- - - -__-__-  1.6. . . . . . . . . . . . . . . . . . . . . .  23-5rr1 JJhhhhhh :,=.------------. -%PP3_0 _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  --_0PP6!5 - - - - - - - - - - - _ 6 _ _ 6 _ - - - - - - - - - - - _ 6 _  *-OPP9z ------r-r--r------rr.---- -r---rrrrrrr . r -r  - - .  - . - 
1 7 .  249 .832  .880 . 0 0 6 6  00  9 5  40.8 " 

18 19-t 264.528 - 8 3 0  - 0 0 7 4  . 0 0 8 7  45.8 
0 0 8 7  45.8 

-\I 

19.  279.224 790  - 0 0 7 4  
19 2-0. _--_._--------.------ 29-3.-9.2.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  .._I.!iO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  -00_0_oT_9 - - - - 4 - - - - - - - - - - - - - - 4 4 - - - -  ~ -~Q-eTTTTTTTTTTTTTTTTTTTTTTT9.5: -eeeeeeeee- . .  . ... i 

47.2 
11 

2 5 .  367.400 .600 . . 0 0 7 6  - 0 0 8 5  
10 3.0.. . . . . . . . . . . . . . . . . . . . . .  4 4 L 0 . ~ ~ 8 . 0  --DDDDDD.DDDDDDDDDDDDDD ..5..0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0-00..Z9 ------- LLLLLLLLLLLLLLLLLLL~_.000~2 2- - - - - - - - - - - - -2 - - - - - - -  ! ' - 9 : ~ .  . 

3 5. 5 1  4.360 - 4 3 0  . 0 0 8 1  . 0 0 8 1  50.0 1 

11 -- $0.. 5 8  7.840 e.370 00 8 2  . 00 7 9  50.7 II 

45. 661.320 - 3 3 0  . 0 0 8 3  . 0078  51.4 
71 5.0.. D D D D D D D D D D D D D D D D D D D D D  t3344.~~.annnnnnnnnnnnnnnnnnnnnn..~3~.~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  .0~09~55555555555555555555555555~-~_o_o~~ -f.f.f.f.f.f.f.f.f.f.f.f.f.f.f.f.f.f.f.f.f. 52~-aaaaaaaaaaaaaaaaaaaaaa--. .-la 1 

55. 808.280 - 2 7 0  . 0 0 8 7  - 0 0 7 4  54.2 
71 . . . . . . . . . . . . . . . . . . . . . . . . . . .  6..0. . . . . . . . . . . . . . . . . . . . . .  Q991~-7_6PPPPP ----__------------- ~ 2 5 4  ---------- PPPPPPPPPPPPP~POPP~~ _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  :-O_O-?Z - - - - - - - - - - - - _ 2 _ 2 - - - - - - - -  2s>..6_ ---------------------. . --01 ... 

6 5 .  955 .240  - 2 3 0  0 0 9 1  . 0 0 7 0  56.3 
11 70. 1028 .720  .210 - 0 0 9 3  . 0 0 6 8  57.7 

0 0 9 4  0 0 6 7  58 .5  
b 

75. 1102 .200  . ZOO 
- 0 0 6 6  59.2 15 . . . . . . . . . . . . . . . . . . . . . . . . . . .  8..C1. -,---------------- l . i ~ ~ S ~ ~ ~ 6 d d Q P P P P P P P P P ~  --- - - - - - - - - -  *-i.SQQQQQQQQQQQQQQQQQQQQQQQQ:PP_9_5_ ...I 

. 0 0 9 6  .OD65 59.9 85. 1249 .160  - 1 7 0  
76 I .  



5 I - . 
I :  ' I[ "i . 

8 :: 
' I POROSITY D A T A  FOR SAMPLE P  1-2528. -- : ! ,  

0, : 



-' t i 

I POROSITY DATA FOR SAMPLE P - 1  -2536. 
SEOUENCE NUMBEP 5 Of ! 11 

c -.. 
PORE VOLUME -016 CC/G 

61 I 

6 PCT.  PORES 
PORE PORE CHANGE I N  GREATER I I !. PRESSURE PRESSURE D I A M E T E R  V O L U ~ E  P O R E  V OLUtlE THAN D I A  ! .# 

I ATHS P S I  MICRON CC / &  C C / G  I N O I C A T E O  . 
4 

' 
11 -- 6. 88.176 2.500 '. 00 22 -0143 13.1 

10 2.8 72 2.100 . 00 39 .0125 23.8 7. I 1  

. 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9, . . . . . . . . . . . . . . . . . . . . .  t_r_Zl_6-R_ . . . . . . . . . . . . . . . . . . . .  LrPPo_o - _ o _ o _ o _ o _ o _ o _ o _ o - - - - - - - - - - - - - -  -_o_oPP~PPPPPPPPPPPPPPPPPPPPPPPPPPP-PoL2!f f f f f f f f f f f f f f f f f f f f f f f~~~~~ - - - - - _ _ - - - - .  .-.,, I 
9. 132.264 1.600 .0041 .0123 25.0 

25.6 .IIL. ~ 1-0.. 19-6..-9.bbO . O O O O O O - O O O O O O O O O O O O O  ltSO_O _ o _ o _ o _ o _ o . . _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  2-0_0-4_2 - - - - - - - - - _ 2 _ 2 - - - - - - - - - _ 2 _ 2 - - - -  --0.3.E - - - - - - - - - _ 2 - - - - - - _ 2 - - _ 2 - - - - _ 2 _ 2 - _ 2 - _ 2 _ 2 _ 2  ---_-. - -  --. . 

161.656 1.400 -0043 .0121 26.3 
' 6 1  ; ' 

11. 
1) - 1 2 .  176.352 1 300 .0043 .0121 26.3 

191.048 1.200 -0044 .0120 26.9 13. 
81 

1.100 .0044 .OiZO 2 6.9 ( 16 ------_------. I!!* ..................... 2_0-5?-7_4_k - ... . 
15. 220.440 1.000 ,0048 -0116 29.4 " 11 

.930 -00 48 -0116 29.4 - - -  1.5, . . . . . . . . . . . . . . . . . . . . .  23-5?-13_6_ - - - - _ 6 _ - - - - - - - - - - _ 6 _ _ 6 _ - - - - - _ 6 _ - . . _ _ - - - - - - _ - - - - - - - - - _ 6 _ - - - - - - - - - - - _ 6 _ _ 6 _ - - - - - - - - - _ 6 _ - - - - - - - - - - - - - - - - - - - - - - - . ~ - _ _ - - - . . - .  __. .__ . 
f 249.832 .880 -0048 -0116 29.4 91 r 

1 7 .  
18 -- 98. 264.528 en30 e0048 .Oil6 29.4 

19. 279.224 .790 -0055 .0109 33.8 I ,  

-0055 .0109 33.8 ( IV ---_--_---.-____.---------- Z_?.t ---.----------------- 2_9-3ff9_2P _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  TTT~II~0ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo .. . - 
,25. 367.400 .600 -0062 ,0103 3 7.5 11 

.SO0 -0072 .0092 43.8 10 --.-------- .--- JJ0.* OOO. .OOOOOOOOO'  0 0 0 0 0 0 0 0  4LLQ~8~PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP P P P P P P P P  . . 
i 35. 514.360 -430 . 00 74 ,0090 . 45.0 " j 

11 - 40. 587.840 .370 -0077 .0087 46.9 
661.320 -330 .008 0 e0084 48.8 4 5. 

11 

50.0 i 5-0 r 3 3 k 1 1 a ~ ~ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ~ ~ . o _ ~  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  AJ_~-R_~ ......................... _.-o_o-ez ----------------_2_2-----_2-_2_2-------_2_2.--_.-_---. . .-  

808.280 .0082 -00 82 50.0 5 5 .  r 270 
50.0 6.0 B . B ~ ~ ~ ~ ~ ~ P ~ ~ ~ ~ ~ ~ ~ ~  ---__--------_-, ~~~oPPPPPPPPPPPPPPPPPPPPPPPpPo~Pa~  2- - - - - - -22- - - - - - - - - - - -2 - -  :-P_o-~z ---2-2--------222---------22-..---22..222----.2..2..-.._-. . OOAO 51.3 

01 .. 
65. 955.240 .230 -0084 j 

11 70. 1028.720 .210 -0086 -0078 52.5 
75. 1102. ZOO .ZOO -00 89 . 00 75 54.4 6 

i; 71  55.6 1.lTS~-CflBQ BBBBBBBBBBBBBBBB-BBBB z-i_flP _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  COP-91 ~~~~~~~~~~~~~~~~~~~~~~~~~ t O - O _  - - - - - - - - - - - - - - _ - ~ - _ o _ o _ o _ o _ o _ o _ o _ o _ o _ ~ - - _ - .  _ . . _ - . . p  

95. i2ft9.160 .I70 ,0091 -0073 55 -6 

1 ; 



I - - - - - - - - - - - - - - -. LC. 

. . 
i PO.QOSITY OATA FOR SAMPLE P - 1  -2536. 

01 

1 r --._--.----------------.---------------------------------------------------------.----------------------------------------------~-------------------------------------- P ~ ~ ~ ~ ~ P P O R . E _ S s s s s s s s s s s s s s s ~  
I <, PO RE PO RE CHANGE I N  GREATER - .a1 ', 

P R E S S N E  PRESSURE O I ~ ~ T E R  VOLUME . , PORE VOLUME THAN OIL\  - I b  A T M S  P S I  MICRON CC /G CC / G  I M D I C A T E O  

( I .  90. 1322.640 .I60 -0092 0072 56.3 .. 51 .) 



- 
I I 

3 POROSITY OAT4 FOR SBHPLE P  1 - 2 5 4 7 .  
SEQUENCE NUMBE? 5 

C !!Oc!5.5!!PPLV-ME ------- --OL9---C-C!-G GGGGGGGGGG-----GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG----GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG1, 

6 PCT.  PORES 
PORE PO RE CHPNGE I N  GREATER I1 

D I A  METE R VOLUME PORE VOLUME P ~ Z Z V P E  ------------------ PP-E_S-SY-~!E ........................................................................................................... T ~ ~ ~ ~ ~ I P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . .  . '? 1 
ATMS P S I  MICRON CC/G CC/G I N D I C A T E D  



P O R O S I T Y  DATA F O R  S A M P L E  P 1-2547.  

P C 1  P O R E S  I 

i P O R E  P O R E  , C H A N G E  I N  G R E A T E R  - J '91 ,.I t' 
6 --- PRESSUPE PRESSURE DIAMETER VOLUME P O R E  VOLUME T H A N  OIA 

ATr lS P S I  M I C R O N  CC / G  C C / Z  1 N r ) I C A T E O  11 

. ' :  

90.  1322.640 . I 6 0  ' . 0 1 2 0  - 0 0 6 5  64.5 $1 ., ' ! 

10.0-  1469 .600  - 1 5 0  . 0120  0 0 6 6  64.5 
110.  1 6 1 6 . 5 6 0  . 140  - 0 1  2 3  , 0 0 6 4  65.8 I 1  

- 0 0 6 4  65.8 1763.520 . 130  . 0 1 2 3  ' lo. .-_- l.200*o ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo.~~... 1 I 

1 9 1  0.480 . I 2 0  . 0 1 2 6  - 0 0 6 0  67.8 
' ' I1 

130 .  
67.8 II --. _. .---_- 1 't 0 Z2OO57.._44.0 - - - - . _ _ ~ .  t.11.0 --------..------_4_4_4_4_4_4_4_4 :_0-11_2-6 6 _ - 6 _ - - - - - - 6 _ 6 _ 6 _ - - - - - - - - - - - 6 _ -  %_OP_bP_ P _ P _ . P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ P _ . . P _ P _ P _ P _ P _ P _ P _ P _ P _ P _  .- . 

2204.400 . l o 0  . 0 1 2 7  - 0 0 5 9  68.4 
1.1 '\ 

150. 
1 7  0. 2498 .320  .088 - 0 1 3 0  , 0 0 5 6  69.7 1 1 . -  

2645.280 - 0 8 3  0 1  3 2  . 0 0 5 4  71 .1  180.  
11 

.. . 
0 0 5 4  71.1 1 11 . ..-1_90 r _-_--__------------ _2_TPPf>_.T!+-O_ o_o_o_o_o_o_o_o_o_o_o_o_o_o_..o_o_o_o_o_o_o_ ~PPTPPPPPPPPPPPPP~ ---------- <_0!!-3Z -------------------------: . - _ _ - - - - - - - -  . . 

2939 .200  . 0 1  3 5  . 0 0 5 1  72.4 
-01 .' I 

200 .  . 0 7 5  
3233.120 .068 , 0 1 3 5  0 0 5 1  72.4 14 . ?Z..O. -_---: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I 

240.  3527.040 0 6 2  . 0 1 3 7  . 0 0 4 9  73.7 1 
260.  IS 3820.960 e.057 - 0 1 4 0  - 0 0 4 7  75.0 

4114.880 - 0 5 3  - 0 1 4 2  - 0 0 4 4  76.3 , 280.  
81 

4408 .800  - 0 5 0  - 0 1 4 5  . 0 0 4 2  77.6 I 13 3_0.0* -_.---------_--------- ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

'> 

330. 4849.680 - 0 4 5  0 1 4 6  e 0 0 4 0  7 8.3 
. 0 0 3 8  79.6 -. --------.--.--_--. .----. 3.60. _- - - - - - - - -___- - - - - -  52990*-5_6-Q o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _  i ------ ePP1---_----- . . - ------  PPPPPPPPQ!!?& --8-----------8-----------888-----------------888..88--8-. -__-_-------_._ . 

590.  5731.440 .0 38  - 0 1 5 2  , 0 0 3 4  81.6 " 1 
11-- I+? . --- 0. 6172 .320  .035 - 0 1 5 2  - 0 0 3 4  81.6 

6 6 1  3.200 - 0 3 3  0 1 5 3  .OD33 02.2 450.  
: ._ .-49.0 .-___----__.___------ rz200t,~a~-o .----___-----tttttttttt. P-U . . . . . . . . . . . . . . . . . . . . . . .  =-OI-SI IIIIIIII.IIIIIIIIIIIIIIII. .-oP-~B B B B B B B B B B B B B B B B . B B B B B B  ee4..2 - - . . - - - -2_- -_  - -  - _ _ - _  ... . :: :l I 

510 .  7494.960 - 0  29  - 0 1 6 0  .DO26 8 6  2  
l o - -  - _  5'4 0  - - - - -__- - - - - - - - - - - -  z.93-5~-9.44Qaaaaaaa =- - - - - - - - - - - - - .  ~ O . ~ 7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * - O . 1 - ~ 6 3 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . 0 _ O ~ ? 1 ~  _ 3 - - - - - - - - - - - _ 3 _ 3 - - _ 3 - _ 3 _ 3 . _ 3  PP?2_5_ _ 5 _ _ 5 _ _ 5 _ _ 5 _ _ 5 _ _ 5 _ _ 5 _ _ 5 _ _ 5 _ _ 5 _  .... .. . 00 2 2  88.2 I 590. 8670.640 . 0 25 , 0 1 6 4  " ') 

11 -- h 1.0. 8964.560 l 0 24 0 1 6 4  . 0 0 2 2  88.2 -- 
. 0 0 2 0  89.5 6 4  0. 9405 .440  r 023  , 016  7  

! 17 ZOO. 1.0.2BBZ.20.0 . - - - - - - . _ - - - - - - - Z Z Z Z Z Z Z  e.0.21 - - . _ - - - - - - - - - _ _ Z Z Z Z Z Z Z Z  --D1.ZzO 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  ~ 0 Q . i ~  - - - - - - - - _ 6 _ 6 - - - - - - - _ 6 - _ 6 -  9!i*i4444444444 ') 

. 0 0 1 2  93.4 
I1 ' 

740.  10875.040 0 0 2 0  . - 0 1 7 4  
71 .770.. _-_---_--_._----- 113i5.-9.2.0 . .Oi9 . . . . . . . . . . . . . . . . . . . . . . .  *-01.?4 _ 4 - - - - - _ 4 _ 4 _ 4 . - - _ 4 _ 4 - _ - - - - - - - - -  -_!!od2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 . 2 2 2  93:-!! - - - - - - -  -. ._-.__ -. . 

. 0 0 1 2  93.4 
01 ; 

i 800.  11756 .800  .019 - 0 1 7 4  
14 , . 9 3 . 0 . . - i . Z  1 9  7. 68 0  . ole 0 1  7 6  . O O l O  94.7 

12638 .560  . 0 1 7 9  0 0 0 7  96 .1  860 .  ,017 
6 

75 90-0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1.3222.66~~!~.0.0 O O O O O O O O O O O O O O O O O O O O O . .  .-O.lJJJJJJJJJJJ~ ------------ c.001_7-9 9.9.9.9.9.9.9.9.9.9.9.9...9.9.9.9.9.9.9.9.9.9.9.9. :PP0PP7 7 7 - 7 - - - - - - - - 7 7 7 7 . 7 7 - - -  q5:1 . 

13667 .280  . 016 . 0 1 8 1  - 0 0  0 5  97.4 930.  
76 _ _ -  9 6  0. __-_._..__--_ 139.k1..-2.000 O O O O O O O O O O O O O . .  ..0.1.6 .~~ - - - - - . . . . - . ~~___ -OOOOOO !PPO!J-5 5_5_5_5_5_5_5_5_5_5_..5_5_5_5_5_5_5_.5_5_.. 9 7 %  . -.. : 

1000.  1 4 6 9 6 . 0 0 0  - 0  1 4  . 0 1 8 6  . 00 00  100.0 1 .  

11 -- -. 

. P 

v 11 -_.---.---. .. - - -  I-' I ,- 
' . . - I  . - 



POROSITY DATA FOR SAMPLE P 1 - 2 5 5 4 .  
SEQUENCE NU!IBE? 7 

6 PCT.  PORES 
PORE PORE CHANGE I N  GREATER I [  

D I A M E T E R  VOLUME PORE VOLUME THdN O I A  1 ----._---------_----- _P_RES.UR.E - E - E - - - - - - - - - E E - - -  rlP-E__S-S._U-R_f: f:f:f:--f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:f:..---__--~---__-----f:f:f:f:. .) : 
ATMS P S I  MICRON CC /G CC /G I N D I C A T E 0  .-P[ 



. . 

- 
I : I[ :--y ; . , .  

I 
. - 

P O R O S I T Y  DATA FOR SAMPLE P  1 - 2 5 5 4 .  4 
or . .;I I 

I , . 5 ?C-!2--P-(JR€S 
1 !. 

i 
PORE P0.R E C H d N t E  I N  GREATER 

6 -?-RE SSJRE PRE w l !3E  OIAMETER VOLUME PORE VOLUME THAN O I A  
; 

ATMS P S I  1 NICRON CC /G CC/G I N D I C A T E D  
11 ' 



_L _ 
I POROSITY DATA FOR SAMPLE P  1 - 2 5 6 5 .  

SEOUENCE NUMBE? 8 at ; 

I PCT.  PORES 
PORE PORE C H I N G E  I N  GREATER I [  

< O I b H E T E R  VCLUME PORE VOLUME THCIN O I A  
1 . . . . . . . . . . . . . . . . . . . . .  PPF!ES.S-c!E,.EEEEEEEEEEEEEEEEEEEPFeE__S_sS!!-R_E --EE-- - - - -EEE-- - - -E. -EE-EEEEEE.E-E-- - - -EE-- - - - -E. - - - - -EEE.E-- - - - - -EE-- - - -E-EE-- - - - - - -E-- - - - - -EE-- - - - -EEEEE--E-- - - . . - -E-EEEEE--- - . .EE-- - - -  

ATMS P S I  , MICRON CC /G CC/G I N D I C A T E D  - ' 9 [  



- 
I_ I . . 

I POROSITY DATA FOR SAMPLE P 1 -2565 .  
01 '. 

PCT. PORES 
< PORE PORE CHANGE I N  GREATER .) 

1 PRESSURE -- PRESSURE D I A M E T E R  V OL UHE PORE VOLUME THAN O I A  
AT?lS P S I  MICRON CC/G CC / G  I N O I C A T E O  I1 

! 9 0 .  1 3 2 2 . 6 4 0  - 1 6 0  . 0 0 8 4  , 0 0 6 4  5 6 . 8  l1 1 
v 1 0 0 .  1 4 6 9 . 6 0 0  . I 5 0  - 0 0 8 7  - 0 0 6 0  5 9 . 1  

110 .  1 6 1  6 .560  - 1 4 0  .OO87 , 0 0 6 0  5 9 . 1  I1 

e l 3 0  , 0 0 8 9  - 0 0 5 8  6  0.6 ; t o  ------__------------.----- i2_oo.oooooooooooooooooooo1~F13._~~_0 ) 
1 3 0 .  1 9 1 0 . 4 8 0  . I 2 0  - 0 0 9 0  0 0 5 7  61 .4  

.................................................... ......................... ....................... 6 2 . 1  I t  ...................... : _ - _ l % . O  ,___----------------- 2P!SSTt_4.4_o _o_o_o_o_o_o_o_o_o_o_o . . _o_o_o_o_o_o_o_o_o_o  ....11_0 %_o-o_!?L %_oPP5_6_ 
i' 1 5  0. 220 4 .4  00 . l o 0  . 0 0 9 1  0 0 5 6  6 2 . 1  l1 ) 

1 1  1 7 0 .  2 4 9  9 .320 - 0 8 8  - 0 0 9 8  . 0 0 4 9  66 .7  
2 6 4 5 . 2 8 0  . 0 8 3  . 0 0 9 9  . 0 0 4 8  67 .4  1 8  0. 

I1 

0 7 9  - 0 0 9 9  0 0 4 8  6  7.4 I 1 1  ........................... 19-0.. .................... _2_TBBt?-T4-0_ - 01 
j 

200 .  2 9 3 9 . 2 0 0  . 0 7 5  - 0 0 9 9  - 0 0 4 8  6 7 . b  
0 0 4 6  1 4 . . _ .  ......................... .?20_, .................... 3_t3-3?-12-0_ ...................... ! 0.6_8 ...................... *o__OLOL ......................... -- ............................ f?_e-:f, ...-............-......... 

240 .  3527 .040  - 0 6 2  - 0 1 0 6  - 0 0 4 1  72 .0  1' ) t 

1 5  2 6 0 .  3 8 2 0 . 9 6 0  - 0 5 7  . O l O R  . O O  3 9  73 .5  
28  0. 4 1 1  4.880 0 5 3  - 0 1 0 8  - 0 0 3 9  73 .5  81  

I 00 3 6  75.8 11 -__-___--..___-._._-_----_ ~ P . Q ,  _------_____-------  .!~4_0~e~-e_o~o_ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _  ._P-s_o _ o _ o _ o _ o _ o _ o - _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o _ o  ---_oL1~ _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i  -- _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i - - - - - . ~ - ~ ~ - - - - - .  . '1 
/ 3 3  0. 4849 .680  - 0 4 5  - 0 1 1 3  - 0 0 3 5  76.5 
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1 1  6 1 0 .  8 9 6 4 . 5 6 0  - 0  2 4  . 0 1 2 9  - 0 0 1 8  8 7 . 9  
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I P O R O S I T Y  DATA FOR SAMPLE P 1-2575. 
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SEOUENCE NU~IBE? 9 " -. :i 
PORE VOLUME -018 CC/G , 

6C + ! 
i 

r : 
I ' nt -$ - 

6 P C T .  PORES 
PORE PO RE CHANGE I N  GREATER 11 1 

PRESSURE PRESSURE D I A M E T E R  VOLUME PORE VOLUME THAN O I A  ' 5 .  
ATFlS ' P S I  R ICRON . CC/G CG/G I N D I C A T E D  '-91 . 
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--ri \ i 

? 
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29.392 7.500 0014 .0161 8.0 lo . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2. --_-----_- . > !  

3. 44.0@8 5.000 00 28 0147 16.0 -11 
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5 5 .  955.240 .230 .0102 -0073 58.4 
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2545.2  90 . ? R ?  mop84 . n o 4 7  64.3 

i *? '1 . 2792.21.0 . , ,079 . . .  00 8 9  . . . . . . . . . . .  0ChZ . 67.9 
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