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ABSTRACT I 
The mechanical and transport properties and characteristics of rock sam- 

ples obtained from DOW-DOE L.R. SWEEZY NO. 1 TEST WELL at the Parcperdue 

Geopressure/Geothermal Site have been investigated in the laboratory. Elastic 

. .  

t moduli , compressibility, uniaxial compaction coefficient, strength, creep 

parameters, permeability, acoustic velocities (all at reservoir conditions) 

and changes in these quantities induced by simulated reservoir production have 

L 

1 
been obtained from tests on several sandstone and shale samples from different 

L .  depths. Most important results are that the compaction coefficients are 

approximately an order of magnitude lower than those generally accepted for 

the reservoir sand in the Gulf Coast area and that the creep behavior is 

, L  

L 

Geologic characterization i ncl udes 1 i tho1 ogi cal descriptl on, SEM micro- 

Petrographic 

analysis shows that approximately half of the total sand interval has excel- 

lent reservoir potential and that most of the effective porosity in the Cib 

Jeff Sand is formed by secondary porosity development. 

L d mercury intrusion tests to obtain pore distributions. 
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I. INTRODUCTION t I 

L The Division of Geothermal Energy of the U.S.  Department of Energy (DOE/ 

DGE) i s eval uati ng the techno1 ogi cal and commerci a1 f easi bi 1 i ty of exploiting 
. .  

the geopressured/geothermal resource in the U.S. Gulf Coast area. An exten- 

sive program t o  design, d r i l l  and t e s t  wells in th i s  area i s  being conducted 

t o  aid the evaluation process. I t  is  recognized that physical and mechanical 

b properties such as porosity , permeabi 1 i t y  , compressi bi 1 i t y  , etc. , and changes 

I 

b 
i n  these properties during production play an important role in evaluating the 

production potential of a subsurface reservoir. The program therefore includes 
I 

a systematic investigation of rock properties in the laboratory. T h i s  report 

describes laboratory tes t s  on core samples obtained from DOW-DOE L. R. SWEEZY 

NO. 1 TEST WELL a t  the Parcperdue Site (near Lafayette, Louisiana) in the Gulf 

1 

P 

Coast Area. 

The t e s t  conditions and the procedures are designed t o  produce results 

that  are useful for: 

a identifying and anti cipati ng probl ems associated with changes i n 
porosity, strength, and deformation and fluid flow characteristics 
that  are related t o  fluid production; 

providing correlation with the reservoi r properties assessed -from 
well tes t ing and geophysical logging such as sonic velocity and 
electrical  re t iv i ty  logs; 

p rov id ing  values or ranges o f  values for e i n p u t  parameters such 
as compaction and permeabi 1 i t y  coefficients , bu l  k and shear modul i , 
e tc . ,  t o  the computer based models for predicting long-term produc- 
t i o n  performance and subsidence profiles. 

In addition t o  the description of core tes t s  and t h  
the report 

includes a detai geological description of the F r i o  ci Jeff  Sand and Some 
general comments on i t s  reservoir aspects. The report has been structured such 

that the core testing and the geological sections are essentially independent. 

- 
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o 
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11. CORE TESTING 

11.1 GENERAL LITHOLOGY AND CORE DESCRIPTION i i  

The proposed DOW-DOE L. R. Sweezy #1 we1 1 in Parcperdue field near Lafay- 

e t t e ,  Louisiana has been drilled t o  a total depth of 13,618 feet. The target 

sand interval was a small geopressured water sand, called the Cibb Jeff sand, 

which occurs w i t h i n  the upper Oligocene Frio Sand complex. The reservoir of 

Cibb Jeff sand i n  the Parcperdue f ie ld  has been determined t o  consist of a 

small faul t  block. Remarkably good well control and the general lithology 
I :  L suggest that  the reservoir i s  effectively isolated from adjacent fault blocks 

by a thick shale sequence above and below the sand. Reservoir acreage i s  

approximately 940 acres and fo r  an average sand thickness of 50 feet the 

reservoir vol ume equal s 0.015 cubic m i  1 es (Hami 1 ton and Wi 1 son, 1980). iJ 
Two cores of 60 feet  length and 4 inch diameter each were recovered from 

the Sweezy #1 well across the proposed reservoir interval between 13,340 t o  

13,460 feet  levels. Core recovery was excellent considering the unconsoli- 

dated nature of portions of t h e  reservoir sand. Two feet  of shale were re- 

covered from above t h e  sand, and approximately 48 feet of siltstone and shale 

were recovered from below. Total sand recovery was approximately 70 feet ,  

approximately ha1 f of which represented potential reservoir sand. Figure 11-1 

shows a vertical profile characterizing the entire cored interval. 

# '  
lj 

I; 

L 
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I I. 2 LABORATORY TESTS 

11.2.1 Specimen Preparation, Characterization and Storage 

11.2.1.1 Specimen Preparation 
c :  
i Cylindrical test specimens, each 2 inches in diameter and 4 inches in 

length were obtained from the whole core samples. In addition to test speci- 

mens, a one inch diameter satellite core was obtained from each of the whole 

Q core samples for density, po,rosity and a limited number of ultrasonic velocity 

measurements. Initially test specimens were cored and edges were ground at 

room temperature using 110,000 ppm brine as a lubricant. Extremely friable 

sand samples were frozen and cored dry to obtain satisfactory test specimens. 

Most of the shale samples fractured along the bedding planes during coring. 

Some others were damaged during the griding operation to make the edges flat 

and -parallel. A single shale specimen was obtained by casting the core in 

hydrostone prior to cutting and grinding operations. All the test specimens 

were ground for flat and parallel ends to a tolerance o f  0.005 inches. 

11.2.1.2 Porosity Measurements 

e L 

1. 
( 

id 

Porosity measurements were done on samples from each o f  the whole core 

test specimen preparation. The dual chamber helium-gas Boyle's 

Law method was used to determine vol The 

chamber volumes are optimized for the sample size to give near maximum resolu- 

tion for porosity det mination. The apparatus was calibrated with known 

volumes. 

of solids, V s ,  for each specimen. 
Ll 

Porosity (+), was then determined by: 

( $ = I - -  vS 

"t 
, i  

where Vt is the total sample volume as determined by immersion and displaced 

fluid volume measurement. Resolution is estimated to be approximately 20.5% 
1 I' 
11 poros i ty. 

4 
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11.2.1.3' Pressure Resaturation 

A special pressure saturation vessel i s  used t o  saturate the t e s t  speci- 

men. The t e s t  specimen i s  placed in the pressure vessel and the pore lines 

connected t o  the sample are evacuated and backfilled with deaerated 111,000 

ppm NaCl brine. The vessel and t h e  pore lines are pressurized simultaneously, 

i n  steps, up t o  1000 psi such that a t  no time-any effective stress i s  created 

within the sample. A slight differential pressure i s  then created between the 

t o p  and the bottom of specimen and the pore fluid i s  allowed t o  flow through 

f o r  approximately 3 t o  4 hours. The system i s  then depressurized slowly and 

L the specimen i s  stored in brine until i t  i s  ready t o  be jacketed f o r  a test .  
, I  

11.2.1.4 Jacketing and Test Stack Preparation 

A t e s t  stack consisting of the cylindrical rock specimen, ceramic spacers 

The ceramic 

cers act  as insulators and isolate t h e  electronics of the transducers a t  

The titanium 

end caps r e s i s t  the corrosive effect of the brine used as the pore fluid. 

Any extreme core surface irregularities are f i l l ed  w i t h  epoxy. Four 

metal stand-offs t o  allow transverse strain measurements are cemented directly 

t o  the rock a t  i t s  lateral center a t  opposing diameters. The end cap t o  

contact circumferences are coated w i t h  a bead o f  epoxy followed by a 

f sheet teflon. The entire assembly (except ends) i s  then coated w i t h  

approximately 0 . 1  inch o uncured silicon rubber. Immediately, a tube of 

and titanium end caps w i t h  pore fluid connections i s  assembled. 

two ends from the high temperature zone i n  the tes t  vessel. 
li 

i@J 
, i :  

I 
I 0.020-inch thic  teflon heat-shrinkable material i s  slipped on to  the sample 

and s h r u n k  on to  the uncured rubber w i t h  a h o t  a i r  gun. Finally, the jacket i s  

additionally secured near i t s  edges w i t h  stainless steel lock wire and allowed 

t o  cure a t  room temperature for a t  least 24 hours. A completed tes t  stack i s  

L 

shown i n  Figure 11-2. 
1 

5 L, 





I 11.2.2 Test Equipment 

All t e s t s  are performed us ing  a system designed and built a t  Terra Tek 

for high-temperature creep measurements (Figure 11-3). The system uses gas- 

backed, thermally stabilized hydraulic accumulators for applying the axial, 

confining and pore pressures. The gas-backed accumulators are designed t o  

1 maintain constant confining pressure and axial load over long periods i f  
lpl 

Figure 11-4a -shows a schematic of the  axial load, confining pressure 

L 
. 

, .  

desired. 
r /  

L and pore pressure units. The pore pressure unit i s  also used f o r  flow (perme- 

abi 1 i ty) and ejected f 1 u id  vol ume (pore vol ume changes) measurements. The 

axial and transverse strain measurements are made using, respectively, linear 

variable differential transformers (LVDTs) and strai  n-gaged canti lever fix- 

tures. The strain gages have some d r i f t  over prolonged measurement durations, 

especially a t  elevated temperature. The LVDTs, on the other hand, are ex- 

tremely stable and have h i g h  sensitivity for prolonged measurements on most 

rocks. The specimen i s  heated internally within the cell by convection of the 

h o t  cell  fluid w i t h i n  a ceramic shroud. Temperatures are measured by thermo- 

~ couples attached t o  the t e s t  specimen and placed i n  the cell fluid a t  several 

p o s i t i o n s .  Figure 11-4b shows a view of the entire t e s t  stack assembly. 

The system i s  electronically linked with a PDP-11 computer system w i t h  

the  pressure, temperature, stress and strain transducer outputs being acquired 

i n  real time. 

c .  

1 

E; 

ill 

I 

s t s  consisting of several hydrostatic, tr iaxial  and uniaxial loading 

and unloading cycles and pore pressure reduct n were designed t o  provide 

measurements for calculating several mechanical and transport properties. A 

schematic description of  these tes ts  i s  given in Figure 11-5 and the details 

are described below. 

: i  
1 
I 

i 

i 
I 
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PORE PRESSURE UNfT 

DISPLACEMENT OF ACCUMULATOR PIOTOM 
I8  MEASURED ELECTRONICALLY 

. -. 

a) Loading Units 

Figure 11-4. Detai ls  o f  

. .  . . . ._ - . . _-._._-,._ .. . 

b) Test Stack Assembly 

the Testing System Components. . 
I 
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I ATTAIN RESERVOIR CONDITIONS 

, .  

I 

PERMEABILITY MEASUREMENT 
u 

SEVERAL DAYS 

! ,  

PORE PRESSURE REDUCED 
TO 20%, 40% OR 60% 

1-D COMPACTION 
(PRODUCTION SIMULATION) 

MEASUREMENT 

I 

REGAIN RESERVOIR 
CONDITION (HYSTERESIS? ) 

.- 

j 
I 

Figure 11-5. Schematic Description o f  Tests to Obtain Mechanical 
and Transport Properties. 

‘ii 
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11.2.3.1 - Tests for Obtaining Deformational Characterist 

_ _  The test specimen, inside the pressure vessel, is 

L -  simulate the estimated reservoir conditions at the depth 

cs 

heated and loaded to 

from which the speci- 

men originated. The approximate reservoir conditions simulated in each case 

are: temperature 107OC, conf i ni ng pressure 13,000 psi ; total overburden 

1- 

I I stress 13,500 psi and pore pressure 12,000 psi. The confining pressure and 

the pore pressure are increased simultaneously (maintaining a constant differ- I & 

entia1 of approximately 50 psi to prevent a jacket failure). After the pore 

pressure reaches its maximum value, the confining pressure is increased to the 

reservoir level, followed by deviatoric stress application. Once reservoir 

conditions have been attained, the test procedure varies for different -test 

i l -  
- %  

-_ 

types: 

1. In the compaction tests, the .pore pressure is lowered to approxi- 
mately 60% of its maximum value while constantly adjusting the con- 
fining pressure and the deviatoric stress values to obtain a uni- 
axial compaction (no lateral strain change) and maintain a constant 
total axial stress (representing the overburden). 

2. In the triaxial tests to failure, conducted on three sand samples 
from generally the same level, the pore pressure is reduced to 

.. approximately 20%, 40% and 60%, respectively, of their maximum 
val ues (representi ng the reservoi r condition). The deviatoric 
stress is then increased until the specimen fails while maintaining 
the pore pressure and the confining pressure constant. 

the creep tests, the pore pressure is lowered to approximately 
O psi while maintaining a constant total axial stress and uni- 

The specimen is allowed to creep for several days 

r -  

Li .' 

L -  
axial compaction. 
under constant stress conditions. 

11.2.3.2 Permeabi 1 i ty Measurements 

In all these tests,'except the test on the shale specimen, permeabi 1 i ty 

measurements are made after attaining the reservoir condition. A second perme- 

ability measurement is made after the 1-D compaction phase in the type 1 tests 

to assess the influence of fluid production on the porosity and permeability 

OT m e  reserv 
Jki 



The' steady-state determination of permeabi 1 i ty has been found unsatisfac- 

tory in the microdarcy and lower permeability range. Therefore the transient 

pulse technique which is especially suited for low porosity, low permeability 

range was used to measure permeability for a single shale specimen. In the 

transient technique, the two ends of a test specimen are kept open to fixed 

volumes o f  permeating fluid and a differential pressure pulse of the magnitude 

approximately 1% of confining pressure is applied across the specimen. The 

pressure pulse results in fluid flow across the specimen and the equilibrium 

is reestablished. The pressure differential decay with time is monitored and 

the results in conjunction with the properties o f  permeating fluid, specimen 

geometry and the system volumes enable the permeabi 1 ity calculation. Figure 

11-6 shows a schematic of the test setup. 

. r -  

I Ll-, 
1 ;-2 

; *L[=; 
I 
~ 

I Since the setup permits only a hydrostatic loading o f  the specimen, the 

confining pressure was kept somewhat higher than that corresponding to over- 

burden in order to compensate for the -- in situ deviatoric stress. 

JACKETED 

Figure 11-6. Schematic of the Test Set-Up for Transient Technique 
o f  Permeabi 1 fty Measurement, 

12 
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11.2.3.3- E l e c t r i c a l  R e s i s t i v i t y  Tests 

E l e c t r i c a l  r e s i s t i v i t y  was measured on a s ing le sand specimen. The 
L 

specimen was saturated under water f o r  24 hours and then jacketed along w i t h  

plat inum electrode plates,  ceramic spacers and t i tan ium end caps. Figure 11-7 

shows the t e s t  stack assembly and a schematic o f  the t e s t  setup. A f t e r  jack- 

et ing,  the t e s t  stack and the connected pore l i nes  were evacuated and back- 

+ .  . -  f i l l e d  w i t h  NaCl brine. The confining' and the  pore pressures were increased 

i n  steps t o  a t t a i n  an e f fec t i ve  stress o f  980 p s i  on the specimen.. As i n  the 

r- 
i 

- 
. f' pulse technique permeabi l i ty  measurements, the t e s t  setup i n  t h i s  case permits 

on ly  a hydrostat ic  loading o f  specimens. The maximum capacity of pressure 

vessel being 2000 psi,  the  reservo i r  condi t ion was simulated i n  terms o f  

e f fect ive stress only  and not the t o t a l  stresses. 

1 
~ :7 

i .Ir'; 
I J 
I .I- 
i $# 

PRECIS ION 
.. 

2 LAYER SUICON 
IUS U R  JACKET' AC 

r SOURCE 

30 HZ T O  1 KHZ 
2 VOLTS 

PRECISION u ,  OSCILLSCOPES 
1 TEST SAMPLE I 

~ t .  (BOTH ENDS) 
CERAMIC SPACER 

I ' -  
I 

I 
I L&: 

._* 

..- TEST 
SPEClMEN - I L ,  

I 

I b,- a) Test Stack b) Schematic o f  Test Set-Up 

Figure 11-7. Test Stack and Schematic o f  Test Set-Up f o r  E lec t r i ca l  
R e s i s t i v i t y  Test. 

I b -  
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After the fluid pressures stabilized (approximately two hours duration) 

an electrical resistivity measurement was made using a four pole AC resistiv- 

i ty device to verify proper functioning of measurement devices. The tempera-- 

ture was then raised to 106OC and after a thermal stabilization was attained 

(approximately 45 minutes duration) the final resistivity measurement was 

.-- 

' t -  
E.. 

I r -  

I -- 

11.2.3.4 Ultrasonic Wave Velocity Measurements 

The ultrasonic velocities in three sand samples were measured using a 

i k;.- "Through Transmission Technique" (Mattaboni 1967). In this technique, the 
1 

i i-- travel time of an ultrasonic signal through a core sample is derived from the 

frequency o f  a very stable and accurate (stability *1 part in 107/month; 

accuracy fo. 00%) variable frequency' synthesizer (VFS) thus avoiding the 

errors involved in direct measurements of time. The VFS triggers a pulse gen- 

erator transmitting pulses through the core sample at a rate whicti i s  a defin- 

ite submultiple of the VFS frequency. The pulse shapes are adjusted so that 

the initial pulse, the singal received through the specimen and the VFS output 

(comparison wave) match exactly in shape. The VFS frequency is varied 

so that an exact number of comparison wave cycles are included between the 

time that initial pulse is transmitted and the specimen signal is received. 

The travel time is determined by VFS frequency. The sample set-up for these 

measurements is shown in Figure 11-8. 
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11.3 RESULTS AND DISCUSSION u -  I 
11.3.1 Deformation Characteristics 

I 

A summary of a71 the test results and ranges of values obtained for 
j L.7 
1 . _. different parameters are given 3 n Tab1 e 11-1. Computer pi ots characterizing 

I .  - 
the material behavior throughout individual tests are given in Appendix 1, ; 1 %  

p d  
! . *, The main features of the results are .described and discussed here. 

The deformational behavior of a test specimen under a complex triaxial 

loading sequence perhaps can best be represented by a mean effective pressure 
. _  

i 
I L-- . * 

i I  

j t- 
I . -  

(am) versus volumetric strain ( E " )  relationship. Figure 11-9 shows a plot o f  

A this nature for a sandstone and a shale specimen. Initial nonlinearity in the 

sure of pre-existing cracks and pore collapse. In addition to nonlinearity, 

stress-strain relationships is significant and can be attributed to the clo- i 
I 
I \ 

i 
I 

r -  
inelasticity is clearly exhibited resulting in hysteresis. In one sandstone 

sample (DOW #6, depth 13,344 ft.) only about 33% of the strain at the maximum 

effective stress o f  6000 psi was recovered during unloading to 200 psi. 

-- Figure 11-10 shows the compressibility variation with the mean effective 

stress for the same sandstone and shale specimens. Compressibility is obtained 

for all phases of loading by the slope of the tangent to the (am - ev> curve. 
These curves are typical o f  al-1 the samples tested. 

G -  . 

The Young's and shear moduli are calculated from the deviatoric stress- 

strain (al - a3 - E ~ )  and shear stress-strain (al - u3/2 - - es> curves 

(cf. Figure 11-11 and 11-12]. The Young's modulus remained very much constant 

throughout the deviator stress loading phase although the shear modu1us 

decreased considerably near the maximum shear stress. The flattening of shear 

stress-strain curves near the maximum shear stress is typical of many other 



Summary of Results Describing Deformation Characteristics 

t '  Compaction 
Coefficient 
(&) x10-6 

0.35 
0 .30 t t  

0.35 

0.46 
0.72 

0.65 

--ttt 

Young's 
Modulus 
(psi) XlO6 

1.26 
3.24t 
0.84 
1.27t 
1.69 
0.60 
1.55 
2.16t 
0.54 

Compress i b i  1 i ty 
(+) x10-6** 

3.30-1.38, 

10.30-1.95 

6.66-2.26 
5.12-3.54 

5.08-3.19 

3.15 

Shear 
Modulus 
(psi) x10- 

0.58 
1 . 3 l t  
0.36 
0.49t 
0.61 
0.25 

0.35-1.0 
0.85t , -- 

Porosity 
0 

28.6 

25.8 

28.0 
30.1 

26.7 

20.2 

36.2 
33.7 
27.9 

29.6 
30.1 

Compaction 
Sandstone 13,344 

I 33 I 13.364 
13,366 
13,389 

13,390 

13,446 

35 
67A 

68 

Shale 129 
-~ 

Triaxial (to failure) 
Sandstone 4 1  13,371 I 42 I 13,372 

1.18 
0.97 
0.96 

0.75-0.45 
0.45-0.44 
0.51-0.37 

3.52-2.58 
4.87-2.95 
5.59-3.85 

1. O M ) .  52 
0.30 

0.70 
0.66 

4.06-2.83 
4.42-3.69 

Sandstone 13,393 1.58 
0.68 

0.40 

-- 
-- -- 
*e 

I 678 I 13,389 

Compaction or Creel 
6.06 
3.24 
3.45 -- -- 
3.3355 
2.6659 
2.5599 

13,398 
13 I 344 
13,346 
13,369 
13,373 

13,400 

- 

78 
7 

10 
40 
48 

80 

- 

Sandstone 30.2 
23.0 
30.4 
37.5 
33.2 

26.7 

of vali i correspond to in. 
i correspond to s t i  

ial and fins 
ss range bet 

stages of triaxial loading phase. 
een zero effective stress and 

*The ranc 
**The range of vali 

reservoir condi t' 
tfhese values wepi 

IS. 
jbtained from sonic velocity measurements. 

TttExpcrimental results indicated a compactlon coefficfent of 0.85 x 
??This value was obtained by repeating the uniaxial compaction phase. 

Y p s i  in this case. 
However, further Investigation of the failed specimen indicated that during the testing a 
horizontal faflure (along the bedding) was created in the specimen just above the lateral 
strain transducer stand-offs and the fallure was confined in the upper half of the specimen. 
This resulted in recording of all the axial compression, but no lateral extension and hence 
a fictftfously high compaction coefficient. I -  

§Partially completed tests (not completed due to specimen or equipment failure). 
§§These values were obtained during subsequent loading cycles. 
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Figure 11-11. Deviatoric Stress - Axial Strain Curves for Two 
Sandstone Specimens. 
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Figure 11-12, Shear Stress-Stiain Curves for Two Sandstone Specimens. 

19 



". The- e l a s t i c  constants obtained from the sonic ve loc i t y  measurements on 

three sandstone samples are much higher than the corresponding values obtained 

from s t a t i c  measurements. This i s  expected due t o  the low stress and short  

durat ion pulses used i n  sonic ve loc i t y  measurements. Figure 11-13 shows a 

comparison o f  the compressional ve loc i t i es  (P waves) obtai  ned i n the 1 abora- 

~ 

I 

t 

t o r y  wi th  those obtained from sonic logs. 

Compaction c o e f f i c i e n t  (C,) i s  obtained f rom ' the pore pressure - ax ia l  

s t r a i n  (P - el)  re la t ionsh ip  dur ing un iax ia l  compaction phase (change i n  

l a t e r a l  s t ra in ,  &e3 = 0) simply as the slope ael/aP Compaction coef f i c ien ts  

are f a i r l y  constant throughout the uniax ia l  compaction phase f o r  most of the 

samples tested. 

i 

P 

P' 

Figure 11-14 shows the Mohr's c i r c l e s  and the f a i l u r e  envelopes obtained 

from the t r i a x i a l  t es ts  on three sandstone samples. The f a i l u r e  envelope a t  

lower normal stress i s  very l i n e a r  and i f  extrapolated downwards, gives a 

cohesion o f  approximately 300 ps i  and a f r i c t i o n  angle o f  28' (a lower cohe- 

nd a f r i c t i o n  angle value s l i g h t l y  higher than 28' may be a more rea l i s -  

proximation i f  nonl i neari  t y  i s assumed a t  the begi nni  ng). A reduction 

i n  the  f r i c t i o n  angle a t  the higher stresses probably i s  due t o  the associated 

higher s t ra ins  causing a breakdown o f  the  o r i g i n a l  s t ructure o f  the grains and 

the pores w i t h i n  the  sample. 

' 

1 I.. 
1 

Figure 11-15 shows the creep curves obtained f o r  a sandstone specimen 

I -  allowed t o  creep under constant stress condit ions f o r  approximately f i v e  days. 

i u 
L-d 

It appears t h a t  a steady-state creep mode had been at ta ined i n  t h i s  case. 

Other creep tes ts  y i e l d  s i m i l a r  resul ts .  Although it i s  d i f f i c u l t  t o  say from 

these resu l t s  how long the steady-state creep would have taken place, it i s  

f e l t  t h a t  over extended production periods creep compaction would be s i g n i f i -  

r I '  
b .  b .  

%- 

b' . 
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i Figure 11-15. Creep Curves for a Sandstone Specimen (#67B). 
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11.3.2 Transport Characteristics 4 I 
Table 11-2 gives permeability values for different sand samplesl As 

described i n  the t e s t  procedure section these permeability values have been 

U '  . -. 

.- 
t i  

obtained by flowing NaCl brine through the specimen a t  reservoir conditions of 

stresses and temperature. The second permeability value reported for  some ' 
, -, 

1 , .  cases corresponds t o  the t e s t  stage after the f l u i d  production simulation 

phase. Some general comments are given below: 
u 
1 

0 The permeability values reported i n  Table 2 are approximately 1/4 t o  
1/10 o f  those reported by Core Laboratories, Inc. fo r  samples from 
the same depth. T h i s  significant difference i s  due t o  the fact that  
Core Laboratory results are gas permeabi 1 i t i es  obtained a t  bench 
condition. 

0 There i s  significant reduction, ranging from 26% t o  88%, i n  perme- 
abi l i ty ,  caused by one-dimensional compaction simulating the fluid 
production phase. !- \ 

I Figure 11-16 shows the result from the permeability measurement on a 
I single shale specimen using the transient pulse technique. The final value 

l j i  .. 

bi _ I  

I -  

corresponds t o  the reservoir conditions simulated as closely as t h e  experi- 

mental setup permitted. 

11.3.3 E1,ectrical Resistivity 
I , -  

Electrical res is t ivi ty  o f  a sand specimen (#41) from 13,371 f t  depth ob- 

an effective pressure o f  980 psi and a t  temperatures of 23OC and 

266 ohm-meters and 217 ohm-meters , respectively. These values are 

tely an order of magnitude higher than those expected. 

I -  

, li '-,* 

r I.-. ! 

1 I U  I -. 
I 

23 



I 

I 

Table 11-2 

Steady-State Permeabi 1 i ty  Val ues for Sand Samples 
L :  

I -  

I 

ij-- Saniple 
Number 
#6 

#33 
#35 
#41 
#42 
#67A 
#67B 
#68 
#7lA 
#75 

Depth 

13,344 
13,364' 
13 366 
13 371 
13,372 
13 389 
13 389 

AEL 

13 9 390 
13 393 
13,395 

Porosity 
L 

28.6 
25. a 
28.0 
36.2 
33.7 
30.1 
30.1 
26.7 
29.6 
27.9 

Permeabi 1 
Reservoir 

Cond. 
43.8 

188.8 
193.2 
914.4 
92.3 
6.0 
6 .0  

26.3 
13.6 
26.1 

ty  (mi '1 1 i darcy ) 
After F1 uid Prod. 
Simulation Phase 

23.8 
* 

142.7 
* 
* 
3.7 
* 
3.1  
4.5 
* 



I 
I f  
~ i. 

0.200 

I 

Figure 11-16. Permeability Reduction with Effective Stress Application 
for a Shale Specimen (Transient Pulse Technique), 



li -- 
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- 11.4 CONCLUSIONS - MECHANICAL PROPERTIES AND BEHAVIOR 

The -results given i n  t h i s  report provide information on the deformational- 

and transport characteri stf cs of rocks from the Parcperdue Geothermal/Geopres- F- 

P I  

sured s i te .  Table 11-3 gives some average values and ranges of values for 

different parameters obtained from core testing. 

Table 11-3 

Aveage Values for  Mechanical and Transport Properties 
c 

Parameters 
Porosity 
Young' s Modulus 
Shear Modulus 
Bul k Compressi bi  1 i ty  

Compaction Coefficient 
Permeabi 1 i t y  Coef f i ci ent 
(a t  reservoi r condition) 

Electrical Resistivity 
a t  106OC 

Values 
(29.9 f 3.81)% 

(1.05 f 0.43) lo6 psi 
(0.51 f 0.25) lo6 psi 

10-6 U p s 5  

6 a 914 md 

(4.93 f 1.9 - 2.82 f 0.80) 
(0.56 f 0.16) l / p s i  

217 R m 

Number o f  Values 
Used I n  Averaging 
16 
11 
16 
14 and 10 

7 
Varies greatly and 
averaging these may 
not be mean3 ngful . 
1 

i: Generally, the compressibility values are slightly higher t h a n  those ob- 

tained for reservoir rocks from the Pleasant Bayou Wells (Gray, 1980). The 

higher i n i t i a l  compressi bi  1 i t y  o f  Parcperdue samples can be attributed t o  the 

use of true reservoir temperatures dur ing  tes ts  (Pleasant Bayou samples were 

tested a t  room temperature). Any simulation for subsidence prediction w i l l  

have t o  consider this factor, Elastic moduli and the compaction coefficients 

i n  the two cases are of t h  1 

Compaction coefficients are approximately an order of magnitude 1 ower 

than  those generally accepted for the reservoir sands i n  the same geologic 

-: 
L 
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region (Ohkuma e t  a l ,  1979). This has serious i ications w i t h  respect t o  

production rate and the time for reservoir dexpletion. A mal ler  compaction 

coefficient results i n  reduction i n  the duration over which a maximum produc- 
L 

-.- 
t i o n  rate can be maintained (Ohkuma e t  a l ,  1979). 

I Time and stress-dependent inelasticity exist and may be significant. ’ 

1 
These factors should be considered i n  evaluation and modification o f  field 

t e s t  procedures t o  obtain reservoir properties as we1 1 as mathematical model- 

ing for  long-term reservojr performance and subsidence prediction. 

Sonic velocity measurements made i n  the laboratory correspond reasonably 

well w i t h  the f ie ld  logs. As expected, the elastic constants derived from 

sonic velocities are higher than those obtained from s ta t ic  loading tests. 

Permeability values are much lower than those obtained by Core Labora- 

tories using gas as the permeating f l u i d ,  b u t  the general trend of change i n  

permeability w i t h  depth i s  the same. The lowe ermeabil i t i e s  may be attr i-  

buted t o  reservoir conditlons simulated i n  the tests. (The dramatic reduction 

i n  permeability w i t h  increase 3n effective stress i s  highlighted by the re- 

sults for shale specimens.) 

- 

Electrical resist ivity value obtained for  a specimen i s  much higher than 
1 

that  expected for a saturated rock. Since only a single es t  was done, i t  i s  

diff icul t  t o  judiciously comment on this  discrepancy. Past experience has 

shown that the electrical resist ivity and f o  t i o n  factor values for  differ- 

measured i n  the laboratory using the same equipment have correlated 

the field logs i n  a qualitative sense provided enough measurements 

I 

are made i n  the laboratory. 
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111. GEOLOGY 

I1 I .  1 BACKGROUND 
\ 

The Cibb J e f f  sand was deposited as an of fshore beach b a r r i e r  sand which 

trends along the  northeast Gulf of Mexico. Figure 111-1 i l l u s t r a t e s  the net 

- sand isopach and Figure 111-2 shows a v e r t i c a l  p r o f i l e  o f  core i n te rva l  f o r  

Sweezy No. 1 t e s t  wel l .  The t o t a l  sand in te rva l  exh ib i ts  an overa l l  upwards 

coarsening trend, i nd i ca t i ve  o f  a regressive phase o f  F r i o  shorel ine facies 

(Selley, 1970). The sand in te rva l  may be separated i n t o  two d i s t i n c t  zones, 

upper and lower, both r e f l e c t i n g  the deposit ional h i s to ry  and diagenesis o f  

the sand and surrounding shale facies. Both the zones have s im i la r  mineralo- 

gies, bu t  the r a t i o  o f  their ,sand t o  c lay  contents d i f f e r  s ign i f i can t l y .  The 

lower sand i n t e r v a l  (13,391 - 13,424) exh ib i ts  an abundance o f  sedimentary 

structures,  i . e. , cross-beddi ng , sand f 1 ow c las ts  , and burrowi ng. Grai ns are 

commonly subangular, f a i r  t o  poor ly  sorted, and average 0.15 mm i n  size. Min- 

era log ica l  ly, d e t r i t a l  grains are predominantly quartz (average 60%), feldspar 

I- (5-1O%), volcanic 1 i t h i c  fragments (5-lo%), and minor mafics. Bonding agents 

are predominantly c lay  wi th scattered glauconite and carbonate cement. A l -  

though the  poros i ty  values obtained a t  bench condi t ion general ly are high 

(average -28%), f l u i d  permeabi l i t ies are l o w  (average 20 md) f o r  t h i s  porosi ty.  

This anomaly i s  due t o  the high c lay  content w i t h i n  pore throats  as shown i n  

the SEM photomi graphs (Figure 111-3). Much o f  the c lay  found i n  the lower 

! zone i s  d e t r i t  obably produced as a by-product o f  b ioturbat ion,  

i s  a1 so found commonly rep1 acing ear ly  carbonate 

cement which ha These clays appear t o  be loosely bound and 

extremely susc b l e  t o  mobi l izat ion with f low o f  b r ine  through the rock 

matr ix.  Therefore, c lay  br idg ing a t  pore throats  i s  a d i s t i n c t  p robab i l i t y  

' i *  ; iJ-4 
, i: 1 

, CY 

I 

c.: 
i 

i;; 
-- 

though authigenic 

een dissolved. 
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Figure 111-1. Met Sand Isopach - N. Parcperdue F i e l d  (Hamilton and Wilson, 1980). 





Figure 111-3A. SEM hotomicrograph of Lower Sand Rock Fabric. Note abundant 
clay coating grains and f i l l  ng pore throats. Dow Sample 80, 13,400 ft) 

e 111-38. SEM Photomicrograph o f  Lower Sand Rock owing Si l ica 
Overgrowths (S) on Quartz Grains and Abundant C1 
space i s  seen between grains. 

ed Pore space 
(Dow S 

31 



SEM Photomicrograph Showing Close-up of Kaolinite Clay (K). 
stic pseudo-hexagonal form of platelets and bookleaf stack- 
Lower Sand Dow Sample 80, 13,400 feet) 

during flow. This behavior was observed when saturating core samples for te 

purposes. It is clear that the clay in the lower zone will have a c!efini 

impact on efficient fluid production from this portion of the reservoi 

!st 

te 

r. 

The upper sand interval (13,343-13,391) exhibits larger grain size (aver- 

age 0.3 mm), improved sorting, rounded detrital grains and a greatly reduced 

action. .The sand is generally fr 

5 feet is practically unconsolidated. Mineralogically, 

interval are predomi nantl quartz (approximately 70%) 

ic lithic fragment g 5-10% each. Matrix com- 

ponents are authi gen clays (average 3%), trace mafics and early carbonate 

Bench condition porosities are unusually high (approximately 

the range of one hundred millidarcies to 

fleet the restoration and enhancement of 

mnants. 

f 1 ui d permeabi I i ti es are 

' These porosity values 

_ - -  -__--___- 



rimary porosity companyi ng secondary porosity development and absence of 

subsequent la te  p cipitation of carbonate cement. P 

approximately an order o f  magnitude higher than those measured from core 

samples i n  the lower sand zone. The upper sand interval exhibits fewer 

sedimentary structures and minimal bioturbation compared t o  the 1 ower sand 

interval. Clays found i n  the upper zone are authigenic and are believed t o  

have occurred 1 i n  the diagenesis of the sand. SEM photomicrographs 

(Figure 111-4) the substantial contrast i n  the amount of clays found 

w i t h i n  pore throats i n  upper and lower zones. 

, 
crograph o f  Upper Sand Rock Fabric 
ndary pores (P)  and inhomogeneity 

grains appear t o  have welded contacts. 
, -  

( D O ~  Sample 

\ 
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Figure 111-4fl. M Photomicrograph Close-Up of Photo *4A. Excel lent example 
of a secondary solution pore. 
are free of clays. (Upper Sand, Don Sample 13,346 ft) 

Grains appear to be welded and pore throats 

P 

SEM Photomicrograph Showing Authigenic Kaolinite Development 
Silica Overgrowths (S). Note pitted texture of grain (T) 

indicating incipient replacement by now dissolved carbonate cement. 
Upper Sand, Dow Sam 10, 13,346 ft) 
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111.2 PETROGRAPHIC ANALYSIS 
I 

_-- 
- ETROGRAPH I C ANALY S IS --- - 

I 

Petr hie descriptions of tested core samples have been prepared for'  

the Sweezy #1 well. Detailed descriptions are given i n  Appendix 2. These 

involve the preparation of t h i n  sections for microscopic analysis o f  
. -  

the rock fabric both before and after core tests.  T h i n  sections were described 

t o  determine grain size, porosity, and mineralogical trends observed i n  the 

Cibb Jeff sand and $urrounding shale. Core tes ts  and pet raphic analyses 

are distributed w i t h i n  the core interval as illustrated i n  Figure 111-5. 

One of the. purposes of petrographic analysis was t o  determine and de- 

scribe any effects of stress change on core samples. Examination of t h i n  

ions from tested core samples show minimal effects of stress on rock 

fabric i n  the total  sand i n t  a l ,  Two reasons for lack o f  apparent changes 

i;- 

1 

l 

4 I 'c:" 

I 1 i: 

~ i': ! 

I 1. Deformation i n  specimens usually i s  loca ed and the probability of 
- finding a deformed zone i n  a particular t h i n  section i s  low. Addi- 

tional t h i n  sections selected throughout a stressed specimen may 
reveal where preferential deformation occurred, b u t  time and budget . 
onstraints prevented any additional sampling i n  t h i s  case. 

ome of the deformations induced by stress changes dur ing  core test- 
ing could be masked by mechanical damage caused during grinding o f  
t h i n  sections making i t  diff icul t  to discern one from the other.  

d d i t i o n  t o  t h i n  section analysis, mercury intrusion tes ts  were done 

ermine their  pore size distribution p r i o r  t o  and 

properties. Approximately 1-2 cc volume o f  

111-6 gives the cumulative p 

pre- and post-test stages of the three speci- 

n remains practically unchanged i n  al 1 three 

changes seen during mechanical testing (see 

1 as t ic  deformations and was recovered during 
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Figure III-9E: Pho elongate pores (P), indicating high 
's pink. (Dow 10, 13,346')(plane 

igure III-9F: P ng corroded grain edges (C). Some corro- 
sion attacke on grain surf aces. Note i ntragranul ar 

). (Don 33, 13, 



Photomicrograph showing mbed feldspar grain 
eached t o  farm intragra 
t ia l ly  crossed, 480x) 

Dow 42, 13,371') 

. Note near complete 



Photomicrograph show 
(L), porosfty (P), (Dow 42, 

intragranular solution as those found i n  the upper zone, 
rmeability t o  pore 

Ine i n  
transi - howi ng feldspar 

Photo G. This section aken from a sam whtch occurs i n  the 
t ion  between the upper ower sands. This grain has not been subjected 
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I 

Textural development o f  secondary porosity i s f 11 ustrated i n  Figure 

111-10. Primary porosity was destroyed w i t h  carbonate cementation and in i t ia l  

compaction. Feldspars and l i t h i c  fragments were also subjected t o  partial 

s o l u t i o n  and replacement by carbonate. With diagenesis and flow of pore f lu ids  

through the rock matrix, preferential solution o f  the carbonate occurred, 

creating secondary porosity. 

I 
Cementation & Secondary 

Primary porosity selective replacement porosity 

. .  1 -  

Figure 111-10. Textural Oevel opment of Secondary Porosity. 
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111.4 CONCLUSIONS - RESERVOIR FLOW IMPLICATIONS 

Primary and secondary porosity development w i t h i n  the Cibb Jeff sand w i 1  f 
This  mainly is due t o  the fol- affect  the reservoir properties differently. 

lowing differences: 4 

1. %The size range of secondary pores is wider and pore shapes highly 

2. of secondary pore throats are radi- 

3. Porosity distri bu t ion  i n  secondary pores s much less uniform. 

Pore throats observed i n  t h i n  sections are enlarged rep1 icas of precursor pr i -  

mary poros i t y  , and i nterconnecti on o f  y improved. Secondary 

porosity i n  many ways resembles vuggy porosity fou n carbonates (Schmi d t  , 
e t  a l ,  1977). Irreducible water saturation w i t h i n  secondary porosity is also 

very similar t o  that  found i n  vuggy porosity. 

The spectra of sizes and sha 
cally different. 

Mechanical competence t o  compaction can be expected t o  be much higher i n  

compared t o  sandstone w i t h  si 'tar volumes of 

s been substantiated through ibb  Jeff sand 

core tes t s  and mercury intrusion fo r  pore size d oris. fnhomogenei t y  

idgfng of grains create r rock matrix. De- 

x components have already dissolved and keystone 

cts were developed dur in  

bb Jeff sand w i l  

dary porosity develo i s  greatest. They 

oduction due t o  the esser stress sensitivity 

ional petrographic analysis covering 

ormed t o  characterize the degree of 

secondary porosity development. In this way the most efficient perforation 
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V. APPENDICES 

V . l  Core Testing Results 

The following types of plots were obtained from the core tests on sand 

and shale specimens and are included ih this appendix: ' 

1. 

2. 

3. 

4. 

5. 

The type o f  plot and the test specimen description are given at the top 

Description plots for shale specimen (#129)  includes the word 

Mean Effective Pressure - Volumetric Strain 
Deviatoric Stress - Axial Strain and Transverse Strain 
Shear Stress - Shear Strain 
Mohr's Circles and Failure Envelope (for trfaxial tests) 

Creep Strain - Time (for creep tests) 

of each plot. 

The following symbols or mneumonics have been used in labeling the axes 

and the heading o f  these plots. 

- Axial stress (al) 

- Confining stress (us or Pc) 

- Lateral strain (e3) 

- Volumetric strain (AV/Vs = c1 + 2 ~ ~ )  
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PETROGRAPHIC DESCRIPTION: DON 6C 

ROCK TYPE: Sandstone 

This  rock is  composed of subangular t o  subrounded sand grains, 0.2 to 0.5 nun i n  
sire. Sorting is good. Porosity is about 2530%. The surface area of any one 
grain touching adjacent grains is  about 30%. The rock is quite friable.  The 
quartz grains have overgrowth rims, 0.003-0.02 mm wide, o f  optically continuous 
quartz. Clay platelets ( i l l i t e fkaol tn i te )  oriented perpendicularly t o  grain 
surfaces , a re  sparsely disseminated on grain surfaces adjacent t u  open pores. 
Pockets of kaolinite occur throughout the rock nearby t o  completely f i l l i n g  i n  
smaller pores and as  replacements of t h i c  fragmen s. The total  clay content 
i s  305%. Carbonate is present i n  r a  patches as  a pore f i l l ing .  

MINERALS % OCCURRENCE 
Quartz Subangular t o  subrounded; 0.2-0.5 mm i n  size;  most 

grains exhibit  weak.ly undulatory extinction; the 
remainder e x h t b i t  f l a t  extinction. 
Detrital grains composed of m i  crocrys t a l  1 i ne 3-4 

Gneissic Quartz 
fol ia ted quartz. 

0.1 Detrital 

6 

been dissolved 



PETROGRAPHIC DESCRIPTION : DOW-7 
. .  

ROCK TYPE: Sandy Siltstone 



PETROGRAPHIC DESCRIPTION: DOW-10 

ROCK TYPE: Sandstone . c 

SUMMARY: Subangular t o  subrounded sand grains, 0.2 t o  0.4 mm i n  sjze, form 
most of t h i s  rock; the sand grains are predominantly quartz. The quartz sand 
grains have overgrowth rims of opt ical ly  continuous quartz; the rims average 
0.01 mm i n  width.  The sand grains have been weakly t o  moderately compacted; 
about 20-50Z of the surface area of any grain is touching adjacent grains. 
Kaolinite, carbonate and an unidentified mineral f i l l  some i n t e r s t i t i a l  spaces. 
Porosity is about 25-3056. 

No veins o r  f ractures  occur i n  this - 

. MINERALS % OCCURRENCE 

Sand grains, 0.2 t o  0.4 mm i n  size; subangular 
t o  subrounded; about half of the grains ex- 
h i b i t  weak t o  moderate undulatory extinction; 
overgrowth rims of optically continuous quartz 
average about 0.01 mm i n  width. 

1-2 Sand grains, 0.2 to 0.4 m n sire; subangular 
t o  subrounded; com 
quartz. 

a1 b i  te-twinned . 
Detrital grains. 

ed of microcrystal 1 i ne . 

.4 m; subangular; 

0.5 Detri tal  ’ , .  
0.5-1 Sand-siz s composed of clays;. originally 

vol cani c g l  ass? 

s from rhyol i tes 
or  apl i tes . 

0.1 Oetri tal c l a s t s  . 
0.2 FSlls some interstiti 

1 w h k h  f i l ls  i n t e r s t i t i a l  

es of refraction-nuch greater 
70-80°, opt +, occurs i n  

i t h  para1 1 el extinction. 

ated by colored 
epoxy; the estimate o f  porosity includes 
original voids and areas of plucking developed 



Angular t o  subrounded sand grains averaging 0.2 nun i n  s i ze  form most of this 
rock. Sorting is good. Porosity is about 25%. The rock is friable. The 
quartz grains have some very irregular surfaces suggesting dissolution; other 
surfaces have rims of opt ical ly  continuous secondary quartz 0.005-0.02 m wide. 
Plagioclase and orthoclase grains have been 30960% replaced by zeolites and 
minor clays on their inter iors ;  their exteriors have ragged borders indicating 
dissolution. Trace amounts of i l l i t e  occur as grain surfaces adjacent t o  open 
pores; these clay plates a re  oriented nearly perpendicularly t o  grain surfaces 
The pores occupied by kaolinite a re  usually completely filled w i t h  kaolinite; 
i t  is not comon for  kaolinite t o  only par t ia l ly  f i l l  pores. Some kaolinite 
appears t o  be a f t e r  original l i t h i c  fragments. No l i thic fragments are present 
or recognizable as  such; if any were present they have been dissolved away o r  
replaced by clays. A t race of carbonate i s  present as  pore fillings. 

OCCURRENCE 
Angular t o  subrounded de t r i t a l  grains; most grains 
exhib i t  weak t o  mild undulatory extinction; the 
remainder have f l a t  extinction. 
Detrital grains composed of microcrystalline quartz. 

60 

3 

3 ,  

0.1 Detrital 
Specks occur i n  cl ay-a1 tered grains . 



ROCK TYPE: Sandstone - 
This  rock is composed of angular t o  subangular par t ic les ,  0.1 t o  0.6 mn i n  sire; 
the average grain s i ze  is about 0.2 nun. Sort ing is f a i r .  Porosity is about 
30%. The most common pore f i l l i n g  is kaolinite. Pockets o f  smectitekchlorite 
a lso occur. I t  is sometimes d i f f i cu l t  t o  decide whether the smectites are pore 

Detrital grains 

Detrital ; par t ia l ly  replaced by zeol f t e ;  has some 
ragged dissolution surfaces. 

urs i n  clay-a1 tered 1 i t h i  c fragments 





PETROGRAPHIC DESCRIPTION: DOW-41C 

ROCK TYPE : Sands tone - . 

tz overgrowths Zeo- 
s have suffered exten- 

OCCURRENCE 
50-55 Angular to subrounded; exhibits flat to mildly 

undul a tory ex ti nc ti on 

Gneissic Quartz 2 Polycrystalline clasts o f  fine-grained, foliated 
I 

1-2 Partially replaced by zeolites. 
2-3 

0.5 Detrital flakes . 
Partially replaced by zeolites; some grains have 
been honeycombed by dissolution. 



_."l . - 

PETROGRAPHIC DESCRIPTION : D O N - ~ ~ C  

face areas touch 

-- 

Originally subangular to subrounded; now have 
overgrowth rims of: quartz and sometimes t h i n  coat- 
ings of a brown clay. Most grains exhibit moderate 
undulatory extinction. Polycrystalline, foliated 
quartz grains derived from gneissic rocks comprise 
-2% of these grains. 



PETROGRAPHIC DESCRIPTION: DOW-67C 

ROCK TYPE: Lithic Sandstone 

The sand grains are usually between 0.10 and 0.15 mm i n  size although grains 
up t o  0.2 m i n  s ize  form about 10% of the rock. Sorting is fa i r ,  The parti- 
cles are  angular t o  subangular i n  shape. Porosity is unevenly dis t r ibuted 
throughout the rock; voids as. large as 0.3 mm are present b u t  the usual pore 
si te is about 0.03 mm. The large pores may be ar t i facts ,  i.e., areas of pluck- 
i n g  developed when the rock was sawn. More probably the voids are sites of dis- 
solved particles. Porosity appears t o  be about 15%. Volcanic lithic fragments 
which were probably glassy, originally formed about 10% o f  the rock; these frag- 
ments have been replaced by quartz, feldspar and clays. Clays i n -  pore spaces 
and af ter  lithic fragments comprise about 15% of the- rock. 

Authigenic rims, 0,003-0.005 mm wide, of subhedral to  euhedral quartz crystals 
occur on most quartz clasts. The quartz is optically continuous w i t h  the grain 
quartz. Projecting into open pores are sprays 'of clay/mica crystals 0.001-0.005 
mm i n  size, which are  oriented perpendicularly t o  detri tal  grain surfaces. Sub- 

* 

Partlal l y  replaced by zeol i tes. 

trital flakes. 

Local l y  cements sand grains . 





PETROGRAPHIC DESCRIPTION: DOW-68C 

Polycrystal1 ine, foliated quartz grains 

Partially repl aced by zeol i te. 

Occupy pores ; rim particles ; parti a1 ly repl ace 
plagioclase grains 





PETROGRAPHIC DESCRIPTION : D0!11-71C 

ROCK TYPE: Sandstone 

The sand grains average about 0.15 mm i n  size. The particles are subangular 
and fa i r ly  well sorted. Porosity averages about 20%. About two thirds of the 
quartz grains have narrow (0.01 mm) rims of opt ical ly  continuous, subhedral t o  
euhedral quartz. Rinds less than  0.005 m t h i c k ,  comprised of subhedral t o  
euhedral crystals of a mineral w i t h  low relief and low birefringence (zeolite?) 
are present on the remainder of the quartz and feldspar sand grains. A very 
fine-grained, brownish clay sometimes occurs intermixed w i t h  or i n  place of the 
zeolite rim. 

MINERALS % OCCURRENCE 
Quartz 55 Angular t o  subangular grains ranging between 0.1 

and 0.2 mm i n  size. No polycrystalline grains are 
included here. Extinction i s  f l a t  t o  mildly un- 
dulatory. 
C1 as ts composed of microcrystal 1 i ne quartz. Chert 

Orthoclase 7 
Plagioclase . 3-5 Partially replaced by zeolites. 
Volcanic Rock 3 Rhyolitic porphyries both crystal1 ine 

Fragments 
Metamorphic 

Fragments 
Muscovite 1 -2 Detrital flakes. 
Hornblende 0.1 , Brown. 
Zircon tr Detrital 
GI auconi t e  
Tourmal i ne co.1 Brown and brown-green; detri tal  . 
Pyrite tr One grain i n  thin-section. 
Magnetite <0.1 t o  transmitted l i g h t ;  black i n  reflected 

C1 asts of rutile and 1 eucoxene-rep1 aced ruti 1 e 
Opaque or semi-opaque t o  transmitted l i g h t ;  white, 
yellowish w h i t e  or  pale red i n  reflected l i g h t .  
Low-re1 i ef , 1 ow b i  re ingence; subhedral t o  euhedral 
crystals form narr ims (0.005 m) around sand 

- grains; also replaces some PI agi ocl ase 
grains . 
grains . 
Fills a few pores; also occurs i n  tiny blebs i n  

5-7 

weakly t o  moderately clay a1 tered. 
C1 as ts of quartz-serici t e  phyl 1 i te. 0.5 

<0.1 Br ight  green blebs of very fine-grained clay. 

0.2 

0.5-1 

tr Very fine-grained; occurs i n  rim nd sand 

Carbonate 0 . 5-1 
. zeol i t e  r inds.  
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ROCK TYPE: Sandstone 

This rock is composed o f  angular t o  subrounded particles 0.05 t o  0.4 mm i n  
sire; the average particle sire is about 0.15 m. Sorting is moderate. Poro- 
s i t y  i s  15-20%. Pores are par t ia l ly  t o  completely filled w i t h  kaolinite 
fzeolites; complete f i l l i n g  is uncommon. Overgrowth rims, 0.003-0.020 m 
wide, o f  quartz are present on most quartz particles. Clay platelets are 
attached t o  surfaces of detrital particles exterior t o  quartz overgrowth rims. 
Zeolites are sometimes present i n  pores and as rims on particles. Volcanic 
clasts * now composed o f  smecti tes*quartzfzeol ites form 305% of the rock. 
Total clay content o f  this sandstone is about 10%. 

- 

-_ 

I 

0.1 Detrital flakes. 
0.2 Detrital flakes. 

0.2 Detrital 

0.2 B1 ebs occur i n  cl ay-a1 tered voi  can1 c pa r t i  cl es . 

0.2 In pores. 

volcanic clasts 
Part ia l ly  t o  completely f i l l s  pores 

DOW-7 5T 

f 5 T  i s  petrographically undistinguishable from 7% 



:- PETROGRAPHIC DESCRIPTION: tl 
t 

ROCK TYPE: Sandstone 

This rock is composed of angular to subrounded particles 0.05 to 0.3 mm in 
sire; the average particle sire is about 0.15 mm. Sorting is moderate to 
poor. Porosity i s  15-20%. Pores are partially to completely filled with 
kaolinitezeolites; complete filling is uncommon. Overgrowth rims, 0.003- 
0.020 mm wide, o f  quartz are present on most quartz partfcles. Clay platelets 
are attached to surfaces of detrital particles exterior to quartz overgrowth 
rims. Zeolites are sometimes present in pores and as rims on particles. Vol- 
canic clasts , now composed of smecti teskquartzkzeol i tes , form 305% of the 
rock. Total clay content of this sandstone i s  about 10%. 

MINERALS ’ %  OCCURRENCE 

Quartz 55-60 Angular to subrounded; 0.05-0.4 mm in size, averag- 
ing 0.15 mm; most grains exhibit flat extinction, 
the remainder moderate undulatory extinction. 

Chert 3 Detrital 
Orthoclase/ 5 

Plagioclase -.. 3 
Biotite 0. I Detrital f 1 akes 
Muscovite 0.2 Detrital f 1 akes 
Goethite/ tr Blebs o f  earthy limonite in clay-alte 

Tourmal i ne 0.2 Detrital 
G1 auconi te 0.1 

Pyr i te . 0.2 Blebs occur in clay-al tered volcanic particles. 
Ruti 1 e/ .5 

Carbonate 0.4 In pores 
Illite 1 Platelets on surfaces of particles; 

microcline 
Parti a1 ly rep1 aced by zeol i tes 

Hematite clasts; after magnetite. 

Pel 1 ets composed of very f i ne-grai ned, bright 
green clay. > ’  

1 eucoxene 

product of acidic volcanic particles 
Sometimes rims particles; a1 teration 
vol cani c cl asts. 

Partially fills pores; partially replaces plagio- 
clase particles. - 

Voids filled with blue epoxy. 

3-5 

Kaol i ni te 7 Partially to completely fill 
Zeol i te 

Porosity 
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PETROGRAPHIC DESCRIPTION: DOW378C 

ROCK TYPE: Sandstone 

Angular detri tal  clasts,  0.03-0.4 mm 3n size, form t h i s  sandstone. 
poor. Porosity is 15%. Pores are partially t o  completely f i l l ed  w i t h  kaolin- 
itekzeolites. Overgrowth rims, 0.003-0.020 mm wide, of quartz are present on 
most quartz particles. Clay platelets are attached t o  surfaces of detri tal  
particles exterior t o  quartz overgrowth rims. Zeolites are sometimes present 
i n  pores and as rims on particles. Volcanic clasts,  now composed of smectitesi 
quartzizeolites, form 305% of the rock. Traces of carbonate sometimes seen i n  
pores. Total clay content o f  this sandstone is about 10%. 

Sorting 

% OCCURRENCE 

55-60 Angular t o  subrounded; 0.05-0.4 mm i n  size, averag- 
i n g  0.15 mm; most grains exhibi t  f l a t  extinction, 
the remainder moderate undulatory extinction. 

2 Detrital 
6 

4 Partially replaced by zeolites 
Muscovite 1 
Goethite/ t r  limonite i n  clay-altered volcanic 

Tourmal i ne 0.2 Detrital 
0.1 

0.2 Blebs occur i n  clay-a ered volcanic particles. 
0.5 Detrital 

1 I n  pores 
1 

m i  crocl i ne 

Hematite 

Pel 1 e ts  composed o f  very 
green clay. 

Platelets on surfaces of particles; alteration 
product of acidic volcanic particles. 

3-5 Sometimes rims partic s; alteration product of 
volcanic clasts. 
Parti a1 ly t o  compl etel y f i  1 1 s pore 

clase particles. ' 

Voids f i l l ed  w i t h  blue epoxy. 

7 
t r  Partially f i l l s  p es; partial1 

15 

I 
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PETROGRAPHIC DESCRIPTION : DOW-80C 

ROCK TYPE: Sandstone 

Angular t o  subrounded detrital clasts, 0.05-0.5 mn i n  size, form this sandstone. 
Sorting is poor. Porosity is about 15%. The clast surfaces have a th in- r ind ,  
0.003-0.01 mm, of subhedral t o  euhedral crystals of quartz, fclays, ?traces of 
zeolites. The rim clay particles, i l l i t e  usually, are oriented perpendicularly 
t o  clast surfaces. Kaolinite occurs as a pore f i l l i n g  in portions of the rock. 
Traces of carbonate are sometimes present i n  pores ; rarely carbonate completely 
f i l l s  a pore. Lithic clasts of volcanic rock form 5% of the rock; most of 
these clasts are now composed largely of clay, fgranular quartzttraces of i ron 
oxides. Total clay content of this rock is about 10%. 

OCCURRENCE 
60-65 Angular t o  subrounded; 0.05-0.5 m; most exhlbit ' 

weakly t o  mildly undulatory extinction--the remain- 

Detrital clasts; composed of microcrystal1 ine quartz 
or rarely of fibrous chalcedony. 

microcline 
Detrf t a l  ; part ia l ly  replaced by zeolites. 

Tourmal ine 0.1 Detrital 
0.1 Detrital 

i n  transmitted 1 i g h t ;  

0.3 Detrital flakes. 

Par t ia l ly  replaces some' plagioclase clasts. 





PETROGRAPHIC DESCRIPTION: - DW-87 

ROCK TYPE: Sandstone . 

No veins or fractures occur i n  this sample. 

Angular sand grains composed o f  microcrystal- 

2-3 Sand grains. 

terstitial spaces. 



- 
T h i s  rock is composed of angular si l t  grains 0.01 t o  0.1 mm i n  sire; the aver- 
age detri tal  grains are about 0.025 mm. S i l t  grains occur w i t h i n  extensive 
clay matrix. Porosity estimates are d i f f i c u l t  because of almost complete 
f i l l i n g  of pore space by clays, such that porosity would be found between clay 
grains. Cement appears t o  be carbonate, yet  too fine grained t o  identify 
optically. . Kaolinite and i l l i t e  appear t o  be the most dominant clay types and 
completely f i l l  most of the matrix. 

Angular; 0.01-0.1 mm i n  size, averaging 0.025 mm. 

. .  microcline 
Parti a1 ly rep1 aced by zeol i t e s  
Oetri tal  f 1 akes 
Pel 1 ets composed of very f i ne-grai ned , br ight  
green clay. 
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INTROOUCTION 

are a useful means by which the actual in-situ behavior may be Inferred. This 

determine the in-situ response o f  reservoir material from the SWEEZY NO; 1 

TEST WELL during well pruduction. Specifically, this test program was de- 

0 Determine the change in porosity, permeability, and formation com- 
pressibility o f  samples during reservoir-drawdown at simulated 
in-si tu condi ti ons . 

rovide necessapj parameters for computer modeled, long-term produc- 
ion predictions. 



PROCEDURES 

details specific t o  these tests are discussed i n  thfs sectfon. 

A total of seven mechanical tests and five high resolution permeability 

tests .were performed on samples from the SWEEZY NO. 1 well. The tes t  samples 

and procedures were specified by Mr. Jack Hamilton, DOW CHEMICAL during a 

visit t o  TERRA TEK RESEARCH i n  March 1983. 

Core Characterization 

Core received from DOW CHEMICAL was Characterized by det.ermining the I 

1 lowing physical properties: 

a Bulk Density 
0 D r y  Bulk Density 
e Grain Density 

Total Porosity 

in diameter and 2 



After initial preparation and installation o f .  the instrumented sample in' 

the tes t  cell,  nominal 100 ps5 confining stress and 50 psi  pore pressure were 

applied. The samples were then heated t o  the 226'F i n - s i t u  temperature. When 

pressures was approximately 100 ps i .  The pore f l u i d  pressure was then main- 

pressure drawdown sequence was then initiated t o  the abandonment pressure of 

6050 psi .  After reaching the abandonment pressure the pore f l u i d  pressure was 

subsequently increased slowly t o  the orfginal ' level. Pemeabil i t y  measure- 

established. 

Short-Term Hydrostatic Compression 



creased such that the maximum confining stress of 3600 psi was reached i n  

approximately one hour. Unloading proceeded i n  the same manner w i t h  1870 p s i  

being reached i n  one hour and subsequent unloading t o  200 psi i n  five minutes. 

long-Term Hydrostatic Compression 

Two 1 ong-term .hydrostatic compression/creep tests were performed t o  

S&les from 

These tests were performed i n  a 

smal 1, heated hydrostatic test  cell. The prepared and instrumented samples 

were placed i n  t h i s  test cell and brought t o  temprature equilibrium w i t h  

nominal pore and confining stress. The confining stress was increased t o  

approximately 1900 psi i n  '5-10 minutes time. This stress was then maintained 

'During this time, the sample defomation 

te  intervals. A t  the end of the 24 hour 

as ,increased approximately 430 psi. The 

nfining stress was increased five times over five days to the m a x i m u m  stress 

ress as that reached i n  the. short term 

he m a x i m u m  stres level the sample was 

... 
. .- - 

determine time dependence of the formation compressibility. 

e tests. 

unloaded i n  approximately 10 minutes time. 

e received from DOW ermeabil- . 

et ic  formati 

using a transient pulse 

f 13,775 psi and a pore technique a t  room temperature w i t h  a confining s t r  

f l u i d  pressure of 12,325 psi. The 

were taken parallel t o  the whole core axis. 
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Uniaxial Strain w i t h  Pore Pressure Drawdown 

The results of the uniaxial strain tests w i t h  pore pressure drawdown are 

shown i n  Figures la-3f. These p lo t s  show: 
I 

a) 
b) 
c) 
d) 
e) Porosity versus pore pressure 
f )  

Fore and mean effective stress versus volume strain 
Confining, pore and total axial stress versus time 
Pore volume strain versus pore pressure 
Formation compressibi 1 i t y  versus pore pressure 

Permeabi 1 i t y  versus pore, pressure 

Computer p r in tou t s  of these and other data acquired during. the test  are p.re- 

sented i n  the Appendfx. 

are distinguishable i n  the stress-strain plots. 

gfon shows the path followed t o  the in-situ stress conditions 

where the first permeability measurement was made. The second region in'these 

Four peheabi 1 i t y  

taken during this marked K1-K4 on the 

ited by the increase i n  pore pressure back t o  the 

. Three permeability measurements were made i n  

i s  region, points K5-K7. 

st ra in  during loading t o  the in -s i tu  conditions 

i s  relatively low. The volume strain then in- 

s lowered and the effective s ss increases. 

yield po in t  was ximately 4000 

ve *stress. Here the sakple und 

s a significant reduct 

Sample #3 underwe 

imately 5000 psi. The mean e'ffective 

ielding would have b expected. The 

t o  completion. reestablished and the test contin 
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The probable yield region is evident as the plateau immediately preceding 

point Kl on the graph. figures 3a-e show the actual response of the sample to 

this event. Figures 3aa-3ee are the same plots where the pressure excursion 

is not shown and are included for purposes of clarity. 

Figures (c) are plots of the pore volume strain as a function of pare 

pressure. The slope of this curve at any point is the formation compressibil- 

I .~ ity. The pore volume strain is calculated from the expression:, 

where: Qo = initial porosity 
AVb/Vbo = bulk volume strain 

P, = confining pressure 
= grain compressibility (assumed 1.8~10-~ psi-l) 

= pcre pressure pP 
-- 

Figures (d) show the variation in the formation compressibility as a 

function o f  pore fluid pressure. The values o f  the formation compressibility 

were obtained by taking slopes of the pore volume strain, pore pressure curves. 

In all cases, the compressibility is shown to increase sign'ificantly as the 

pore pressure decreases. Thi s phenomenon i s parti cul arly noticeable i n sam- 

ples #1 and #5 where the samples yielded. The compressibility then decreased 

as the pore fluid pressure was re-established. The extreme increases in the 

compressibility shown in these graphs wo d likely not be as large in the 

field, where the compressibility is take 

Locally yielded regions could, however, cause a noticeable increase in the 

. 

L. 
I -  

show the porosity as a ction of pore pressure. These 

figures show that there i.s only a slight change in porosity at low effective 

stress. A significant porosity change can be observed on pore fluid pressure 

29 





Short-Term Hydrostatic Compression Test 

The results of the short-term hydrostatic compression tests are shown i n  

Figures 4-6b.. Figures (a) are plots of the axial, radial and volume strains 

as a function of confining pressure and ffgures (b) shaw the pore volume 

strain as a function of the confining pressure. I n  the case uof sample #3, two 

tests were performed on different samples. In  both tests, t h e  axial strains 
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I' . 

I 
~ 

I Samples for the long-term hydrostatic compression tests were taken from 

the same core that ere used t o  prepare samples for the short-term hydrostatic 

compresdi on tests. These tests were designed t o  help determine the role of 

creep i n  the ch ge of compressibility. The results of the long-term hydro- 

static compression tests are shown i n  Figures 7a-8b which show (a) the bulk  

'volume strain as a function of confining pressure, and (b) the pore volume 

strain as a function of confining stress. 

j 
* 

I 
1 -. 
c. 

-.. 

'The radial strain transducers drifted a t  an unacceptable amount during 

The possibility of t h i s  occurring during the test  had been 

Because 

ial strain was measured using linear variable differential trans- 

formers (LVDT). LVOTs are known for long-term stability and are frequently 

utilized i n  c experiments. Due to  time and economic constraints, radial 

LVDT transduc 

the creep tests. 

anticipated based on p r i o r  experience w i t h  straf n gage transducers. i 

1 . - 

ould not be developed for t h i s  project, 

hat the most accurate representation of the actual behavior 

d be determined by calculating the b u l k  volume change based 

i n  measurement. The radial deformation was estimated by 

The amount o f  scaling was determined f r o m  the 

t f c  strain data, which showed the radial strains t o  be 

r i n  samples #2 and #3 b u t  approximately 6% and 57% small- 

tude than the axial strains. Therefore, b u l k  volume 

follows for  the long-term hydrostatic compression 

data. 
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Figures 7 and 8 show that there i s  a creep response o f  the samples t o  the 

applied stress. A direct comparison between the short- and long-term response 

o f  core material #2 i s  shown i n  Figure 9. As can be observed, the magnitude 

- -  o f  the pore volume strain is larger when the sample i s  stressed over an ex- 

tended period. However, the majority o f  the difference i n  strain response 

occurs below 2000 psi confining stress. In fact,  above 2000 psi the compres- 

sfbilities o f  the two samples are very similar. No sample yielding was ob- 

served i n  any o f  the hydrostatic compression tests. 

‘J 
-.-. 

- 

:1. 

< a  
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High Resolution Permeability Tests 

The results of the permeability tests on the barrier material are shown 

These result4 show, as expected, that this barrier material was 

-... relatively impermeable to the synthetic formation brine. One sample, 0-113, 

in Table 2. 

7 I I Sample Sample 
Sample Length Diameter Permeabi 11 ty 

. I.D. Depth (ft) (in) (in) (loo6 darcy) , 

D-113* ~ 13430.8-U431. 4 N/A N/A N/A 
0-123 13439.7-w440.4 1.170 1.735 0.04s. 02 
0-125 13441.9-13442.4 0.750 1,732 0. osio. 02 
Dpl32 13448.0-13449.6 0,825 1.73s 0.2920.02 
D-134 1345o.a-13451.4 0.487 1.745 0.03H. 02 

disintegrated during saturation, and as such no data is available for this 

sample. These data are consistent with other values from work performed on 

, similar material s*. 

Table 2 

Permeability of Barrier Shales to Synthetic Formation Brine 







Objective . 

Reduction of the permeability o f  a reservoir rock due t o  well production 
I 

i s  a significant parameter which must be considered when designing and produc- 
' I L i r t  

. -  ing a well. T h i s  test  i s  designed t o  simulate actual in-situ conditions and 

rock behavior during reservoir drawdown. 
* -  

Test Oescription 

A uniaxial compression test  involves the application of stresses t o  a 

I right circular cylinder o f  core material. In-situ conditions are reached by 

ii i application o f  hydrostatic and deviatoric stresses such that there i s  no 
& 

I radial deflection of the sample surface throughout the course of the test. 
I 

Pore f l u i d  pressure i s  also controlled w i t h  the deviatoric and hydrostatic 

stresses. After the'desired stress in-situ state has been attained, the pore 

f lu id  pressure i s  decreased simulating production while maintaining the radial 

sample boundary and the total axial stress. 

I 

A1 1 pressures, strains and temperature are recorded * during the test. 

These individual data, and algebraic combinations may be plotted t o  khow the 

simul ated in-si t u  behavior. 

Test Procedure 

* -  

Core plugs are cut t o  length and the ends ground f l a t  and parallel t o  

w i t h i n  0.001 W i n .  To prevent the intrusio f the confining medium into the 

sample pore spaces, each sample i s  placed b een hardened steel end caps and 

surrounded w i t h  either a Teflon or polyurethane jacket depending on the tem- 

perature requirements. The steel endcaps provide a relatively non-compl iant 

surface on which the deviatoric stress i s  applied and a surface t o  which the 

jacketi ng material i s secured. Canti 1 ever beam type strain transducers are 



~~ 

-I 

-_ 
1 The jacketed and instrumented sample i s  placed i n  a heated servo-controlled 

test cell and nominal confining and pore pressures are applied. After reach- 

i ng temperature equi 1 i b r i  um , the 1 oadi ng sequence begins . 
- A ramped deviatoric stress is applied a t  a constant rate while the con- 

fining stress is adjusted such that there is no radial movement a t  the sample 
-.  
r boundary. The pore f l u i d  pressure i s  increased t o  the i n - s i t u  level propor- 'U 
I tionately w i t h  the confining stress. If the particular rock properties w i l l  

not allow the in-situ conditions t o  be reached while following a uniaxial 

strain path, a proportional loading path w i l l  be followed. 

When the in-situ stress state has been established, a permeability mea- 

surement, using the steady-state method, Is taken. Reservoir production i s  

then simulated by slowly decreasing the pore f l u i d  pressure, while maintaining 
'$ 
L 
. -  

the radial boundary and the total axial stress constant. Pore f l u i d  pressure [L 
is  decreased u n t i l  the abandonment pressure i s  reached. Several times during 

iu L, the course of the drawdown and a t  the abandonment pressure the permeability i s  

ii measured. After the abandonment pressure has been reached the tes t  may be 
Ilk 

~ terminated or  the reverse process, namely pore pressure draw-up may begin. 

Permeabi 1 i t y  measurements during the pore pressure increase are measured a t  

the same reservoir pressures as during the drawdown phase. 
1 
, b-2 

During the entire course of  the test, the axial and radial strains, 

deviatoric, hydrostatic, differential and pore f lu id  pressures, and tempera- 

ture are recorded using a digital data acquisition system and analog X-Y-Y 

recorders. 

Test Resuats 

t -  

. 4  

, 

Y 

Results of a uniaxial strain tes t  w i t h  pore pressure drawdown are pre- 

Data generally includes the permeabil- sented i n  tabular and graphical form. 



- .  

ity, porosity and bulk volume change due to increasing effective stress. 

I Individual strains and stresses and algebraic combinations may be plotted 

against each other as desired. i -- 
~~ 

:L 
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I 

F Object ive 

Hydrostatic compression tests provide bulk and pore volume changes in I. ’ response to increasing overburden stresses. This test also provides a. direct 

method o f  determining the bulk and formation compressibility. 

Test Description 

cc 

* -  

‘L A hydrostatic compression test involves the application o f  stress to a 

right circular cylinder of core material. An increasing hydrostatic state of 

stress is imposed on the sample (Le., u1 = u2 = us) up to the desired level. 
Sample strain in the three principle directions fs recorded throughout the 

test. Sample pore pressure and temperature can also be controlled and re- 
J ,  tL 

! r l  corded. 
L 

Test Procedure I 

Core plugs are cut to length and the ends ground flat and parallel to 

within 0.001 W i n .  To ‘prevent the intrusion of confining fluid into the 

il 
‘ L  iL 
I 

r sample pore spaces, each sample is placed between two hardened steel endcaps 

and surrounded with a teflon jacket. Cantilever strain transducers are posi- 

tioned on the eniicaps to .record axiat strain, and lateral strain cantilever 

transducers are placed across the sample diameter at the mid-point o f  the 

I 
sample to record lateral strain. The prepared sample is placed in a heated 

hydrostatic test cell and a nominal confining pressure and pore pressure 

oad are appl Sed to the 6ampl e. After reaching temperature equi 1 i brim, 

the sample is hydrostatically compressed to the specified effective confining 

pressure. Axial strain, lateral strain, and deviatoric stress are recorded 

continuously during hydrostatic and triaxial compression by computer and X-Y-Y 

pt otters. 

. 
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Test Results 

The results o f  the hydrostatic compression tests are presented in graphi- 

cal form. Data usually consist o f  a plot o f  the axial, radial and volume 
- strain as a function of the confining pressure. 





~~ 

Introduction 

The use of transient methods to measure relative permeability is a pre- 

dominant method and for reservoir material with permeability less than 1 pd. 

The following procedures are designed to measure relative permeability o f  gas 

at varying water saturation levels of test samples subjected to reservoir 

ri 1 *.. conditions ~ of pressure and temperature. - The results give relative permeabil- 

ity curves as a function of pressure for each water saturation level. 
i 'b 
~ 

1 -  

1 '  

j 'id .+  Sample Preparation i 
Core material is prepared as right circular cylinders with their axes 

perpendicular to the whole core axis. Air is-used as a cooling medium in all 
sample preparation procedures,. The test samples are then oven-dried to SO°C 

for 24 hours. The samples are then subjected to vacuum flooding techniques 

L with deaerated brine solutions. The successive water saturation levels are 

then obtained by a series of drying (at ambient conditions) an weight measure- 

ments for mass balance calculations. Typical water saturation values used are 

1 

! T d  
0, 20, 40 and 60%. The samples are then placed between two end caps and 

jacketed. 

in both directions. 

Relative Permeabi 1 i ty Measurements 

The end caps are designed to allow fluid flow through the specimen 

, 
The samples are connected to a fixed upstream gas volume, Vi, and a fixed 

downstream volume, Vz. Both volumes are large compared to &e sample pore 

volume. The sample is placed in a hydrostatic test vessel and gradually 

subjected to simul taneous conditions of axial load, confining pressure, pore 

pressure and temperature. When equilibrium is reached (pressures in VI, V2 

and the pore space are equal), a pressure pulse is introduced into the up- k. 
1 stream volume, VI. From the record of pressure decay in VI versus time, it i s  

possible to calculate relative permeability of the sample to gas. 

55 



This procedure is repeated for  each water saturation level chosen. The 

brine saturation measurements taken a t  ambient conditions are compensated for 

thermal expansion of water and stress related reduction i n  pore volume from 

subjecting the sample t o  in-situ conditions. 

Two types of corrections for water saturation . .  are made for  t h i s  test. 

The first deals w i t h  pressure and the second deals w i t h  pore volume. The 

pressure i s  temperature corrected by calculating a thermal expansion coeffi- 

cient of the specified brine. The pore volume i s  then pressure compensated by 

If the elastic moduli are 

-- 

- calculating a pore volume compressibility factor. 

I known for the sample, t h i s  can be easily calculated. If not, then a triaxial 'C 
test can be run  t o  determine these parameters. 

Another way of eval uati ng pore volume cornpressi b i  1 i t y  i s  by saturati ng 

the sample with brine and 'subjecting the sample t o  i n - s i t u  pressures and 

ambient temperature. As the pressure is gradually applied, the expelled f l u i d  

volume i s  measured. The pore volume is then corrected for compressibility 

which resul ts i n  a more accurate water saturation value. 







Compound 

NaCl 

Mol ecul ar  
o r  Formula 

tleiaht 

58.44 

K C l  74.56 

MgC12.6Hz0 

CaCl *2H20 

MSS04 

203.30 

146.99 

120.38 

i 

Tabla 1 

Revised Reservoir Fluid,  Sweezy No. 1 Test Well . -  - 

Required 
Mass 
(mgs)* 

86,404 

(ppmV) 
Chloride Sodl urn 1 Potass i urn 

I 
Bicarbonate 

52,404 34,000 

180 163.20 342.2 

991.1 118.50 I 345.79 

ul 
(0 + I 131.50 

6,418 3,096 5 34,000 

651.0 520 

240.00 I 1750 56,009 520 
Actual 
Conc. 
PPmv I 

I Desi red 
Conc. 
PPmv 

34,000 I 180 250.00 I 1750 520 54,000 380 

. 
*Dissolve required mass o f  each compound i n  one l i t e r  o f  deionlzed water t o  produce required synthetic 
f 1 u i  d compos i ti on. 



. ~ , I ,. .- _. . .  

1 
2 
3 
4 
5 
6 
7 
8 
0 
10 
11 

* 12 
13 
14 
15 . 
14 
17 
18 
19 
20 
21 
22 
23 
24 
25 

* 26 
27 
28 
29 
30 
31 ' 

32 
33 
34 
3s 

I 36 
37 
38 
39 

I 40 
41 
42 
43 
44 
45 

* . 46 
47 
48 
49 
SO 

I 

I 

1332 
141d 
1509 
1393 
1696 

1903 
2007 
21 21 

ieoi' 

14 
14 
15 
14 
17 
l!, 
19 
20 
21 

2237 22 
2354 23 
a475 24 
2581 . 26 
2692 27 
281 1 29 
2910 29 
30i7 30 
3115 31 
3211 * 32 
3382 33 
3397 34 
3S05 3 35 
3613 36 
3714 37 
3810 39 
3907 39 
4040 40 
4161 41 
4277 42 
4400 44 
4513 4 3  
4654 46 
4770 47 
4eai 49 
?a06 50 
5122 51 
5230 s2 
5342 53 
6461 54 
21368 * 5s 
5673 56 
5788 58 
599s 39 
6016 60 
6149 61 

63 
64 

6279 
6396 
6334 63 
6665 66 
681 1 68 

18 
I8 
14 
IO 
11 
.3 
I2 
14 
15 
14 
15 
16 
16 
I4 
13 
14 
16 
12 
I4 
12 
I3 
16 
IS 
10 
19 
17 
17 
16 
b7 
0 
2 .  
2 
5 
8 
5 
!4 
!4 
!2 
!4 
I7' 
29 
a9 
It 
11 
14 
13 
IS 

10 
13 

re 

1296 
1379 
1471 
1557 
1650 
$754 
1838 
1962 
2103 
2223 
2340 

2572 
2686 
2805 
2907 
3002 
3118 

c 321 1 
3309 
3398 
3SOS 
3606 
3703 
3799 
3909 

4149 
. 4269 

437s 
4487 
462Q 
472B 
4930 
4959 

.!SO46 
5153 
527 i 
5377 
5470 
5581 
5690 
5795 
5919 
6033 
6165 
6283 
6401 
65525 
6653 

2460 

4038 

O r 0 0 6  26r 114 36 
0 r 007 46 26.114 

41 ' 26r516 O r 0 0 6  
39 
54 
51 
30 
i9 
27 
20 
20 
18 
i s  
14 
10 
0 '  

b 

19 
12 
33 
30 
41 
48 
S6 
51 
79 
85 
75 
93 

1 OS 
99 
104 
104 
103 
120 
t21 
lt7 
143 
147 

\ 163 

2 6 r g 3 6  
26rt48 
26.138 
24.137 
26.136 
26rl29 
26.135 
26.128 
26r119 

* 26.123 
26.881 
26r 108 
26r117 
26.813 
26r 106 
26r102 
26rlOS 
26 098 
26 r 099 
26 r 006 
26rOVB 

' 26 r 09s 
26 r 087 
26.081 
26 r 077 

26r109 Or017 
26rlO6 Or023 
26r104 0 e 025 
26r 102 0 r 032 
26 r OV8 0.041) 
26.128 oroto 

266130 O r 0 0 4  

24r137 -0 0 000 

26r136 0 a 006 
0 r 004 26rL38 

asri3e 0 r 007 

26ri42 0 r 004 

26r123 0 b 009 
26r121 ObOl4' 

26.131 6 b 005 
26ri36 -0 b 000 

26r137 db002 

26,140 ob005 

26ri3l 0.021 
26r140 Obo$fi 
26rt38 ob085 
26r$33 0,624 0.022 * 

0;017 
0 r 023 
O r 0 2 6  
Or031 
0 r 042 
0 r 037 
Or049 
Or063 
0 r 060 
Or078 
0 r 093 
Or074 ' 

0 r 093 

Or098 
Or809 

Or117 
01116 
del23 
Or 137 
O r  147 
O r  154 

ob081 

orow 

O b l l 8  



t I I I l A X t A t .  ZiTRAIN TEST, SAMPLE I t  

51 6946 6968 0.047 0.062 6775 177 
52 7095 71 16 0.045 0.054 6954 147 

7248 7276 o.om 0 062 7070 ' 187 
54 73134 0.042 0.036 7233 140 
35 7499 7512 0.046 0.060 7331 152 
53 ' 7369 

56 7636 7663 0.04e 0 065 7473' 172 
57 7776 7803 0.032 0.070 7593 * 202 
(18 , 7V04 7922 0.030 0 rO66 7730 171 

60 8170 e190 0.035 0.073 7970 206 

62 e452 9471 0.051 0.069 8274 181 
63 9593 . e611 0.050 0.070 . 8405 194 
64 8733 8760 6.050 01069 8546 195 
65 0873 8880 0.051 0 e072 6684 $91 
66 9024 9029 0 . os+ 0 076 6921 201 
67 9176 91e1 Or057 01078 8970 207 
68 9310 9321 0 . OS7 0 079 9122 197 
69 9484 9500 0.060 or0e2 V272 . 217 
70 9639 9653 0 065 o.oet 9399 244 
71 9794 9791 0 042 orom . 9371 214 
72 9935 9953 0.068 or091 9694 241 
73 10107 10125 0.071 Or098 9842 270 
74 1 0280 10294 0.0'75 0. 102 9993 291 
7s 10425 10447 0.079 0; 109 10109 . 323 
76 . 10571 lOSB6 0.071 0 096 10322 2% 
77 10720 10734 0 a 075 0.102 10451 , 271 
78 10872 ioeoo 01081 0ctoe . 16579 290 
79 11022 11032 o.oe3 0.113 16712 3m 
eo 11160 11191 , 0.082 OIti2 ioe7i 300 

e2 11465 11471 o.oes 0.120 1!158 302 
83 11625 1 1627 0 0 096 0.130 t $256 ' 369 
e4 1 1785 11794 0. 103 0.144 11347 441 
85 11941 11949 0.120 Orid7 15336 607 
e6 12108 12116 0.137 0.i98 11340 ' 770 
e7 12224 12245 0.148 0.2013 11330 900 

e9 12535 12S53 00 171 -0.243 11331 1190 
90 12700 - 12714 0.183 0 263 a i m  13&6 
91 12878 12901 0.195 0. 282 11337 1548 
92 13024 13029 0.204 01301 11334 1692 

. 93 13ioe 13210 . 0.215 0,319 11541 1854 
94 13348 13360 Or226 0.335 11332 2019 
95 13505 i m e  Or237 0.352 1135e 21 70 
96 I3492 13509 6.238 0.3se $1329 2169 

90 t3465 . 13469 01238 O r 3 6 6  11274 2192 
99 13458 13469 0.241 01369 11253 2209 

39' 8036 9056 0 . 052 0 a 070 7953 le9 

61 8310 8336 0.049 0.066 8141 $78 

Eit 11313 11334 o . oee O.El9 30981 33e 

BO 12381 12402 0,159 0 L 224 11340 3046 

97 13481 1349 1 0.241 ' 0.368- t 1305 2tw 

100 1 3435 13440 Or243 Or371 - 11222 . 2214 

26 a 067 
26 (I 079 
26 r 071 
26 093 
26 078 
26rOll 
26. 063 
26.071 
26r066 
26 a Obi 
26 077 
26 074 
26 074 

. 00170 
0. 157 
0.171 
00 154 
01164 
0. 177 
0.192 
00 192 
OItOl 
0.201 
0. 181 
0. 169 
01 191 * 

26.078 . 
26 074 

26 065 
26 6 066 
26 e 062 
26 052 
26.061 

26 . 039 
24~032 

' 260021 
26.644 . 
26 037 

. 260027 
26r019 
26 o 023 
26.011 
2 6 a O t 3  
25 993 
231 6 970 
23 4 925 
25 884 
23.849 
25.819 

* 25.794 
25.749 
25i715 

2S 652 
. 25.620 
25 890 
23.579 
23 0 5513 
25 567 
25.561 
25 555 ' 

26. o m  

26.048 

25 . tse2 

o.tev 
0.1Vb 
0 a 206 
0.214 
Or215 
0.224 
0 239 
0.230 . 
0 a 266 
0 o 27E 
Or296 
0 260 
0.200 
0,297 
0.310 
0.307 
0.326 
0,326 
0 e 536 
0 390 
6.454 
0.513 
0 564 
O r 6 0 f l  

* 0.709 
0 759 
0 806 
0 . 950 
0.896 
Or941 
0 . 9213 
0 e 963 
Or971 
0.979 
0.996 

0 b 250 

. 0.65e 

OrY 
0.2 
0.21 

0.2 
0.2 
0.3 
0.2 
0.3 
Or3 
0.2 
0.2 
or2 
0.2 
0.2 

0.3 
0.3 
0.3 
0.4 
0.3 
Or4 
0.5 
0.5 
0.5 
0 ;4 
0.5 
or5 
0.6 
0.6 
0.6 
O r 6  
O.? 
0.8 
1.1 
5 r3 
1 .5 
l . 6  
1 r 8  

2.2 
2.3 
205 
2.7 

209 
2.9 
2.9 
3.0 
3.0 

OD2 

, 0.3 

2.0 

2.a 

'6 15.5 ' 

8 15.7 - 
12 Sb.0 
1 t6.2 
11 16.5 
17 l6.a 
IS 17.0 
'2 17.2 
!1 17.5 
I9 17.7 
le 1ero 
19 '1 ie.2 18.3 

'4 18r7 
13 19.0 
17 19.2 
19 19,s 
16 ' 19.7 
'1 20.0 
!l 20.2 
IO 20.5 
le 20.7 
10 21.0 
19 , 25.2 1 

'7 21.5 
12' 21.7 
!O 22.0 
'7 22.2 
!O 22.5 
'3 22.7 
17 23.0 
i8 23.2 
11 23.5 
t6 23.7 

14 24.2 
!l 2405 
'9 24.7 

16 2S.2 
!l 23,s 
'5 25.7 
I1 26rO 
ia 26.2 
17 26.3 
I1 26.7 
L4 * 27.0 
14 27.3 
!l 27.5. 
c9 97-7 

!a 24.0 

19 ?5Do 



101 m i a  13430 Ob2 
102 * 13417 13430 Ob2 
103 13418 Ob2 
104 13303 0.2 
105 13373 Ob2 
106 13362 Ob2 
107 13349 $3331 9b2 
108 - 13350 13345 Ob2 
109 13339 13331 0*2 
110 13323 13324 Ob2 
111 13313 13319 6b2 
112 13316 13306 Ob2 
113 13303 13299 Ob2 
114 13302 13304 Ob2 . 115 13292 13297 Ob2 
116 13281. 13277 Ob2 
117 13270 13264 O b 2  
118 13266 13238 Ob2 
119 13255 13250 Ob2 
120 13253 13246 Ob2 
121 . 13244 13234 O b 2  
122 13233 13227 Ob2 
123 13233 $3224 O b 2  
124 13225 13220 Ob2 
125 13218 13214 Ob2 
124 13204 13194 Ob2 
t 27 13197 i ~ i e ~  Ob2 
128 13199 . 13193 Ob2 
129 .13192 13185 Ob2 
130 131BO 13180 Ob2 
131 13261 13257 or2 
132 13434 13428 Ob2 
133 ' 13469 13457 Ob2 
134 13453 ' 13436 Ob2 
135 13451 13447 0.2 
136 13448 13445 Ob2 
137 13442 13427 0 b2 
138 13444 . 13446 O b 2  
139 13432 13422 Ob2 
140 13423 13424 Ob2 
141 13424 13421 Ob2 
142 i3411 13400 O b 2  
143 13413 13399 Ob2 
144 13405 13403 Ob2 
145 13396 33366 Ob2 
146 13392 13376 Ob2 
147 13387 1 13304 O b 2  
148  i ~ ~ e i  ' 13374 Ob2 
149 13379 13377 Ob2 
150 a 337s 13377 O b 2  

3 
3 
I 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
2 
2 
3 
a 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
a 
3 
3 
3 
I 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

I7 Or 
16 O b  

6 O b  
12 4* 
15 Ob 

14 Ob 

I2 Ob 
I2 Ob 

IO O b  
i0 Ob 
10 Ob 

12 Ob 
11 Ob 
'8 . 0, 
I1 O* 
11 Ob 
'6 O b  
!9 Ob 

10 Ob 
I 1  O b  
IO O b  

!5 O b  

!9 Ob 

!9 O b  

!9 O b  

19 O# 
!7 O b  
!5 O b  

!3 O b  

14 O b  
IO Ob 

18 Ob 
17 O b  

18 O b  
19 Ob 

I7 Ob 
17 Ob 

17 O b  

14 Or 
14 O* 
I5 O b  

I4 0 .  
15 O b  

I4 Ob 

I4 Ob 

13 O b  
I3 O b  

13 O b  

4 Ob 

I4 Ob 

3 
3 
a 
a 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
a 
3 
a 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
a 
3 
3 
a 
3 
la 

3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 

16e 8 1  
168 11 
170 11 
169 11 
169 li  
I71 11 
168 11 
170 !l 
I70 11 
170 l t  
17 1 11 
I7 1 11 
172 11 
170 11 
169 11 
170 11 
I70 $1 
169 ,/ I t  
170 11 
149 $1 
171. 11 
I47 11 
I67 11 
168 11 
169 $1 
170 11 
169 11 
I66 11 
166 I t  
166 11 
I71 11 
I79 11 
180 I t  
181 11 
It31 11 
I80 11 
ieo 11 
180 11 
I77 . 11 
It30 11 
160 1 s  
It30 11 
179 11 
l?9 $1 
180 11 
I81 11 
I80 11 
179 11 
178 11 
179 1; 

3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
2 
2 
3 
3 
2 
3 
3 
3 
2 
2 
3 
3 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

22 2 
25 2 
29 2 
33 2 
09 2 
92 2 
L2 2 
09 ' 2  
22 2 
23 1 
13 2 
92 2 
be 2 
4 5  1 
23 1 
99 1. 
48 1 
25 1 
03 1 
78 1 
se 1 
43 1 
21 1 
99 1 
a i  1 
69 1 
69 1 
35 1 
32 1 
29 1 
37 1 
64 2 
44 . 2  
6S 2 
60 2 
60 2 
58 2 
55 2 
52 2 
52 2 
52 2 
4 8  2 
46 2 
4 1  . 2 
4 1  2 
42 * 2  

2 
2 

30 . . 
35 
35 2 
32 2 

'1 
'0 
0 
0 
'0 
'0 
'0 
'0 
'0 
9 
'0 
0 
0 
9 
9 
9 
9 
9 
9 
9 
9 
8 
9 
9 
9 
9 
9 
0 

0 
9 
'0 
'1 
'0 
'0 
#O 
'0 
!O 
'0 
!O 
'0 
'0 
'0 
IO 
'0 
'0 
'0 
10 
'0 
!O 

a 

00 
9s 
78 
37 
61) 
174 
13 1 
'39 
14 
98 
02 
20 
34 
57 
76 
00 
20 
37 
so 
72 
83 
88 
09 
124 
35 
31 
25 
61 
S8 
30 
22 
68 
00 
82 
90 
86 
'78 
'89 
176 
17 1 
'7 8 
158 
62 
86 3 
31 
145 
'4 8 
14 3 
143 
146 

25 b 564 
25 I S6J 
25 362 
25 564 
25 6 564 
23 i542 
25r567 
25 564 
25 564 
25 e 564 
25 r 563 
25bS61 
25 560 
25 a 566 
25.544 
23 b S63 
25.567 
25rS66 
25 563 
25rS44 
25bS61 
256571 
25 548 
25 566 
25 565 
256563 
23 567 
25rS72 
25 b 573 
256373 
25 563 
25 e 547 
25r347 
2Sb544 
25 S44 
2Sr546 
23 r 547 
254547 
23b663 
25 o 547 
23 b 547 
25r548 . 
25 549 
25 a 5SO 
25r540 
25 547 
236548 
25 549 
25 a 530 
25 b 5SO 

0 b.973 
0.971 
Ob976 
Or970 
Ob973 
0 a 975 
0 r 967 
0 972 
Or971 
0.970 
0,972 
0.974 
0.976 
Or968 
Or970 
01971 
O r 9 6 6  
0.966 
Or97l 
Or970 
0 973 
O b W 9  
0 963 
0 966 
0 968 
0.969 
0 964 
0 c 958 
Ob956 
0 935 
0 b 971 
Or996 
Or997 
1 boo0 
1 boo0 
0.99% 
0.996 
0 996 
Or908 
0 996 
0.995 
0 994 
0 i 993 
Or991 
0 994 

'Or995 
0 r 994 
Or992 
0 b 990 
6.991 

3,008 
3 000 
3 b O L 8  
2 b 996 

31018 
3 ooe 
2 3 r 98% 006 

3rOO4 
3 r 003 
J b O l O  
30618 
3 a 024 
2rO95 
Jb003 
3 6 008 

26991 
3r030 
3b006 
3 b O t 6  

' 2r966 
2.981 
2.993 
2 999 
3 005 
2 b 980 
2.963 
2 r958* 

3 r 009 
3 093 
3r095 
3,107 

31 101 
3 r 092 
3.093 
3r062 
31094 . 3rOP2 
3 r 088 
3 OQS 
31078 
3 088 
3.092 

3 082 
31076 
3r079 

2 ,ea9 

. 26955 * 

3 soe 

3 089 

2810 
28b2 
28.5 
28r7 
2960 
29r3 
29.5 
29.7 
30r0 
30.2 
30.5 
30r7 
31 bo 
31 r2 
31 b 5  
31 e 7  
3240 
32.2 
32.5 
32.7 
33.0 
33.2 
33b5 
33.7 
34b0 
3462 
34,5 
34.7 
35r0 
35.2 
35r5 
35 b? 

36.0 
36r3 
36.5 
3 6 b ?  
3760 
37r2 
37.5 
37b7 
38.0 
3612 
38 r5 
38b7 
3Vr0 
39r2 
39r5 
39b7 
40.0 
40r2 



151 13374 13372 Or233 o.3~0 $13: 
152 13374 m 6 e  Or233 0.3eo 113: 
153 13349 13347 Or232 or 380 113: 
154 13342 13332 Or233 Or379 , 113: 
155 $3346 1335 1 Or231 0.379 143: 
156 13352 13350 Or232 0 r 379 113: 
157 13354 13349 0.231 Or379 113 
ise ,13352 13344 Or233 6 r 378 l i 3  
159 13333 13325 0 r 232 0 r 360 113 
160 13337 13338 0 r 232 0 r 379 t 13 
161 ' 13331 13323 Or232 0 380 113 
162 13332 13327 Or 232 0 r 377 113 
163 i 3325 13313 0 r 230 or 3eo 1 i 3  

, 164 13321 * 1331 1 . Or231 0 r 379 113 
t65  13322 13314 Or231 0 r 379 1131 
166 13312 13299 Or231 0 r 380 1131 
167 13320 13310 Or231 Or378 . 113 
166 13313 13306 Or231 0 379 113 
169 13298 13287 0 r 229 Or380 113 
170 13303 13301 Or234 0.382 112 
171 13293 m e 3  Or225 0 6 373 114 
172 13299 13298 0 r 228 Or374 t 14 
173 13294 13267 Or 230 Or376 114 
174 13299 m e 6  0.229 8.374. 114 
1 75 13295 13295 0 r 228 0.375 114 
176 . 13278 13275 0 228 0.375 114 
177 13279 13269 4.228 0 a 374 113 
178 13290 m e 6  0 r 227 0.375 113 
179 13265 13250 Or229 Or374 113 
I80 13277 13272 0.220 0 r 376 t l 3  
sei t 3268 13258 Or228 Or378 113 
182 13257 13247 0 r 228 0 r 374 113 
i e3 13266 a3257 08227 0 377 113 
$84 13271 13267 O i  229 0 r 376 113 
ies 13270 13265 0. 230 0 6 377 1$3 
186 1 3262 13254 Or 230 0 r 37% * i t 3  
107 3250 13251 Or229 0 r 376 113 
188 m 4 e  13234 Or226 Or377 113 
le9 . m 4 e  13233 0 r 225 0.375 113 
190 13236 13235 Or226 0 a 374 113 
101 * 13239 13224 Or227 0 r 373 113 

.. 192 13234 13222 Or224 Or376 . 113 
193 13224 13213 or223 0 r 376 113 

105 13240 13229 0 225 0 r 373 114 

197 13224 13209 0 r 227 Or374 113 
i9a ' 13224 13210 Or224 0 r 376 114 
199 .13219 -13193 0.224 0 r 374 114 

194 13235 13223 . Or225 0 r 375 114 

196 13216 13397 0.229 Or376 * 113 

20Q 13230 13218 Or223 0.375 . 114 
i 

2 
2 
2 
2 
2 
2 
1 
2 
I 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
4 

1 
1 

d 
Q 
9 
e 
9 

a 

a 

m 
a 
E 
E 
c 
i 
7 
c 
I 
E 
7 
E 
I 
I1 
C 
4 
If 
t 
It 
I 1  

9 20. e 20. 
6 20: 
9 20( 
4 20: 
'a I 20: 
9 20: 
'0 20  
b 20 
6 . 20: 
b 20 
3 20 
2 201 
0 201 
I7 20 
17 201 
16 20 
16 20 
15 19 
3 20 
I1 18 
!6 18 
9 t8 
I i e  
16 te  
12 1s 
'9 ie 

10 
18 

'7 * 
17 
15 ie 
to 18 
14 18 
13 ia  
16 1s 
Ll 19 
16 19 
1.0 . 18 
18 10 

16 18 
15 . LB 

'6 ie 
16 i a  
I5 18 

)4 ia 

)3 i a  
13 i a  

16 l a  

?4 18 
16 1s 
)4 LO 

I 
4 
2 
D 
2 
3 
3 
2 
1 
2 
1 
1 
0 
0 
1 
0 
1 

B 

4 
7 
7 
8 

1 
7 
9 
7 
fi 
7 
7 
7 
f 
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3 . 3eo 

3 b 374 

3 . 380 

3 . 3 ~ 0  
3.3eo 

3 a e 2  

3 . 3ea 
3 . 383 

82.4 
1214 
t2.4 
12.3 

' 12.4 
12.4 
12.4 

* 52.4 
12.4 - 12.4 
12.4 
12r4 
12.4 
1214 
12.4 
12.4 

, 12.4 
12.4 
12.4 
12.4 

1 l2.4 
, 12.4 
, 1204 

12.4 

2 

3 
9 
2 
2 
4 
3 
1 
3 
1 
3 
4 
1 
3 
4 
a 
4 
4 

a 
2 
2 
3 

a 

Y 

!9 142.5 
19 $42.8 
17 143.0 
'5 143.3 
!1 !4 143.5 143.H 

IO 144.0 
I3 144.3 
.2 144rS 
14 .4 144.d 145.0 

10 145.3 
IO 145.5 
!4 145.8 
15 144.0 
IO 146.3 
19 144.5 
IO 146.0 
IS 147.0 
il 147.3 

IO 147.8 

i4 148.3 

ie 147.5 

16 i4e.o 

23.447 
23 450 
23 6 450 

23 6 448 
23.448 . 23.648 
23 450 
23 8 649 
23.448 

23.649 
23 m 444 
23.448 
23 444 
23 e 445 
23.447 

. 23.644 
23.446 
23 647 
23 444 
23 e 644 
23.644 
23 444 
23 6 643 
23 a 646 

2 w ~ e  

23 . 448 

3138fl 
3.383 
3,385 
5 . 3 ~ 7  

3 . 3e4 

3 . 384 
3 . 3e6 
3.3e7 
3 . 3e5 

3.387 

3 307 

3 387 

3.392 
3 387 
3 392 
3 390 
3r388 

31390 

3.390 

3*300 
3 392 
31391 
3 6 390 

3 . 3e9 

3 . 3e9 

3 . 3e9 

12.464 148.5 
12.436 148.B 

' 12.456 149.0 
S2.445 149.3 
12.445 149.5 
12.441 14900  
12.463 15OrO 
12.452 150.3 
12.441 150.5 
12.443 lSOa0 
82.442 151,O 
12.457 151.3 
12.482 15lo5 
12.463 151.9 
12.492 132.0 

.12.474 152.3 

12.471 152.8 
12.475 153tO 
82.470 853.3 
12.473 153.5 

12.471 154.0 
$2.403 154.3 
12.478 854.5 
12.474 1 5 4 r 8  

1 2 . 4 ~  i s2 . s  

82.472 is3.e 



55 1 9376 13326 
552 9378 13325 
553 9377 13932 
554 9375 13329 
55s * 9300 13331 
5S6 ?a89 13330 
557 9369 13327 
550 9306 13330 
569 ' 9375 13333 
560 
56 1 
562 
563 
S64 
565 
566 
567 

SA9 
570 
571 
572 

I 573 
a74 
575 
576 
577 
578 
579 
500 

, 501 
502 
583 

. 564 
585 
586 

1 587 
508 
589 
590 - 
591 ' * 592 
593 
394 
595 
596 
597 

. 596 
599 
A00 

. 5 6 8 .  

9374 133 
9378 133 
937s 133 
9379 t 33 
9375 133 
9376 133 
9377 133 
937 1 133 
9371 . 133 
9372 133 
9366 133 
9368 133 
9372 133 
9365 . 133 
9374 133 
9371 133 
9364 133 
93A5 133 
9371 133 
9365 133 
9370 133 
9363 133 
9371 133 
9361 ' 133 
9357 133 
9358 133 
9350 133 
9365 . 133 
9364 133 
9362 133 
9362 133 
9359 132 
9362 i 33 
9550 t 35 
9585 134 
9723 134 
9634 134 
9930 134 

10048 134 
10103 135 
10240 134 

a 
2 
2 
1 

2 
2 
3 
2 
2 
1 
1 
2 
2 
2 

1 

3 
1 

1 

1 
C 
1 
I 
1 

1 
a 
I 
1 
1 
I 
L 
0 
7 
e 
1 
9 

a 

a 
a 

c 
1 

a 

a 

2 632 
2 e 633 
2 a 633 
2 6 633 
2.632 
2.433 , 

2 * 633 
2 633 
2r433 

0 . 380 
ob 378 
ob 37a 
ob 3ao 

ob 3ei 

Or379 
0 377 

0 378 
0 379 

1 .  7406 
I 7406 
I 7403 

7403 
7403 
7401 
7403 

I 7402 
740s 

12 2 e 632 6.3'19 
19 2 628 Or374 
!9 2 a 629 0.37s 
18 2 e 630 0 375 
!9 2 r 630 0 374 
!7 2 e 630 0.373 
!4 2.632 . Or375 
B 2 9 632 0 377 
!2 2t632 0 a 375 
!6 2 9 633 0 a 375 
8 2.634 0.326 
!2 2.631 0.375 
!5 2.633 . 013M 
!O 2.433 0 375 
!5 2.633 Or376 . 
16 2.433, 0 a 376 
i6 2.633 0 37s 
12 2.633 0 e 375 
I5 .2*634 0 . 374 
18 2 e 635 0.377 
!2 2 a 633 0.376 
I3 2.634 0 377 
?7 2 634 0,376 
I6 2.434 0 a 375 
17 2 e 635 0.376 , 
17 2.634 Or376 
17 2.636 0.374 
18 21633 Or376 
I3 246Jb 0 . 375 
I9 2.435 01376 
!2 2.435 0.374 
19 2r63b Oa3'1ti 
I8 2tA36 0 6 376 
!3 2.649 0.503 
14 2.636 0 374 
16 2 . A22 0.370 
'2 21610 Or 377 
'3 2r606 0 . 379 
la 2 a 602 0 319 
,3 \ 2 596 Or377 
'2 2 4 585 0.379 

7424 
7546 
7530 
7520 
7515 
7512 
7509 
7510 
7502 
7500 
7500 
7497 
7497 
7496 
7495 
7492 
7495 
7492 ' 
'7492 
7491 
7490 
7488 
3487 

7487 
7406 * 

7497 
7408 

7488 

7484 
7482 

74ai 
74 05 

7493 
7502 
7748 
7934 

8224 
B350 

eo92 

3206 
3288 
3292 
3289 
3294 
3305 
3284 
3294 
3289 
3270 
3148 
3143 
3178 
3177 
3180 , 

3183 
31(76 

3109 

3108 
3192 
3187 
3196 
3197 
3186 
3192 
3200 
3191 
3197 
3191 
3202 
3191 
3196 
3191 
3190 
3193 
3196 

3197 
3191 
3198 
3371 
3119 
3033 
2962 
2806 

3ie6 

3182 

m e  

2844 
2759 
2720 

23.643 
23 646 
23.647 
23 642 
23 a 645 
23.640 
*23*641 
23.646 
23.645 
23.646 * 
23.657 
23.6515 ' 
23.654 
23 e 654 
23 652 
23 652 
23 649 
23.651 
23 650 
23.649 
23.651 
23.651 
23 650 
23 a 650 
23 650 
23 650 
23 A51 
23.652 
23.646 
23.450 
23.648 
23.648 
23r650, 
23 647 

23.647 
23 e 647 
23.648 
23 I A47 
23 A50 
23 6 647 ' 
23 641 
23 629 

. 23.6553 
23 6e9 
'231 664 
,23.673 
23 679 
23 a 605 
23 692 

23 . 649 

3.391 
3 e 390 
3.368 
3 . 394 
3 .39i 
3.387 
3.396 
3.389 
3 e 390 
3.390 
3 375 
3 . 37B 
3 . 379 
3 . 379 
3.381 

3.38s 
3 e 3tt2 
3.304 
3.305 
3 382 
3 . 383 
3.383 

3 304 
3.3B4 
3 383 
3.38t 
3.108 
3 . 394 
3.387 
3 396 
3 . 383 
3 a 388 

3.307 

3 306 
3.308 

3.387 
3 388 
3.415 

3r378 
3.373 
3 364 
3 . 339 
3.314 

3 . 3et 

. 3.3m 

3 . 384 

3 . 3a7 
3.383 

3 . 3e3 
3 . 3250 

12.400 
12.473 
12.460 
12.491 
12.477 
12.464 
12.449 
12.473 
12.416 
12.475 
121421 
12.431 
52.435 
12.433 
12.443 
32.443 
12.457 
12.440 
12rS33  
12.4159 
19.446 

12.452 
$2.455 
12.454 
12.453 
!a6449 
12.443 
12.472 
t2.435 
12*4A5 
12.461 
12.451 
12.469 . 12.462 
12.466 
$24467 
12.460 
12.469 
12.451 
12.466 
12*4?0 
52rS59 
12.443 
1214a4. 
121390 
12.351 
52.327 
12.292 
l21259 

52.449 

1ss rO 
153.3 

t55r0 
156t0 
156.3 
156.5 
156.8 
157r0 
157.3 
157.5 
157.8. 

158.3 

l5B . 8 
159 0 
159 . 3 
159.5 
159.0 
160r0 
160.3 
166r5 
160.8 
161 e 0  
161.3 
161r5 
161 e 8  
162.0 
162.3 
162.5 
162.8 
$63*0 
163.3 
163.5 
tA3.8 
164.0 
144.3 
164.3 
464.8 
1d5.0 
145.3 
145.5 
165.8 
166r0 
166.3 
t66.5 

167.0 
lA7.3 

15ri.s 

15e.0 

15e.5 

16608 



601 10268 . 13409 2r5l 

603 10431 13478 2rs 
604 1 6500 13497 2.5, 
605 1 OS53 13155 2r5' 
606 10609 13507 2.5 
607 10653 13471 2.5 

I 608 10713 13473 2.5 
609 10790 13453 2.3 
610 10030 m e 3  2.5 

I '  61 1 10844 13499 215 
612 ' 10052 $3509 2.5 
613 10922 . 13475 2r5 

* 614 16947 13491 2.5 
615 10937 . 13491 2*5 
616 10939 13500 2r5 

I 617 10915 13470 2.5 
6ie 10922 13479 2.5 
619 10907 g3460 2.5 
620 10913 13464 2.5 . 621 10894 13445 2.5 
622 10098 13452 2.5 

, 623 10009 13443 2rS 
634 10874 13422 2.5 
625 i oe90 13444 2r5 
626 . 10078 13413 2.5 
627 . 10079 1 3432 2.5 
620 i oe67 13403 2.5 
629 80875 13423 2.5 
630 . 30883 13444 2.5 
631 10068 13416 . 2.5 
632 10072 13421 2.5 
633 10073 13420 2.5 
634 10082 13444 215 
635 10065 13416 2.5 
636 10962 13414 215 
637 10954 13402 2.5 
630 10837 13383 2.5 
639 10832 13380 2.5 
640 1003 1 13391 2.5 
64 1 10818 13362 3.5 
642 10921 $ 3377 2.5 
643 10014 13359 2rS 

' 644 10828 13382 215 
645 10824 13377 2.5 
646 10826 13378 2.5 
647 10826 13379 * 2.5 
640 10021 13375 2rs 
649 10823 1337a 2.5 

602 lb393 13496 2.5' 

I 

6SO 10030 13378 a b 5  

B 
7 
7 
6 
S 
6 
4 
4 
4 
4 
4 
4 
3 
4 
3 
3 
3 
4 
3 
3 
J 
3 
3 
a 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
1 
2 
3 
2 

2 
6 
t 
8 
6 

I 
3 
5 
7 
7. 
5 .  
1 
9 
8 
0 
2 
'7 
0 
? 
16 
I4 
IS * 

14 
IS 
I4 
I1 
I2 
Q 
13 
I4 
I3 
5 
I3 
I4 
12 
I2 
I2 
I3 
I3 ' 

IO 
IO 
19 
I1 
IO 
19 
19 
IO 
!e 

2654 23 r 695 3r34t  121248 167.5 
12.226 167.8 . . 2613 23.700 0.300 eat4 

Or301. eo84 2562 23.703 3 r 333 12.210 160.0 
Or301 0955. 2844 3 8 330 121196 $48.3 23 r 706 
or3et 9667 2453 23r713 3.320 32.155 lb0rS 
Or381 * 9136 2430 23.713 3 r 122 12r162 168rQ 
Or300 9236 ' . 2356 23 726 3r308 12.104 169.0 
0 r 379 9292 2340 23 e728 3 r 305 L2rO02 169.3 
Or383 9357 2321 23 r 726 3 r 309 12rlO4 169.5 
Oi363 9351 2363 23 r 722 3,315 * 126124 169.0 
0 r 307 9318 2401 236718 3 321 12r145 170rO 
013El6 9335 * 2402 23.721 3 m e  12r131 170rf 
0 r 385 9499 2274 23 732 3 4 304 12r076 170.5 
0.386 9468 . 2327 23 725 3r314 12.112 170.8 
0 .38~  9445 2344 23 e 724 3.311 12bt17 17trO 
d 6 30U 9432 2360 21 r 725 31314 12.312 l7lr3 
0 386 9425 2341 23.723 3r316 12r120 171.5 
0,300 9410 2356 23 6 722 3.317 . 12.126 171.8 
or3ae 9407 2351 3,314 12,113 172rO 23 723 
0 389 9394 2369 23.722 . 31317 12.125 172.3 
0,390 9304 2359 23 r 721 31315 . $21110 172.5 

0.307 9417 2323 25 729 3,307 12r089 173.0 

0 r 386 9419 2322 3 306 12.007 173.5 23 730 

3 . 337 0 379 8607 

Or 300 9392 2357 23 b 725 31313 12.109 172.8 

0,307 9424 2299 23 e728 '3.309 12.09~1 $73.3 

0.386 9412 2310 23 729 31307 12.09i 173.e 
Or386 9409 . 2321 23.730 . 3 r 306 12.087 m r o  

12.083 17463 Or387 9436 2276 23r731 3 r 305 
0 r 385 9423 2299 23.732 .3r303 12.074 174.5 
0.306 9412 2313 236731 3 e 305 L2.081 174.8 
0 r 307 9417 2301 23 729 3,307 12r009 175.0 
0.386 . 9413 2308 23.731 3r305 12.004 175.3 
0 ~ 3 m  9422 ' 2300 23 r726 ,3rSll 121507 175.5 
O r l t ) ? *  9399 2336 23.729 3 r 308 12r092 175r0 
0 r 306 9408 2307 23.730 3.306 11.085 176rO 
0 386 9396 2316 23 730 3.306 12*080 176r3 
Or3C14 - 94t3 2290 23 r 734 3.300 121064 176.5 
Or305 941 4 2271 23 r 732 3 302 12.074 176#0 

, O r 3 0 8  9413 2270 23 732 3 303 .12*076 l77r0 
or305 9401 2200 23.732 I 3 6 302 12.074 177.3 
or 3e7 9394 22?3 23 e 728 3.307 12,0V3 177.5 
Or305 9484 2259 23 734 3 300 i2.06~ $77.~ 
0.3e~ 9414 2247 23 r 733 3.301 12.072 1m.o 

Or306 9405 2269 3 302 m o m  i7e.5 
0.384 9409 2270 23,736 . 31297 t2r056 17%r3 

23 r 732 
O r 3 0 5  . VI17 2259 23 734 3 r 300 12.067 17Brl) 
Or303 9433 2243 3 r 295 12.047 119fiO 23 r 738 
Or386 ' 943Q 2242 23 6 735 3.29e 1210J9 179r3 

31296 lab051 $79.5 23 r 73? 
12,044 179.0 

or3e3 9426 
0 4 383 9450 

2246 
222s 23 739 3 a 294 



651 0 
652 10 
613 10 
654 10 
655 10 
656 10 
657 10 
65B 10 
6S9 10 
660 10 
661 10 
662 10 
663 10 
664 10 
665 10 
666 10 
667 i o  
66e t o  
669 SO 

, 670 i o  
671 10 
672 10 
673 10 
474 10 
675 i o  
A76 l o  
670 10 
677 i a  
679 i a  
600 i o  
be1 i o  
683 i a  
684 i a  
605 i a  

602 10 

686 10 
487 t o  
bee 10 
609 10 
690 10 
691 10 
692 $0 
693 l o  
694 10 
695 10 
696 10 
697 i o  
698 10 
699 10 
700 10 

16 64 2. 
32 79 . 2. 
24 77 2. 
il 69 2. 
21 70 2. 
35 $3396 2. 
22 . 13375 2. 
22 13376 2. 
27 13379 2. 
26 13377 1 2. 2e i33eo 2. 
20 .133?7 2. 
20 13374 2. 
20 13371 2. 
124 13301 2. 
122 13373 2. 
22 13372 2. 
133 m e b  2. 
128 13379 2. 
128 i33e t 2. 
124 13369 2. 
120 13371 2. 
129 13301 2. 
117 13377 2. 
'27 13375. 2. 
125 13376 2. 
115 13359 2. 
135 13386 2. 
119 13367 2. 
128 13579 . 2. 
123 13375 2. 
I24 1 JJy3 2. 
125 13377 2. 
122 133?6 2. 
122 13375 2. 
121 13368 2. 
120 13376 2. 
27 13379 2. 
2L i 3373 2. 
28 m e 1  2. 
22 13374 2, 
I23 13381 2, 
25 * 13303 2. 
22 't33e4 2. 
123 13579 2. 
113 13357 2. 
29 13301 . 29 
4 4  13364 2. 
31 13374 * 2. 
17 13376 2. 

126 0.  
126 0. 
12e Ob 
1m Or 
126 . o r  
126 0. 
12b 0. 
126 0. 
127 0 0  
127 O b  

126 0.  
12 6 O b  
127 0. 
127 0. 
126 0. 
120 0 0  
127 Ob 
i2B 0. 
i20 0. 
i28 ' 0. 
i28 Ob 
i27 Ob 
i28 0. 
i28 O b  
129 0. 
i28 0. 
i29 0. 
i28 o r  
i2R 0. 
i29 0.  
i29 0. 
i29 0. 
F2B O b  
i29 O b  
i28 0. 
i29 0.  
i29 0. 
128 0.  
i29 O b  
i29 0. 
i30 0. 
i29 0. 
130 0. 
i29 0.  
i30 0.  
i3 1 0. 
is0 0.  
i29 0. 
i29 0. 
i30 . Or 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
a 
a 
3 
3 
3 
3 
3 
3 
a 
3 
3 
1 
3 
3 
3 
3 
3 
3 
J 
1 
3 
3 
3 

02 94 
82 94 
eo 94 
et 94 
02 94 
eo 94 
eo 94 
81 94 
eo 94 
00 94 
et 94 
eo 94 
79 ' 94 
eo 94 
79 94 
79 94 
01 94 
76 94 
79 94 
79 94 
.79 94 
76 94 
79 94 
80 94 
?9 94 
eo 94 
et 94 
if9 94 
!et 94 
179 I 94 
160 94 
Leo 94 
ieo 94 
I80 94 
b.79 94 
179 94 
100 94 
00 : 94 
179 94 
81 94 
e1 94 
179 94 
179 94 
00 94 
179 94 
178 94 
it9 94 
178 94 
179 94 
179 94 

07 2 
79 2 
76 2 
6s 2 
83 2 
92 . 2 
93 2 
9e 2 
96 2 
9 
8 
E 
9 
9 
9 
8 
a 
m 
a 
8 
E 
E 
7 

7 
7 
'1 
7 
1 
3 
7 
7 
7 
4 
c 
c 
c 
7 
c 
e 
d 
c 
d 
e 
c 
L 
c 
c 
: 

m 

m 

'2 2 
19 2 
I9 2 
'1 2 
'3 2 
'1 2 
I8 2 
16 2 
M 2 
I5 2 
t3 2 
I3 2 
I4 2 
'e 2 
11 2 
'7 2 
'8 2 
'6 2 
16 2 
'S ' 2 
'6 2 
'1 2 
'3 2 
'1 2 
17 4 2  
19 2 
Le 2 
La 2 
'1 2 
IS 2 
ie 2 
i7 2 
L6 2 
15 2 
L3 2 
L2 2 
i8 2 
Li 2 
L3 a 
ce 2 
18 2 

1 

- 
E 
I3 - 
1 
2 
1 
1 
1 
1 
1 
1 
i 
1 
1 
I 
t 
1 
1 
I 
I 
I 
1 
1 
1 
1 

i 
I 
1 
1 

1 
1 

a 

a 

a 
a 
a 

a 
a 
a 
a 
a 
a 

i 
1 

c 
1 

2 

.I 

1 

1; 

1: 

i 
I: 

. 

,-------~--------,-,,-------~---- 

FFECTIVE WROSXTY BULK VOLUME PORE WLVHE TItiE 
1s 4PBI3 4 K )  BTRAIN 4x1 STRAIN 4%) 4IlItU 
,----------------------~-------------~--------- 

70 23 742 3 289 12.027 180.0 
!O 1 23.741 3.240 12.029 100.3 
99 23.743 3 . m  124023. 180.5 
98 23.741 3rWO 12.030 l B O r f ?  
87 23.741 3.290 32.030 lB1 .0  
97 23.743 3.20s 12.011 181.3 
60 23.745 3 286 12.014 l01.J 
75 23.743 . 3.287 12.020 i8i.e 
et 23.744 3 . 287 12.01ti lezOO 
e9 . 23.744 12.019. te2.s 
83 23.744 3 e 2BA i2.016 ia2.e 
79 23 e 745 3 . 28s 12.012 te3.0 
77 23r743 3.287 12.a20 ie3.3 

a4 23.744 3.m ~2.016 m3.e 

12.017 ie4.e ,os 23.744 3 m 7  
189 . 23.745 . 3.286 12412 m5.o 

-90 23 e 742 3 . 2e9 i2.026 r e m  

IO!? 23.745 3 .2m s2.0~'. m O e  

3 . 289 i 2 . 0 2 ~  i w . 5  

$4 23.744 3 4 2R7 12.010 me.o 
k06 23.743 3 . tee iaro23 ree.3 
I03 33.745 3.20S 12.011 iee.5 

!06 23 743 3.2f)B t2.020 ie9.3 

64 23.244 3.286 12rOt5 182r3 

05 23 a 745 3 . 285 12rOll 103.5 

3 a 9  t2.026 184.0 
!99 23.745 . 3.m 12r010 ,lf)4*3 
93 231745 ' 36286 12.053 164.5 

23,742 ,e6 

,e6 23.746 3 . m  121008 185.3 
!01 23.744 3.287 12.017 185.5 

t99 23r743 3 288 121021 186.0 
I96 23.742 . 3.209 12.026 18603 
L e6 * 23.740 3 e 292 12.038 186.5 

3 e 290 12.036 $87.0 !93 
!02 23.744 3 6 287 12r019 18703 
!03 
!OO '23 6 743 9 288 12.022 107.B 

23.741 

23.742 

LO 1 23 e 743 3,288 120021 18818 
!I4 23.741 3 290 12.029 109.0 

!06 23 743 3 . 2e7 121020 109.5 
!11 23.740 . 5.292 12.036 189.6 
!06 23 e 740 3.292 * 12.038 19010 
!L 1 23.744 3 . m  12.019 190.3 
!13 23.743 3 . m  121021 190.S 

12.030 190rt) !I3 23.741 3.290 
3 e 209 12.023 191.0 23.742 113 

12.019 191.3 
3 rm9 i2i02S 191.S 23.742 

I20 23 . 744 3 . 287 12.015 192.0 
bl i 23 743 3 . 280 .12.022 192.3 

to2 23.744 3.287 
ue 
$0 1 23 745 3 . 285 12.011 i9 i .a  



1 

--_--------_---,---3_-----~-~--,--~- ----e------------ ----..--------- 
RADIAL POKS HEAN EFFECTIVE POROSITY BULK UOLUHE PORE UOLUHE 18HE 

6TRAIH (%I FREBBURE tP%I) 6fWS8 IPSI )  (%) BTRAIN t Y )  BT'RAfH 4 % )  t t i f H )  
-------c------L---------~-------------------------------------~~------~--~--------~~------------ 

0.380 * 9461 2202 23.74% 3 e 290 12.032 192.5 70 1 ioei4 . 2 S30 

703 10812 . 13367 2.531 0.339 9455 ' 2208 23.741 3 e 290 12.030 193.0 
52.026 193.3 
12.029 193.5 

I * 706 SO635 13369 at531 0.379 - 94S6 2229 - 23 742 3 0 290 12.028 19388 
707 10818 ' 13371 * 2.530 Or360 94s4 2214 33.742 3.289 12.027 194.0 
708 10610 13375 20531 0 e 379 9453 I 2214 . 23.742 3 8 269 12.026 19403 
709 10823 1 3 3 ~ 6  2.536 0 379 945s 2222 23 a 743 3 208 12.021 194.5 
710 11121 . 13461 2.520 * be388 9600 2307 23 e 7325 3 6 304 121066 194.8 
71 1 11144 13408 2.521 01 365 9 x 7  2148 23.744 3 a 290 12e014 19S.O 
712 11242 13471 2 SO9 Or364 9909 2074 23 757 3 e 278 11.962 $95.3 
713 11421 13477 2 *SO& 0.391 9994 . 2109 3.268 11.969 195.5 23 752 
714 11430 i 3 1 ~  2 e 496 0.309 10109 1999 231762 3.274 11 e937 k95.8 
715 11 449 13475 2.493 0.306 10172 19sa 23.769 3 26s $lr90S 194.0 
716 llS54 13536 2.495 0 392 10220 1995 23,761 31278 &&a947 196.3 
717 $1 629 13602 20497 00393 10264 2022 23 75tB 3 6 283 11.942 196.5 
718 11560 * 13535 2.492 0 e 387 10310 1908 3 266 l t r O o l  196.8 23 a 770 

720 i i b d e  13475 2 e 475 00390 10428 1842 23 a 780 
721 11 697 13481 2.171 0.*3 87 10490 $802 23.788 , S124S 11.816 197.5 
722 11765 13405 2.469 01390 * 10543 1794 ' 3.249 llr821 197.0 23 786 
723 i m e  $3S10 2.460 ob 3a9 10597 17S8 23 6 780 3 a 246 
724 81653 13544 28468 0.390 10652 1763 23.180 3.248 11*8i8 198.3 

23.798 ' 3.234 11.767 190.5 
t llr743 198.8 23 803 

725 11051 13527 28441 br3B7 10701 #to8 
726 11879 . 13456 2,451 00369 10755 1649 
727 11973 13505 28452 0 392 10802 1601 3.235 11.764 199.0 23 6 800 
72a 11 970 13495 21448 0 367 10655 1623 23.810 3 e 222 11.714 199.3 

, . 729 12049 13531 2.448 08391 10906 1636 3.231 11.743 199.5 23.804 
1 S75 23.813 30219 11.499 199.8 
as65 23.e~ 3.217 l l+687 200.0 

730 12047 134B0 2.440 0 309 . 10949 ' 

731 12110 13476 2.430 0.391 10999 
732 12173 13559 2.440 0.393 11042 lS92 . 23.809 3.226 $la719 2 0 0 ~ 3  

1L1694 200.5 
1469 23.621 3.207 11.649 20008 

733 12157 13531 2.433 Or393 1 LOBO . 734 12163 13506 2 420 Or309 8 1121 
73s 1221 6 13509 2.427 0.392 . 51149 1497 23 r 821 3.212 llr663 201.0 
736 12258 13441 2.416 0 a 391 41190 1461 23 e 632 3.199 11.612 201.3 

lie616 201.5 737 1233 1 13476 28414 0.393 t1234 1476 23 e 831 3.201 

739 12429 13509 2.411 Or394 i 1348 1440- 23.831 3 203 11.619 202.0 
11.665 202.3 740 12428 13676 * 2.426 Or395 lk326 1517 2 3 m i  3.215 

74 1 12285 13308 2,401 0.190 . 11308 134s 23.846 3.190 llrS4l 202.5 

741 12367 13492 ' 2.413 0@3W 1 t 290 1451 23 629 3 203 110624 203.0 
744 12371 15481 28413 0 . 395 11260 1460 3 203 llr422 llr420 203.5 203r3 23 e 830 

23 a 630 745 12369 ' 1,3489 2r414 09394 11274 t 467 
111631 203.8 23 e 8 2 8  746 12368 13475 2r413 0,396 la270 1466 

747 12367 13474 2,414 0 394 11267 1468 23 e 030 3.202 11.619 204.0 
llr434 264.3 $444 23 827 
llr620 20405 

748 12337 13147 20413 0 0 397 11262 
749 12334 ... 13445 *2r413 0 e 394 $1260 

I 702 * ioeii $3338 2.330 0 * 360 9460 2199 3.290 42.030 192.8 23.741 

704 10817 13369 ' 2.530 0.360 9436 221 1 23.742 3.289 
705. 10820 13360 2.531 0 380 94s7 2212 23.741 3 . 2 ~  , 

I 

719 11643 13497 2.480 0.390 $0364 le94 - 23.771 * 3r2S9 , 1 i . m  191.0 
1 a . e ~  w . 3  

1 t . e ~  m , o  

S 256 

3 228 

3.219 23.ei4 1526 

73e 12322 13459 2r411 0 e 392 11283 1417 23.835 3.195 i i .596 201.a 

742 12371 13492 2r413 0.395 11296 i41e 23.830 3 202 1 ~ 6 2 0  2 0 2 . ~  

3 203 
3 205 

3 206 
* 1445 23 630 3 202 

750 $2332 13437, 2.413 0 396 ! $256 1441 23 829 3.204 t i . m  204.a 



Rnatat 1 
X )  STRASM 4 % )  PRES 

0.396' . l  
0 e 394 1 
0 t 396 1 

13419 2.409 0 . 394 1 
' * 755 12385 13438 ai410 0 393 1 

756 12323 13449 2r412 0.3OS. - 1  
757 12328 13436 2.411 0.395 a 

, 12317 13420 2.412. 0 r 395 1 
I 759 12312 13415 20410 0.39? 1 

758 

760 12312 13428 2.409 . 0.393 1 
76 1 12310 13421 2.406 0.393 1 
762 12292 13393 2.406 0 392 : I  

12301 13409 2 408 0 394 - 1  
12280 * 13400 2.409 Or 395 1 
12300 13408 * 2.407 0.393 1 

766 . 12296 13409 2r406 Or392 1 
12299 m a i  2.407 0.393 1 
12290 13398 2.408 0.392 t 
1229s 13409 2.411 0,393 1 
1229 1 13408 2.410 0 395 I 
12294 13410 2r404 0.391 1 
12291 13407 2.4016 0 392 1 

773 12280 13309 2.403 01391 1 
774 12269 13370 . 21405 0.391 * I  
775 13379 2.405 . 0.391 1 
776 1336 1 2.404 Or392 i 
777 13340 2 a 403 0 B 387 1 
778 12258 13354 2 6 403 Oq391 1 
779 . 12273 13386 2.405 0 b 393 1 
780 12267 13367 2.403 0.390 1 

, 701 12265 13382 2.405 0.391 1 
792 1228 1 t 3399 2.406 0.39I 1 
783 12279 13404 2 405 0.390 1 
704 12279 13390 2r406 0.389 1 
785 1227s 43383 2.406 ' 0.391 1 

I 786 32292 13392 2.403 0.390 1 
707 12282 13378 2r407 Or396 1 

i 788 12279 13394 2.406 0.3e9 1 
. 709 12283 1339B 2.400 0.389 1 

790 12274 13386 2.408 0 JPO I . 791 12269 13381 2.407 01391 1 
792 12202 13398 2.407 0.391 1 
793 12276 13392 2 407 0,391 1 
794 12277 13394 2 407 0 e 392 1 
795 12275 13388 2.408 0 392 1 
796 I2224 13390 2.400 01390 1 
797 12281 I3396 2.408 Or391 . 1 
798 12271 13377 2.408 0,392 1 
799 12269 13387 2.407 0.390 1 
800 12279 13399 're410 0 e 393 1 

-__-------------- 

$ .  

1 

, 

- 
P 
i 
I 

I 
1 
1 
I 
1 
1 
1 
1 
t 
1 
1 
1 

1 
1 
1 
¶ 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
I 
1 
I 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 

a 

HEAN EFFECTIVE POROBITY BULK VMUHE PORE VOLUHE llXHE 
STRAXM 4 % )  BTRAXN 4 % )  (HfW _--------_----_--_------------- 

23 q 029 3 a 203 11.624 20510 
23 833 3.199 11.608 205.3 
23 6 023 3,200 1@1643 205.5 , 

230 1433 23 a 834 3 c  191 '11.603 20Sr8 
263 1426 3.196 lie598 206.0 23.035 

t 233 1444 23.029 3 203 lie624 206.3 
,245 1452 3 202 llr619 206.5 23 a 830 

I 254 1425 23 029 3 204 11r628 20)ir.O 
265 1419 23 035 3 . 195 ate594 207.3 
,279 1401 23 r 837 31 193 . llr588 207.5 
289 1369 23.838 31 190 111579 207.0 
,272 . f397 23.834 3.196 11.598 20010 
,258 1400 23.831 3.199 lie613 2Oe.3 
I 279 1390 23 83s 3.194 11,594 208r5 

,246 1441 23 . 830 3.202 . llb6zO 206.0 

272 t 39s 23 039 3.190 i 1 . m  aoe.0 
,266 139s 23.037 3.193 t w e a  209.0 
I260 1398 23r 1937 3.192 LlrS86 209.3 
1245 1421 23 833 3.198 llr608 209.5 
1223 1439 23r831 3 200 t1.616 209.0 
!274 1392 3.187 tlrS67 210.0 23.041 
i 263 1400 23 039 3.190 11r576 2I0.3 
1270 1379 23r841 3.186 lI.564 210.5 
I267 1372 23.841 3.167 . 11.S68 210r8 
1262 1375 3elB0 llrS70 21100 23.840 
I266 1357 23.840 3. 108 11.t570 211.3 

3. 177 1l.bJI 215.5 I269 8342 23.048 
t 267 13S6 23 843 30 104 llr556 211.0 

11,580 212.0. 3 e 1 9 0  . 23.038 1262 * 138t 
3.I80 !ti559 2t2.3 1372 23.842 1262 

1261 1376 3.te6 t1.566 212.5 
3.188 11.569 21298 I237 1396 23.041 

t 257 1396 23.043 3. i05 l lr t i38 21310 
1256 1393 23.144 3.183 110552 283.3 

llrS69 21315. 
L 25s 1397 23 042 3. 186 11rSbt 21308 
I250 1397 231841 * 3.107 llrS67 214.0 
1253 1390 230843 ' 3.104 If.556 214.3 
I r r o  L 404 23.842 3.186 11.561 214.8 
L231 1393 * 231839 3.189 11.575 214r8 
I249 1390 3.188 110572 218.0 23 q 640 

11*!578 2tSr3 L 250 1403 23r839 3.190 

1245 i 400 23 . e37 3.192 llr506 215.9) 
11.562 216.0 I243 1402 23 838 3.191 

1244 I402 23 0 039 3.m 11.574 216.3 
I240 1413 03 r 039 3. 100 11.578 216,s 

I240 1401 3.307 11.564 217.0 23.841 
1242 1411 23 a 834 3 e  106 llr602 217.3 

23.e4i 

I237 1397 23.043 3.487 

1246 1401 23 0 840 3 . m  - i t . m  2 1 ~ ~ 5  

I242 1390 23 a36 3.193 tirsa9 2ib .s  



--------------------____L________ 

CONF I N I NO TOTAL A X I A  
YHE86URE (PSI) STRESS (PS 6TKCIIH 4 % )  6TRAI -------------------------- --------------__- 

801 12200 13391 2.409 ' 0. 
802 12208 13399 2r400 0. 
eo3 12270 13383 2.408 6. 
eo4 12287 13404 2.409 Or 
eo5 12283 i 33e9 2.400 0. 
806 12287 13398 2.409 0. 
BO7 , 12292 13410 2.410 or 

12282 13393 . 2.408 or 
809 12287 13400 2.410 o* 
eio 12204 13394 2.409 or 
81 1 12277 13394 2.409 0. 
012 12203 13390 2.410 o r  
e l 3  12291 13403 21410 0. 
014 12289 i 3 w e  2r409 O*  
015 12292 13400 . 2 r  409 0. 
816 12292 13402 2 408 or 

122e2 13401 2r400 . Or 
i 2287 13403 2,411 Or 
3 2206 13396 2.410 or 
12244 13391 2r410 Or 
12292 13404 2r4ll or 
122B3 1JJ90 * 2.410 or 
12265 13395 . 2r4lO Or 
i 2283 13386 2 ~ 4 0 9  Or 

825 12284 13390 P r 4 1 0  or 
826 12290 13406 . 2.411 or 
027 12299 13413 2.411. or 
028 12291 13405 2r410 Or . 829 12292 13406 20411 0. 
e30 12290 13408 3.412 Or 
831 12294 13410 I 20411 0. 
832 12289 13407 2,412 or 
e33 12295 13405 2.413 or 
834 12289 1340i 2.413 or 

I 835 12294 13410 2.413 ' or 
e34 12286 13403 2r41;J or 
837 12292 13413 2.414 0. 
830 12294 13405 2.412 or 
e39 13207 13395 2.415 0.  
040 12283 13396 2,414 or 
841 m e 4  13399 2.413 or 
842 12290 13399 26415 0. 

* 843 12283 13407 2.414 0.  
e44 12292 13406 2.413 Or 
e45 12283 f 3307 2.414 O* 
846 * 12200 13396 2.443 or 
e47 12224 13341 2.475 a. 
848 12013 13142 2r402 Or 
849 11742 1 2 0 ~ 0  26400 0.  
as0 .11492 12431 2.479 or 

* eo8 

- 
11 
N 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
a 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
J 
a 
1 
1 
3 
3 
1 
3 
3 
4 
4 
4 
4 
4 

- 
---------------------L----------L-----------~-------- 

AI. PORE HEAN EFFECTIVE rmag 
I ( X )  PHE66UHE (PSI) 8TRE8S W # T )  a % )  ........................................... 

1411 23 837 llr585 217r5 91 11239 
91 11239 1419 23 e39 11r576 217r8 

180561 210r0 91 11235 

11234 23 e a38 3,191 11.583 218.8 92 
23. e37 ' 3. L92 llr586 216.8 92 . 11233 

90 11234 1430 23 + 839 3.490 I 11,578 219.0 
91 11234 1416 23 830 3r!91 11.579 219.3 
o i  11234 3426 3.193 lle589 219,s 

/ 

3r 198 23 ,836 1406 
1123) 23r830 ' 3r191 i i . sa2  218.3 91 

23 e34 
91 11233 3411 239839 ' 3r 196 t ~ 5 7 7  219.~1 
92 11231 1417 ' 23,836 30 193 i i . m  2 2 0 ~ 0  

I91 11229 . 1429 23.838 31 191 ci.sei 220.8 

91 a s m  a421 23 837 3r 192 11.584 220.3 
91 lt230 1431 23. e37 3.192 111506 220rS 

191 1 1223 1439 23 e39 31191 lL.579 . 221.0 
191 11227 $434 23 r 830 3r 191 llrS79 22113 
93 11224 1430 23 3r19S 

3.101 23,838 
92 llP23 1433 3.194 13r593 222.0 23.836 
91 11222 1431 23. e37 3.193 llr5Bt 222r3 

143? . 23 835 3. $95 11,596 222.5 
92 11220 1434 ' 23.83s 3r 19s llr596 222.8 
93 ! 1220 1435 23. e34 3.196 11.599 223.0 
'92 11217 1433 23 837 3.193 111500 223.3 
'94 13219 a435 23 e33 3.197 la4604 223.5 
893 11216 1443 23 e33 3r 197 llr603 223r8 
191 ame 1432 . 23.837 31 193 llr506 224.0 

190 1122s 1434 

92 11223 

P1 11216 1446 236837 31 193 i i . m e  224.3 
I9 1 L 1215 1446 3,193 i i . s e9  2 2 4 ~  23 836 
191 11212 1450 23.836 3.194 . 11.590 224.8 
191 Si215 1451 23 836 31193 11.589 225.0 
I91 ll2S2 L 450 2 3 . ~ 3 6  3r194 11.590 22S.3 
193 11192 1473 23,831' 3 r 206 11.614 225.5 
192 SllBO 1480 23 4 833 3r 190 lli600 225.8 
192 11 184 $482 23.631 3.197 llr602 226.0 
191 .!ilea I475 23.835 31196 11,598 226.3 
92 t l l B 4  1401 2s.  e34 3rs97 11.603 226r5 
I92 a1172 1492 23.834 3.197 l t r 6 0 0  226.8 
194 11156 1500 3.203 11.625 227.0 23 829 
893 11154 1500 23.e30 3r201 11.619 22733 
9 s  11 153 1502 23,829 3 e 203 * 11.624 227r5 
I93 1 1 tsts 1504 3 r 201 1 1 . 6 ~  227.e 23 e30 
L94 1 la57 1501 . 23 a 830 3,201 iir6te 2 2 ~  

119 10611 2040 23 770 3 e 281 i t . 9 ~  22er8 

I03 11189 1504 3.199 llt6ll 220.3 23 a 832 
194 18159 8492 23,630 3r201 11,619 228.15 

146 9947 2689 23 r 705 31367 12.234 229.0 
121359 229.3 158 9365 3023 23 679 3 b 398 

166 e920 3201 3,413 12.426 219r.S 23 664 
12,463 229.8 170 Flr'JO 3342 23 r 656 3 420 



a43 
e44 
863 
846 
867 
B6B 
869 
870 

f543 e731 
7337 8522 
7095 8268 
6063 0045 
6640 ' 7809 
64t6 7601 
6186 7364 
3953 7130. 

871 5730 6900 
872 5493 6469 

6441 
I 6221 

* 073 3265 
a74 5049 
875 4859 6030 

5026 4651 876 .-- - - 1 -  --- 

2.411 0.396 
2.403 01387 5704 
2r394 0 377 S602 
2.383 b636t3 is06 
2 $76 0 359 3418 

2 ~ 3 5 7  . . *,,Ob332 . 52a6 
2.345 . e  0.31s S183 

2.366 -,Oi346 5335 

2142 
2028 
! 603 
1750 
1612 
1473 
1322 
1164 

23.766 
23 b 784 
23.803 
23.821 

23r862 

23 920 

23 m e  
23 .ai37 

a.204 
3r176 
3.140 
3. 119 
3.093 
3.088 
3.021 
2 974 

11 a 8 3 8  
11.767 
11 e672 
lltS37 
llr491 
$1 b369 
Bl.244 
11~079 

233 0 
233.3 
233.5 
233.8 
234 0 
234.3 
234 e 3  
234 6 

2 6 333 0 285 5143 979 2.908 10.820 235.0 23 a 972 
2r333 * 6.274 4 866 998 * 23 e 985 2.802 10*751 235.3 
3.338 0.276 4394 1062 23.976 2 . a90 10.791 235.5 
2.338 0 276 434u 1080 23 973 2 890 10.802 23518 

10179S 236.0 2 337 01274 4161 ' ioee 23 e 974 2.885 
lor764 236.3 2 r 874 2.337 - -  - - -  --- - - -_ -  23 . 980 -- _-- i ose - --- 3904 I_'..- Or269 - ---  - --_ 
10.740 236.3 U J J  4467 $639 21JW 0 * P67 3020 1057 23rO62 2 . e ~  

870 4282 5444 - 2.331 6.264 3691 998 2 6 860 ~0 .727  236.e 
3536 9Sb 23 . 998 2.841 LOr667 237.0 879 

tiao 3922 5090 21324 0.249 3404 907 54.010 2 . 822 101602 237.3 
a81 3725 4e98 2 rn 332 0.232 3113 1003 . 23.996 2 a 637 t0.670 2W.3 
882 3319 4691 2.334 Or256 2007 1622 23 987 2.046 10.712 137.8 

I 883 3317 4485 2.332 0 234 2690 1015 23.988 2 ti40 10r760 230.0 
a84 3112 ' 4279 2.329 , 0.251 2315 985 23 6 992 3.831 10.679 238.3 
80s 3671 4843 2.346 0.261 2$ $8 1943 3 r?76 2 . a48 10.773 03e.5 

23. 966 
4105 . 5273 2.329 Or236 

I 

1 

. . .  





. Joe780 Or117 orlei i2,7 
Or179 1310 
Or198 13.2 
Or204 1 3 r 5  
Or207 13.7 
0.2i8 14ro 

. Or219 14.2 
01191 11.5 

Or046 ' 5797 Or202 14.7 
Or215 15.0 
Or216 15.2 
Or221 1 5 r 5  

301769 or159 - Or240 15r7 
0.216 l6bO 
06292 16r2 
Or241 1665 
Or292 1687 
ab281 arra 
Or202 17r2 
Or247 176s 

72 ' 7415 'Or274 17.7 

Or291 1&2 
Or354 1 8 r S  

30,765 O r  198 . Or319. 18r7 
30 r 769 0*¶9i 6r29t 19.0 

aa i7  1e.o 

Or366 20.2 
O r 3 2 0  20r5 
Or393 20.7 
O r 3 6 0  21.0 
Or346 21r2 
O r 3 6 9  21.5 
O r 3 9 3  Z t r ?  

e9 9040 9900 0 r 078 0 r OB8 9650 223 30 r 747 0 r'255 Or426 22.0 
90 10013 10043 0 r 070 Oi090 9817 206 30 r 948 0 r 237 Or421 22.2 
91 10171 10209 Or079 0 r 093 0966 21e 30.344 . Or24S 0.446 22r5 
92 10324 10359 Or081 0 r 093 le129 206 4 30r748 0 $246 Or443 22rt 
93 10487 10524 oron 0 091 10305 . 194 30 r 752 Or260 ' O r 4 1 7  23rO 
94 10433 10445 0 r 003 O r 696 10432 212 36r744 0 r 2?4 Or455 2362 
95 10778 10019 ' Or076 0 r 092 10482 180 I 30e754 Or262 Or412 2365 
96 10932 10976 0 r 005 0 bo90 16736 210 * 30.743 O r 2 8 0  O r 4 4 4  ' 23r7 
97 11007 11128 0 r 000 O r  LO1 10861 240 301739 0 r 290 Or408 24r0 
98 11229 11547 0 r 009 OrlOt 11024 217 30,739 . 0,298 Or480 24r2 
99 i 1384 11422 0 r 094 de 104 11146 251 30 r 733 or303 O r 5 1 9  24.5 

i 00 11536 11556 00090 0 e 1'04 . 11315 228 Joe730 Or290 ormo 24.7 



I I t t I A X I A L  STRAIH TEST* SAHI'LE . 
----_---------------______________c 

A X I A L  RADIAL PORE HEAN EFFECTIVE PPROBZtY BULK VOUJHE PURE UMUm 'T IHE 
----------------------"------------------~~------~------~-~-------~---------~~*-~-~---- 4 % )  BTRbfN 4 % )  BTRA1N.tX) (WIN) AIM ( X I  STRAIM 4 % )  M85URE (PSI) STHE86 (PSI) ___ 

Or720 25rO 0.12a 0.124 11288 404 0.369 
0.149 or t39 41279 503 30 s 656 0.426 Or893 2562 
0.169 Or153 11283 733 30. 62s 0.474 2.041 25r5 

18303 26.0 12376 O b 2 1 1  0. 175 11282 1067 30rS70 
0.186 11273 4241 30.S41 0.607 1.444 26.2 12531 0 e 232 

12691 Or254 0 r 200 11260 1406 30151l 0 654 fir585 26r5 
1 2 a ~  Or271 or210 $1272 1559 30 . 4ee Or691 1.696 26.7 

Or291 -0,221 11243 1779 3Or463 Or732 a1619 27.0 
1892 30 r 440 0.766 1.926 27.2 

2.043 27r5 
2.080 27.7 

0.191 Or164 t i2as 900 30,5197 ObS16 
Or561 , 

0 r 305 0 232 11292 
13370 01319 Or244 1 13oe 2044 30r416 01007 

112 13366 i33e.t Or326 Or246 11290 2082 30.408 0.619 
0 e 325 Or246 11303 20s2 30r 406 Or82i 2.088 2er0 

114 .  13352 . 13301 0.323 Or247 s 13oe 2053 30,409 O r 8 t ?  2.076 28.2 

116 13306 13319 or32a Or24 ' 11311 1999 306409 01616 a r o ~ s  28.7 

11% 13288 1331 1 Or322 Or247 31313 1902 30~408 0.617 2.081 29.2 
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!OO I 3905 ' 286081 3,146 
I97 3904 28rO81 6 31147 
b94 . 3914 28 r 079 3r!48 
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3917 28 r 077 3r!Sl 

169 
I7i 

3rf48 i 61 3938 
I64 3931 28 r 079 3 r 149 
I60 3940 28 r 080 3r147 
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794 10131 l29FJO 2 b 537 0 307 7670 4010 * 28.077 31 152 9.961 3P6.4 
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-* 6 

Or311 9064 2836 28,298 2 m e  Br9m 423.1 

o 308 065 282s ' 2Br3Ol 2.863 . 8r973 423.6 
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Or307 - 062 2e3s , 2fJ r 302 2r863 8r966 . 424.4 
Or306 9059 2839 28 r 303 21862 . 8rO63 40466 
Or306 . 9059 2821 28r303 - 2r962 Brf64 424.9 
0 0 307 9037 2932 28 302 2+ea 8r966 42511 
0~308 9060 2826 281302 2 r 863 
Or307 9052 2830 26 302 2.863 0r966 423.6 
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e m 8  425.4 
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928 lS800 13689 2,176 Or307 9015 2384 2 e r m  2 r 789 er70e w r 9  
929 8 reo@ 13022 a r w  Or303 9938 22?4 28 377 2 0 767 er6m 430ri 

2.865 0 I 916 1 1339 12991 2r248 0 e 308 9047 2843 2er30i . 

20r322 

1 930 1 1874 $2?68 2.139 0 r 304 10035 2901 ze e 3e9 2r752 , 8,504 430.q 
' 931 11069 12967 2r 1 19 0 e 309 10137 ,2144 28.400 26737 8rS34 43006 

933 . 12083 13036 2rY06 0 r 30s ! 0329 2071 . 286417 2r7S6 Or460 431.1 
; 934 12145 13000 2 r 087 0 r 305 lQ416 2014 28,43i 2.m 8r396 431r4 
I 935 12231 - 12998 2.072 Or309 10309 4978 2s 430 2 r 690 86366 431.6 

%a361 431.9 1 936 12301. 13008 at071 01309 10600 i963 28.440 2 r 689 

t 932 12085 13056 2r112 0 r 309 10243 2165 28 r 408 2r729 &499 430.9 

i 937 12320 S 3063 2 r 060 Or300 , 10604 i885 2er449 2r676 ~ ~ i i e  4 ~ 2 ~ 1  
, 93e 12369 13060 2 r 047 0 r 306 10783 1815 28 462 2 t 658 ea40 4 3 2 ~  

939 12340 12952 2.022 ' Or301 1 0 ~ 9  1674 28.496 2 r 624 8r150 432.6 
i 940 12563 13038 1 r902 Or314 10948 1786 28.501 2rblO f3r090 43269 
' 941 12578 13011 i * 9 ~ a  Or312 io986 1736 2e604 * 8r07l1 433.1 
I, 942 12570 13025 1 r979 Or310 li000 1722 28 so9 2 m e  8rOS2 433r4 

' 944 12563 13023 i m a  Or309 1 1082 1634 281514 2 r 590 Br027 433r9 

' 946 12569 13017 g.974 0.309 1l041 1676 28rS13 2r392 . 8r033 434r4. 

28 r 505 

943 12562 * 13014 1 e971 Or311 11 106 1607 28.612 . 2*s93 e.0311 433.6 

945 12566 13020 1 r074 0.307 11058 1659 281516 2 r 589 er022 434.1 

94 8 * 12568 13024 1 r975 0 I 309 11024 1694 28r513 2 r 1593 crow 4 ~ 4 ~ 9  
947 12560 ' 13008 1 r974 Oe310 11032 1677 28r512 2r593 8.037 434.6 

949 12533 * 13011 1 e973 Or3tO 11012 1693 2 e r m  2rS93 8.037 43drl 
, 950 12558 13013 1 e974 Or310 1 $007 1702 29,sta 2 r 594 8r038 4355r4 

- e .  

0 



951 12566 
952 12567 
953 12553 
954 12562 
953 12571 
956 12556 
951 . 12563 

12542 
12550 

> 960 ~ 12553 
961 12549 

: 962 12567 
963 12S47 

, 964 1254 1 

302 
302 
3000 
3023 
13025 
13001. 
13021 
12999 
13001 
13001 
13003 * 

13010 . 
13001 

b 12994 

1 r 9  
1 r9 
1 a 9  * r 9  
1 r9 
1 r9 
le9 
1r9 
1 r9 
1 r 9  
1 e9 
1 r v  
I e9 
1.0 

965 12554 13003 lr9 
966 12556 
967 12544 f%3 * I:% 

7 
7 
7 
7 
7 
7 
7 
i 
7 
7 
7 
7 
J 
;I 

O r 3  968 12543 12996 1 r976 
969 12541 12997 1 eV76 0.3 
970 12552 13014 1 e976 O r 3  
971 12547 1299~ 1 e976 0.3 

1254 9 13005 1 e976 O r 3  
12537 12995 1 m e  003 
12546 13007 f r977 0.3 
12534 129813 1r977 013 
12548 13003 1 e977 0 .3  
12544 12994 . 4 r977 O r 3  

979 12537 12982 '1 b976 013 
979 12543 12996 1 a976 0.3 

' 12544 $2990 1 b973 .Or3 

12530 t 2989 S e 976 O r 3  
' 90s . 12533 12989 1 e979 013 
I 984 12539 12994 I ,9?7 Or3 
! 9e5 12540 13004 1 r 9 7 5  O r 3  

906 12528 12989 1 *97e 0.3 
987 12534 12989 1 e976 O r 3  

12533 i 299 1 1 r9P7 O r 3  
12530 12990 1 r97t 0.3 
12530 I e976 O r 3  
12536 I ,975 Or3 
1253 1 1,976 O r 3  

993 12544 12999 1 e078 Or3 
, 994 12530 1 6977 013 
9925 12535 1 2P9 1 16978 or3 
996 12520 129~3 1 r977 O r 3  
997 11527 12984 . 1.977 O r 3  
938 , 12539 12996 1r977 or3 
999 12525 12979 1 e977 O r 3  

I O 0 0  12526 12986 i *97e O r 3  

I 

12542 12997 1 e976 0.3 

'4 0.3 
'6 I 0.3 
'5 013 
'5 O r 3  
'5 O r 3  

'6 013 

'6 O r 3  
'6 . O r 3  
'6 013 
'5 O r 3  
'7 003  
'5 0.3 
'6 Or3 'e O r 3  
'7 013 

'6 0.9 

't 0.3 

I 

I I  

1 
1 
1 
1 
1 
1 
1 
1 
1 
J 
1 
1 
1 
I 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

I 

1 .J 

2 io9e7 173i ms09 2 m e  

2erso9 . 2 m 9  

i . S OW9 1739 aeao9 2 e 599 
1 10972 1729 28rSlO 2.597 
1 10963 1752 2 e m o  21594 
3 10961 1761 

2.601 2 10947 1757 
10944 1771 28.509 - 2.599 
10942 17S2 28r509 2 a 598 
LO938 1762 2e 507 2.600 ' 2 

3 10936 1366 28 r 507 2r602 
3 10930 1769 28 *SO6 2 e 602 
.i 10930 1784 28rS10 2bS98 

24601 .? 10928 
,3 10922 1769 281507 20601 
3 - 10919 1784 2e 507 2,601 

28 t SO7 21601 
2r401 20 o 507 

13 10912 28 r 506 2.402 1781 

I 1  
I2 

is 10907 1785 2e 50s 2r603 
I1 10905 1600 2e.509 2 r 599 

2 r 602 i3 80902 1794 
2 e 601 

i3 10894 1794 2e.sos ' 2.403 
14 ioeos 1604 $ .PB,SOS 2; 604 
13 10089 * 1794 2e 504 2.604- 
13 ioeoo * 1809 . 28. 506 2 e602 
LB 10884 1809 2e.509 8.399 
I3 ' LO881 1604 28.506 2 8 602 
I3 roset * let2 2e 506 2.602. 
L2 I 0~7e lBl4 281509 2.599 

21604 
I4 10876 . 1807 28r505 2r404 
13 10971 1813 2e 50s 2.604 
t3 . toe70 ts20 2e 50s 2r604 
13 10862 . $832 28 e 504 2 a 606 
L4 10863 !el8 28. so3 2 e 606 
13 . . #OB64 1821 28 SO7 20601 
13 10859 le26 2er505 2.604 
I2. 10856 5827 28 soe 2r600 
I3 ioese 1824 2e ,506 2r603 
14 to052 1836 28 *SO6 2 r 603 
[4  r(oes0 8834 Se.505 2 o 604 
I4 lo051 1844 2e . 504 2r603 
13 10849 1831 ae.ti06 2 603 
I3 10845 1842 28 r 505 2.604 
14 10843 1830 29 B 504 2r604 
14 10840 I e37 2e 503 2r606 
14 i 0837 10s) ' 28,504 2.605 
14 ioe39 1837 2B.504 2 r 605 
15 toe33 re43 2abS01 arb09 

28 . 507 
2 

$770 2e.sot 

f3t33 tw 
2erso6 
28 6 $07 13 LO899 ieoi 

28 r 505 14 Loem lei8 

0 r 052 
86054 
8r049 
8rO46 

B e  066 
8 e OS3 
8r004 
8r060 

ero53 

ore63 e e 066 

erom 
8.062 

e 040 
erode 

e.060 
eros3 

06649 

B.062 

Br064 

81465 
@a061 
8 069 
Be072 
8.073 
O r 0 6 6  
9 053 
8.066 

B I 054 
ero64 

ero7i 
e. 072 

e. 070 e 077 
8.079 

Orb71 

8 r 062 
8 r  076 
8.059 
8 067 

81069 
8 r 074 
8r067 

e r o o  

e.071 
eron 

groett 

8 6 078 
@,ON 
8 r 076 

435.6 
435.9 
436.1 
436.4 
436.6 
436.9 
ZSTII 
437.4 
'437.6 
437.9 
431). 1 
43e.4 
43e.6 
43er9 
439. i 
439.4 
439.6 
439.9 
440r1 
440.4 
4 4 0 r 4  
440r0 
441rt 
441.4 
441.6 
441.9 
44dri . 
442.4 

443.t 

442.6 
442r9 

44314 
443r6 
443r9 
444.1 
444 r 4 
444r6 
444r9 
445r1 
445.4 
445.6 
445.9 
446.t 
446r4 
446.6 
446.9 
447. 1 
447r4 
447r6 
447.9 



. . E >  . i s  . .. . 
* .  ----------------------------- ........................................ ---------------L-u-uIl-------------~~----~------- 

PRESSURE (PSI1 STRESS (Pel)  BTRAtN 4 % )  STRAIN 4 % )  PRESSWE (PSI) STRESS (PBX) 4x8 STRAlH 4 % )  BVRAIH 4 % )  CNIH) 
UHBER COUFlNIHQ' TOTAL A X I A L  AXIAL RADIAL Pw(E HEAN EFFECTIVE POROBXTY BULK WILUHE Pam tmum rrm 

1001 12516 12944 1,978 Or315 ioem 1835 20r502 2r607 erom 44e.i 
1002 12532 12990 1,977 0.313 toe27 , 1857 2erso6 2,603 ero6s  448.4 

1004 12530 12982 1 r977 Or314 10823 1857 28rSOl 21610 ero90-  4413~9 
100s 12531 12996 1 e979 Or315 10820 i e65 2e.302 2,600 arom 449.8 

' 1006 12526 12970 1 r971 Or316 10920 28,502 2 r 608 er005' 4494 

' 1006 12519 12966 I .97e Or314 toe14 2 r 606 e.077 449*9 

1010. .  1 2527 t m e  t .97e Or316 10BlO le71 2er501 2 r 609 erow 4 5 0 ~ 4  

1012 12522 12976 1,979' Or315 ' 80808 t a64 28rS01 2.409 e.007 4 5 0 ~ 9  
1013 12519 12975 1.979 Or315 10804 1867 28r502 ~ ~ 6 0 8  ertm 4siri 

101s 12508 12966 i .??7 Or315 ioeos i e s  28 r 502 2 r 607 er082 4 5 ~ 6  
1016 12522 i m e  i (980 01315 toe04 led6 28rSOl 2r6lO ero90 451.9 

i 101s 12sis  12949 1 r979 0.315 10793 1872 2er50i 2,610 i i . 0 ~ 9  4 ~ 2 ~ 4  
1251 6 12972 1 ,978 Or316 10794 1874 2er501 , 2 r b i ~  ero90 m r b  

1 2 ~ 1 ~  12969 1 *97e Or314 1078s tea0 28rS03 ' 2r606 e.on m r i  
12s11 12966 1 e979 orals io7m le78 20r501 le609 crow 453.4 

! 1024 12516 ' 12960 1 r979 Or314 iote3 , 
1 1025 12508 12964 1 a979 O r 3 8 S  ' 10779 ' iseo 28 so1 : 1026 12514 12974 ' 1.979 Or314 son9 1 Be? 28 r 502 2 r 608 em3 454.4 
' 1027 12511 12969 i .97e 01316 tome me3 28rSOl 2r609 8 . 0 ~ 9  4 ~ 4 ~ 6  
l 1028 12514 12962 1 e990 Or317 10779 iee4 28.499 2r613 . e.100 4154.9 

1029 12512 12964 1 . m  . 0,315 SO776 me6 2ersoi  2 r 609 er,oe7 4534 

to31 12514 12967 1 e990 Or315 10772 i e92 2r610 e.090 455.6 2e.501 
1 1032 . 12510 12972 1 e979 0,316 t 0770. 1894 2ersoo 2r6tl ero93 455a 

I 1036 12509 12949 1 e979 00313 10760 ' le93 28 r 505 2 r 604 em2 456.9 

1039 i 2508 12963 1,978 Or317 10759 . $901 2er499 2r682 ero96 4 ~ 7 ~ 6  

----------------------------c-----"-----------------------~-------------------~--~-~"------------------------~------- _____-_ 
1003 12522 12975 1 *97e Or315 lot123 is50 28.502 2 r 600 BrOBJ 448.6 

h 1007 12520 12966 1 r977 0r3t6 10816 28 r 501 2 r 609 0r086 44916 . 
' - 1009 12527 . , 12970 1 m e  br315~ 10810 1867 . 28 r 802 2,608 ' BrOBS 4150rl 

1011 12511 12968 s *97e Or314 ioeoo i e54 296503 2r606 ' 8,079 450.6 

28 r 504 

, 1014 1251 1 m 6 e  1 ,978 0,312 toe04 1959 2erso6 . 2*603 0,068 451.4 

I 1017 12513 12969 1 b977 Or316 10796 1869 28rSOl 2.609 8.697 452.t 

12524 i 2983 : .97e Or315 10792 less - 2 e r m  a r 6 w  8.087 45219 

2.612 
86096 eroei 453.9 453.6 

2 r 609 0r086 454.1 
iatf 28.503 2 r 607 lR7t ' 28*499 

1 1023 12312 12965 1 r 979 Or316 10794 

< 1030 12508 12959 1 .979 Or316 10778 1 fie3 2e 500 '2r61l Or093 455r4 

1033 12517 12973 1 r979 6.316 10767 1902 20rSOO ' 2 r b l l  
,6r102 Be094 456rl 456r4 

1033 12508 12962 1 r979 Or517 10763 1896 2er498 2.614 Or103 456.6. 

1037 12506 12965 1 m o  OrJId 10760 t 098 28 r 800 2r611 86093 45?rl 
1038 12317 $2971 ,980- Or316 ' 10760 woe 20 I 499 21612 6r097 457r4 

1040 12504 22931 1 r 979 OrJlb 10737 1805 28 I SO0 2r610 8r091 43769 
1041 12514 ! 2968 t m o  Or317 10734 1910 2er497 2r615 8.105 450rl 

1250s 12962 1 i979 Or316 10751 t 905 29. so0 2r610 8.092 4S8r4 
12307 12961 1.979 0.316 10756 19@7 28.499 ' . 2r412 8.096 45816 . 

, 1034 125LO 12959 1 r 979 0,317 10768 1891 m 4 9 8  2r613 

12499 12956 lr980 Or317 10754 1897 28r490 arb14 er io3  4se.9 
1045 1251 1 $2965 1 r977 Or319 1 OfS3 $909 2ar496 26614 8,810 359rl 

' 1046 12512 12966 1 e981 Or316 io24a 1313 28 494 26613 8 r l O C )  4159r4 
1047 11512 12901 1.979 Or320 ' 10742 1932 28 494 2r619 0t120 459r6 
1 l h B  12510 12959 ,lr?$O 01317 10743 1916 2e 490 2r614 eriOa 4 ~ 0 ~ 9  
1049 12509 12964 1 r900 or317 10743 1917 2er 490 2.614 0.102 460rl 
1 oqo 12507 12O65 lr900 0.316 10746 19I9 20499  - 2,613 86099 460$4 

. 



- 

i 

NUHlrER COtiFINIHQ POhT HEAN EFFECTIVE fORQSfTY BULK ObLUHE PORE UMUML TIflE 
STRAIN (Y) PTRAIN 4 % )  4 H I N )  TRAIN 4 % )  BTRAIIf4 4%) QBtESSURE <FBI) STRE88 (PSI) ( X )  

1051 12508 12964 t .9e1 0.317 10740 1920 213 1496 2.616 8,109 460.6 * 

$OS3 12517 12968 1,979 01315 10732 1934 28.501 2.610 - . e.090 46i.t 

e . i n  461.9 

1059 12494 12966 1 .98$ 0,315 10724 1927 28 b 500 2,610 ebow 462.6 
1060 12495 .. 12945 1 .9e1 0.318 10726 1918 26.495 2.4ie e.116 442.9 

e.ioe 463.9 LO64 12514' 12960 i (981 0.317 10720 1040 2e 497 2.613 

$066 12511 12958 i m i  01317 16715 $944 - 2e.497 2.415 e . io6 464.4 
I $067 12514 12965 i ,962 0.317 ' la71S 1949 26.497 2r616 e.109 464.d 

1060 12497 12951 1 a982 Or318 $0713 1935 28.495 2.618 e.it7 465.1 
1070 8 2307 12960 i m i  013t6 10712 ' 1943 2e b 497. 2.614 . e.ios 4bn.4 

--------------3-----'---------------------------------------------.-------.---~-*-----~---.--------~-----.-----------*---------------- 

1052 12499 12963 i m i  . 0.~~7 10739 1914 20.496 2.616 B r t l O  460.9 

10733 1919 2.614 8.503 461.4 1054 12500 12963 . 1 b980 * 0.312 
1 055 12S14 12975 1 ,980 0 .3 l t  10734 i 933 2e.499 2.613 8.100 461.6 
10S6 12901 12951 lr981 . 0,318 * 10732 tote 28.496 2.617 
1057 12507 12962 i m o  0.314 10736 1928 281499 2.613 8.099 462.8 
1050 12505 12968 1 .OB2 0.314 10726 1933 28r301 * 2.610 8.090 462.4 . 

2e 498 

.lo61 12507 12964 i m i  0131a 10723 1935 2.616 e l l11  443.1 
1062 12499 12961 i m t  Oa31b 10726 1926 2e 498 2.613 8 b l C ) $  463.4 
1063 12513 12971 1.980 0.317 10721 1944 2e.498 2414 O r 1 0 3  463.6 

1065 12504 12939 t m o  Or310 $0717 m e  284 496 2.616 8r109 464.1 

213 496 

3 .  1068 12511 12970 1 e960 . o m e  10713 1fSO 2e 496 21617 8.112 464.9 

1071 12504 12966 1 mi 0.315 10714 1943 28.499 2.632 8r096 464.6 \ 1072 12505 12962 1 e979 0.317 1071s 1932 2er49e 2.414 8.103 465.9 
i 073 12505 12953 1 rV80 0.316 10713 $ 9 9  2e4 boo 2bbll 8.093 466.1 

' 1074 12492 12066 i ,981 01317 ' 107131 1936 . 2a.497 2.413 Be106 466.4 
! , 1075 12SO9 12986 . i .9et 0.316 10712 . 1945 2e 498 2.613 B e l 0 1  466.6 

'1076 12483 12940 * 2.123 0.420 . 7644 4992 2 e 9 8 4  9.273 466.9 28 242 
1077 10968 11442 . 2.114 On420 6167 49S8 29.244 2.934 9.238 461.1 
107B 9264 9755 2.071. 0 e 378 522e 4199 28.318 2 b e28 8.905 467.4 
1079 7702 e225 2.040 0.345 4154 3720 28 . 360 2r 730 88657 467.6 
1080 6127 6115 1 b853 01312 3326 2794 28rb21 2.477 7.990 46749 
1001 4666 4665 1 e797 0 e 278 2428 2236 2.353 7.554 46e.l 28.591 
1 oe2 3122 3125 1,719 0.235 I537 ism 28 487 2 r  189 7 -468 4 
1083 1924 1916 lr68V . 01214 * 342 1379 26 e722 21118 6.907 w.6 
1084 - 888 em 1,639 o b  1Bg -1 7 . 1661 28 b 786 2 e 009 6r!5m 468.9 - .  

' .  

, 



413 413 0 t 034 0.031 ‘ 0  413 28 t 024 0.117 0.379 118.6 
0 423 20.023 . Oa159 . 0.385 125.6 

0,123 Or399 132.6 
17 540 540 0.064 - 0.039 0 .  , 540 2e . 008 Or543 0.460 540.4 
18 623 623 0 a 071 Or043 0 623 20 o 797 O a 1 6 0  0.516 153.6 

600 20 t 790 0.172 OaSS2 IbOa6 
726 28 t 705 OrS0O 0a570 167.7 

19 680 689 0 t 074 0.049 
20 . 726 726 0 a 077 0.051 . 4 
21 757 757 6.081 00053 0 .  7s 7 28 r 700 Or107 Or600 174.6 
22 017 817 0.084 0 i 058 0 017 201 772 0.200 Or641 101.9 

20 769 
0.693 196.2 24 907 907 0 . 090 0 t 063 0 907 ’ 28 I 762 

940 28 6 756 Or226 01722 202.7 
1000 20,746 Or339 ’ Or763 209.7 

25 948 948 0 a 092 0 t 067 0 
26 1000 1000 0.097 0.071 . o  
27 1044 to44 or io1 Or073 0 .  1044 290744 0.246 0.785 217.0 
28 1124 i 124 0,106 Oa078 0 t i24 20 t 734 0 a 262 o m 7  231.4 

0.053 230.1 1 29 1173 1173 0.107 , 0.000 0 f 173 o 730 -0t266 
Q.006 244.9 30 1211 1211 0.113 0 t 082 0 .  1211 20 r724 0 t 278 

i 31 1265 A265 01119 0.086 0 1265 ‘20.756 Or291 Or926 252r2 
32 1305 i 305 0.120 0.089 0 305 28.711 Or290 0.950 259.0 

r . 33 1392 1392 0. 129 0 to93 0 i 392 28 a 697 01320 1.019 272.7 
i 34 1433 1433 0.133 0 t 090 0 1433 - 28 r 692 o a 328 Sa045 . 273a5 

35 1472 1 1472 0.137 * OtlOO 0 1472 28 t 686 0.337 1.074 206r6 
36 is15 \ 1515 01 141 0. 103 0 1515 20 a 60% 0 t 347 16107 29345 
37 1558 13SB 0.146 Or106 0 1558 28.671 00360 lr149 300.S 
30 1607 1607 0.150 0.108 0 1607 2B a 668 0 o 366 1.166 307.6 
39 1659 1659 , 0.156 O I L 1 2  0 1639 28 t 659 0 n 380 1.211 314.5 
40 1700 1700 01162 Or 114 0 1700 0 t 390 1.244 321.5 20 t 652 
41 1698 1690 0.164 0.116 0 1690‘ 28.648’ - Or396 la265 329.1 

la272 341.0 42 1699 1699 0.16s 0*416 0 1639 20 a 647 
43 1745 1745 O a  173 0.122 0 1745 20 t 634 0.417 1.333 401.0 
44 1.770 ‘ 1770 0.176 0.126 6 1770 28 6 626 01420 10371 461.9 
45 1797 179) 0.479 0.  130 0 .  1’197 28 a 620 0 a 438 1.404 521a8 
46 1Bl8 1818 0 b 163 0.134 0 1610 . 260612 0 t 450 la443 501t0 
47 . 1856 1056 0.105 Or130 0 1856 2FI t 604 Or461 1.480 642.1 
48 . 1876 1876 Or194 Or141 0 1876 20 t 596 0.473 1.518 701.9 
49 1914 - 1914 0.191 Oa 14s 0 1914 28.591 .Oa40i 1.545 761r0 
50 1931 193t Oa 194 0.149 0 1931 * 20.583 . 0.492 1.585 821.9 

28 r 820 442 
0 t 032. . .  i 423.  423 01036 ’ 

1 
! 16 442 ‘ 4 42 0.056 0 4 0 1 4  .. . 0 

1 

23 860 840 o . 685 01660 ’ 0 .  060 0.206 oa+e m9,o 
Or217 i 

I 

I 

! 

0 t 390 

* I  
! I  

I 



_I_-_. - - *  - . .- 

ElUtlBER CONFI ULK mUnE FORE WKUfE TIHE 
AXN (%) STkAltl ( Y )  SSURZ (PSI1 bTREBS tF9t) STRAIN 4 % )  STRAIN 4 % )  (H1N) .................... 

$a621 003.9 
. 1.639 94240 

le609 100LeB 
la723 1062eO 
le746 ll2Sm9 . la797 ll01.8 
leela 1241.8 
la060 130167 
1.083 136f.8 
1.907 1422ml 
1.932 140242 
1.959 134t.7 
2m009 L601.8 

2.049 172207 
21072 1702m6 
2.109 1B4tr7 
2.130 l901m7 
2.156 t96t.7 
2.184 2022.1 
24218 2082.3 
2.241 2141.7 

a r m  . 2.275 2201.7 
2.287 226f.efl 
2.310 2321.7 
2.340 2301m9 
26373. 2441 e 7  
2.393 2301m6 

* . *  0 . 2744 26.414 Ob747 2.413 2561r6 
. 0 .  . 2769 204400 Qe7Jb 2.444 2621.6 

01 2790 ' 2790 0 e 288 0 m 23s 0 * 2790' 20 m 40) Om759 2.451 260t.6 
82 - 2031 2831 0,292 0 23Q ~0 2831 ' 281400 0.770 2.487 2741.6 
83 2072 2072 0 295 0.243 0 2072 . 206392 ' Om701 am525 280LeJ; 

. o  2086 28.387 0 e 709 2.552 2062.2 

06 2957 2957 0.3m 01231 6 2957 28 376 Or 866 2m606 2981m9 
.87 2973 * 2973 01300 0.255 0 2973 20 6 368 0.880 2.645 3D42.a 

2.673 3101.7 00 3020 3020 0.311 0 e 258 0 3020 , 28.362 0 e 627 
09 t 3034 3034 Om312 01260 0 3034 201 330 0.933 ' 2.692 3161.8 
90 3073 3073, Oe316 0 263 0 3073 28 351 O r 9 4 4  2.728 ' 3224.5 
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2198 0 347 . QiL46 30 a 393 0 e 634 la945 21r6 
30 I 394 0.648 la953 2147 
30a 393 0 a 643 le956 21.9 

* . 2231 la959 2210 
la932 22.1 
la958 22a3 
la941 22r4 
1.949 22.5 
la951 22.7 

30.392 0 a 643 lr958 22.8 
le962 22a9 
957 23al 
966 2312 
e963 23a3 
1.936 23.5 
t.rF60 2346 

30 a 390 Or646 La968 23.7 
30.388 0.651 1.979 23.9 
30 a 307 0 e 652 la984 24aO 
30 a 387 Or652 la983 24.1 

laW? 24r3 0 a 650 
301 3U7 0.653 

01653 lr908 24rS 30 a 306 
* la997 24.7 
la909 24.B 
1.998 24.9 36 a 384 

30 a 383 0 658 2.002 23.1 . 
30 a 383 0.654 la992 25.2 

la996 25.3 30 e 385 0 a 656 
30 e 384 01656 le997 2513 

la980 25.4 30.386 Or653 
2.003 2517 30 a 383 0 a 650 
1.999 25.9’ 195 2293 2293 0 b 359 Or152 0 2293 30; 304 Or6SP 

197 2298 2298 0 v 353 Oa 153 0 2291EI 30 a 383 01658 2aOO3 26al 
i 9s 2325 2325 0 e 357 0.153 0 2325 30. 3ao 01664 2.018 26a3 

200 2323 2323 0 I 355 Oa 154 0 2323 30.380 . Or663 2abtb 26r5 

163 2198 

’ 2218 . 30a392 0 a 444 

30 a 3ee 16906 24.4 

0 b57 

196 2303 2303 01356 0.153 0 ’ 2303 30.381 Or661 2b011 2600 

199 2329 2329 01357 0.154 0 2329 0.664 aaoio a6.4 30 380 









2.458 77b4 
2.435 77.7 
2.440 70.1 
2 441 18 4 

30 6 296 0.802 2.425 78.7 
30 295 0.004 3.429 79.1 
30 299 0 797 2.111 79.4 
30.298 0 798 2.414 79.7 

365 2999 2999 Or455 0.169 0 2999 30t301 0 793 2.400 80.1 
366 2863 2963 0 454 0. 168 0 2963 30 303 0 790 2.391 00.4 

360 294 ;rp44 . 0.453 Or167 0 2944 30.304 0 700 2.383 01.1 
369 287 2073 0.450 . 0.165 0 2873 30.3ae 0.780 2.363. Ell.4 
370 2849. 2849 br4Si 0.164 0 2849 30. 300 0 700 2.364 01.7 
37 1 2814 2014 0.448 0.1a 0 2814 . 30.311 0.774 2.349 82.1 

30*312 0 6 772 372 2284 2784 O r 4 4 7  0,162 0 2784 
373 2777 2777 0 L 446 0. t62 0 2777 30.314 0.730 2.337 82.7 

2.331 03.2 374 2752 2752 0.446 O r t 6 t  0 2752 30.313 Or768 
2.336 83.4 375 2759 2759 Or447 0.161 0 2739 30.314 0 769 

376 2736 2736 0.4425 O r 1 6 0  0 2736 0.766 2.326 03.7 30.316 
379 2719 2719 0.444 01I60 0 2719 30*317 0.764 2.321 84.1 

0 2682 30.319 0.760 ' 2.309 04.4 378 2682 2602 0.443 or 150 
379 2670 2670 0.442 * 0.138 0 2670 30.320 0 730 2.304 64.7 

0 7% 2.300 83.1 380 2650 2658 0.442 01157 0 
38 1 2624 2624 O r 4 3 9  01156 0 2624 30.324 0 673 1 2.206 8314 ' 
382 2616 . 2616 01441 Or136 0 2616 30 323 0 I 732 2.289 65.7 

* 383 - 2620 2620 Or440 0.155 0 2620 30.324 0 751 2,285 B6el 
304 2572 2572 0.437 Or154 0 2572 301327 0.746 2.271 66.4 

2r27t) 86.7 385 2584 2504 0.440 0 ~ 1 3 4  0 2584 30 e 325 0.740 
386 2564 2564 0.437 0.154 0 2564 30 327 Or745 2r26? 87.1- 
387 2537 2537 0 436 0.1SJ 0 2337 30.329 O a t 4 1  2.258 B7.4 

2496 2496 0.436 or 151 0 2496 a0.m 0.738 2.249 87.7 
389 2482 2482 0. 434 o r  131 0 2402 30 333 0 735 2.242 2.235 88.1 80.4' 
388 

390 2453 2453 0.433 0. 150 0 2453 30 334 0 733 * 2.226 66.7 
391 2439 2439 o . ~  0.149 t o  2439 30.336 ' Or736 

21210 09.1 2410 2410 0.43$ 0.146 0 2410 30 337 0 727 
2.222 89.4 

392 
393. 2409 2409 0.432 0.140 6 ,  2409 30 334 0.728 

0 2383 30 6 339 0.223 2.207 09.7 394 2303 2303 0.430 Or146 
395 2365 2363 0 L 429 0.146 0 2363 30 340 0.721 2,205 2.109 90rl 90.4 
396 2350 2350 Or429 O e t 4 S  0 2330 10.341 0 720 
397 2294 2294 0.425 Or143 , 0 2294 30.  346 Or711 2.175 90.7 
398 . 2283 2283 0 $426 01143 * 0 2283 30 345 0.782 2.177 91.1 
399 2270 2270 0.426 0.$42 0 2270 30.346 0.710 2.173 91.4 
400 2236 ' 2236 0 424 Or141 0 2236 30 349 0 705 2.158 91.7 

367 236 296 1 Or4$4 0.168 0 296 t 30,302 0.791 2.394 sd.7 

2.342 83.4 

2650 30.321 



28153 9281 
28139 92.4 

30 8 353 0 e 698 28139 9287 
2.134 9381 
28128 9384 

407 21 19 2119 01418 08136 0 2119 30.358 0.6S9 28114 9481 

28094 9487 409 2069 2069 08414 0.134 0 2069 30 6 362 

2051 08414 0.133 0 2051 308364 0 8 679 
2042 0,412 08133 0 2042 30 8 365 0.678 ' 2.081 9587 

41 1 2051 
412 2042 
413 2012 2012 08412 0 8  132 0 2012 30 a 366 0 8 676 2.076 96.1 
414 2022 022 08413 08132 0 2022 30 8 365 0 6 676 2.078 96.4 
415 2018 018 0,442 01131 0 2OlB 30 8 367 0 8 674 28069 96.7 
416 1999 999 08410 08130 0 t999 30 c 369 0 8 671 2.062 07.1 . 417 1994 996 0.412 0.130 0 i 996 0 8 672 * 2.063 97.4 30 a 368 

0 8 670 28059 97.7 . 1985 30,369 418 toes 985 084t l  Or 130 0 
419 2009 009 08415 08 130 0 . 2009 30 8 366 01675 2.073 96.1 
420 1960 960 0.410 08i28 0 1960 30 s 371 0 . 667 28050 98.4 
421 1960 1960 08411 0 ~ ~ 2 0  0 1940 30 8 371 0 9 667 2.052 9 ~ ~ 7  
422 1936 1956 08410 0.120 0 1956 30 8 372 0 . 665 28043 9981 
423 1951 1951 08411 Or128 0 1951 30.371' Or667 2.051 9984 
424 1942 1942 Om410 : 0~120 0 1942 30 + 372 08665 28044 99.7 
425 19t6 1916 0~469 0.  127 0 3916 3Q a 373 08662 2.038 lOOm1 
426 1915 191s Or409 OI 124 0 1915 30 8 374 0.662 2.036 10014 
427 1901 1901 0.407 o8 125 0 1901 308376 . 0.658 2.024 10087 

2rO32 $01.1 420 1915 0.409 - 0  1915 30 + 375 . 0.660 
429 1896 . 08407 0 1896 ' 30.377 0 I 657 28623 10184 
430 1866 0.465 - 0 i e66 30.379 0 8 653 ' 24012 10167 
431 ie84 0.408 0 8  124 0 ' 4864 301377 , 0.657 28023 102.1 
432 1870 08 405 08123 0 1870 30 8 380 0 8 652 2.608 10284 
433 1860 0 8 405. Or123 0 1860 30~300 0 a 652 28007 102.7 
434 1794 1794 08401 o8 121 0 1794 308384 0.643 . la984 103.1 
435 1 ego ieso 0.406 08124 0 1880 308 379 0 653 2.011 103.4 
436 1877 1877 08406 08123 0 1877 30,379 0 a 653 
437 1855 1855 08404 0 8  123 0 1855 308381 0 a 650 2800i 104~1 
438 1 eo3 1803 08402 4.121 0 1803. 308 384 01644 18984 104.4 
439 i eo7 i eo7 0.404' o b  121 0 1807 30 383 '08645 i89e9 104~7 
440 1868 1868 Or 408 Or 122 0 1848 30.379 0 8 6.53 2.010 105~1 

1.9m 105.7 442 i e ~ o  1030 08403 OB 121 0 1830 30 8 384 0.645 
443 * 1866 1866 * 01406 0.122 0 1 e66 3 0 ~ 3 ~ 1  0 8 650 2.001 1 0 ~ 1  
444 1 ees 1 BO5 08408 08123 0 11383 30 8 379 0 . 653 2.010 to684 

* . 445 i e39 1 e54 08403 ~ ~ 1 2 1  0 1854 30 8 383 Om646 la991 106.7 
446 1807 1 eo7 08403 0 ~ 1 2 0  0 1807 308 384 Or644 18986 10781 

10979 107.4 447 1 803 1803 08403 0~120 - 0  le03 30 8 385 Or642 . 
18972 107.7 448 i 787 1787 * 0.402 0.119 0 1787 30 o 3E17 08640 

449 1776 1776 Or401 0.11~ 0 I776 3083e8 0 8 637 18965 1Ot3.1 

406 2143 2143 0,410 Or137 0 2143 30 + 357 0 8 692 2.122 93*7 

408 2007 2087 08414 08134 0 .  2087 30 8 362 o . be3 a8095 944 
0 4 2  ~ 

* 410 2067 2067 0.415 08134 0 2067 30 8 362 01683. 2 28095 8 085 9581 4584 

1 .  

2b010 10387 

I 

I 44 1 , 1840 1840 00406 0~121 '0 ie40 30 382 0.64~1 18997 105.4 1 

450 .1772 1772 08401 0~11s 0 1772 30 388 6863B 18967 10814. 



1.961 108.7 . 
1.933 10911 
1.942 10904 
le941 109.7 
11948 11011 
1.943 $1014 
8.933 11017 

1.937 lite4 
La933 1L1.7 
1.925 1 1 2 b l  
11926 112.4 
1.918 112r7. 
11916. l lSe1  

la049 11307 ’ 
1.854 114.1 
1.705 1a4.4 
1.750 114rf 
1.706 115.1 
1.674 113.4 
le601 11507 
1.516 116.1 
1.445 116r4  
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1.247 l t 7 ~ 1  
1.059 117.4 
Ora27 l f t . 7  
Or803 1 l B r l  
01B06 110.4 
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1 0 ~ 0 0 0  0 ~ 0 0 0  0 
0 
9 

2 0~001  0.001 . 
3 0.001. 0.001 
4 61 0 003 0800a 0 
5 107 Oa010 0~01;~. 0 

- 6  169 169 01017 0 a 020 0 
7 210 210 0,022 0 ~ 0 2 3  0 
8 266 266 0 8 030 0 a 034 0 
9 316 326 08030 01043 0 

0 
o t  11 471 471 0 8 056 0~062 

12 SSO 550 0 a 066 08074 0 
13 560 5-60 Oa068 01076 0 
14 598 598 08073 08081 0 
15 633 635 0 a 076 0.085 0 
16 696 * 696 0 a 083 Or093 . 0 
1.7 736 736 0 a 087 Or097 0 
18 762 762 OaOOl ob 102 0 
19 78 1 781 08093 Or104 0 
20 823 I 823 0 8 096 0 ~ 1 0 ~  0 
21 845 845 0 8 099 0 ~ 1 1 1  0 
22 856 036 0.  io1 O b i t 2  0 
23 860 0 8  103 O . l l ! i  .o  
24 894 Oa 105 Oell7 0 

27 957 Ob111 0,124 0 
28 969 01114 OaL26 0 

30 1005 0~11.4 Or129 0 .  
31 1024 0.119 01132 0 
32 1035 0.121 88134 0 
33 1028 0.122 0.13s 0 
34 1048 o8 122 Om133 

. 35 1123 01127 Oq141 0 
' 36 1104 0.120 Or 143 0 
37 1165 1165 08131 ' 0114s 0 
30 1201 1201 Oaf35 o8 151 0 
39 1102 1182 * 0.135 0 ~ 1 5 0  , 0 

' 40 1195 1195 0.135 Oa 131 0 
* 41 1223 1223 0.137 0 8  153 0 
42  1241 1241 0.139, 0.155 0 
43 1263 1263 08140 Oa 156 0 
44 125s 1255s 08541 Or 156 0 
45 1293 1293 08144 Oa160 0 
46 1318 1310 0.146 . Oat63 0 

a 1368 1368 OIlSl 01 167 0 
0 
0 

49 . 1355 13SY 08149 Oil66 

. .  

10 396 396 arb47 0 053 

25 907 0 106 081t9 . e  
26 930, 6 0  109 0.121 0 

29 , 992 0.114 0 8  127 0 

0 .  

* 47 1349 0.148 0.164 0 .  

. 50 1359 1359 0.150 d a  167 
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0 28 a 900 0 ~ 0 0 0  . 0 a 000 OaO 
0 288898 Ob002 08007 082 I 

18 280 898 08003 0.010 085 1 

61 28 8 889 08017 0r053 0.7 I 
407 28 878 08034 08t11 1 a 0  
169 28 8 863 0 8 OS6 08183 183 ; 
210 286852 0 a 073 08239 185 ' 

266 28 8836 08097. 08319 la7 i 
.326' Z8a818 0~124 0 8 407 2.0 . 
396 28 6 799 0.153 08503 2.2 ! 
471 28 8 780 0 ~ 1 0 0  08594 283 1 
550 28 8 758 08213 0 8 703 287 1 
S60 28 a 733 0 220 0 8 727 3a0 , 

598 2Ba743 0 233 0 777 312 i 

635 28 8 737 0 8 24s 0 8 808 385 
696 28.721 08260 0 d 885 3a7 * 

f36 288713 0~260 0 . 92s 4.0 . 
762 28. Z04 0 8 293 0 e 972 4 r 2  I 
281 28 699 08301 01994 . 4 r c ~  i 
623 288692 08312 t 8028 
643 20 686 08321 1 a057 
856 2aa684 68325 1 a072 582 
86B 28.678 08334 
894 281 674 0 8 340 
907 20.671 08343 
03a 28.666 O 8 3 f l  

0.358 28 662 957 
969 28 8 656 0.366 
992 28 8 654 * 0*369 

l 005 . 288631 :. 08375 
1024 28 r 645 0 a 383 
1035 288641 08390 1 a284 7.7 f 
1020 28.631) 0 ~ 5 9 2  1 a291 8.0 , 

1048 28.639 0 a 392 1m292 082 i 
$123 . 288628' - 08410 1a348 885 . 
1104 286625 01413 88362 887 ' 

0.421 1 a 386 1145 
1201 2 ~ ~ 6 1 0  01436 1 a435 
1182 2886tl 0a433 18432 9aS 

1223 20 8 606 Ob443 1.458 
1241 288601 0 a 450 

1255 2Ua599 01433 la491. 
1293 2Ba583 Or463 
1318 28 a 587 01472 18550 lla2 

la595 11.7 
1349 28 8 584 0 8 476 1 a564 
1360 28 a 578 0 a 486 

28 8 620 

1195 2 ~ ~ 6 1 0  0 e 437 1 a437 9.7 1 

12&3 28 8 599 O84SJ * 1.488 10.5 

12*0 i 1355 28 so0 0.402 , 1 rSC2 
13S9 . 28 . S?8 0 a 403 1.593 
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.1470 ' 26 m 553 0.520 fa709 16mS 67 1470 1470 or 142 Om 179 ' 0  
68 1468 1468 01 164 0 ,  l d i  0 1468 28 m 530 01526 la730 1687 
69 1418 1468 08163 08181 0 1460 288551 0.2523 1.727 * 17r0 
70 I467 1467 0.164 o8 102 0 1467 26 8 550 Om527 la733 17.2 
71 1466 1466 om 163 OrlSL 0 1466 , 288551 0 523 1.726 1785 
72 1465 f465 Or164 , om if32 6 1465 . 281549 0 8 528 am737 1787 
73 1465 1465 0 8  163 o r m i  0' ' 1465 . . 20.551 0 525 1.727 1e.o 
74 . 1465 1465 0.164 ob1aa .O  1465 281549 0 520 la736 18m2 
75 I464 1464 Or 164 0.182 0 1464 288549 0 528 lr73J 18m6 

0 203 0 * 1474 28 303 Om590 16949 63m6 76 1474 1474 Or183 
1478 28.491 O a 6 0 8  6 ai013 108m6 

78 14Bl i4et 08t95 Om243 . 0 1481 281 483 ,08620 28053 15386 

00 1486 1486 0.200 0~218 0 1486 28 8 473 Om635 2.105 243m6 
. 81 1409 1489 om202 Om220 0 1489 * 28.468 * 08641 2m125 288m6 

. 77 1478 1478 Om $91 0 ~ 2 0 9  . ~ 0 .  

79 1484 1464 0 8  197 0 m.2 is  e 1484 08627 2;we 19~14 28 8 478 

I 



POROSITY 8Ut.R VOLWE. PURE VMWE TfHE I 

! 
i 
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2.203 1233a6 I 
2a214 127806 ! 
2.231 1323a6 1 
2.236 1337a2 ' 
2.230 133703 1 
2.334 1337.4 I 
20242 1337~5 1 

281144 0 I 674 2,240 1337.7 
20235 1337a8 
2a233 1337.9 
2a241 133BrO 
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24265 1338a5 ' 
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2,264 $333.7 
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2.270 1339.1 

28 0 437 01684 2.276 1339r2 1 
1 

Z0284) lXWa3 
20291 133904 
2,204 133013 
2r;lPP 133916 
2.296 1339oB 
2.307 $339.9 1 

1644 ' 20 434 00693 2a295 1340ab! 

2a313 5340a2 

. 21314 1340.5 
20319 1340.6 
20329 1340a7 i 
2.337 4340a8 

137 1710 1710 0.232 ' 0,242 0 1710 28 6 423 0 707 2.340 1 3 4 0 a 9  
138 1723 1723 0 a 222 0,242 0 ' 1723 ,28 a 425 0.707 2a33V $34100 

a , n o  * 24350 1341~1 139 1730 1738 0 a 223 00243 0 4x30 20a423 
140 1750 1750 0 224 01244 0 17SO 281422 00712 20353 1341.3 i 
141 1 764 1764 0.224 0.244 0 S 764 * 28a422 Or712 20355 $34104 
142 1776 1716 01225 0 a 243 0 1?76 Oa7tZI  ea363 1341.b 28 420 
143 i 708 1788 0.226 0,246 0 1710 20a410 0.?10 26371 1341a6 
144 t801 IF101 0 a 226 Qa246 0 1801 2 w i a  Oa7S9' 2a37S 134117 

at307 1341a8 145 m i 3  tat3 0 e 227 o . 248 o \  i813 28.415 0 s 722 
146 1824 1824 ' 01227 Oa248 a 1824 28~415 Oat24 21391 1342.0 

26397 134201 147 1837 1837 0.228 Or249 0 1837 2804$3 0 a 726 - 148 1841 1 843 0 a 228 Oa249 0 1047 280413 6.727 2,401 1342a2 
149 1060 1 860 0 a 229 0 * 2SO 0 lS60 20.482 Q a 720 la404 1342.3 

2.420 1342.4 

28.432 0 e 694 

2,318 m o a 3  

150 1070 1870 0.231) 60251 0 1870 20.409 0 a 733 



r422 134215 
t427 1342.7 

2t428 L343tl 
1 1836 28t406 0.736 2.431 134342 

0 i854 . 201410 Or731 at415 1343.4 
or255 0 .  . 1952 28.410 01732 2t416 1343t5 150 

i 59 0.232 0 .  1930 28 t 409 o m 4  * . 2t423 1343.6 
160 0 t 252 0 m o  28 t 408 0 rn 734 2t423 1343t7 
161 ' 01232 . 0 ' ie70 0 + 736 2.430 1343.8 
162 Or252 0 ' 5870 0.734 * 2.425 1343t9 
163 0 t 2ziJ 0 1968 0 ; la9 2.439 1344rl 
4 64 0 t 252 0 $966 2B 4 407 0.136 2.431 1344.2 

1064 . 2Br408 Or734 ' 2t422 1394t3 
1863 . 28 407 0.733 2.429 1344.4 
$862 28 e 407 0 t 734 2r430 8344.5 

165 1864 0 t 230 0 t 232 
166 1863 0.231 Om252 . 
167 1962 0.23L 0.233 . . e  

. 1960 28.409 0.733 2t420 1344t6 
281409 ' t Os733 at428 1344.8 
20 t 406 Or736 . . 2t433 1344.9 

1839 
160 1060 0 e 230 0.23f 0' 
169 1939 0 230 OI251 0 

28.407 Om733 2.429 1345.0 
' 28.408 0,734 21925 1345.1 

170 1 OS9 0 t 232 0 e 232 0 '  
171 1857 Or231 6.252 0 
172 1836 0.231 0 t 232 0 it356 
173 1053 1853 0 a 230 01251 0 ' '1853 20 t 409 0.733 2t420' 3346.0 
174 i a ~  1869 0.231 , 0 m 232 . t  0 io69 28t407 0 736 2.429 1349.3 . 175 S 870 1870 0,231 0 rn 253 d 1870 28 t 406 0 . 737 2;432 1349.4 
176 tad9 1869 0 t 232 0 . 233 . o  . 1860 28 t 405 0 t730 at438 5349t7 ; 

157 1854 '1854 Ob230 ob251 

* o o  

E - 

1865 6.233 0,254 0 " 5845 281 402 0,742 2tr15i w3.a 

1 180 1862 4 1862 0.335 '0.256 0 1862 . 28.398 . Ot?48 2.472 1419.1 

177 1865 
1.863 1064 0.234 et 255 6 .  1964 26r t 401 O i t 4 3  2.436 5373.9 170 

179 1864 S 864 01234 .* Or255 0 lB64 28 rn 402 6.743 2.354 1374.1 

8 1859 .;as9 0 t 237 0.238 6 .  ' 1859' 28 t 394 0 r 753 2t491 1464tL 181 
182 1860 1860 Or230 ,or259 e $860 -28t392 0 e 756 2.500 1509tl I 

2.622 1622t4 ! 103 1834 1 US4 0 I 250 Ot.271 - 6  . 1834 28 t 369 01791. 
184 1833 1033 or250 Or271 , o  * lQ33 28.366 08791 2.624 3632.5 ' 

at620 162217 ias 1833 1833 0t2SO ' . 0.224 0 1833 28 t 365 
0 . 1834 28 rn 366 0 t 792 at627 1622.8 186 1034 4834 0 t 250 0 t 271 

0.273 0 1833 at3 t 366 01791 2t624 16?2t9 
Or791 2.623 1623.0 108 1834 1034 012S0 . 0,271 0 1834 ' 28.366 

189 . 1034 1834 0.249 
1836 0 t 230 0.371 0 SB36 . 28a366 Or798 28623 t623.2 3 90 1036 

101 1844 1844 0 t 250 Or271 0 1844 28 * 365 Or793 . 
0 1860 28tJ64 Or795 ' 2r637 1623t5 192 1060 1860 01251 0 rn 271 

1974 0 e 79t  2.641 1623t6 28 t 363 
0 1888 28 t 364 0 t 196 2.638 162317 194 1888 3000 0 . 251 0 t 273 

I 195 1901 * 1901 0 232 O r 2 7 3  0 1901 . 28.362 0 t IOU 1i643 1623.8 
0 t 274 0 1414 28 t 361 ab800 . . It640 1623.9 196 1914 lY14 0 t 252 

2t656 1624tl 
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1 

0 t 792 i 

i 187 . 1833 1833 0.250 
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1 



2.664 1624.5 

26678 1624.0 
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20700 1625.1 
2.718 t62S.2 
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2.756 1626.0 
2.759 1626.2 
21773 1626.3 

2.700 1626r5 
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2.009 1627.9 
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242 2225' * 222s 0 a 273 Or2Pb 0 2225 20 320 OeB6S 
243 2225 2229 0.272 0 I293 0 2225 PI( 322 0 862 2.846 2070~4 

2 8 . m  

1 
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-- ----"-"-------a_- -------------~--r--,---------r--.r 

TOTAL AXIAL . AXIAL RAUIAt. YORE ~ E A N  EFFECTIVE POROSITY BULK VMUHE PORE voLuntc rrna 
S I )  BTRAIN ( X )  STRAIfl ( X )  FHE8WRE (FSt) STRE6S ( F B I )  ( X )  STRAIN ( X )  BTHAIN ( X t  {HEM) 

-,---------"---,,,f,--------------------------~---~-------------- 

* 0.276 0 r 299 0 28r313 0 a 873 2a889 2438a4 
0 28r311 0 a 877 2r896 2483a4 

28r310 Or879 2r904 2520.4 
d a 880 2a006 2J73r4 28 309 Or278 01301 ' 0  

Or279 Or302 0 .  2221 . 2a.307 0 r 883 2.918 2618.4 
0 279 0 a 302 0 ' 2224 28 r 306 0 r e84 at920 2663r4 
0 I282 b r 305 0 2224 * 181 300 Or892 2a940 2700r4 
0 e 282 0,306 0 .  2227 289 300 0 a 803 ' 2.933 2.972 27S3a5 2790r3 
0.204 Or307 0 . 2128 28,293 Or899 
Oa284 Or309 0 2234 . 28 r 292 0 a 904 2r989 284314 . Or284 Q b 30P dl 2234 28 a 292 0,004 2,900 2888r4 

2238 20,291 . Or906 2r996 2933a4 
2240 28 a 287 01911 31013 297arS 

Or286 0.310 . d o  
0.28B 0,312 0 
0 a 290 0,313 b .224 1 28 e 294 0*913 a 31028 2986.7 

22 0 0 a 290 O a 3 L 3  0 2240 28,204 Or916 31029 2906.9 2239 0 e 290 Or313 0 2239 . 28 * 2B3 01916 ' 3.030 2907a1 
247 2239 2239 0 r 209 0.313 : 0 . 2239 28a284 Oa915 3a025 2987.2 

3a036 298743 260 224 1 2241 0.290 Oa314 ' 6  2241 28 r 282 
Or314 0 224 i 28 r 282 0 r 988 3a037 2007a4 269 224 1 2241 0 a 290 

0 2264 28 4 204 0.914 31029 2987r5 
oa 14 0 .  2287 28 a 282 Or9L9 31030 2987.6 

0 2315 28.289 Or918 3.631 2987~8 

270 2264 2264 0 r 290 
271 . 2287 . 2287. 0.291 
272 2315 2315 Or290 Or314 
223 2347 2'567 0 r 292 Oa316 0 2347 28.280 0 r 923 . 3a048 2987r9 

01292 Or3L6 .O . 2374 28 280 Or924 3b051 2988.0 274 2374 2374 
27s 2404 2404 0 r 296 01319 . o  2404 * 281275 Or932 3a076 . 298811a 

3.000 2988.2 276 2431 2431 0 r 29s 00319 0 2431 28a274 ' 01934 
277 2458 2458 0.294 0.320 0 .. * 2458 ' 28 a 273 Oa936 3.083 2988.3 
270 * 2401 2401 Or297 0,328 . 0 2481 20r271 0.939 3r09S 2908r5 

2504 2S04 0 e 299 ' Or324 0 2504 20 e 267 0,946 3rll7 29Et8a6 
3r117 2988.7 200 2523 2523 0.299 ' 0.324 0 2523 28 a 267 01946 

28 I 2Sl7 2517 Q r 300 01325 b 2517 * 0 r 9% 3.129 2988.8 28 r 264 

. or277 0 a 300 

2221 
0 a 278 0.301 0 . .  

265 2240 
266 2239 

Ua918 

0*ijt3 

279 

282 2510 2310 0 299 Or324 0 . 2340 ' 28.266 0 r 947 3. 
2526 0.299 0.324 0 2526 28 a 263 Or948 3r 
2562 0 e 302 04327 0 2962 26,261 0 r 955 . 3 a  

3 a  
206 262 2613 0 a 303 o 330 0 2623 28 a 260 0 r 958 3. 
207 2625 2625 0.305 0 r 330 0 . 2623 28 a 256 0 r 964 3. 
200 2618 2sie Or304  0.329 8 2618 28 r 257 01962 3a 
289 . 2611 2611 01303 01330 0 261 1 28 e 255 01964 I* 
290 2605 2605 0 r 304 Ob329 0 2605 28 2s6 Or963 34 

i 29 1 2600 2600 0 a 304 o 3 a ~  0 2600 20 e 256 Or962 3a 
292 2593 2595 Or303 0 r 330 0 2595' . 281255 Or964 3. 
293 2591 239 1 Or304 . oa32v 0 '  2391 208 257 0.961 3. 
294 2588 2588 0 a 303 0 a 328 0 2508 28a230 ' 0,960 .3. 
295 2504 2584 0 a 304 Om329 0 2584 28 a 253 0 a 963 3. 
296 2582 2582 0.304 0 329 0 as82 28.256 0 e 963 3. 
297 2579 2579 0 * 304 0 a 32V 0 2579 0.961 3, 
298 2574 2574 0 a 303 ora30 ' 0 2374 . 20r254 Or965 3r 

2653 2653 0 e 366 0.331 0 2653 28 r 234 0 r 967 3. 
26a'i 0.307 0.332 . 0 2605 2t3.zst 0 a 972 3r 

283 252 
204 256 
205 259 2594 0.306 Or328 0 2394 28 a 259 O r 9 5 8  

I 

20 a 257 

299 
i 300 ' 2485 , 

. .  

,22 2900.9 
t23 2989aO 
145 2989.2 
155 298913 ! 

153 2989r4 
172 2089r5 
166 298916 
174 * 2989 e 7 
169 2989r9 
168 2990r0 
173 2990r1 
164 2990a2 
161 299013 
172 299094 
171 2990a6 
164 ,2900r7 
178 101 2990a9 299lri 

I95 2991.3 

1 



2712 0.31 
2721 0.3 
27 1s 0.38 
2710 0.3 
2709 0.31 

* 270 1 0.3 
2693 O r 3  307 

300: 2692 2692 0 .3  
300 2689 2689 0.3 
310 2685 2685 0.3 
31 1 2684 268 0.3 
312 268 1 269 0.3 
313 2680 268 Or3 
314 2677 2677 0.3 

316 2708 2708 O r 3  
317 2706 2706 0.3 
318 2703 2703 0.3 
319 2699 2699 0.3 
320 . 2699 2699 0.3 
321 2696 2696 0.3 
322 2696 2696 * 0.3 
323 2692 2692 093 
324 .2691 2693 0.3  
325 2687 2687 0.3 
326 2684 2684 O r 3  

' 327 2681 2681 0 . 3  
320 2676' 2676 0.3 
329 * 2674 2674 0 . 3  
330 2670 2670 0.3 
33 1 2669 2669 0 . a 
332 2665 2665 0.3 
333 2665 2665 0 .3  
334 2662 2662 0.3 
335 2662 2662 0 . 3  
336 2664 2664 Om3 
337 2695 2695 . 0 . 3  
338 2696 2696 Or3 
339 2690 2690 0.3 
340 2699 2699 0 . 3  
341 2702 2702 0.7 
342 2704 2704 0.3 

I 343 2707 2707 0 . 3  
344 2712 2712 0.3 
343 2716 2716 . 0.3 

! 

301 

:3 . 

31s 2675 247s 0.3 

- 

8 0.334 0 ' 2712 . , 28 248 0,976 3.210 2991,? 
17 0,332 0 2721 28.252 Or971 3.192 2992.5 
9 ,  0.334 0 2715 20.247 0.070 3.214 2991t6 
18 Or334 0 . 2710 28.249 Or976 3.207 25'91.7 
0 0.334 0 2705 28.249 0 976 3.207 2791eB 
17 0,332 0 2701 28 .252 Q a 971 31192 2992.0 
8 0.333 0 2693 28.230 0 974 3.203 2992.2 
19 0.334 0 2692 . 28.247 0 978 
18 0.333 6 2689 28.250 0.974 3.202. 2992b4 

17 Q 332 0 2684 28.2552 0,972 - 
3.192 2992.0 17 06332 0 2681 28 252 0.971 

17 0.332 0 2680 28 b 252 0.971 3.191 2992.9 
17 * 0 8 313 0 . 2677 28 * 230 0.973 3er90 2993r0 
16 0.332 0 2675 ' . 28.253 0 6 969 3r187 2993r3 
2 0 8 337 0 2708 28,241 8 b 987 3.246 3038.3 
5 0.341 - . 0 2706 a0 . 233 .. 0t997 . 3.2di 3003.3 
7 0.345 . o  2703 t ,002 31299 3128.3 28.220 
6 0.341 0 ' 2699 28.232 . 0.998 3.283 317343 
#7 0.343 0 2699 28 229 1 bo02 3.300 3218.3 

! boo? 3.317 3243.3 #9 0,344 0 .  '. 2696 28 + 226 
,9 6.344 d 2696 28 226 i rOQ6 3.314 3308r3 
!O 0.34% 0 -  2692 20.223 . lrO10 3.327 3333.3 

2687 28 224 f 4006 . 3.314 3443.3 
19 Or344 0 2684 . 20.225 1 rO07 3.319 3486.3 
19 0.344 0 2601 28.226 f bo07 31316 3533.3 
I6 0 r 343 6 .  2676 28.227 8 rOQS 3.309 357843 
18 0.344 0 .  2674 28 a 226 t 8006 36314 3623.3 
19 4.34s 0 2670 _ '  201 224 i 0009 3.324 3668.3 

3.322 3713.3 

3.213 a992.3 

18 0.333 0 . 2685 28 256 0.973 3.201 3.896 299295 2992.7 

2491 28.224 t r OQ? 3.324 3 3 9 ~ ~ 3  19 . 0,345 0 ,  
18 0.344 . ' 0  

1 roo0 28 1223 19 0.344 ' 0  2469. 
19 0.344 a0 2665 * 28.225 . IrOO? 3.319 3750.3 

19 0 e 344 0 2662 28 . 225 1 rOO7 3t310 3840.3 
19 Oi345 0 2662 . ' 20.224 1 roo? 34325 3895.3 
,9 0 345 0 2664 28 r 224 le060 5,325 3038.3 
La 0 337 0 2693 28.240 0 987 3.246 3903.3 
I3 0 339 - 0  * . 2696 20 237 0.991 3.261 4028.3 
15 Or341 0 2698 28.233 0.997 3.283 4073.3 
16 0.342 d 2699 28.231 a .000 3.295 4110.3 
t9 01344 0 2702 28.226 ' , trOO7 3.316 4163.3 
18 0 343 0 2704 28 e 228 1 eOQ4 3.305 4208.3 
18 0.344 0 2707 28.227 1 rood 3.312 4253.3 
tt 0 e 346 0 2712 28.221 . 1.013 .. 3.338 429813 

3.334 4343.3 !O 0.346 0 38.222 1 e012 2716 

19 6.344 0 2665 28 . 223 i a 0 0 0  3b322 3B03.3 

.. . . . _ .  . . . .. . .  . .  0 -" 
347 . 2725 2729 0 324 0 350 0 2725 2Elr214 1 no24 3.372 4433;3 
348 2728 2728 ' 0 323 &34B 0 1'128 20.217 1.019 31338 4449.2 

350 2728 2720 0 321 0.347 O 4. 2728 28.219 1 e017 39348. 4449.6 
349 2727 2727 0 e 326 0 a 352 0 * 2727 28.210 1 6029 3.391 4449.4 

8 

I 

h ,  
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RAUIAC YORE WEAN EFFECWJE OROSITY BULK UMUHE PURE VOLUME TlflE 
RAIM ( Y )  PREBSUKE SI) STRESS (PSI) 4x1 GTRIIlI I  ( X I  STHIIlll ( X I  (HIM) .............................. ----------.-------------------------*~-- . .  
0 r 330 0 2 28.213 1 e o r j  3.376 444917 
0 e 348 0 -  2726 28e218 .* i e O l 8  3.353 4449e8 i 
0 e 349 0 2 a 2  - 28r?16 $ bo22 3,365 4449e9 i 

1 0 4 352 0 279 1 1 me212 1 ,029 3e387 443C)eO 
0 6 333 0 2813 28e209 . 14034 3,401 445@*! 

2825 2825 Or328 0 e 353 0 2823 28 o 208 1 e034 3e403 4450e3 
31392 4450e4 ' 357 2820 2828 Or327 0.333 0 28e210 16033 2828 

2831 28 e 208 bo33 3.404 4450e5 
i bo34 3r40b 4450e6 2836 2036 2836 0 e 327 0 e 353 0 

31392 445047 
3s9 

0 . 2839 281211 ' 1 ~ 0 3 1  360 2039 2839 0 e 327 0 e 352 .JerllJ 445018 

2846 20.208 i 6036 3.406 4451rO 
361 2844 2844 , 01329 0.354 
362 2846 2846 0,333 I) bas4 . o  
363 2851 2851 0 e 326 Or352 0 20511 2Bb211 i io31 3e390 4451ri 

0 . 2853 28e212 i e030 3r388 445102 
3.396 445  e 3  0 2839 28r210 28 e 208 ,033 

0 2862 365 
36 6 
367 2865 1865 0 e 329 Or355 0 2865 1.039 3.416 4451eS 28 e 204 

0 e 329 0.33s 0 .  2860 28 a 206 1 a038 31413 4451r7 368 2068 2MEI 
369 2073 2073 0 e 327 Or353 0 2873 20 e 209 1 e034 3.399 445118 
370 2876 2876 0 e 328 . 0.35r( 0 2876 28 e 200 1 e036 3.407 4451e9 

3.416 4432~0 
, 3,408 4452rt 

373 2887 2807 0 r 320 Ob35'l 0 2887 28.208 i ,034 3.403 4452.2 

375 2094 2894 Or329 or355 0 2894 281207 . 1.038 . 3r410 44553.5 

356 

28 e 209 
350 2031 2831 Oe328 ' 0 e 353 0 .  

0 2644 2e e 204 $ (838 

' 364 205s 2855 0 e 326 0 352 
2059 01327 0 e 353 

2062 2862 0.328 0 e 354 
2859 ~ 4 0 5  44d.4 ,036 

2879 2879 a13zv 0 e ;Is3 0 2879 * 26.206 1 r039 37 1 
372 2084 2884 01328 06354 a 2884 28e 208 1 e037 

374 2891 2891 0 e 329 0 355 .O 2891. . 28e204 t r040 3.918 44S2b4 

01355 ' r 0 . 2897 I a040 3.420 4452.6 
09356 0 2900 28.205 i ,041 ' 3r42l 4452.7 

1 0 e 3SS 0 2906 28 * 205 1 a040 3.418 4452.8 

376 2897 2097 
377 2900 2900 
378 2906 2906 0.329 

I '  *. 370 2908 2908 0 329 0,353 0 2908 ' 281206 * i r 0 4 0  3.417 4452.9 
380 2912 2912 0.329 0~335  0 2?12 I ,039 . 31415 44S3e1 28 206 

2915' 28u 206 1 a 6 4 0  3.418 4453e2 38 1 2915 291s 0 . 329 01355 0 .  
302 2919 2919 . ob330 0.356 0 

304 292s 2925 0 e 330 013S6 0 2925 28 e 204 1 e043 31426 4453.3 
0 2930 28 I20S t e 0 4 8  3.420 4453.6 385 2930 2930 0.350 O r 3 5 6  

306 2956 2936 0 e 330 Oe337  0 2956 28e 204 1.043 3.426 4453r8 
307 2907 2907 0.333 Oe359- 0 2987 28.199 1 e051 3,450 4453.9 

01333 1 0 r 350 0 3014 28 199 '1.051 3.450 4454.0 108 3014 3014 
. 389 3040 3040 01335 Oe361 0 3040 20 r 193 1 bo38 3.470 4454e1 

390 3065 3065 01335 0 D 362 0 3065 28e 193 1 e058 3.471 4454e2 
391 3090 3090 Q e 333 0 363. 0 3090 281 192 14044 ' 3erla9 4454e3 

0 9 338 Or364 0 3115 28e 191 t e0615 3.495 4454e3 392 3113 3113 
393 3137 3137 01338 Qe360 0 3137 1 e060 3.501 4454e6 20e169 
394 3158 3150 Oe33V 0 8 365 0 3150 28.1BQ 1 e069 3e502 4454.7 
393 3179 3179 0 e 338 0 b 345 0 3179 28 b 190 1 e060 3.499 4454e8 

3eg23 44s4.v 3V6 3200 3200 01341 0 e 367 0 3200 2ee 16s 1.076 
397 3220 , 3220 0 e 340 a e 367 0 3220 28.187 1 e674 3e516 4435eO . 398 3221 3221 a.341 Oe368 0 3221 i e077 3.524 .445Se 2 28 183 

3,546 4455b.3 399 3214 ' 3214 0.343 01320 0 3214 28,189 1,083 
400 3207 3207 00341  0 e 347 0 3207 28e 106 14075 3.519 : 4455b4 

28 b 20% 

2919 28.204 1.042 3,423 4453.3 
303 2922 2922 0 e 336 0 e 356 0 2922 28 e 204 1r043 3.426 44S3b4 

. .  . '  t 





. 3.680 477603 
3.687 4821.3 
3.686 4866.3 

0 e 357 0.383 0 3155 26.150 1 123 .3 e 688 491 1 3 
I 460 3151 3151 0.356 . Qe382 0 3131 28; 151 1 e 12i 3e683 495603 

461 3148 3148 ' Or357 be383 . o  3118 28.140 31693 5001rJ 
3145 0 356 0.383 0 3149 28.iSO . $biz2 3.686 5046r3 

3139 28b151 ' 1.121 3.683 8091.3 
1 t822 3e689 5136.3 

0.357 0.3B3 0 '  313s 286149 le124 3.692 5161rt 
0 e 357 o.3ez 0 3131 280 149 1.124 3,694 5226.3 

3i2S 28.!50 i ,123 3.490 S271e3 0 e 357 0.383 6 .  
3127 0.358 Q 3%4 0 . 3127 . . ne6i4e. ib12b .3,700 5516.3 

3125 28.143 f e 132 3.723 536143 
9190 ' 28,138 1 140 31745 5406m3 

3190 0 m 365 0,391 ' 0  3190 28. 132 !. 148 3.773 5451e3 
3I03 0 e 366 01392 . 0 3193 . 281 131 i.150 3,781 5496.3 

0 4195 281 127 I 155 3,796 6541e3 
;a 1 .  3198 28.127 1 e 156 3.901 5506.3 

3209 2B.#21 1 164 ' 30629 5676.3 
3213 .3213 6.374 be400 0 .  3243 28.114 1,174 3,861 5721.3 

3224 0.374 0.401 0 3224 Ma113 1 e 173 3.966 S81Jb3 
' 28.110 1 . 180 3e881 5834.3 

3232 . 3232 0.376 0.402 . o  * 3232 .28.110 ' le180 3.882. 5871.6 

3,875 5871e9 3233 3233 0 e 3'15 01402 0 3233 28.lIl 1 . 178 
3232 3232 Or376 0.403 0 ' 3232 28. 106 5.182 - 3,%89 5872.0 

b 3233 28 e 100 1 b i n 1  3e685 5872.1 
3.882 5872m2 1. 180 

3232 0 e 377 0 403 0 3232 20 b we i 183 3.092 3872.3 
ab170 3rB70 587285 3233 28.111 

28,109 1 4  101 3.086 5872.6 3233 
28,109 

3.888 5672r6 
3.872 5872.9 

28.100 le162 3.690 5073.0 
01 402 0 3233 20.111 1 178 36075 3873.2 

3m078 5873m3 
0 403 0 3232 20. 108 1.183 3.892 5873.4 
0.402 0. 3232 281110 1 e 180 3.082 5873.3 
0.402 0 3231. . 28,110 1. 180 3,@82 5873.6 

28,108 1 . lB2 31090. 5873.9 

' 458 3158 3tS8 0 e 337 0 e 383 0 3158 28e15O 1.123 
459 3155 3155 

* 462 3145 
4 63 3139 ~ 313Y 0.356 oO3e3 0 

3138 . 0 e 386 0.383 0 si38 28. is0 q; 3€% 
464 
la- 
467 3128 3420 
460 3127 
469 3125 . 3125 0.360 6.386 0 
470 3190 3190 0 362 0 e 389 . d  471 3190 
472 3193 
4 73 3193 3195 0.367 . 01394 ' 

474 3198 3198 0 0 368 0.394 
475 3204 

477 
470 3220 3220 00373 Q.400 
479 3224 
480 3231 3231 01376 #e402 0 3231 481 
482 3233 3133 
483 
484 
485 3233 3233 01376 Or 403. 
486 3233 . 3233 0.376 0.402 

3204 0.370 0.397 0 3204 me 822 1.163 3.025 563103 * 

476 3209 3209 a, 370 Or 3?7 0 

1) 3320 284114 1 3r860 5766.3 ' 

0.373 Oe402 0 3233 1*170 3.025 so7i.e 28.111 I .  

I 

0 3233 28.110 
1 

1 '  487 3232 
400 3233 . 3233 0.375 0.402 0 
489 3233 3233 0.376 0.403 0 

3231 0 6 376 01402 0 3231 i b l B 8  3m884 3872r7 490 3231 
j 491 3233 

492 3233 
493 
494 * 3233 3233 0 e 375 
495 3233 
496 3232 . 3232 Or377 
497 3232 . 3232 01576 
498 3231 3231 0 376 
4 99 3231 3231 Om375 
500 

3233 Or376 0140s 0 .  3233 28.109 1 m 102 
3233 0.375 0 I 401 0 1  3233 28.112 ! 0 177 

~ 3233 3233 Oe 376 0 s $03 0 3233 

3233 Om373 0 402 0 3233 28. $10 1 e 179 

Om401 0 3231 28.112 le177 ' 3.873 5073.7 
3230 3230 0.376' 0.403 0 3230 . 

. . I  

4 . 
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NUHBER COHF LNIND A X I A L  R A m L  FORE MEAN EFFECTIVE POROSITY B M K  VQLUHE FORE UOLUHE TIHE 
PRESSURE (PSI )  STRESS (PSI) STRAIN ( 1 s )  STRAIN 4x1 PREISURE (FBI) SfHES8 (FSI) ( X )  STRAIN 4 % )  STRAIN ( X )  (flIN) 

--d.----------- --------_-----------_________I__________--------------------------------------------------------------------------- 

501 3230 08376 0 8 402 0 3230 2e8 1 io ~ 1 8 0  . 31882 5874e0 
502 3230 0 e 377 0 e 403 0 3230 2B8 108 1.183 31891 5874.1 
503 3229 0 e 377 0 e 404 0 3229 28r107 1 re? 38997 5874m2 
50 4 3228 08377 08403 0 3228 28ei07 lei84 . 3.895 5874e3 
505 3228 3228 0t379 0 8 406 0 3228 28.102 1 8  191 3.919 5874e4 

08383 01412 0 3226 28,089 . t82O8 31980 587486 506 3226 3226 
48014 5874e7 507 3224 3224 Oe3B8 ' 08415 0 3224 281002 . 11218. 

* 508 3224 3224 - Oe391 Oe4y7 0 3224 2B r 076 L. e226 4,040 587418 
509 3222 3222 Om391 08418 0. ' 3222 18227 48044 507489 

08414 0 3079 288081 1 m2$6 4.015 387580 SlO , 3079 3079 08388 
JeO28 5875.1 511 . 2707 2707 01378 08403 0 2707 28 8 097 1 184 

de304 0 .  2425 . 18158 38857 5875.3 512 2425 2425 Or370 
38790 5875q4 513 2199 2199 08363 * 01386 - 0  2199 28e 124 18135 

514 2147 2147 01361 Or384 0 2147 20, la? 18129 38774. 587586 
515 .. 2540, 2140 0e360 08303. 0 2140 28 129- le127 3.765 587Sr6 

. 2013 281i37 lm112 3e723 5875e7 
1914 28e145 i m 9  31682 5875.8 

536 2033 2033 ' 0 e 356 08378 0 
517 1914 1914 0 8 352 0 8 373 ; . o  
518 1819 1819 Oe348 01369 0 1819 28e152 1.086 3.645 507680 
519 1748 1748 Or346 0 366 0 1748 288157 1 r078 38620 5876et 
520 t681 1681 0 I 342 01362 0 1681 2Be 164 18067 3qSi86 307662 
52 1 1615 1615 01339 * 013S9 0 . 161s 288172 1 8054 3m548 5076e3 

38324 587684 522 1563 . 1563 Om336 0 8 355 0 1563 288177 La046 . 
i a039 ~ 3rS01 587685 523 1519 1519 0 e 334 

524 1475 1475 08332 0 6 350 - 0  1475 28i 186 1 r032 38478 587687 

526 1401 1401 0e329 08346 - 
527 1329 1329 ' be327 01343 
5x1 1260 1260 08323 0 4  339 
529 1203 1203 Oe321 0 m 336 . o  
330 1152 1152 01319 0 e 334 0 1152 08986 3m342 5877e4 28.213 

532 1065 1065 08314 . 08328 0 i 065 . 28.222 OmO7l 3m293 587786 
533 026 026 0,313 01326 0 28 226 08?65 3r273 5877r7 
534 989 ?El9 Oe310 08323 * 0 PB 8 233 0 955 3,243 5877r8 
535 937 957 0 e 307 0 m 320 0 28m237 . 08947 . 38218 5877.9 
SJ6 925 9 25 08307 0 r 321) 0 28r 237 Or946 ' 3e217 SW88l 

3.186 507883 538 867 867 01304 08516 0 28 244 08936 
539 . 840 840 0 1 302 08313 tl  v40 . -28 m 249 0 r 929 3.162 5878e4 

813 08300 01318 0 813 28 8 254 08921 3.336 587015 
789 01298 08309 0 789 28 8 258 Om915 31117 587086 

540 813 
54 1 709 
542 764 . 764 0 m 296 0 e 307 0 764 2 ~ ~ 2 6 1  a8910 3,103 597818 

544 719 719 0 e 293 08303 0 719. 28 I 267 0 e 900 3.070 5879e0 
697 28 e 269 or 898 38063 5879el 

546 659 639 
547 612 ' 612 01287 01296 0 612 20 281 0 e 879 ' 3.003 5979m3 
541) 562 562 01284 0.291 0 562 0 e 866 2.963 587985 28 m 289 

28 8 076 

28tlll 

b 

Or352 0 1519 * . 28.3t31 

b 525 1436 1436 0,331 08348 0 1436 . 288198 . i8027 38464 587688 
0 1401 28r192 , 1 *021 3e44t 587689 

i 203 2s a08 01994 38364 507782 

1329 208197 18013 31421 587780 
b 1260 281204 t rOOt 3,384 5877.1 8. 
b 53 1 1105 1105 01316 08331 0 4105' 288288 . Or978 3,314 507785 

. 537 , 096 B96 0.303 08317 0 28e242 0 m 940 38196 5878~2 

543 742 742 * 6.295 Oe 303 0 742 281264 0 e 906 3eaa~ 5070e9 

545 697 697 0 e 293 0 8 302 0 
Oe291 'Oe3OQ 0 * 659 28 272 0~892 38045 587982 " 

b 549 . 320 520 01 280 0 9 280 0 520 28.296 0 e 856 2.929 5079.6 

. 
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NUHRER CQNFINItlO TOTAL (IXIAC. AXIAL RADIAL POFf flEAN EFFECTIVE POROSITY BULK VOLUHE PORE VOLUHE TIHE 
PRESSURE (PSI) SfCtES8 (PSI) BYRAIN ( x )  STRAIN ( X )  PRESSURE CPBI)' STRESS (PSI) < X l  6TRAIN ( % I  GTRAIN ( X )  <liIN) 

-------------------------------------------------*---------------------------------------------------------------------------------- 
# 

1 9s 0 a 098 0.044 0 195 30 a 675 Oa 186 01591 353.9 
2 220 0.105 0 a 047 0 220 , 30 a 666 01198 01631 354.2 
3 234 0.109 , 01040 0 234 30 a 662 01206 0.654 354.4 

5 '316 OelJO OaO58 0 316 30 a 633 04246 0.701 354.9 
6 405 0.145 ' 01065 0 405 30a616 Oe275 0.870 355e2. 
7 SO6 506 0.138 0 a 072 0 506 30 e 600 0,302 Or950 355a4 
8 -  '615 615 Oa 172 0.070 0 . 615 30,503 ' 01329 la033 355.7 
9 733 733 Oat82 01003 0 7x3 301571 01349 1.009 355a9 

le224 356a4 11 993 993 0 I 203 0 a 095 0 993 30.544 01395 
. la270 356a7 12 1129 1129 0.213 ' 0.099 0 1129 30 a 535 0.411 

13 1266 1266 0 a 222 Or 103 0 1266 30 a 525 0 6 428 la316 356a9 
la357 357.2 14 1399 1399 01229 Os107 0 1399 301517 Or443 

15 1523 t523 01237 * Oellt 0 1523 30 a SO? 0.459 1.400 357.4 
i 16 1631 1631 0.244 0.115 0 1631 30a501 0 a 473 La440 357.7 

17 1723 1723 0.240 Oat17 0 1723 30 a 496 Oa481 la462 357.9 I 
10 1795 1795 0 a 252 01119 0 1195 3Oa491 . 0.490 la407 350.2 
19 1046 1046 0 a 256 ' or121 0 1046 30 a 480 0 a 497 la305 350.4 

0.123 0 1924 30.403 Oa5OS la529 35017 20 1924 1924 0 a 260 
21 1924 1924 0 a 260 Oa 123 0 1924 30 a 404  0 a 505 la527 350a9 
22 1924 1924 . 0.260 0 ,  I23 0 1924 30a484 0 a 505 la526 359a2 
23 1924 1924 0 e 260 0.123 0 '  1924 30 a 404 0 a 505 la527 359.4 
24 1924 1924 0 a 260 0.  123 0 1924 301 403 Q a 506 la530 359.7 
25 1925 1925 0.261 Oa 123 0 1925 0 a 500 la537 359.9 30,481 

I 26 1925 1925 0.261 0.123 . 0 1925 30a401 0,500 la538 36012 
t 27 1925 1925 0.241 01123 0 1925 30.402 0 a 507 la534 36014 

20 1925 1925 0.261 Oa 123 0 .  1925 30 a 492 0 a 508 la537 360.7 
29 1926 1926 01261 0.123 0 t 936 30 a 482 o soe la535 361.1 
30 1922 1922 Oa 258 or122 0 1922 30 a 486 Oa501 la514 406a1 
31 1920 1920 0.259 Oat22 0 1920 30 a 405 0 6 503 le520 451.1 
32 1919 1919 0 a 250 0,122 0 .  1919 30 a 486 0 a 302 la516 49681 
33 1917 1917 0 a 256 0.122 0 1917 30.483 0 a 503 la520 541.1 

0 1914 301405 0.502 la518 631.1 35 1914 1914 0 8 250 0.122 
36 1915 I915 0.259 01122 . 0 . 1915 301404 01504 la524 676rl 
37 1912 1912 0 a 259 01 122 0 1912 30 a 404 0 a 504 la526 721al 
38 191 1 191 1 . 01254 01120 0 1911 30 a 490 Oa495 la495 766.1 

40 1924 1924 0 a 243 01116 0 1924 30 a503 01478 la430 856el 
la356 901al 41 1926 1926 0.232 6.110 . o  1926 30 a 520 0.452 

42 1923 1923 01246 0.117 0 1923 . 30a501 01480 le447 946.1 
43 1919 1919 0 a 269 Oa 127 0 1919 30 a 472 0 a 522 la502 991a1 
44 1916 1916 0 a 268 0.126 0 1916 30 a 472 01521 1.579 $03601 
45 1910 1910 0.265 01 123 0 1910 30a476 oa315 la560 lOBlr1 
a46 1906 1906 , 0 a 267 0 1  126 0 1906 30a474 , Oa518 . ' la570 5126a1 
47 1900 1900 0 a 265 0.125 0 1990 301477 Or514 * la557 1171al 

la545 12lbal 48 1897 1097 0 a 263 08124 0 l a w  30a 400 Oa510 
49 1891 1891 0 a 262 01123 0 1891 30~481 01508 * le540 1261al 
50 1 a m  i Bee 0 a 262 Or123 0 1006 30 a 4M) 0 a SO9 la541 1306al 

4 260 0.119 0 a 053 0 . 260 30 a 649 0 a 225 08714 354.7 

10 860 060 Oa 194 O I O 0 Y  0 060 30 557 0 (I 372 iaise 356.2 

34 1915 1915 0,262 0.124 0 1915 3Oa480 04509 ia542 se6.i 

39 L922 1922 0.247 01117 0 1922 30.499 0 a 402 i 453 * ei a i 
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H tIYI~ROSTATTC CUHPRESSIQNv SAMPLE t3 

51 1803 18U3 0 m 262 0.123 0 1003 301 401 Om508 
52 1879 1879 0.261 Om123 0 1079 30a3$2 'Om506 
53 1874 1074 Om261 Om123 .O 1874 30 m 401 0 m 507 
54 1071 1671 0 m 262 . Om123 .6 * 1071 30.400 0. 500 

0 m 507 5s 1067 1067 0.261 Om123 . 0 1867 
56 1863 1863 Om261 Om 123 0 1863 30.482 6m506 
57 1059 1059 0 259 om 122 0 1059 30 0 404 0 a 503 
50 1908 1900 Om265 om125 0 1900 30 m 477 Om514 
59 - ' 1921 1921 0 266 0.525 0 .  1921 30.476 0.516 
60 1919 1919 Om 266 0.123 0 1919 36 475 om517 * 
61 1924 1924 0 267 Om126 0 .  1924 ' 30,474 om519 
62 1922 1922 0 265 01125 0 1922 30 477 01515 
63 1922 1922 0.266 0.125 . . 0 1922 30.476 . Or516 
64 1921 1921 0 266 * 0.123 0 1921 30 475 Om517 
65 1921 1921 0 a 266 0.12s 0 1921 30.475 015517 
66 1920 1920 0 265 Om125 0 1320 30 m 476 om515 
67 1921 1921 0 266 0. 125 0 1921 30.476 OrSI6 
68 1920 1920 Om264 Om 125 0 $920 30 477 bm5t4 
69 1920 1920 0 265 om 123 0 1920 30.477 om514 
76 1920 1920 Om265 ' oat23 0 1920 30.473 om515 
71 1920 1920 0 266 om125 0 1920 30 476 Om516 
72 1920 1920 Om264 . Om124 0 1920 30 0 470 0.513 
73 1922 1922 0 266 0.129 0 1922 30 475 Om517 
74 1922 1922 0.264 On 125 0 1922 30 m 477 Om514 
75 1820 1920 Om 265 om125 . 0 1920 30 477 O*SlS 
76 1921 1921 0.265 0.125 Q 1921 30m476. Om516 
77 1921 1921 0 m 264 Om 125 0 1921 30 478 0.513 
78 1921 1921 0 m 266 0.123 0 .  1921 30 475 01517 
79 - 1921 1921 0 265 om 125 0 1921 30 I 477 Om514 
80 1921 1921 0 266 Om125 0 -  1921 30 436 Om516 

~ 81 1921 1921 0.266 0.125 0 t92l 30 m 476 Om516 
82 1922 1922 0 266 Om123 0 1922 30 476 Om516 
03 1919 1919 0 265 0.125 0 1919 30 m 477 0.515 
84 1910 1918 Om265 01 125 0 1918 30 6 477 Ot515 
05 1918 1918 Om264 Om125 0 1918 30 478 om513 
86 1917 1917 0.264 On 125 0 1917 30r477 Om514 
87 1919 1919 0 0 265 om 12s 0 1919 30 476 om515 
68 1919 1919 0 266 om125 0 1919 30 476 Om516 
89 1919 1919 0.267 Om126 ' 0  1919 30 m 474 om310 
90 1918 1910 0 a 266 0.125 0 1918 30 a 476 Om516 
91 1919 1919 0.264 Om $24 0 1919 30 e 470 Om513 
'92 1919 1019 0 m 266 0.125 0 19k9 30 m 47s 'Om517 
93 1920 1920 0 245 Ob 125 0 1920 30 m 477 Om514 
94 1928 1928 . 0 266 0.125 0 1928 3Om476 Om516 
9s 1940 1940 0 a 266 0. 123 0 1940 30 m 476 om517 
96 1939 19391 0.267 0.126 0 lV30 30, 474 0.519 
97 1949 1949 Om 266 om 12s 0 1949 300476 Om516 
98 1982 1982 0 m 260 Om 126 0 1982 30 a 474 0.520 
99 2014 2014 0 m 270 01 127 0 2014 30 m 472 Om524 
100 204 t 204 1 01271 0.128 0 2041 30.471 0 m 526 

30m401 

I 

lmS39 1351ml 
1.534 139611 
1,530 1441m1 
la540 1486.1 
la538 1531.1 
16534 1576m1 
1.526 1621.1' 
la530 1666mi 
1.564 1711.1 
la560 1756.1 
it571 18Olml 
la559 1049.8 
1.563 J850mO 
1.565 1830.3 
1.567 185OtS 
la560 18SOm0 
' i m 4  ia5i.o 
1.556 ~~51.3 
iasse iasi.5 
1,563 . ~852.0 

' 1.550 ias&o 

1m5S9 1851.0 

1.553 1052.3 
1.56S 1052m5 
la555 1052.8 

la562 1853m3 
la554 1853.5 
1.566 1853m8 
1.558 1854.0 
1.562 1054m3 
11563 18S4m5 
1.562 1054m0 
16559 185510 
1.536 1855m3 
lmSS5 1855.S 

16560 1856.0 
1.563 1836.3 
la569 1856.5 
1.564 1056.8 
1.553 186216 
la566 l062m9 
la557 1063m51 
la563 1863.4 
1.565 .1063m6 
la573 t063m9 
10562 1864ml 

1.503 1064r6 

i m 6  ia5sa8 

tr573 i a ~ 4 ~ 4  

I 1.590 1864m9 



t 

....................................................................... 

NUHBER COMFINIM 0 TOTAL AXIAL AX f AL RADIAL . PORE ' HEAN EFFECTIVS POROSITY WJLK VOLUME FORE UOiUrCE TIHE. 
YRESBURE (FBI) REGS (PSI) SYRAIN ( X )  STRAIt) ( X I  PWESSUIZE (PSI) STRESS (PSI) 4 % )  , STRAIN 4 % )  STRAIN ( X I  (MIN) 

--------^----------~-- 

065 01271 0 2065 30 e 470 0 527 1.592 ie6s.t 
2089 2089 0 e 272 0.129 0 2oe9 30 e 470 0 r 529 le597 1065e4 
21 10 2110 0,274 01129 o i  21 10 30 r 467 0.533 1.607 1865e6 
2132 2132 Oe275 Os130 * o  2132 30.466 0 e 536 1.615 186519 

105 2152 2152 0 e 275 0. 1-30 0 2152 30 e 466 0 535 le613 1.619 1864el 1866.4 
106 2169 2169 Oe276 01 131 0 2369 30 e 46s Or538 
107 . 2187 2187 01277 0.131 0 2187 30 r 465 0.539 le621 l866e6 
100 2204 2204 01271 ' OelSl 0 2204 30.465 0.539 1.621 ie6be9 
109' -. 2222 2222 0.278 Oe 132 0 2222 3Oe463 0 r 542 1 . m  t ~ o ~ t  

irti39 1 w e 4  

1.651 ie6a.4 
115 2317 2317 0.284 0.134 0 2317 30 e 457 00553 1.660 i t ~ e ~ 6  
116 2331 2331 o 2134 01135 . 0 . 2331 301457 0 e 553 1.660 m8.9 
117 2346 ' 2346 0,285 Oe135 0 2346 30 e 456 0 r 555 1.665 te60ei 

120 2351 2351 01283 01135 0 2351 300457 00554 1.662 te69.9 
121 2344 2344 0 * 285 01135 0 2344 ' 30e456 0 e 355 1.666 ie70e3 

I IO 2238 2238 01280 0.132 b 2238 30.465 0 e 545 
le645 1867.4 111 2255 2253 Or281 0 e 1.33 0 2255 30.460 Om547\ . 

112 2270 2270 01281 0.133 0 2270 301461 0 e 546 Le640 186769 
le647 186Bel 113 2286 2286 'Oe2B2 0.133 0 2206 30.460 Or549 

114 2302 2302 0 r 262 01134 0 2302 30 e 459 0 e 550 

11s 2361 2361 Oe2B7 0.136 0 2361 30 e 455 0 e 550 1.673 1869e4 
1.670 186916 1 l? 2356 2356 OrZtM Oel3S 0 2356 30 0 455 or 35t 

122 2317 2317 , 0 r 283 01134 0 2347 30 e 459 0 e 550 1.651 lOlSe3 
123 2320 2320 Or281 0.133 0 3320 30 462 0.547 le639 196003 
124 2315 2315 0,282 0.133 0 2315 30.460 00549 1.646 2005.3 
125 2312 2312 0 . 282 Or 133 0 2312 30 e 460 oes4e le645 205013 
126 . 2309 2309 0.285 0.134 0 1309 or551 1.655 2095e3 30 456 
127 2324 2324 0 . 285 0.135 0 .. 2324 301 456 0 e 55s 1.667 2140.3 

30 r 456 
129 2324 2324 0.266 0.135 0 2324 30r 455 0 r 556 le670 2197e5 

' 130 2324 2324 0 e 285 01135 0 2324 30 e 456 0 8 556 1.668 2198.0 
131 2320 2320 01283 0.134 0 2320 30 e 458 0.552 le656 2243.0 
132 2318 . 231 8 0*261 0.133 0 2316 ' 301462 Or547 le640 2288.0 
133 2315 2315 0.261 01133 0 2315 o e w e  1.643 2333.0 30.461 
134 2311 2311 0 e 261 OeL33 0 2311 o m e  le644 2370.0 30.461 
133 2306 . 2306 0.281 Or 133 0 2304 30 e 462 0.546 la639 2423eO 
136 '230C 2301 0.283 Oe 133 0 2301 0 e 540 le643 2468.0 30.461 

0 e 547 le641 2'313.0 30 461 137 2297 2297 0.281 01133 0 a297 
I 30 2293 2293 Or279 0.132 0 . 2293 30 e 463 0.544 4.631 25SBeO 
139 2289 2289 0.279 0.132 0 2289 301 464 0.545 le628 260300 
140 2284 2204 - 0.278 Or132 0 2284 30. 464 0.543 le625 2648.0 
141 2279 2279 01280 01132 0 2279 * 301 462 0 ,545 le634 2693.0 
142 2275 2275 oe279 Oe 132 0 2275 30.463 Oe544 le632 2738e0 
113 2270 . 2270 0 e 278 01132 0 2270 30.464 0.543 le628 2703eO 
144 2265 2265 01279 Oe 132 0 2263 ' 30 r 464 01542 

le627 2873e0 145 2261 226 1 o e 278 0.132 0 2261 30 e 464 0 6 542 

le619 2963eO 147 2252 2252 0.277 Oe t31 0 2252 30 r 466 Oe539 
340 2247 2242 0~270 0,132 0 2247 301 464 01541 le626 3006e0 
149 2244 2244 0.278 01131 0 2244 30 e 445 0 e 540 le623 3053eO 
150 2240 2240 01 277 Oe 131 0 2240 OeS39 le620 309BeO 30 e 465 

12a 2324 2324 Or265 0.135 0 2324 0 e 555 1.667 2tese3 

te62e 2e2eeo 

146 2257 2257 0 e 280 01132 0 2257 30.462 Or544 ie636 29te.o 

I 



LQHQ TERH .HYDROSTAT, COHPRESSIOHr S/tCn,LE )3 

a------------------- ............................................................................................................... 
NUHBER CONI: I N  I N ~ J  TOTAL AXIAL k X I A t .  RADIAL PORE MEAN EFFECTIVE POROSITY BULK VMUHE PORE UOLUHE TZffE 

PRESSURE (RSI;) STfit'SG t fsr )  STRAIN ( X I  S T R A W  ( X )  PRESSURE ( P S I )  STRESS ( F B I )  (X I  STRAIN ( X I  STRAlN ( X )  (HfN) 
----I--------------------------- ................................................................................................. 

151 2236 2236 01270 Oe131 0 2236 30 e 464 0.541 $1624 3143eO 
le620 3188eO 

2220 2228 01276 0.131 0 2220 30.466 0.530 1.617 323360 153 
2223 2223 Oe277 01131 0 2223 30 e 466 Oe530 Sq618 3276e5 154 
2223 2223 0.276 Oe 131 0 2223 * 30 e 466 01538 le617 327607 15s 
2224 2224 Or276 0013t 0 2224 30.466 , O r 5 3 0  1.615 3277.0 - 156 1.613 3277.2 157 2224 2224 0 e 276 0.131 0 2224 * 30.467 0.5537 

1 SB 2224 2224 0.275. 01130 0 2224 30 e 467 Or536 le611 3277e5 
159 ' 2224 2224 0 276 01130 0 2224 301 467 '00337 1.612 3277e7 
160 2224 2224 0 e 276 01131 0 2224 30 e 467 Or537 le613 ,3270r0 
161 2224 2224 0 e 276 00131 0 2224 30.467 4.537 le614 3278.2 
162 2224 2224 0 e 275 01130 0 2229 30.467 0 336 te61O 3274e5 
163 2223 2223 0 e 275 00  130 0 2223 300 467 0 e 536 1.611 327017 

1.611 327980 164 2223 2223 0 275 on I30  0 2223 30 46? 0 836 
165 2224 2224 0.274 00131 0 .  2224 30.467 0 537 1.613 3279e2 
166 2224 2224 0.276 Oe 131 * o  2224 30 8 467 OrS37 le613 3279.5 
167 2224 2224 0 276 Ob 131 0 2224 30.467 0 e 537 1.613 3279.7 
168 2223 2223 0 e 275 0. 130 0 2223 30 a 467 0 536 le611 3280.0 
169 2224 2224 0 e 276 00131 - 6 -  2224 301 467 0 e S37 1.613 3280.2 

2223 2223 0.276 00  130 0 2223 30e 467 0 e 536 le612 320015 
171 2224 2224 0 a 276 Oat31 0 2224 301467 0 e 337 1.614 320017 

1.616 3281.0 172 2223 2223 . 0 s 276 0 8  131 0 2223 . 30 e 466 
173 2224 2224 0,275 01130 0 2224 30 e 467 Or536 te611 3201.2 

0 e 273 0e13O . 0 2224 30 e 468 0 e 535 1.607 3201r5 
175 2224 2224 01276 Oet30 0 2224 30 467 0 e 536 1.612 3201e7 

. le613 320202 177 2224 2224 0.276 or131 0 2224 30.467 0 537 
170 2224 2224 0 e 275 Oe 130 0 2224 30 467 0.536 - le610 3202.5 
179 2224 2224 0 e 275 0,130 0 .  2224 301467 Oe 536 it611 320267 
I80 3223 2223 0 e 276 01131 0 2223 301 466 0.538 t.616 3203.0 
1Rl 2223 2223 0 e275 0.130 0 2223 01536 1e609 3283.2 30 e 460 
182 2224 2224 01275 0 e 1  30 0 2224 Or335 . 1e600 320315 

le610 3283e7 i 03 2224 2224 0 27s 01130 0 2224 30.467, 
le610 320400 

106 2223 2223 0.275 0. 130 0 2223 30 467 0 e 536 le611 3204.5 
107 2224. 2224 Oe276 0.131 0 2224 30e 467 0.537 le613 3284e7 

la6S8 328500 180 . 2494 2494 Oe283 0.135 * o  2494 30 450 0 e 556 
le699 328'512 109 2687 2687 0 e 293 0.539 0 2607 30~451 0 a 372 

190' 2656 2656 0 e 293 01139 0 2656 30 e 450 0 e 572 1.701 328503 
191 2635 2635 64292 Oe130 0 2635 30e4SZ 0.569 le694 520517 
192 2619 2619 0.292 0,139 0 '  2619 0 e 570 11696 3266.0 301451 

1.693 3206.2 193 2635 2635 08292 0.139 0 2435 30 e 452 0 e 569 
194 2754 2754 0 e 297 0,141 0 2754 300 447 0 e 579 le718 3286.5 

1,744 320617 195 2847 2847 0.302 0.143 0 2847 30 e 442 0 o 589 
196 2043 2843 0 I 301 Oet43 0 2043 30 e 443 0 e 587 18741 3207.0 
197 2024 2824 Oe301 Oe 143 0 2824 30e443 .Oe507 1.741 3207e2 

te736 3207e7 1Y0 2804 2804 0 e 300 01 143 0 2804 36 . 443 0 e 585 
199 2747 2747 0 8 297 be141 0 2747 30.447 0 e 579 le720 3332.7 
200 2737 37 0 I 297 0,141 0 2737 - 30.446 ' Oe580 le723 3377~7 

* 152 223 1 223 1 0 e 277 01131 0 2231 30 e 465 0 e 539 

! 

I 

170 

01530 

174 2224 2224 
1 

176 2224 2224 0.276 Oil31 0 2224 30 e 467 0 e 537 1.612 3282eO i 

30 46a 
0 e536 

2224 0.275 0.130 0 2224 30 8 467 01536 
2224 0.175 01130 0 2224 30 e 467 0.536 . 1.610 3204.2 

184 2224 
185 2224 

I 



, 

I -------------------------------------------------------------------------------------------‘----------------------------------------- 
tWHBER CONf INIhO TOTAL AXIAL A X I A L  RAnI AL FORE HEAN EFFECTIVE POROSITY BULK UOLUHE FORE VOLbHE TIHE 

PREti6URE (PSI) STRESS (PSI) STRAIN ( X )  STRAItt ( X I  PRESSURE (PSI> STRESS (PSI )  ( X )  S T R A W  C X S  STRAIN ( X )  (HIN) 
I --..----..------------ ............................ ---“------------_I----------------------------------------”--------------- 

20 1 2729 2729 0.297 0 2729 . 30.446 .0.580 1.723 3422.7 
202 2722 2722 0 e 297 0.142 0 * 2722 30.446 0. 5BO 1.724 34257.7 

2717 30.446 0. 580 1.724 3512.7 
2712 30.445 6.581 1.727 3557.7 

203 2717. 2717 0 t 297 0.141 0 .  
204 2712 2712 . Ot2Y8 0.141 0 
205 2708 2708 0 a 297 Or141 0 2708 30.445 08586 1.725 3602.7 
206 2704 2704 0 e 298 0.141 0 2704 30 443 Or580 1.726 564797 
207 2701 2701 0.298 0.141 0 270 1 30.445 0.580 1.727 3692.7 

. 208 2690 2698 0.308 0.146 0 2698 30.431 0 600 1.790 373717 

210 2690 2690 0.308 0.146 0 .  ‘2690 301431 0 600 1.791 3827.7 
21 1 2685 2685 0,307 Or146 0 .  2685 30 432 0 599 14706- 3072.7 
212 2681 2681 0 a 307 0.145 0 2681 30.432 0 I 598 1.78S 3917.7 
213 2675 2675 0 t 306 0.145 0 2673 * 30.434 0 . 596 1,778 3962.7 
2i4 2671 267 1 0.304 0.144 0 2674 30 e 436 0.592 1.766 4007c7 

1.765 4052.7 215 2664 2664 0,304 04144 0 2664 30.436 ‘ 0.592 
2659 . 08303 0.t4J 0 2659 301 430 0 e 589 1.757 4097.7 

1.76S 414217 . 2654 0,304 08144 0 2654 30.436 0.591 
238 2649 2649 0.302 01 143 0 2649 30.439 0.5E10 1.755 4107.7 
219 2644 2644 0.302 0.143 0 2644 30 438 0.589 1.750 4232.7 
220 2639 2639 0. 303 0.143 0 2639 30 6 438 0 . 503 1.7S8 4277.7 
221 2434 2636 01361 OeJ43 0 .  2636 30 439 0.587 1.751 4322.7 
222 2631 2631 0.302 0.143 0 2631 30.438 0.588 1.756 456717 
223 2627 2627 0.301 0.143 0 2627 30 e 439 0.587 ‘ 1.751 4412.7 
224 2622 2622 0.301 0,142 0 2622 30.440 0 585 1.740 4457.7 
225 2619 2619 0.302. 0.143 0 2619 30 439 0 587 1.754 4502.7 
226 2614 2614 Ot30L’ 0.143 0 2614 30 439 Q.586 1.750 4547.7 

1.747 459267 227 261 1 2611 01301 0.142 0 2611 30.440 0.585 
I 1.751 4637.7 228 2606 2606 0.301 0 6  143 0 2606 30 439 0.586 
I 229 2603 2603 . 0.301 0 b 143 0 2603 30.439 0 586 10751 4682.7 

1.749 4727r7 230 I 2601 2601 0.301 Oit42 0 2601 30,439 0.506 
23 1 2596 2596 0.302 0.143 0 2596 30.437 . 0.588 1.758 4772t7 
232 2594 2594 Or302 0.143 0 - 2394 jot438 0.587 1.754 4817.7 

1.765 4062.7 233 2590 2590 . 0,303 01144 0 2590 30 e 436 0 . S?O 
1.765 4907.7 1 234 2508 2588 0.303 0.143 0 258Q 30 436 0.590 

! 235 2585 2585 0 301 0.143 0 2585 30.436 . Or590 1.764 4952.7 
1.772 4997.7 234 * 2503 2383 0.304 0 1  144 0 2‘583 30 434 0 e 592 

238 2503 2583 0.303 0.143 0 2583 301 436 0 e 590 1.763 5005.1 
239 2582 2582 0,304 04144 0 2582 30. 435 0.591 1.768 5005.3 
240 2837 2837 0.313 0.140 0‘ 2837 30.427 0 609 1.813 SOOS.6 
24 1 2908 2908 0,316 Or150 6 2908 30.424 0.616 1.829 506Sa8 
242 3036 3036 0.320 OtlJ2 0 3036 30.421 0.624 1.847 5006.1 

244 3253 3253 0 t 330 0.156 0 3253 30.412 ’ 0.642 tt894 5006.6 
Lt9Ol 5006.8 245 3218 3218 01331 0.156 0 3218 30.410 0.643 

I 209 * 2683 2693 0 t 307 0.145 0 .  2693 30 r 432 0 8 598 1*?85 3702.7 

t 

216 ‘ 2659 
217 2654 

237 2584 2584 0.304 01144 0 2584 36.435 0.592 1.771 500418 

243 3047 3647 0.321 0.152 0 3047 306419 10.626 tte54 5006.3 

246 3194 3394 0 t 328 0.155 0 3194 30.413 0 638 t.ms 5007.i 
247 3254 3254 0.331 0.154 0 3254 30.411 0.644 1.899 500783 

lr9tS 5007.6 248 3337 3337 0.334 0.158 0 3337 30.408 0 630 
1.927 5007.8 249 3345 3345 - 0.336 0.159 0 3345 30.405 01 654 

250 3323 3323 0 e 334 0.158 0 .  3323 30.407 0 e 650 11917 5008rl 

I ,  



..................................................................................................................................... 
tfUnUER CONFINING TOTAL AXIAL AXIAL ' RAnfAL PORE HEIN EFFECTIVE POROSITY BULK VOLUHE PORE VOLUME TIM 

YREEi5URE (FSfl STRESS (PSI)  STRAIN 4 % )  STRAIN ( X )  PRESSURE tPBI) STRESS (PSI) ( X )  STRAIN ( X )  STRAIN ( X 1  (CltN) 

1.915 5008.3 25 1 3310 3 0.334 0. 158 0 1310 50.408 0 e 649 
252 3298 3298 0.334 0.158 0 3288 30.407 Or649 1.915 5008r6 

1.919 5008.8 253 3289 3289 0 e 334 0.158 0 3289 30 e 407 0 e 650 
1 254 3281 3291 0 e 334 0. 158 a 3281 30 e 407 0 e 649 1.916 5009r1 ' 

1.917 5009r3 255 3275 3275 0 e 334 0. 150 0 3275 30 e 407 0 649 
254 3270 3270 0.333 0.157 0 3270 30. 408 0 e 648 1.912 5009.6 

L 257 .3267 3267 0. 334 0.158 0 3267 30 e 407 0 n 650 1 e918 S009.B 
258 3264 3264 . 0.333 0.156 0 3264 . 30 e 409 0.648 1.914 5010.1 I 

1.914 5010.3 ! 

260 3259 3259 01333 Or 157 0 3259 30 n 408 0.648 1.912 5010.6 
26 1 3257 3237 0.332 0.137 0 3257 50.408 0. 647 1.910 SOt0.8 
262 3255 3255 01332 0.157 0 3255 30 e 409 0.646 1.908 5011.1 
263 3254 3254 .O e 333 0.  1S7 0 3254 30 e 40B Or647 1.912 501103 
264 3252 3252 0.332 01 157 0 3252 30 409 0.646. 1.908 5Ottrd 
265 3252 3252 0.332 0.  157 0 3252 30 e 409 0.646 le908 5011.8 
266 3251 3233 Oq331 0.157 0 32251 30.410 Or64S 1.904 5012.1 
267 .3250 3250 0.331 on 157 0 3250 30.410 0.645 1.903 5012.3 
268 3250 31250 0.332 0.157 0 I250 30 409 0 e 646 1.906 5012r6 
269 3249 3249 0.332 0.157 0 3249 30 e 409 0.645 le906 5012rB 

I 270 3247 3247 0.332 ' Or157 0 3247 30.409 -0 646 1.907 fiO13.1 

272 3246 3246 0.332 Or157 0 3246 30,409 0.646 1.908 5013.6 
273 3247 3247 0.332 01157 0 3247 30~409 0 e 645 1.905 5013.8 
274 5247 3247 0 r 330 01 156 0 3247 30.411 0.643 1.898 5014.1 
275 3247 3247 0e33t 0.  157 0 3247 30.410 01644 1.903 5014.3 
274 3247 3247 0.331 Or 156 0 3247 30.411 0.643 1.899 5014.6 
277 3246 3246 0 e 330 01156 0 3246 Or642 1.895 5014r0 30.412 
278 3246 3246 0.331 0.153 0 3246 30.410 0.644 1.900 5015.1 

3245 301410 0 e 644 le902 5015.3 
3346 3Qr4tl 0.643 1.69-8 SOt5.6 

279 3245 3245 0.331 . 
280 3246 3246 0.330 0 
28 1 3245 3245 0 e 332 0 3245 30.408 Or647' 1.910 5015.8 
282 3245 3245 0 e 330 0 3245 300451 Or643 1.898 5016.1 
283 3245 3245 Or331' 0.157 0 3245 30.410 0.644 1.902 SOtbr3 
284 3245 3245 Or331 0.157 0 3245 Joe410 0.445 1.903 5016.6 
285 3244 3244 0.331 0.  156 0 3244 30.411 01644 le900 5016.8 

1.901 5017.1 286 3245 3245 Or331 o b  157 0 3245 30.410 0.644 
287 3244 3244 0.331 0.157 , 0 3244 30.410 0 e 645 1.903 50 7.3 
288 3244 3244 0 .  156 0 3244 30.411 00643 1.89B 50t7.6 

le895 SO10rO 289 3244 3244 0.156 0 3244 30.412 0 e 642 

29 1 3217 3217 0 e 330 0.156 0 3217 30.411 0 642 
292 3208 3208 0.329 0.156 0 3208 30.412 0.641 11894 5153.6 
293 3202 3202 On330 0.156 0 3202 Joe410 0.643 le901 519B10 

le899 3243.0 294 3195 3195 0 1 330 0.136 0 3195 30.410 On643 
295 3 1 m  3188 0 r 330 0.  156 0 3188 30.411 0.642 1.898 5288.0 

1.696 5333.0 296 3181 3181 0 e 330 Or 156 0 3181 30.411 0.641 
1.897 5378rO 297 3175 3175 0 0 330 0.156 0 3175 30.411 0 e 642 

0.641 29A 3169 3169 0 e 329 0;156 0 3169 
299 3161 3161 0.329 01 156 0 3161 30,411 0 9 640 

1 259 .* 3261 3261 0.333 O.tSB 0 3261 30r406 0 e 648 

27 1 3248 3298 0 e 332 0.  157 0 .  3248 30.409 . .0.646 t.9oa sot3.3 

I 290 3229 3229 0. 156 0 3229 30.411 0.642 1.895 1.897 5108.0 5063r0 

tra95 5423.0 
1,894 5468.0 
1,896 5513.0 

30.411 

300 3155 3155 0 e 329 0.156 : 0 3155 * 30.411 0.641 

I 



301 
302 
303 ' 
304 
30s 

' 306 
307' 

50 3150 Or329 Oe 156 
44 3144 '0 I 329 01156 
140 3140 0 e 32B Or 155 
134 3134 0.329 0.136 
129 ~ 31 29 0 e 327 Or 155 
I25 3125 Or328 a. t55 
I19 3119 0 e 329 0.155 
I13 3113 0 e 328 or155 
I LO 31 10 0.328 0.155 

3150. 
3144 
3146 
3134 
3129 
3125 
3119 
3113 
3110 

30e4 
3064 
30r4 
3014 
30.4 
30.4 
3014 
3014 
3 0 e 4  
3014 310 3104 ' 3104 0 e 328 oe 15s 0 3104 

311 3100 3100 0 e 329 oe155 0 3100 
312 3097 3097 0,328 0e15S 0 3097 
313 3091 309 1 0 r 327 0.155 0 309 1 
314 3089 3089 0 328 <)el55 . o  3089 
313 3085 3005 0 e 329 0. 15s 0 3085 
316 3082 3082 0 e 328 Or 15s 0 3082 
317 3078 3078 0 e 329 Oe 155 0 3078 
318 3074 3074 0 r 329 Oe 156 0 3074 
319 3672 3072 0 e 330 Oe $56 0 3572 

32 1 3073 3073 0 e 330 Or156 0 3073 
322 3073 3073 01329 0.156 0 3013 
323 3073 3073 0.330 Oe 156 0 3073 
324 3196 3196 0 s 334 0. 158 0 3106 
325 3242 3242 0 e 336 Or 159 0 3242 
326 3339 3339 06340 ob 160 0 3339 
327 3371. 3371 01341 Oe161 0 3371 
328 338s 3385 0.341 0.161 0 3385 
329 3386 3386 Or341 Or161 0 3386 
330 3386 3386 0.341 Oe16t 0 3386 

3308 
3384 

33 1 3308 3308 0.341 Or161 0 
332 3381 3381 0.342 0. 161 0 
333 , 3385 3385 0.341 .Oe161 0 .  3385 

1 334 3365 3385 0.342 Or 161 0 3385 
335 3300 3380 0 e 342 Or162 0 3380 
336 3301 3381 0 1 342 0.162 0 333 1 
337 3382 3382 0 e 342 01161 0 3382 

. 33R 3380 3300 0 342 Or161 0 3380 
339 3383 3303 0.342 Or162 0 3383 
340 3382 3382 ' Or341 0.161 0 3382 
341 3379 3379 Or341 Oe 161 0 3379 
342 3381 3381 Ot341 0.161 ' 0 3381 
343 3380 3300 Oe342 0.162 0 3380 
344 3379 3379 0.341 0.161 0 3379 
345 3378 3378 0.341 be 161 0 33/8 
346 3379 3379 0.342 0.163 0 3379 
347 3381 '3381 0.341 01161 0 3381 
34 l l  3382 3382 0.341 Oe 161 0 3382 
349 3381 3381 Oe342 Oe 162 0 3381 
350 3382 3382 .'O r 342 0 .  161 . o  * 3382 

320 - 3073 3073 0 e 329 0.15s 0 3073 

i I 

11 
11 
12 
11 
13 
12 
11 
12 
12 
11 

01641 
Or640 
0 e 638 
0.640 
Or637 

0 e 640 
0.639 
0 e 638 
01639 

0,638 

1 e 897 
1 e895 
1 e 8 8 8  

1 ,884 
! e890 
s ,894 
'# e892 
1 e090 
1 e893 

t +a96 

3558 e 0 
5603 e 0 
5648.0 5693.6 

5738 e 0 
S283e0 
5820 e 0 
5873 eo 
5918.0 
5963 r 0 

11896 6008.0 301411 0 e 640 
3Qe411 a.639 1'8P3 6OS3eO 
301413 0 e 636 le686 6098rO 
30e411 0 639 11893 6143.0 
Joe410 0.640 1.897 6188eO 

1.892 6233.0 3or411 0 e 638 
le896 6278.0 30e410 0 e 630 

30.410 06641 $e900 6323.0 
30e 409 01641 

1,898 63SOeS 
le903 6350.7 30.409 0.641 
le898 63SleO 30e410, 0 e 640 

306409 0 e 642 le905 6351.2 
JO r 405 0 e 650 le922 6351.5 
30 404 0.653, le932 6353.7 
30e400 Oe660 1.949 6352eO 
30e399 , 01663 1e956 6352.2 
30 e 199 0 e 663 1.956 6352e5 

11955 6352.1 30 e 399 
30 e 399 01864 le957 6353.0 
30 e 399 0.664 le958 6353e2 
3Oe39B 01664 le960 6353e5 

. 301399 * 0.664 le958 6353r7 
30 e 398 Or665 Le960 6354.0 
-30 e 308 0 e 665 1.962 4354.2 
30 e 398 0 b 665 1.963 6359.5 

le960 6354.7 30 e 398 01664 
30 398 0 e 665 le961 635510 
30 e 398 Or665 leQ63 6355r2 
30 e 399 0 e 664 1.957 635515 
30e 399 0 e 663 1.955 6355e7 

le958 6356eO 30 r 309 0.664 
le962 6356e2 30 398 OedrbS 
le957 6356r5 30 e 399 0 e 663 

30 e 399 0.664 $e958 6356.7 
$6862 6357.0 30 e 398 0166S 

301 399 0.664 1.959 6357e2 
le958 6357e5. 30 e 399 0 e 664 

30 e 39B 0 e 665 1.962 6357.7 
30. 398 be663 1.960 6358e0 

1.902 6 3 ~ 0 ~ 2  
30r410 a r640 

0 . 663 



i LQNO TERM ttYDROSTATIC COI~YRESSIONI SAMPLE E3 

NUHDER CONFINING TUlAL AXIAL AX I AI. RADIAL PORE . HEAN EFFECTIVE POROSITY BULK VMUHE PORE VOLUME TIHE 
1 PRESSURE ( P S I )  STRESS (PSI) STRAIN ( X )  STRAIN <XI  PWEBBUHE ( P Q I )  STRESS ( P S I )  ( X I  STRAIN ( X )  STRAIN ( X )  (HkN) 

-------L---------------------------------------------------------------------------~--------------- 

i 

33aa 0.342 0.162 0 3381 30 a 398 0.665 1.961 6350.2 
0 3380 30.390 0 665 1.962 6350.5 

353 3379 3379 ' O e 3 4 2  06162 0 3379 30 398 0.665 1.963 6338.7 
1.959 635910 354 3379 3379 0.342' 01161 0 3379 30 399 0 664 

359 3370 3370 0.341 0,161 0 3370 . 30 0 399 0 e 663 1.957 6359.4 
356 

I 357 3358 3350 01 340 01 161 0 3358 30 . 400 0.663 1.954 6449.4 
358 3352 3352 a. 341 0. t6$ 6 3352 30.399 0 662 i.955 6494.4 
339. ' 3340 3340 0.342 0.161 0 3340 30.398 0.665 1.962 6339.4 

1.963 6581.4 360 3344 3344 0.342 0.161 0 3344 30 398 0 663 
3340 3340 0.341 01161 0 '  3340 30.390 0 1 664 1.961 662994 

362 3337 3337 0.341 0.161 0 3337 30.399 0 663 1.950 6679.4 
363 3332 3332 0.341 0.161 0 3332 30.399 0 e 662 1.956 6719.4 
364 3327 3327 0.342 0.161 a 3327 30.300 0.664. 1.962 6764.4 

1.960 6809.4 365 3322 3322 0.341 0.161 0 3322 30 390 0.663 
1.940 6054.4 366 3317 3317 0. 339 0.  $60 0 3317 30.400 0 460 

367 331 1 3311 0.339 0.160 0 331 1 30 6400 0 e 660 1.949 6099.4 

369 3300 3300 0.338 0.460 0 3300 0.630 1.944 6909.4 30.40t 
370 3293 3293 0 339 0; 160 0 3293 30.401 0.659 1.943 7034.4 
37 i 3206 3206 0.337 01 159 - 0  3286 30.403 0 6% 1.936 7079.4 

~ 372 3208 3281 0.337 6.159 0 3201 30 . 403 0 656 11937 7124.4 
I 373 3275 ~ 3275 0.336 0.159 0 3273 SO 0 404 0.654 ' 1.931 7169.4 

374 3269 3269 0.337 0.159 0 3269 30 403 0.655 1.936 7214.4 
379 * 3263 3263 0.337 Or 159 0 3263 30.403 0.655 1.935 7250.4 

1.925 7304.4 376 3259 3259 0.335 0. 150 0 3259 301405 0.651 
I 0 3255 30 a 404 0.654 1.932 7349.4 

378 3250 3250 0,335 Or 158 0 3250 30 405 0.652 1.926 7394.4 
379 3247 3247 0 337 0.159 0 3247 301 403 0.655 1.936 7439.4 

1.931 7476.5 300 3243 3243 0.336 0.139 0 3243 30 404 0 . 653 
301 3242 3242 01 336 0. 130 0 3242 301 404 Or654 1.932 7476.7 

1.933 7477.0 302 3242 3242 0,336 0.  159 0 3242 301 403 0.654 
1.931 7477.2 I 383 3242 3242 0.336 01 159 0 S242 30. 404 0 653 

305 3242 3242 0.337 01 t59 0 3242 30.402 0 655 1.930 747767 
306 3243 3243 01 337 0.159 0 3243 0 655 1.938 747800 30.402 
307 324 1 324 1 0 . 330 ' 0.139 0 3241 30.401 0 a 657 1.942 7523.0 

I 388 3237 3237 0.339 0.160 0 3237 30 400 0.650 1.948 7568.0 
309 3236 3236 0.340 01 160 0' 3236 30 s 399 0.660 lr9SS 7613.0 
390 3239 3233 0 340 0.161 0 3235 30 e 390 0.661 1.950 7658.0 

1,966 770310 , 391 3233 3235 0.342 0.161 0 3235 30 . 396 0.664 
t 392 3237 323'1 0.343 0.162 0 '  3237 30.394 0.666 1.974 7740.0 

393 3239 3239 6,346 0.163 0 3239 30.391 0.671 1.990 7793.0 
1.905 7030.0 394 * 3241 3241 0.345 0.163 0 3241 30 a 392 0.670 
1.999 7093.0 395 3243 3243 0 . 347 0.144 0 ' 3133 30 303 0 a 674 
2.003 7920.0 396 3246 3946 0,340 0 .  164 0 3246 ' 30.380 0 675 

397 3246 3246 0.347 0,163 . 0 3246 30 e 309 0 a 674 1.998 7973.0 
2.001 BOlB.0 
2.011 B039*4 
2.009 B039.7 

398 3247 3247 0.347 01 164 0 3241 30 0 369 
399 3250' 3250 0.349 01 164 0 3250 . 30.387 
400 3250 3250 0,349 0.  164 , o  3250 30,387 0 9 677 

352 3300 3380 0.342 0.162 

3363 3363 0.341 01161 a 3363 301 400 0 . 662 1.954 6404.4 
I 

36 1 

I 368 3305 3305 0.338 Oil60 0 3305' 30.401 0.630 1.944 6944.4 

I 377 ' 3255 3255 0.336 e. 159 

~ 304 3242 3242 0.336 0.159 0 3242 30.403 0.654 1.934 7477.5 
I 

, 

!:z: 
1 6  ! 

~ 



I NUHBER CONFININO TOTAL AXIAL AX I AL R A W  AL PORE HEAN EFFECTIVE raRastw PULK UMUHE PORE voLitttE TIHE 
PRESSURE (PSI )  STRESS (PSI) .STRAIN ( X I  STRAIN (Z) BRESSUHE (PSI) STRESS (PSI) ( X )  STRAIN ( X )  !TRAIN ( X )  tttlN@ 

40 1 3267 3267 01349 Oe164 0 3267 30.387 ~ 01677 2.008 8039e9 
0 3202 30 387 Or679 2eOL2 0040.2 402 3282 3282 Oe349 Oe16S 

403 3313 3313 Oe3YO OeS65 0 3313 30 e 386 01680 2e014 804064 
404 3340 3340 0 . 352 0,166 O b  3340 30 0 384 0.683 2.023 6040e7 
405 3366 3366 0 352 Oe 166 0 3366 30.305 O r 6 8 3  . 2e.021 8040.9 
406 3389 3309 0.353 0,166 0 3389 30 384 0.686 2.028 004ae2 

2e043 8041.7 400 3427 3427 0 e 356 0 ~1 60 6 3427 301301 
* .  409 ' 3445 3445 0 355 01167 0 3445 30 4 302 0 e 600 2.037 8041.9 

41 1 3477 3477 0.357 OelbS 0 3477 30 e 380 0 e 693 2e046 0042e4 
412 3492 3492 Oe 338 01169 0 3492 30.370 0 e 496 2.055 0042.7 

2.049 B042.P 413 3SOS 3503 Or 357 Oe 168 0 3505 30.386 0.694 
0 3520 30 + 378 0 e 697 2.057 8043.2 414 3520 3520 0.359 0.169 

415 3533 3533 0.359 Oe160 0 3533 0 e 694 2eOcJ4 8043r4 301 379 
416 3545 3545 .. 0.360 0.169 0 35425 301370 . 0 e 698 2.060 BQ43.7 

2,064 0043e9 417 3557 3557 0 360 0 b 0 35%) 30 e 377 0 700 
410 3560 3568 Oe362 01170 0 3368 30.375 0 e 702 2.072 0044.2 
419 3580 3500 0.362 01170 0 3580 30 s 376 0 e 702 21069 8044e4 
420 3592 3592 01362 0.170 0 3592 0.702 2e071 8044e7 30 e 376 
421 3602 3602 0 e 363 0.171 0 3602 30.375 0 . 704 2.075 8044.9 
422 3612 3612 0 e 362 0.170 . 1 0  3612 30.375 0 e 703 24072 0Q49e2 

2e076 8045.4 423 3622 3622 0.363 0.171 0 3622 30 e 375 0 e 705 
424 3632 3632 0 e 362 0.171 0 3632 30 e 376 Ob704 2e072 B045.7 
425 3642 3642 0.363 Oe 871 0 3642 30 e 374 0 705 2e077 0045.9 
426 3650 . 3650 0 e 364 01171 0 3650 301374 0 e 70') 2.001 8046.2 
427 3645 3645 01363 0.171 . a 3645 30 e 374 0 a 705 2.077 6046e4 
428 3640 3640 ' .Or364 0.171 0 3640 30 e 373 0 e 767 2.003 8046.7 
429 3636 3636 Oe364 Oe 171 0 .  3636 30 e 374 0.706 2e079 8046.9 
430 3633 3633 0 e 364 0*171 0 3633 30.375 0 e 707 2.082 804762 
43 1 3629 3629 Oe 364 0.171 0 3629 30 e 374 * 0.706 . 2.001 804'1.4 
432 3627 3627 6.363 0.171 0 3627 30 I 375 Or 704 2.074 004707 

2.074 0047e9 933 3625 3625 01363 01171 0 3625 30.375 * Oe704 
434 3623 3623 0.364 Oe171 0 3623 30 e 374 0 e 706 2.079 804812 
435 3622 3622 0.363 0.171 0 3622 30 375 0 e 704 2e075 Q040e4 
436 3623 3623 Or363 0.171 0 3623 30e375 01705 2.077 0040.7 
437 3623 3623 Oe363 . 0.171 0 3623 30 e 375 0 704 2.075 8040.9 
438 3624 3624 0 e 363 0.171 0 3624 30.375 01705 2e076 0049.2 
439 3623 3623 0 e 36'5 0 e 171 0 3613 30 + 375 0.704 2.074 0049.4 

3634 0.363 Oe 171 0 3634 30 375 Or705 2.075 8049.7 
3645 0.364 Oe 178 0 3645 30e 374 01707 , 2e081 RO49e9 

442 3657 3657 Oe36S 0.172 0 3657 30 . 373 0 e 70El 2e086 0050e2 

407 3408 3408 0 e 3S3 01 166 0 N' 3408 50.384 0 e 685 ieo26 eo4je4 

410 3462 3462 0 357 Oe 168 0 3462 ' 30 379 0 e 694 2e051 8042.2. 

Or691 

I *  

- 440 3634 
44 1 3645 

~ 

1 

I 
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NUHDER CONF It41 NU TOTAL A X I A L  AX I kL RAtlIAL PORE HEkN EFFECTIVE POROSITY BULK VOWME PORE VOLltHE TfHE 
STRESG (PSI) STRAIN (%) STRCIIM ( X l  WESSUKE (PSI) 8TfXSS (PSI )  ( t )  STRAIN 4 % )  STRAIH C X ' )  (MN) 

--------------------_________C______Lt^_-------------------------------------------------------------------------------------------- 

451 3645 36-15 0 e 36.1 0~171 0 3645 Joe373 0 e 707 2.082 0052e4 
452 3645 3645 Or364 01171 0 3645 30 e 374 0.707 2eO81 8052e7 
453 3644 3644 01364 01171 0 ' 3644 30 e 374 01706 ' 2e079 0052e9 
454 3644 3644 0 e 363 01 171 0 3644 30 * 375 0 e 705 26076 8053.2 
455 3643 3643 0.364 ' Oe171 '. 0 3643 30 e 374 0 e 706 2eO81 8053e4 

*. 3643 30,374 0 e 706 2e079 8053.9 3643 0 e 364 01171 0 
3641 Oe364 0.171 0 3641 . 30.373 0 e 707 2eOO2 8034e3 

459 3641 364 1 Oe 36j 0.171 6 3641 30 e 375 0 e 704 2.074 805404 
460 364 1 3641 0 e 363 O *  171 0 3641 30 1 374 0 e 705 2.077 8054e7 
46 1 3642 3642 01364 Oe 171 0 -  3641 30 e 375 0 e 705 2e077 8054e9 
462 3640 3640 0 e 363 Oe 171 0 3640 30 e 375 Or704 2e074 805512 
463 364 1 364 1 0 e 363 be 871 0 3641 30 e 375 0.704 21073 8OSJr4 
464 3640 3640 01363 0.171 0 3640 30 + 375 6.704 26073 0055.7 
465 3640 3640 0 363 OeL71 0 3640 30 e 375 0 705 26075 0055e9 
466 3641 364 1 01963 Or 171 0 3641 30 375 0 705 2.075 6056.2 
467 3641 3641 01363 0.171 0 3641 30 374 0 e 705 2e077 8056.4 
468 3646 3640 Oe363 0.171 0 3640 30 e 375 Or7021 2e075 8056.7 

2.086 8Q56.9 469 3640 3640 01364 Ot171 0 3640 30.374 0 706 
470 3639 3639 0.363 Oe 171 0 3639 30 e 375 0.704 2.074 8057e2 
471 3640 3640 Oe364 Or 171 0 3640 30 e 374 0 e 706 2e079 0057r4 
472 3640 * 3640 0.363 Oe 171 0 3640 30. 375 0 + 704 2.074' 8057.7 

2.076 8057.9 
474 3640 3640 Or363 0.171 0 3640 30 e 375 0 e 705 2e077 B058e2 ' 

475 3638 3638 0.363 0.171 0 3430 0 0 705 2e076 805Be4 30 e 375 
476 363B 3630 ' 0.36'5 6.171 0 3638 30 i) 374 0 e 705 2r078 8058e7 
477 3639 3639 0 e 363 Oe $71 0 3630 30 a 373 0.704 2.073 8OSBe9 
470 3638 3638 0.363 Oe 171 0 3638 30 e 375 Oe704 2e073 8050e2 
475) 3639 3639 Oe363 ' 0 s  171 0 3639 30 e 374 0 e 705 2,078 8059.4 
4 80 ' 3639 3638 0 e 363 Oe 171 0 3639 30 e 375 0 e 704 2e074 8059t7 
48 1 3638 3638 0 e 363 0.171 0 3638 30 b 373 0 e 705 2e076 BOSOeO 
482 3638 3638 Oe 363 Or 17t 0 3638 3 0 e  375 01704 2.074 8060e2 
463 3638 3638 0.363 0.171 0 3630 30.375 0 e 704 2e074 8060e4 

2.072 8060e7 
485 3638 . 3638 01362 Oe 170 0 3630 30 e 376 01703 2.070 006019 
486 3630 3638 0 e 363 0.171 0 3630 30.373 0.705 2.076 8061.2 

3643 30 e 374 0 707 2.002 BO5367 456 3643 3643 0.364 0,171 ' 0  
I 457 3643 . 

458 3641 

473 3639 3639 0 363 Oe 171 0 3639 30 e 375 ob?05 

I 

i 484 3638 3638 06363 0,171 0 3630 30 e 376 Oe704 

407 
480 
489 
490 
491 
492 
493 
494 

3638 
3638 
3638 

3638 
3637 
3636 
3629 

* 3638 

3638 
3638 
3638 
3638 
3638 
3637 
3636 
3629 

Oe362 01 170 
0.363 0.171 
0,363 e 6 b t ? l  
01363 Oe171. 
0 r 363 0.171 
01363 01171 
0 e 363 Or 171 
0 362 Or 170 

0 
0 
6 
0 -  - 
0 
0 
0 
0 

3636 
3630 
3638 
3638 
3638 
3637 
3636 
3629 

30 e 376 
30 0 374 
30 e 373 
30 e 373 
30 e 375 
30 e 375 
30 e 375 
30 e 377 

0 ;  703 
0 e 705 
Or704 
0.704 
0.704 
04704 
0.704 
Or702 

2,071 
2.077 
2.074 
2e074 
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