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ABSTRACT

The Department of Energy's Multiwell Experiment (MWX) is a field
laboratory in the Piceance Basin of Colorado which has two overall
objectives : to characterize the low permeability gas reservoirs in the
Mesaverde Formation and to develop technology for their production.
Different depositional environments have created distinctly different
reservoirs in the Mesaverde, and MWX has addressed each of these in turn.
This report presents a comprehensive summary of results from the coastal
interval which lies between 6000 ft and 6600 ft at the MWX site . The
interval is a complex, upper delta plain, depositional environment
consisting of interbedded sandstone channels, and carbonaceous siltstones
and mudstones . Separate sections of this report are background and summary;
site descriptions and operations ; geology ; well testing, stimulation,
analysis, and reservoir evaluation of a pair of distinct sandstones;
supporting laboratory studies ; hydraulic fracture diagnostics ; and a
bibliography .

	

Additional detailed data, results, analyses, and data file
references are given on microfiche in several appendices .

	

Overall, the
results show that the coastal contains very low permeability reservoirs of
limited extent and productivity . Nevertheless, the results provide
additional insight into the geology and gas production from Mesaverde
reservoirs .
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1 .0 BACKGROUND AND SUMMARY

David A . Northrop
Sandia National Laboratories

1 .1 INTRODUCTION

New and improved technology is required to enhance natural gas

production from the low permeability reservoirs of the United States . This

is a large potential resource with an estimated maximum recoverable resource

of over 600 TCF . 1 The U .S . Government's efforts to stimulate production

from these reservoirs began in the mid-1960s . The early work evaluated the

use of nuclear explosives for fracturing, but this technique was abandoned

in 1973 . 2 Efforts then focused upon massive hydraulic fracturing and

several government-industry projects were conducted . 3 . 4 The results were

disappointing and did not result in either an improved technology or

confident, commercial production . The basic shortcoming was that these past

field tests provided insufficient data to define the critical factors

affecting gas production from this resource.

The U . S . Department of Energy's Multiwell Experiment (MWX) was

conceived as a field laboratory to obtain sufficient information on the

geologic and technical aspects to understand this resource . A key feature

of MWX is three wells between 110 and 215 ft apart . Detailed core, log and

well test data from such close spacings provide a detailed characterization

of the reservoir . Interference and tracer tests as well as the use of

fracture diagnostics in offset wells, give additional, out-of-the-ordinary

information on stimulation and production . A second key is the synergism

resulting from a broad spectrum of activities : geophysical surveys,

sedimentological studies, core and log analyses, well testing, in situ

stress determinations, stimulation, fracture diagnostics, and reservoir

analyses . All these activities are further enhanced by the closely spaced

wells . Thus, the Multiwell Experiment provides a unique opportunity for

understanding the factors affecting production from tight gas reservoirs.

The long-term research program under way at this facility is managed by

DOE's Morgantown Technology Center .



Further discussion of the rationale, plans, objectives, and activities

of MWX can be found in References 5-8 . The intent of this report is to

compile results from activities associated with . one interval--the coastal--

at the MWX site . Final reports for the marine s and paludal 10 intervals have

been completed . A similar final report will be compiled for the fluvial

interval as well.

1 .2 GEOLOGIC SETTING

The Multiwell Experiment's focus is the Mesaverde Formation in the

Piceance basin of northwest Colorado . This thick sequence was deposited

during the late Cretaceous age over a broad region of the western United

States and contemporaneous formations are found in the Green River, Wind

River, Uinta and San Juan basins . The great extent and thickness of these

gas-containing deposits represent a significant natural gas resource . l

At the MWX site, the Mesaverde Formation lies at a depth of 4000 to

8250 ft, between the overlying Wasatch Formation and the underlying Mancos

Shale (Figure 1 .1) . The Mesaverde is exposed in outcrop along the Grand

Hogback and elsewhere in the Piceance Basin . These outcrops, especially

those at Rifle Gap approximately 11 miles northeast of the MWX site, have

given excellent insight into the subsurface geology at the site .

	

The

sandstones stand out clearly in outcrop and sedimentological studies have

been performed on them . These studies show that the Mesaverde can be

divided into five distinct intervals based upon different depositional

environments and resulting sandstone morphologies . 11-13

(1) The lowest interval, the marine, (7450-8250 ft) was formed

immediately on either side of an oscillating coastline and is

composed of widespread shoreline-to-marine blanket sandstones,

marine shales, and paralic coals and mudstones . This interval

contains the Corcoran, Cozzette, and Rollins Sandstones which are

interspersed with Mancos Shale.
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(2) The paludal interval (6600-7450 ft) lies above the Rollins

Sandstone and contains thick, abundant coal deposits . These are

interspersed with lenticular, distributary channel and splay

sandstones formed in a lower delta plain environment . The

sandstone percentage in this zone is markedly lower (26%) than

other intervals (40%), and channel widths are probably 250-

500 ft.

(3) The coastal interval (6000-6600 ft) is characterized by

distributary channel sandstones deposited in an upper delta plain

environment . Most of these sandstones are probably 250-500 ft in

width and are interbedded with carbonaceous mudstones and

siltstones . This interval is the focus of this report.

(4) The fluvial interval (4400-6000 ft) consists of irregularly

shaped, multistory, composite sandstones which were deposited by

broad meandering stream systems . These sandstones have widths on

the order of 1000-2500 ft and contain abundant internal

discontinuities.

(5) The uppermost interval, the paralic, (4000-4400 ft) is a zone of

returned marine influence with more widespread, uniform

sandstones . The interval is believed to be water-saturated at

the MWX site.

Specific sandstones in the shoreline/marine, paludal, coastal and

fluvial intervals have been the focus of separate MWX investigations.

1 .3 MWX DESCRIPTION

The Multiwell Experiment field laboratory is located in the Rulison

Field in the east central portion of the Piceance basin in northwestern

Colorado . The site is located in the SW 1/4, NW 1/4, Sec . 34, T6S, R94W,

Garfield County, and it is seven miles southwest of Rifle and just south
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of the Colorado River . Agreements on the lease and with landowners were

obtained in mid-1981 and work at the site began in August of that year . A

chronology of MWX activities is given in Figure 1 .2.

Three wells were drilled : MWX-1 to a depth of 8350 ft in September-

December 1981, 14 MWX-2 to a depth of 8300 ft in January-March 1982, 15 and

MWX-3 to a depth of 7565 ft in June-August 1983 . 16 Over 4100 ft of 4-in

core, approximately 1135 ft of it oriented, were cut with a recovery of

>99% . Numerous logging programs containing both standard and experimental

logs were conducted . An overview of the coring and logging activities in

all three wells in relation to the Mesaverde section at the site is given

in Figure 1 .3 . The three wells are exceptionally straight as seen in

Figure 1 .4 ; relative separations are between 110 and 215 ft within the

Mesaverde . Significant gas shows were encountered throughout the section

in all three wells and mud weights as high as 15 lbs/gal were required to

maintain well control . Wells were drilled as near to balanced conditions

as possible to minimize invasion.

The entire Mesaverde at the MWX site, as seen by gamma ray logs in the

three wells, is shown in Figure 1 .5.

1 .4 THE COASTAL INTERVAL

The coastal interval lies between 6000 and 6600 ft and is shown in

detail in Figure 1 .6 . During the coring and logging of MWX-1, immediate

interest was drawn to the two relatively thick sandstone units at the

bottom of the coastal interval . These two, the Red and Yellow sandstones,

were to become the focus of activities in the coastal interval and were

believed to be typical of the nonmarine Mesaverde--the primary target of

the Multiwell Experiment . Separate well tests in the two sandstones in

the Fall of 1984 confirmed that these were complex, very tight reservoirs.

After discussions during the winter site shut-in, a deliberate

experimental approach to the coastal interval was adopted .

	

The new
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approach consisted of a series of stimulations and testing in the Red and

Yellow sands over a long period of time and it was felt to be necessary to

fully understand these complex lenticular tight reservoirs and their

stimulation . Such a series of experiments allowed investigation of a

range of different objectives that would not have been possible with a

single test.

The test plan called for the following series of stimulations, all to

be initiated in the Yellow sandstone in MWX-l:

Nitrogen Gas Injection and Frac . An unpropped frac using

nitrogen gas (the least damaging fluid) with the objectives of

assessing the presence and effects of the possible fault near

MWX-2, 7 investigating pressure transients at the two offset

wells, and evaluating production from a nondamaging frac.

- Nitrogen Foam Frac--Small . A short, propped frac of 200-250 ft

wing length designed to be contained within the Yellow sandstone,

and having the objectives of assessing frac damage under mild

frac conditions, measuring fracture geometry and containment, and

predicting production.

- Nitrogen Foam Frac--Medium . A medium, propped frac of 500 ft

wing length, a step-wise increase in size above the previous frac

with the objectives of assessing frac growth and interaction with

the underlying Red sandstone, determining frac damage at

intermediate conditions, and measuring gas production.

Nitrogen Foam Frac--Large . A longer, propped fracture of 1000-

1500 ft wing length with the objectives of assessing frac growth

at a lens boundary and interaction with the Red sandstone and

other possible sandstones, measuring overall frac geometry with a

full suite of diagnostic techniques, and maximizing the

intersection of potential pay and resulting production .



The first two steps in this series were conducted successfully and are

described in Section 7 .2 . However, several factors (the limited

production potential of these sands, problems of isolation/communication

between the Red and Yellow sandstones, and programmatic needs) led to the

decision during the 1985-1986 winter shut-in to terminate operations in

the coastal interval and to move uphole to the fluvial interval.

1 .5 ACTIVITY SUMMARIES

The results of MWX activities conducted in the coastal interval of the

Mesaverde are presented in separate sections of this report ; each are

authored by the principal investigator . Summaries of these sections are

presented here.

1 .5 .1 Geology (Section 3 .0)

The rocks of the coastal interval are lenticular, distributary-channel

and splay sandstone reservoirs, interbedded with mudstones and

carbonaceous shales . These strata were deposited on an upper delta plain

environment that was similar to that of the underlying paludal interval.

However, coals were not deposited in the coastal zone, and their absence

marks the principal difference between the upper (coastal) and lower

(paludal) delta plain environments.

Seven sandstone zones were identified as shown in Figure 1 .6 . Core

(where available) and log data, along with outcrop studies, were analyzed

from a sedimentological standpoint and have resulted in the following

interpretations of the lithology and morphology for each of the seven

zones . Sandstone widths were estimated by correlation percentages between

the three wells and by empirical relationships between channel thickness

and width for this depositional environment as measured in outcrop.

Reservoir orientations were made from the spatial relationships in the

three wells and from crossbedding data from a high resolution dipmeter log
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in MWX-3 .

	

(Field test activities were only conducted in the Red and

Yellow zones .)

Purple zone is a thin channel or possible splay deposit with

limited correlation between the three wells . If it is a channel

sandstone, it has an estimated width of 110 ft and trends NW-SE.

Orange zone is a distributary channel which gives evidence of

main channel deposits in all three wells . The channel has an

estimated width of 270-340 ft and it trends SW-NE.

- Brown zone is a distributary channel . Its presence only in MWX-2

implies a NW-SE trend and its height in that well gives an

estimated minimum width of 120 ft.

- Blue zone is a distributary channel with good sandstone

correlation between the three wells . It is estimated that the

main channel is situated in the vicinity of MWX-3 and trends NW-

SE and with an estimated width of 230 ft.

- Green zone consists of five separate sandstones which do not

correlate between the three wells . The thicknesses yield

estimates of widths of 80-270 ft and various trends are inferred.

- Yellow zone consists of three apparently unrelated and

independent sandstones separated by 3-5 ft of mudstones, except

in MWX-2 where Yellow A contacts Yellow B . Yellow A is a

distributary channel with clean, crossbedded sandstone in all

three wells, an estimated minimum width of 200 ft and trends NW-

SE . Yellow B is a distributary channel with an estimated minimum

width of 300 ft, and an estimated trend of ESE-WNW . Yellow C is

a splay or channel margin deposit with a source southwest of MWX-

2 and with a northeasterly paleoflow.
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Red zone consists of two apparently unrelated and independent

sandstones which are superimposed upon one another . Red A is a

distributary channel with main channel deposits in MWX-1 and MWX-

2 and channel margin deposits in MWX-3, an estimated minimum

width of 500 ft, and a SW-NE orientation . Red B is a

distributary channel which thickens towards MWX-3, has a minimum

estimated width of 250 ft, and also trends SW-NE .

	

Red B is

scoured into by Red A in MWX-2.

Sandstone petrology (grain size, composition, and paragenetic history)

is the primary control on reservoir porosity and matrix permeability . The

reservoir sandstones are fine-grained, moderately sorted, and consist

predominantly of quartz and lithic fragments, and can be classified as

feldspathic litharenites . These sandstones have undergone a complex

paragenetic sequence that includes early and late calcite cementation,

quartz cementation, feldspar alteration, stages of authigenic clay

formation, and dolomitization of calcite . The principal clay components

are authigenic illite and mixed-layer illite-smectite.

The coastal sandstones contain many internal discontinuities, such as

mudstone partings (shale breaks), carbonaceous zones, and sideritic or

mudstone clast zones . Thirty-nine discrete barriers were identified in

600 ft of coastal core from the Red and Yellow sandstones . These internal

reservoir features generally do not extend completely through a sandstone

lens and thus segment the reservoir with a network of restrictions and

tortuous flow paths . Natural fractures often terminate at these internal

discontinuities, and thus fracture spacing is controlled by the smaller

unit rather than gross reservoir thickness.

Sixty natural fractures were logged in coastal core ; one was in

oriented core and its 110° strike parallels the trend of regional

fractures in the area . Most of these fractures are vertical extension

fractures which contain calcite mineralization and terminate at mudstone

boundaries . Other types of fractures include shear fractures, multiple
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fractures containing dickite mineralization (whose significance is not

understood), and subhorizontal extension fractures . Natural fractures

play a significant role in coastal reservoir performance (Section 7 .1).

1 .5 .2 Log Analysis (Section 4 .0)

Extensive logging programs were conducted during the drilling of the

MWX wells . The well logs were analyzed with TITEGAS, a tight gas

sandstone log interpretation model developed in conjunction with the MWX

log data base .'? This extensive data allowed analyses, cross-plotting,

and verification of the results for porosity, matrix calculations, clay

volume, water saturation, and permeability.

Fourteen distinct sandtones in the seven coastal zones in each of the

three wells were analyzed with TITEGAS and the results are summarized in

Table 1 .1 . The following general statements can be made about the

relative quality of the coastal zones.

The best reservoir appears to be the Orange sandstone . Matrix

permeability is relatively high, but the sand is thin in MWX-1

and MWX-2.

The Red and Yellow sandstones are relatively fair to poor

reservoirs, but they are thick and continuous.

The Blue and Purple sandstones are similar to the Red and Yellow

sands with fair to poor reservoir quality and are considerably

thinner, but these may be naturally fractured.

The Brown and Green sandstones are the worst quality reservoirs

as they are laterally discontinuous and very tight, but they may

be naturally fractured .

-1 .9-



The log analyses included the opportunity to compare several natural

fracture identification logs in MWX-3 and to indicate which zones appeared

naturally fractured . Assessments of cement bond quality, interpretation

of stresses for hydraulic fracture containment, and determining the

petrophysical relationships in the coastal interval were also part of the

extensive coastal log analysis effort.

1 .5 .3 Core Analysis (Section 5 .0)

A total of 870 ft of 4-in .-diameter core was taken in the coastal

interval : 600 ft of continuous core in MWX-1 (through the entire

interval), and 179 ft in MWX-2 and 97 ft in MWX-3 in the Red and Yellow

sandstones . Two hundred seventy-six feet of this core ; mostly below 6430

ft, were oriented . Core samples were distributed to participants in a

comprehensive core analysis program . 18 Both routine and special core

analyses for reservoir properties were made at frequent intervals in the

sandstones . Many analyses also extended above and below the sandstones so

that properties are also available for the bounding lithologies . The core

analyses focused upon the Red and Yellow sands.

Core-derived (matrix) reservoir properties for the coastal interval

are typified by the data shown in Figure 1 .7 for the Red sandstones in

MWX-l . Sandstone porosities are on the order of 5%-9%, water saturations

are at 30%-40%, and dry Klinkenberg permeabilities are 2-8 pd measured at

3000 psi confining stress . The permeabilities are a strong function of

water saturation : the dry permeabilities would be reduced by about a

factor of 10 at these water saturations . This results in a realistic

estimate for the true in situ matrix permeability of 0 .5-0 .6µd.

Permeabilities are quite variable within a sandstone and were often

measured to be enhanced along carbonaceous stringers and mineralized

natural fractures . In addition, capillary pressures greater than 1000 psi

were found at the prevailing water saturations.
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The mechanical properties reflect the complex lithology of the coastal

interval . At confining pressures around 2700 psi, Young's moduli range

from 1 .4 to 8 .0 x 106 psi, Poisson's ratios from 0 .15 to 0 .33, and

fracture toughnesses from 150 to 2300 psijin . The sandstones have a

relatively narrow range of moduli of 3 .4 to 5 .1 x 10 6 psi . However, the

confining lithologies have moduli which range from 1 .4 to 8 .0 x 10 6 psi,

often with large changes observed over a few feet.

Other core analyses included directional permeabilities, capillary

pressure, caprock analyses, compressibility, permeabilities to brine in

preserved and oven-dried core, triaxial tests for compressive strength,

tensile strength, cation exchange coefficient, formation factor,

resistivity index, vitrinite reflectance, and rock evaluation pyrolysis.

Core samples were also used in other MWX activities such as sedimentology,

mineralogy/petrology, natural fractures, in situ stress, and laboratory

work supporting stimulation ; these activities are reported in their

respective sections of this report . Finally, correlations were also made

between stress-related core measurements and televiewer and oriented

caliper logs to determine in situ stress orientations.

1 .5 .4 In Situ Stress Measurements and Analyses (Section 6 .0)

Fourteen cased-hole stress tests were attempted between 6374 and 6706

ft, eleven of which yielded stress results . These tests consisted of

repeated small volume hydraulic fractures (<100 gal) conducted through a

two-foot perforated interval under conditions where the instantaneous

shut-in pressure is nearly equal to the minimum in situ stress . 19 The

breakdown of the Red sandtones in MWX-2 provided an additional data point.

The measured minimum in situ stresses and frac gradients are summarized in

Table 1 .2 . Generally there is good correlation between rock type and in

situ stresses : stress gradients in the sandstones and mudstones are

typically 0 .88 psi/ft and 1 .01-1 .08 psi/ft respectively . Thus, the

stresses in the sandstones are 700-1300 psi less than the confining rocks

and these contrasts bode well for hydraulic fracture containment . Even
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the thin shale stringer at 6527-29 ft between the Red A and Red B

sandstones shows a stress 800-1000 psi greater than the massive sandstones

on each side of it . These stress results, while clearer than the paludal

results, are still not as reproducible and precise as the marine data.

The complex layering in nonmarine rocks makes interpretation much more

difficult.

Anelastic strain recovery (ASR) measurements were made on oriented

core from all three wells, but analyses are presented only for MWX-3, for

which a much improved strain measurement system was available . 20 The

primary ASR result is the direction of the maximum horizontal in situ

stress, which is the azimuth of a hydraulic fracture . Six samples in the

Yellow sandstones yielded azimuths of N58°W to N88°W ; the average of about

N73°W is consistent with other stress measurements . Stress magnitudes

were also calculated from ASR data via two different procedures . These

data indicate the difference in horizontal stresses in the sandstones is

around 600-800 psi, whereas the shales are isotropic . Differential strain

curve and differential wave velocity analyses (DSCA and DWVA) were made on

selected core samples and showed differences in horizontal stress of about

600 psi and an azimuth of N70°W.

1 .5 .5 Stimulation Experiments in Red and Yellow Sandstones
(Section 7 .0)

The major focus of coastal activities was stimulation experiments

conducted in the Red and Yellow sandstones . Usually, MWX-1 was the

production and main test well . MWX-2 and MWX-3 were also perforated in

each sandstone and served as interference/observation wells . The sequence

of activities included : prefrac production/interference testing in first

the Red sandstones and then the Yellow sandstones, winter production from

both zones, nitrogen gas injection test in both zones, a nitrogen gas step

rate and frac in the Yellow sandstones, propped nitrogen foam stimulation

of the Yellow sandstones, postfrac production/interference testing,

segregated production tests between the Red and Yellow sandstones, and a

brief reentry test of the coastal interval after five months of shut-in .



Individual prefrac tests in the Red and Yellow sandstones consisted of

drawdown and buildup tests in MWX-1 while monitoring bottomhole pressures

in MWX-2 and MWX-3 for possible interference (Figures 1 .8 and 1 .9) . Gas

production, conventional Horner analyses, and log-log/derivative type

curve matching gave similar results for the two reservoirs : production

rates of 45 and 55 MCFD, permeability-heights (kh) of 0 .40 and 0 .38 and-ft

and reservoir pressures of >4365 and >4290 psi for the Red and Yellow

sandstones, respectively . The average reservoir permeability is thus

around 12 pd, considerably higher than the matrix permeability measured at

restored reservoir conditions, which shows the effect of an extensive and

interconnected natural fracture system . Thus, computer simulations were

performed with a 3-D, single-phase, naturally fractured reservoir model . 21

The test data were successfully matched with a model having fracture

permeabilities of 65 and 0 .65 darcies for the primary and secondary

fractures, an anisotropy of 100 to 1 .

	

For widths of 0 .0005 in, these

yield flow capacities for each fracture set of 2 .7 and-ft and 0 .027 and-ft,

respectively . Additional calculations of stimulating such a reservoir

with a hydraulic fracture, which paralleled the maximum permeability

direction, showed that the best that could be expected for a 500-ft

fracture would be a threefold increase in production, and even this would

be less if any degradation of the natural fractures by frac fluids

occurred.

Following commingled production of the two sands over the winter at

rates of 25-40 MCFD, a nitrogen injection test was conducted in the

combined Red and Yellow sandstones to quantify the flow capacity of the

natural fractures and to obtain additional insight into the transient flow

mechanisms involved . Nitrogen gas was injected into MWX-2 while MWX-1 and

MWX-3 were continuously produced and monitored for nitrogen by gas

chromatography . The average reservoir flow capacity of 0 .78 and-ft (as

measured in the prefrac tests) increased to 50-75 and-ft during injection

and returned to 1 .38 and-ft after injection . Bilinear fracture flow

analysis provided a lumped equivalent primary fracture flow capacity of

1037 and-ft, an increase presumably caused by small increases in fracture



width with pressure, a sensitivity invariably seen during MWX testing.

Nitrogen gas was detected at the observation wells . The transit time from

MWX-2 to MWX-1 was 1-5 hours, and corresponds to a minimum fracture

permeability in the range between 32 and 160 md.

A nitrogen gas step rate test and frac was conducted in the Yellow

sandstones in MWX-1 on June 11, 1985 (Figure 1 .10) . The frac's objective

was to create a fracture of about 200 ft in length using a nondamaging

fluid at the lowest possible pressures . A total of about 800,000 SCF of

nitrogen were injected during the continuous step rate and constant frac

rate procedure . Fracturing appeared to initiate at the 5000 SCFM rate

with a fracture extension pressure of around 5600 psi . A frac pressure

history match yielded a frac length of 250-300 ft with a nitrogen leakoff

coefficient of 0 .005 ft/,/min . The maximum pressure of 6150 psi indicates

that any conventional treatment will result in very high treatment

pressures . Distinct pressure interference was measured in MWX-2 and MWX-3

beginning at the 5000 SCFM rate ; the immediate response implies that the

interference is poromechanical--the direct result of strain due to the

fracture in MWX-l . Well tests after the frac showed that the early time

flow regime in the reservoir had been noticeably altered and now resembled

a linear system representative of a created fracture . Sustainable

production in the Yellow sandstone was increased from 55-60 MSCFD to about

90 MSCFD.

A nitrogen foam frac was conducted in the Yellow sandstones in MWX-1

on August 1, 1985 (Figure 1 .11) . The frac was designed to be a small,

minimal damage treatment using 14,000 gal of 75 quality nitrogen foam with

a 20 lb/1000 gal linear gel in the liquid phase, 12,000 lbs of 20/40 mesh

intermediate strength proppant, with a small pad and propped fracture

length of 200-300 ft . The treatment was conducted as designed although

the pressure record indicates a tip screen out just at the end of the job.

Diagnostic data were limited and a treatment pressure history match

provided the best estimate of the resulting frac : total and propped

lengths of 295 and 275 ft respectively, total height of 96 ft (33 ft of

growth upwards), fluid leakoff coefficient of 0 .0019 ft/,/min, and
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efficiency of 30% .

	

Well tests after this frac (Figure 1 .12) showed

relatively little change from the linear system observed after the

nitrogen frac . The average sustainable flow rate during an eight-day

period was 100 MSCFD . This 1 .7 times increase over pre-frac production

suggested that the effective frac length is probably less than 150 ft

and/or there is possible damage to the natural fracture system due to the

fracture fluids.

Two additional tests were performed in this interval . Special well

test configurations were used to study the communication that was detected

in MWX-1 during the fracs between the Red and Yellow sandstones . The

results showed that while pressure changes were readily detectable, the

path was probably a microannulus as there was very little measurable flow

between the two zones . The Red and Yellow sandstones were also produced

after a 6-month shut-in . The combined production of 110 MSCFD suggested

there was no significant increase in Yellow sandstone production due to

alleviation of damage as was observed in the paludal interval after an 18-

month shut - in . 10, 22

1 .5 .6 Laboratory Studies (Section 8 .0)

Pre- and post-frac laboratory studies were performed as an integral

part of the coastal zone operations . 23 These studies included:

permeability degradation in matrix rock and artificially fractured core

due to foam frac fluids, proppant embedment and crushing and creep effects

upon frac closure, and frac and returned fluid analyses to estimate the

state and amount of gel remaining in the formation and returned water

compositions.

These studies eliminated several possible causes of low production:

matrix permeability degradation and leakoff, polymer block in the proppant

pack, proppant related effects such as embedment and crushing, imbibition

of water . However, the studies clearly suggest that damage to the narrow

natural fractures can be significant . The biopolymer in the foam fluid is
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extremely stable, and while only small amounts were used, these could

enter and block the natural fractures, especially under the high treatment

pressures . Exposure of artificially fractured core to brine and foam

under simulated conditions significantly reduced fracture permeability.

1 .5 .7 Borehole Seismic Analysis (Section 9 .0)

A redesigned borehole seismic system was fielded to provide fracture

diagnostics for the nitrogen foam frac of August 1, 1985 . The upgraded

system performed well, but the complexity (of unresolved origin) of the

perforation and fracture seismic data collected during coastal operations

prevented immediate analysis on site . Thus, an extensive system evalua-

tion was performed to insure that each element of the surface hardware was

functioning as expected and not distorting the received waveforms . After

several months of effort, several redigitizations of the data and attempts

at analysis, and many hardware and software modifications, there was rea-

sonable confidence that the existing instrumentation system and analysis

techniques were performing correctly . However, location of seismic

sources recorded during the frac could not be determined . The data set

received by the tool in MWX-2 contained characteristics such as reduced

amplitude, different spectral content, phase disparity, and multiple

arrivals with distinct, overlapping p and s waveforms . Unfortunately, a

gas leak in MWX-3 prevented any usable frac-related data in that well.

The ability to unambiguously identify p and s arrivals and identical phase

and amplitude response on the three geophone axes are prerequisite for

this diagnostic technique.

Nonetheless, improvements were made in the areas of increased signal

strength (the signals recorded in MWX-2 were too weak to have been

recorded with the old system), increased digitization rate (to 4 .76 kHz

per channel), a null system and a synthetic event generator to balance and

calibrate the entire electronic system, and a maximum likelihood event

location algorithm . These improvements and the understanding gained dur-

ing this effort spurred further diagnostic advances which were successful

during the subsequent fluvial stimulations . 24
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1 .5 .9 Other Activities

Three geophysics-related experiments were conducted over the Mesa-

verde Formation at the MWX site : a three-dimensional surface seismic

survey, 25 . 26 vertical seismic profiles (VSP), 25-27 and cross-well acoustic

surveys . 25 , 28-31 (These studies are not presented in this report, but can

be found in the referenced documents .) The focus of these studies was the

lenticular sandstones of the paludal, coastal, and fluvial intervals . The

lithologies in the coastal show essentially no relative impedance con-

trasts . Additionally, the uniform sine wave character of synthetic seis-

mograms based on log data is indicative of an unresolved fine structure:

the seismic wavelengths of the 3D and VSP surveys are significantly

greater than the coastal's lithologic features . 26

Los Alamos National Laboratories' cross-well acoustic surveys were

focused upon the coastal interval . 28-31 The cross-well travel time at

different stations and angle were processed and analyzed via tomographic

algorithms resulting in the velocity reconstruction between MWX-1 and

MWX-2 between 6070 ft and 6725 ft depth shown in Figure 1 .13 . Other

analysis of the data led to estimates of in situ porosities, moduli, and

seismic attenuation (Q).

1 .6 COMPARISON WITH OTHER MESAVERDE INTERVALS

Results from the coastal interval investigations indicate that this

interval has the lowest production potential of the four major intervals

studied during the Multiwell Experiment . Gas production from the various

individual Mesaverde reservoirs measured during MWX testing and

stimulation is given in Table 1 .3 ; there are definite correlations with

depositional environment . The individual marine reservoirs have the

highest production potential . The coastal and paludal intervals have the

same basic limited, distributary channel reservoir morphologies . However,

the coastal has lower potential than the paludal due to the latter's

improved reservoir rock properties, higher pore pressures, and adjacent



coal seams and organic-rich sediments . The coastal and fluvial reservoirs

have similar unstimulated production, but fluvial reservoirs offer the

potential of better stimulation ratios (postfrac rate/prefrac rate) due to

their greater average width resulting from the broad meandering-stream

depositional systems . The unstimulated production for the different

intervals per foot of net perforated pay are approximately 2, <2, 5, and

>10 MSCFD/ft for the fluvial, coastal, paludal and marine intervals,

respectively.

1 .7 SIGNIFICANT ACCOMPLISHMENTS

Three wells have been drilled which penetrate the Mesaverde Formation

in the Piceance basin at a site near Rifle Colorado . These establish the

Multiwell Experiment as a field laboratory for the study of the tight gas

resource in this formation . The Mesaverde has been subdivided into

distinct intervals based upon their depositional environments, which, in

turn, strongly influence their reservoir characteristics . This report is

the culmination of work in the third of the intervals--the coastal . (The

marine and paludal final reports have been completed, 9 40 a similar report

on the fluvial interval is in preparation .)

The coastal interval has been thoroughly characterized . It is a

lithologically complex assortment of sandstones, siltstones and mudstones

deposited in an upper delta plain environment . A comprehensive body of

core, log, stress, and geologic data has been compiled for this interval

of the Mesaverde Formation and is available publicly as a result of the

Multiwell Experiment.

The importance of natural fractures in gas production from these tight

sandstone reservoirs continues to be demonstrated (Figure 1 .14) . While

the Red and Yellow sandstones have matrix permeabilities that are less

than one microdarcy under in situ conditions of stress and water

saturation, the overall reservoir permeability was found to be 12 pd, some

two orders of magnitude higher .
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In situ stress measurements and analyses indicate that stresses in the

coastal sandstones are 700-1300 psi less than the confining lithologies;

these differences indicate that a hydraulic fracture will be confined

within these relatively narrow distributary channel sandstones which

typify the coastal interval . In addition, anelastic strain recovery

measurements on oriented core give an average direction of N73°W for the

maximum horizontal in situ stress--a direction which parallels the primary

natural fracture trend and minimizes the effectiveness of a hydraulic

fracture.

Comprehensive series of pre- and post-frac well tests were performed

to characterize coastal reservoir performance . Gas production from

individual unstimulated coastal sands is around 45-55 MCFD, although

commingled production over the winter was less at 25-40 MCFD . Pressure

interference during production and shut-in periods was not observed at the

nearby observation wells . However, during a nitrogen injection test, the

reservoir's flow capacity increased by two orders of magnitude and

nitrogen gas was measured in the other wells . These results further

emphasize the pressure sensitivity of the reservoir and the importance of

the natural fractures system.

Two fracturing experiments were conducted in the Yellow sandstones . A

step rate test and frac with nitrogen gas gave information on fracturing

pressures with a nondamaging fluid . Then a small nitrogen foam frac

(14,000 gal of 75 quality foam and 12,000 lbs of proppant), designed as a

minimal damaging frac confined within the sandstone, was conducted.

Sustained postfrac production was about 100 MCFD, about a factor of two

improvement . Subsequent larger stimulations in the same zone which were

planned were not conducted due to various technical and programmatic

reasons.

An advanced, naturally fractured, fully transient, reservoir simulator

was developed and used to successfully match pressure data from the well

tests conducted before and after the stimulations . A pseudo-3D,

stimulation model was developed and used to history match the fracturing

pressure data to yield hydraulic fracture parameters.
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The preservation of the permeability of the natural fracture system

intersected by a hydraulic fracture is critical to production enhancement.

The fractures are susceptible to damage by liquids, fracturing fluid

polymers, and high fracturing pressures . Laboratory studies have provided

insight into the possible damage mechanisms, in particular the damage to

the narrow natural fractures.

Overall, the coastal interval is characterized by relatively narrow

(<500 ft), very low permeability sandstones (<1 µd) which contain an

anisotropic natural fracture system that creates a low overall reservoir

permeability (-12 pd) . The coastal has the lowest production potential of

the four major intervals studied during the Multiwell Experiment.
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Table 1 .1 Log-Derived Reservoir Properties

Unit Well Depth Pay* 6 S w V, 1 kh
(ft) (ft) (fraction) (fraction) (fraction) (md-ft)

Purple 1 6025 .0-6031 .0 6 .0 0 .066 0 .653 0 .112 0 .026
2 6025 .0-6036 .0 5 .5 0 .071 0 .631 0 .128 0 .030
3 6029 .0-6036 .0 7 .0 0 .062 0 .620 0 .142 0 .036

Orange 1 6061 .0-6081 .0 11 .5 0 .088 0 .526 0 .070 0 .240
2 6065 .5-6080 .5 15 .0 0 .082 0 .614 0 .086 0 .158
3 6067 .5-6096 .0 28 .5 0 .068 0 .620 0 .104 0 .134

Brown 1 6179 .0-6197 .0 6 .0 0 .057 0 .973 0 .161 0 .005
2 6177 .5-6188 .5 11 .0 0 .076 0 .737 0 .137 0 .046

Blue 1 6242 .5-6253 .0 10 .5 0 .076 0 .651 0 .090 0 .084
2 6239 .0-6252 .5 13 .5 0 .077 0 .705 0 .067 0 .073
3 6240 .5-6263 .0 22 .5 0 .074 0 .642 0 .093 0 .135

Green A 3 6294 .5-6309 .0 14 .5 0 .081 0 .635 0 .127 0 .089

Green B 1 6324 .0-6343 .5 4 .5 0 .048 0 .885 0 .189 0 .003
2 6342 .5-6336 .0 11 .5 0 .089 0 .608 0 .095 0 .139

Green C 1 6350 .5-6359 .5 9 .0 0 .067 0 .770 0 .144 0 .038
3 6342 .5-6370 .5 28 .0 0 .079 0 .582 0 .134 0 .207

Green D 1 6375 .5-6380 .5 5 .0 0 .070 0 .722 0 .149 0 .019
2 6375 .5-6380 .5 5 .0 0 .067 0 .772 0 .175 0 .012

Green E 3 6386 .0-6395 .0 7 .0 0 .073 0 .687 0 .126 0 .034

Yellow A 1 6425 .0-6440 .0 13 .0 0 .067 0 .636 0 .101 0 .056
2** 6422 .5-6457 .5 35 .0 0 .071 0 .641 0 .074 0 .195
3 6436 .0-6450 .5 11 .0 0 .056 0 .733 0 .134 0 .021

Yellow B 1 6442 .5-6461 .5 19 .0 0 .074 0 .628 0 .091 0 .100
3 6454 .0-6471 .0 17 .0 0 .540 0 .119 0 .120

Yellow C 1 6466 .0-647 .0 0 .0
2 6466 .0-6474 .0 8 .0 0 .066 0 .697 0 .146 0 .024
3 6474 .5-6479 .0 4 .5 0 .051 0 .653 0 .198 0 .006

Red A 1 6498 .5-6521 .0 23 .0 0 .067 0 .548 0 .144 0 .108
2 6496 .0-6534 .5 38 .5 0 .071 0 .555 0 .123 0 .225
3 6504 .0-6520 .0 10 .5 0 .053 0 .535 0 .208 0 .021

Red B 1 6524 .0-6550 .5 16 .0 0 .069 0 .626 0 .091 0 .073
2 6536 .0-6552 .0 16 .0 0 .070 0 .603 0 .102 0 .074
3 6533 .0-6561 .5 19 .5 0 .061 0 .558 0 .149 0 .072

*Includes sand with <25% clay and >3% porosity.
**Includes Yellow B in this well .
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Table 1 .2 Coastal Stress Data

Depth Qmin

Estimated
Error Gradient E

Well (ft ) Lithology (psi) (psi) (psi/ft) vLaboratory (10 6 psi)

MWX-3 6765-67+ Mudstone 7100 50 1 .05
6706-08+
6606-08 Mudstone 7130 1 .08
6586-88 Mudstone *
6565-67 Mudstone 6980 100 1 .06 --
6548-50 Sandstone 5640 20 0 .86
6527-29 Mudstone 6665 30 1 .02 0 .31 2 .0
6512-14 Sandstone 5845 30 0 .9 0 .19 4 .2
6483-85 Mudstone **
6460-62 Sandstone 5670 30 0 .88
6442-44 Sandstone 5720 30 0 .89 0 .21 3 .9
6420-22 Mudstone 6805 30 1 .06 0 .27 2 .6
6398-6400 Mudstone 6445 120 1 .01
6374-76 Mudstone 6540 150 1 .03

MWX-2 6488-90

	

Mudstone **
6496-6553++

	

Sandstone 5740 50 0 .88 0 .19 4 .2

*Inconclusive
**Communication
+Paludal Zone

++greakdovn test
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Table 1 .3 Comparison of Measurable Reservoirs

Production *

Approx . Reservoir Perf . Prefrac

Interval Reservoir
Depth
(ft)

Pressure
(ft)

Net Pay
(ft)

Prefac
(MSCFD)

Postfrac
(MSCFD) Test Activity

Production
(MSCFD/ft)

Fluvial E sandstone 5550 3100 30 70 240 Stimulation Experiment 2 .3

C sandstone 5725 3300 22 50 Unpropped Minifracs 2 .3

B sandstone 5825 3400 17 25 35 Stimulation Experiment 1 .5

Coastal Yellow sandstone 6450 4400 32 60 100 Stimulation Experiment 1 .9

Red sandstone 6525 4400 39 50 Interference Test 1 .3

Paludal Zones 3 and 4 7100 5300 48 250 170** Stimulation Experiment 5 .2

N
rn

Zone 2 7250 5400 28 160 Single Well Test 5 .7

Marine Upper Cozzette 7850 6300 37 550 Interference Test 15 .0

Lower Cozzette 7975 6400 14 >150 Single Well Test >10 .7

Corcoren 8150 6600 65 >450 Single Well Test >6 .9

*Generally after 10 days production . Actual time may vary, but data reflect relative production.

**Became 400 MSCFD upon reentry after extended shut-in .
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Figure 1 .1 General Structure of the Mesaverde Formation in the Piceance
Creek Basin, Northwest Colorado
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Figure 1 .2 Overall Multiwell Experiment Schedule
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Figure 1 .3 Summary of Coring and Logging Operations on the Three Multiwell
Experiment Wells
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Figure 1 .4 Relative Well Spacings at Surface and at 6500 ft in the Coastal
Interval
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Figure 1 .5 Gamma Ray Logs of the Three Multiwell Experiment Wells with
Test Intervals Identified
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Figure 1 .6 The Coastal Interval
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Figure 1 .8 Pre-Frac Well Test and Interference Data from the Red
Sandstones
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Figure 1 .9 Pre-Frac Well Test and Interference Data from the Yellow
Sandstones
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Seismic Survey in the Coastal Interval (original in color)
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2 .0 SITE DESCRIPTION AND OPERATIONS

F . Richard Myal
CER Corporation

2 .1 WELL DRILLING AND WELL DESCRIPTIONS

As shown in Figure 2 .1, the Multiwell Experiment (MWX) is located in

the Rulison Field in the southeastern portion of the Piceance Basin in

Colorado . The site is located in the SW1/4 NWI/4 Sec . 34, T6S, R94W,

Garfield County, and is about 7 miles southwest of Rifle.

An agreement was reached with Superior Oil Company in mid-1981 and all

necessary drilling and operating permits were acquired . Drilling of MWX-1

began in mid-September 1981, achieving total depth at 8350 ft . The well was

drilled through the blanket marine Mesaverde sections and 7 in .,

29 lb/ft N80 casing was run and cemented . As shown in Figure 2 .2, a total

of 2747 ft of the Mesaverde group was cored and recovered, including 470 ft

of oriented core.

The rig was moved to the adjoining location and the second well was

spudded on December 31, 1981 . MWX-2 was also drilled through the blanket

marine Mesaverde to a depth of 8300 ft with 915 ft of formation cored and

recovered, as shown in Figure 2 .3 . The MWX-2 casing program was similar to

the first well . The casing was run and cemented and the rig released on

March 30, 1982.

The third well, MWX-3, was spudded on June 7, 1983, and was drilled to

a depth of 7564 ft .

	

As shown in Figure 2 .4, it penetrated the Rollins

Formation but not the Corcoran/Cozzette . "As-built" reports have been

published on all three wells . 1 , 2 . 3 An approximate geologic section and the

formation tops in MWX-1 are shown in Figure 2 .5.

During the drilling of the three MWX wells, it was noted that a gradual

increase of formation pressure was encountered starting at approximately



5600 ft . Mud weight had to be continually increased with depth from

9 .0 lb/gal at 5600 ft to over 15 .0 lb/gal at 8350 ft, as shown in

Figure 2 .6 . The Cozzette required a pressure gradient of 0 .71 psi/ft and

the Corcoran 0 .75 psi/ft to control the formation pressure during drilling.

From these data and subsequent test data, it is apparent that the lower

Mesaverde Formation is substantially overpressured.

Detailed directional surveys were also run in the wells to determine

the relative well spacing at various depths, as well as at the surface . The

wells were drilled with very little directional deviation so the relative

spacing with depth does not change significantly . Figure 2 .7 shows the

relative locations of the three wells at the surface and at 6500 ft.

Complete logging suites were run on all three wells and the logs and

analyses for the coastal interval are given in Section 4 .0 . A temperature

log for MWX-1 is shown in Figure 2 .8.

2 .2 CHRONOLOGY OF COASTAL OPERATIONS

The chronology of events presented herein is a topical account of all

coastal activities undertaken at the Multiwell Experiment . A summary of

this information is presented in Figure 2 .9.

2 .2 .1 Perforate, Breakdown Red Sands, MWX-1
(September 11-18, 1984)

September 11, the Red sands in MWX-1 were perforated by Dynajet with

two 14-gm jet shots per foot (JSPF), (0 .38-in . hole diameter) between

6535 ft and 6552 ft (17 ft) and between 6500 ft and 6524 ft (24 ft) . The 2-

7/8-in . tubing with a downhole shut-in (DHSI) tool, an Arrow "HD" packer,

and two joints of tailpipe were run in the well and landed with the tubing

tail at 6531 ft . The packer was set at 6480 ft in 20,000 lb compression.

September 14, the casing-tubing annulus was successfully pressure tested to

3000 psi .



September 17, Smith Energy Services broke down the perforations with

approximately 115 bbl of 3% KC1 water and 164, 5/8-in, diameter, 1 .3-SG, RCN

ball sealers . The average injection rate was 4 BPM at an average treating

pressure of 4200 psi . The instantaneous shut-in pressure (ISIP) was

3200 psi and the 15 minute shut-in pressure was 2986 psi . Good ball action

was observed during the job, but no ballout occurred due to the maximum

design treating pressure of 4300 psi being reached very early in the

treatment and the injection rate falling off due to a large number of

perforations being plugged.

2 .2 .2 Perforate, Breakdown Red Sands, MWX-2
(September 14-October 1, 1984)

September 14, the Red sands in MWX-2 were perforated by Dynajet with

two 14-gm JSPF (0 .38-in . hole diameter) between 6498 ft and 6553 ft (55 ft).

A pinned coupling, 5 ft perforated sub, one joint of 2-7/8-in . tubing

tailpipe, DHSI tool, and an Arrow "HD" packer were run in the well on 2-

7/8-in . tubing with the tubing tail landed at 6466 ft . The packer was set

at 6424 ft in 20,000 lb compression . The next day, the casing-tubing

annulus was successfully pressure tested to 3000 psi.

September 24, the Red perforations were broken down with approximately

7 bbl of 3% KC1 water at 1 BPM, using the rig pump . The maximum surface

pressure during the perforation breakdown was 3250 psi.

October 1, Smith Energy Services broke down the perforations with

110 bbl of 3% KC1 water containing 1 gal/1000 gal surfactant and 190, 5/8-

in . diameter, 1 .3-SG, RCN ball sealers . The average injection rate was

4 BPM at an average treating pressure of 3800 psi . The ISIP was 3100 psi.

The well was immediately flowed back through the separator to recover

breakdown fluid and measure gas production.

2 .2 .3 Stress Tests In And Below Red Sands, MWX-3
(September 24-30, 1984)

September 24, Dynajet perforated two intervals with four 12-gm JSPF

(0 .38-in . hole diameter) in preparation for stress testing operations:
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6765-6767 ft and 6706-6708 ft . Following an unsuccessful attempt to run the

stress test assembly past the perforations at 6706 ft, a bit, casing scraper

and three 4-3/4-in . drill collars were run on the 2-7/8-in . tubing to roll

out a suspected "burr" in the casing . Following a successful scraper run, a

second unsuccessful attempt was made to run the stress test straddle packer

assembly . It was then surmised that the casing was deformed opposite the

uppermost set of stress test perforation . Stress testing was then

undertaken on the combined interval, with four successful stress tests of

the combined interval being completed September 25.

September 26, Dynajet perforated three additional intervals with four

12-gm JSPF (0 .38-in . hole diameter) in preparation for stress testing

operations : 6606-6608 ft, 6586-6588 ft, and 6565-6567 ft . Three separate

stress tests were successfully run on the 6606-6608 ft and 6586-6588 ft

intervals .

	

The 6565-6567 ft interval would not break down at 6000 psi

surface pressure .

	

September 27, the interval was reperforated and

successfully stress tested.

September 27, Dynajet perforated three new intervals with four

12-gm JSPF in preparation for stress test operations :

	

6548-6550 ft,

6527-6529 ft, and 6512-6514 ft .

	

Each of these three intervals was

successfully stress tested September 29.

2 .2 .4 Perforate, Breakdown Red Sands, MWX-3
(October 1, 1984)

October 1, Dynajet perforated the Red sands in MWX-3 with two 19-gm

JSPF (0 .46-in . hole diameter) between 6536 ft and 6561 ft (25 ft) and

between 6506 ft and 6521 ft (15 ft) . A pinned coupling, 10-ft perforated

sub, one joint of 2-7/8-in . tubing, DHSI tool, and an Arrow "HD" packer were

run in the well on 2-7/8-in . tubing with the tubing tail landed at 6480 ft.

The packer was set at 6433 ft in 20,000 psi compression.

October 1, Smith Energy Services broke down the perforations with

57 bbl of 3% KC1 water containing 1 gal/1000 gal surfactant and 180, 7/8-in.

diameter, 1 .3-SG, RCN ball sealers . The average injection rate was 5 .5 BPM
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at an average treating pressure of 4600 psi . The ISIP was 3300 psi . The

well was immediately flowed back through the separator to recover breakdown

fluid and measure gas production.

2 .2 .5 Production/Interference Test, Red Sand, MWX-1 Producer
(October 3-November 5, 1984)

October 3, MWX-1 was returned to production through the test separator

at 100 MCFD and 1177 psi flowing bottomhole pressure (FBHP) . MWX-2 and

MWX-3 were intermittently flowed and shut in to maximize recovery of

breakdown fluid prior to initiating interference testing . Interference

testing was initiated October 6, with successful seating of the HP tools in

the DHSI tool in MWX-2 (10 :30 a .m .) and MWX-3 (11 :00 a .m .) . The

interference testing in MWX-2 and MWX-3 was concluded on October 24 . The

flow test in MWX-1 was concluded at 6 :15 p .m . October 25 when the well was

shut in downhole for a pressure buildup . The pressure buildup was concluded

November 5.

2 .2 .6 Stress Tests In And Below Yellow Sands, MWX-3
(October 25-28, 1984)

October 25, Dynajet set an Arrow wireline-set, tubing-retrievable,

bridge plug at 6500 ft to isolate the perforations in the Red sands.

Dynajet then perforated the following three intervals with four 19-gm JSPF

(0 .46-in, hole diameter) in preparation for stress testing operations:

6483-6485 ft, 6460-6462 ft, and 6442-6444 ft.

Initially, stress testing was attempted on the 6483-6485 ft interval.

Pressure communicated to the annulus and the stress test assembly was

pulled . October 26 the upper packer was redressed and the stress test

assembly was rerun . The 6460-6462 ft interval was then successfully stress

tested . A second unsuccessful attempt was then made to stress test the

6483-6485 ft interval .

	

The stress test assembly was then positioned to

straddle the perfs in the 6442-6444 ft interval which was successfully

stress tested .

	

The next day, a third unsuccessful attempt was made to

stress test the 6483-6485 ft interval .



2 .2 .7 Perforate, Breakdown Yellow Sands, MWX-3
(October 29-November 6, 1984)

October 29, Dynajet perforated the Yellow sands in MWX-3 with two 19-gm

JSPF (0 .46-in . hole diameter) between 6438 ft and 6480 ft (42 ft) . A pinned

collar, one joint of 2-7/8-in . tubing, DHSI tool, and an Arrow "HD" packer

were run in the well on 2-7/8-in . tubing with the tubing tail landed at

6405 ft . The packer was set at 6365 ft in 20,000 lb compression.

October 30 the casing-tubing annulus was successfully pressure tested to

3000 psi.

November 6, Halliburton Company broke down the perforations with 92 bbl

of 3% KC1 water and 77, 7/8-in . diameter, 1 .1-SG, RCN ball sealers . The

average injection rate was 4 BPM at a maximum treating pressure of 4200 psi.

The ISIP was 3150 psi . No ball action was observed during the breakdown.

The well was immediately flowed back to the test tank to measure recovered

fluid . Very little gas was observed following perforation breakdown.

2 .2 .8 Perforate, Breakdown Yellow Sands, MWX-2
(October 31-November 6, 1984)

October 30, Dynajet ran in MWX-2 and set an Arrow wireline-set, tubing-

retrievable, bridge plug at 6490 ft and dumped two sacks of sand on top to

isolate the perforations in the Red sands . Dynajet then perforated the

Yellow sands in MWX-2 with two 19-gm JSPF (0 .46-in, hole diameter) between

6424 ft and 6474 ft (50 ft) . A pinned collar, one joint of 2-7/8-in.

tubing, DHSI tool, and an Arrow "HD" packer were run in the well on

2-7/8-in . tubing with the tubing tail landed at 6400 ft . The packer was set

at 6363 ft in 22,000 lb compression . November 6, the casing-tubing annulus

was successfully pressure tested to 2000 psi.

November 6, Halliburton Company broke down the perforations with 56 bbl

of 3% KC1 water and 126, 7/8-in . diameter, 1 .1-SG, RCN ball sealers . The

injection rate varied from 3 .3 BPM to 4 .8 BPM . The formation broke down at

4000 psi, maximum treating pressure was 4200 psi, and the minimum pressure

was 3900 psi . The ISIP was 3150 psi . Good ball action was observed during
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the breakdown but no bailout occurred . The well was immediately flowed back

to the test tank to measure recovered fluid . Very little gas was observed

following perforation breakdown.

2 .2 .9 Perforate, Breakdown Yellow Sands, MWX-1
(November 5-6, 1984)

November 5, Dynajet ran in the hole and set an Arrow wireline-set,

tubing-retrievable, bridge plug at 6484 ft and dumped three sacks of sand on

top to isolate the perforations in the Red sands . November 6, Dynajet

perforated the Yellow sands in MWX-1 with two 19-gm JSPF (0 .46-in . hole

diameter) between 6428 ft and 6460 ft (32 ft) . A pinned collar, one joint

of 2-7/8-in . tubing, DHSI tool, and an Arrow "HD" packer were run on

2-7/8-in . tubing with the tubing tail landed at 6301 ft . The packer was set

at 6350 ft in compression .

	

The casing-tubing annulus was successfully

pressure tested to 3000 psi.

November 6, Halliburton Company broke down the perforations with 32 bbl

of 3% KC1 water and 96, 7/8-in . diameter, 1 .1-SG, RCN ball sealers . The

injection rate varied from 4 .0 BPM to 4 .8 BPM . The formation broke down at

4200 psi, the maximum treating pressure was 4200 psi, and the minimum

pressure was 3000 psi . The ISIP was 3200 psi . Very little ball action was

observed during the breakdown and no bailout occurred . The well was

immediately flowed back to the test tank to measure recovered fluid.

2 .2 .10 Production/Interference Test, Yellow Sands, MWX-1 Producer
(November 8-December 15, 1984)

Following one week of intermittent flow from the three wells to

maximize recovery of breakdown liquids, HP gauges were run in each of the

wells in preparation for interference testing with MWX-1 as the producer,

and MWX-2 and MWX-3 as the interference wells . The HP gauges were seated

below DHSI tools in MWX-2 and MWX-3 . Flow was initiated at 70 MCFD from

MWX-1 at 10 :00 p .m ., November 14 . This pressure drawdown was concluded at

5 :00 p .m ., December 5 with the seating of the HP gauge in MWX-l . The

pressure buildup portion of this interference was concluded December 15 .



2 .2 .11 Prepare MWX-1 For Red and Yellow Commingled Production
(December 16-19, 1984)

December 16, the HP gauge and 6300 ft of wireline were lost in MWX-1

during retrieval operations . The next day, a well service unit was moved

in, BOP's installed, the Arrow "HD" packer was released and the 2-7/8-in.

tubing was pulled from the well . The HP gauge and wireline were recovered

and the packer was laid down . The 2-7/8-in . tubing with a retrieving tool

was run in the well, and sand and ball sealers were reverse circulated off

the retrievable bridge plug at 6484 ft (above the Red sands) . The

retrievable bridge plug was pulled from the well and laid down . A pinned

collar, ten joints of 2-7/8-in . tubing, DHSI tool, and an Arrow "HD" packer

were run in the well on 2-7/8-in . tubing with the tubing tail landed at

6544 ft . The packer was set at 6221 ft in 20,000 lb compression . The BOP's

were removed, the wellhead installed, and the well service unit was moved

off the well.

2 .2 .12 Winter Shutdown And Production Test, MWX-1
(December 20, 1984-April 5, 1985)

December 20, all power to the test trailer had been disconnected and

winterization operations had been completed.

At 12 :00 noon on December 26, commingled gas production was begun from

the Red and Yellow sands in MWX-1 into the Western Slope Gas Company line at

75 MCFD against 420 psi line pressure . Gas production was essentially

continuous until 11 :00 a .m ., April 5, when the well was shut in for workover

in preparation for 1985 MWX field activities.

2 .2 .13 Prepare MWX-2 For Red And Yellow Commingled Production
(April 2-5, 1985)

April 2, a well service unit was moved onto the well, the BOP's were

installed, the Arrow "HD" packer was released, and the 2-7/8-in . tubing was

pulled from the well and the packer laid down . A retrieving tool was then

run on the 2-7/8-in . tubing to the top of the sand fill and the sand and

ball sealers were reverse circulated off the retrievable bridge plug at
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6490 ft (above the Red sands) with 3% KC1 water . The bridge plug was

released, retrieved from the well, and laid down . A pinned collar, one

joint of 2-7/8-in . tubing, DHSI tool, and Arrow "HD" packer were run in the

well on 2-7/8-in . tubing with the tubing tail landed at 6400 ft . The packer

was set at 6363 ft in compression . The BOP's were removed, wellhead

installed, and the casing-tubing annulus was successfully pressure tested to

3000 psi.

2 .2 .14 Prepare MWX-3 For Red and Yellow Commingled Production
(April 5-9, 1985)

April 5, a well service unit was moved on the well, the BOP's were

installed, the Arrow "HD" packer was released, and the 2-7/8-in . tubing was

pulled from the well and the packer laid down . A retrieving tool was then

run on the 2-7/8-in . tubing to the top of the sand fill and the sand and

ball sealers were reverse circulated off the retrievable bridge plug at

6500 ft (above the Red sands) with 3% KC1 water . The bridge plug was

released, retrieved from the well, and laid down . A pinned collar, one

joint of 2-7/8-in . tubing, DHSI tool, and an Arrow "HD" packer were run in

the well on 2-7/8-in . tubing . The packer was set at 6365 ft in 21,000 lb

compression . The BOP's were removed, wellhead installed, the casing-tubing

annulus was successfully pressure tested to 3000 psi.

2 .2 .15 Nitrogen Injection Into Red and Yellow Sands, MWX-2
(April 16-May 16, 1985)

Intermittent nitrogen injection was undertaken in MWX-2 between

1 :00 p .m . April 16 and 2 :00 p .m . April 18 at rates ranging from 800 SCFM to

5000 SCFM to provide insight into, and to help quantify, the flow mechanisms

in naturally fractured reservoirs .

	

A total of 361,292 SCF nitrogen was

injected into MWX-2 during this test . The produced effluent gases from

MWX-1 and MWX-3 were continuously monitored with gas chromatography

throughout the nitrogen injection phase and up through April 22 . MWX-2 was

shut in at 2 :00 p .m . April 18 for pressure buildup until the initiation of

production testing at 7 :00 a .m . May 8 . MWX-1 and MWX-3 remained shut in,

serving as interference monitoring wells through the conclusion of testing

on May 16 .
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2 .2 .16 Stress Tests Above Yellow Sands, MWX-3
(May 29-June 3, 1985)

May 29, Dynajet perforated the following three intervals in MWX-3 with

four 19-gm JSPF (0 .46-in . hole diameter) in preparation for stress testing

operations above the Yellow sands : 6420-6422 ft, 6398-6400 ft, and

6374-6376 ft.

A Squire-Whitehouse bottomhole pressure sonde (self-contained and

battery-powered) was hung beneath a retrievable bridge plug that was to be

used to isolate the Yellow sands below 6438 ft before stress testing . Then

both were run below the Halliburton PPI stress test packer assembly.

Following several unsuccessful attempts to set the retrievable bridge plug,

it was decided to conduct the stress tests with the bridge plug and Squire

Whitehouse sonde hanging unset below the stress test assembly . The three

intervals listed above were successfully stress tested May 30 and 31 . The

stress test assembly was pulled from the well following completion of stress

testing operations, but the retrievable bridge plug and Squire-Whitehouse

sonde were not recovered . Fishing operations conducted June 1 and 2

resulted in successful recovery of both the retrievable bridge plug and the

Squire-Whitehouse sonde.

2 .2 .17 Prepare MWX-2 and MWX-3 For Yellow Sand Pressure Observation
(June 3-4, 1985)

Following successful fishing operations, MWX-3 was equipped for

separate pressure observation in the Red and Yellow sands . A Squire-

Whitehouse sonde to record pressures in the Red interval was run below a

Halliburton retrievable bridge plug set at 6498 ft . The downhole assembly

used to isolate the Yellow sand included a 2-7/8-in . pinned collar, 2-ft

perforated 2-7/8-in . sub, Halliburton RTTS packer, one joint of 2-7/8-in.

tubing and a DHSI tool run on 2-7/8-in . tubing, with the packer set at

6425 ft . The casing-tubing annulus was successfully pressure tested to

1000 psi with 3% KC1 water . The pressure measurement in the Yellow sands

was done through tubing using the HP gauge shut-in downhole to minimize

wellbore effects .
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The next day, MWX-2 was similarly equipped for separate pressure

observation in the Red and Yellow sands . A Squire-Whitehouse pressure sonde

was run below a Halliburton retrievable bridge plug set at 6485 ft . The

downhole assembly used to isolate the Yellow sand included a 2-7/8-in.

pinned collar, 2-ft perforated 2-7/8-in . sub, Halliburton RTTS packer, one

joint of 2-7/8-in . tubing and a DHSI tool run on 2-7/8-in . tubing with the

packer set at 6395 ft . The pressure measurement in the Yellow sands was

done through tubing using the HP gauge shut-in downhole to minimize wellbore

effects . The casing-tubing annulus was successfully pressure tested to

1000 psi.

2 .2 .18 Equip MWX-1 For Coastal Yellow Nitrogen Step Rate Test
(June 8, 1985)

MWX-1 was equipped for pressure observation in the Red sands and for

nitrogen step rate testing in the Yellow sands . A Kuster, self-contained

pressure sonde was run below a Halliburton retrievable bridge plug, set at

6480 ft . The downhole assembly used to isolate the Yellow sands included a

pinned collar, Halliburton RTTS packer, one joint of 2-7/8-in . tubing, DHSI

tool, 2-7/8-in . x 4-1/2-in . crossover, two joints of 4-1/2-in . 11 .6 lb/ft,

N80 casing, and a 4-1/2-in . x 2-7/8-in . crossover run on 2-7/8-in . tubing.

The packer was set at 6401 ft in 20,000 lb compression . The casing-tubing

annulus was successfully pressure tested to 3000 psi.

2 .2 .19 Nitrogen Step Rate Test and Flow Test In MWX-1
(June 11-July 8, 1985)

The first of two fracturing experiments in MWX-1 began with a step rate

test performed in the Yellow sands on June 11 . The fracturing fluid was

nitrogen gas and the fracture was executed using a series of stepped

injection rates that ranged from 2000 SCFM to 20,000 SCFM . Bottomhole

pressure and temperature were measured in the fracture well, MWX-1, and the

two observation wells, MWX-2 and MWX-3 . A total of about 820,000 SCF of

nitrogen were pumped into MWX-1 during this portion of the test .



On June 13, the initial fracture was reopened by injecting nitrogen

through MWX-1 at a surface rate of 10,000 SCFM for a period of 30 minutes.

The total nitrogen pumped in this second fracturing experiment was

300,000 SCF . The objective of this portion of the test was to promote the

transport of nitrogen through the induced and natural fractures and measure

traces of nitrogen at the observation wells, MWX-2 and 3.

Squire-Whitehouse pressure sondes had been placed below retrievable

bridge plugs in MWX-2 and MWX-3 to measure pressure in the isolated Red

sands during testing and fracturing operations in the Yellow sands . The

pressure sondes in MWX-2 and MWX-3, along with the Kuster gauge observing

the Red sands in MWX-1, would be recovered later for pressure data analysis.

The production of MWX-2 and MWX-3 began June 13, about 18 hours after

the initial frac . A semiautomatic gas chromatograph system was used to

monitor the separate effluent gas streams for nitrogen content through

June 23.

A modified isochronal flow test was initiated in MWX-1 at 12 :00 noon

June 17 and was terminated 10 :00 a .m . June 26 when the HP gauge was seated

downhole with nitrogen for a pressure buildup . The pressure buildup in

MWX-1 was terminated, due to suspected casing leaks, at 8 :00 a .m . July 8.

2 .2 .20 Cement Squeeze Stress Test Perforations, MWX-3
(June 25-July 4, 1985)

June 25, the Halliburton retrievable bridge plug with the Squire-

Whitehouse pressure sonde was recovered from MWX-3 without incident . A

retrievable bridge plug, retrieving head, 2-ft 2-7/8-in . tubing sub, and a

Halliburton RTTS packer were then run in the well on 2-7/8-in . tubing . The

bridge plug was set at 6428 ft with two sacks of sand on top in preparation

for squeeze cementing perforations in three stress test intervals:

6420-6422 ft, 6398-6400 ft, and 6374-6376 ft.

Injection was established into the perfs at 1 BPM and 4700 psi, cement

was spotted in the tubing, the Halliburton RTTS packer was set at 6240 ft,
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the casing-tubing annulus was pressured to 2000 psi, and squeeze operations

were initiated . The perforated interval was squeezed with 75 sacks Class G

cement containing 0 .4% Halad 9 . At the time the cement was across the perfs

and the squeeze pressure was 5400 psi, communication developed to the

annulus due to a circulating valve failure on the Halliburton RTTS packer.

The cement in the tubing was reverse circulated from the well, and the

tubing and packer were pulled from the well . The next day, a 5-7/8-in.

insert bit, bit sub, casing scraper, four 4-3/4-in . drill collars, and a

4-3/4-in . x 2-7/8-in . crossover were run in the well on 2-7/8-in . tubing to

drill out the cement across the squeezed interval . After drilling 140 ft of

hard cement, the drill string twisted off just above the pin on the bottom

joint of tubing at the 2-7/8-in . x 4-3/4-in . crossover sub . June 28, a

4-3/4-in . DOTCO overshot and a 4-ft extension were run on the 2-7/8-in.

tubing, the fish was engaged and recovered, and cement drillout operations

were completed.

June 29 the 2-7/8-in . tubing was run open-ended to 6422 ft and 74 sacks

of Class G cement containing 0 .4% Halad 9 was spotted over the perforated

interval and displaced with fresh water . Excess cement was circulated from

the well, the tubing was raised 16 joints, and the well was pressured to

2000 psi, and shut in overnight . Drillout operations were successfully

undertaken but the squeeze was not successful.

July 1, a third cement squeeze with 75 sacks of Class G cement

containing 0 .4% Halad 9 was undertaken . A squeeze pressure of 5000 psi was

achieved and held for 20 minutes without cement movement . Drillout

operations were completed July 4 and the squeezed interval was successfully

pressure tested to 3500 psi . A Mountain States wireline set, tubing

retrievable, bridge plug was set July 8 at 6408 ft with 1 .5 sacks of sand

placed on top . The 2-7/8-in . tubing was run open-ended into the well and

the retrievable bridge plug was successfully pressure tested to 3500 psi.

2 .2 .21 Stress Tests Between Red and Yellow Sands, MWX-2
(July 5-12, 1985)

July 5 the Halliburton RTTS packer was released, the retrievable bridge
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plug with Squire-Whitehouse pressure sonde was released, and the entire

downhole assembly was pulled from MWX-2 on the 2-7/8-in . tubing and was laid

down .

July 8, Dynajet perforated between 6488 ft and 6490 ft with four

19-gm JSPF in preparation for stress testing . The stress test assembly

including a Squire-Whitehouse pressure sonde (enclosed in a 2-7/8-in . tubing

sub) below a Halliburton PPI packer assembly (with a 6-ft 2-7/8-in, spacer

between the upper and lower packoff), a Halliburton RC valve, and a DHSI

tool was run on 2-7/8-in . tubing to straddle the perforations . The top

packer element was set at 6485 ft and the lower packer element at 6493 ft.

July 11, following three days of packer seating problems, further stress

test efforts in this interval were terminated.

2 .2 .22 Borehole Seismic Calibration Tests, MWX-2 and MWX-3
(July 12-24, 1985)

July 12, the stress test assembly was pulled from MWX-2 and laid down.

The flange for the 7-in . lubricator was installed on the BOP's and the well

was ready for use in a Sandia borehole seismic experiment . July 16, the

2-7/8-in . tubing was pulled from MWX-3 and a 6-in. full open, 3000 psi gate

valve was installed.

July 23, a borehole seismic tool was positioned about 6350 ft in MWX-3.

Then Dynajet select-fired ten 6-gm charges between 6444 ft and 6453 ft in

MWX-2 . An additional five 6-gm charges were select-fired between 6437 ft

and 6449 ft . The next day Dynajet fired five 1 .8-gm charges between 6440 ft

and 6444 ft in MWX-2, the first two simultaneously and the last three select

fire .

2 .2 .23 Fracture Diagnostics Tests and Frac Preparations
(July 16-31, 1985)

MWX-1

July 16 the Halliburton RTTS packer, DHSI tool, 4-1/2-in . downhole
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assembly, Halliburton retrievable bridge plug, and the Kuster gauges were

recovered from MWX-1 without incident . A Mountain States wireline-set,

tubing-retrievable, bridge plug was set at 6490 ft with two sacks of sand

placed on top . July 17, the 2-7/8-in . tubing with a swaged collar on bottom

was run in the well and landed at 6384 ft . The wellhead was installed and

successfully pressure tested to 5000 psi, and the well was shut in for

pressure buildup . MWX-1 was periodically flow tested between July 19 and 26

to the pit or into Western Slope's gathering system.

July 29 the sand was circulated off the Mountain States retrievable

bridge plug at 6490 ft with nitrogen, and the plug was released and pulled

from the well . A Mountain States retrievable bridge plug, with both a

Squire-Whitehouse pressure sonde and a Kuster gauge (encased in a 2-7/8-in.

perforated nipple), was run in the well by Dynajet and set above the Red

sands at 6482 ft.

July 30, Dynajet fired twenty 6-gm shots between 6438 ft and 6447 ft to

directionally orient the Sandia borehole seismic tools in MWX-2 and MWX-3.

July 31, a belled coupling, 1-ft 2-7/8-in . nipple, the 2-7/8-in.

tubing, and a 3-ft long 2-7/8-in, blast joint were run in MWX-1 with the

belled nipple landed at 6349 ft . The BOP's were removed, the wellhead and

lubricator were installed, and an HP gauge was run in preparation for the

Yellow sand foam frac .

MWX-3

July 25, the 2-7/8-in . tubing with a retrieving head was run in MWX-3,

and the sand was reverse-circulated off the Mountain States retrievable

bridge plug at 6408 ft . The retrievable bridge plug was released, and the

2-7/8-in, tubing and bridge plug were pulled from the well and laid down.

July 27, Dynajet set a Mountain States retrievable bridge plug with a

Squire-Whitehouse pressure sonde (encased in a 2-7/8-in, perforated nipple)

above the Yellow sand at 6368 ft, with two sacks of sand on top . The hole

was filled with 3% KC1 water and casing was successfully pressure tested to

3500 psi .
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MWX-2

July 27, Dynajet ran a Mountain States retrievable bridge plug with a

Squire-Whitehouse pressure sonde (encased in 2-7/8-in . perforated nipple)

and set it above the Red sands at 6480 ft . Dynajet then ran a second

Mountain States retrievable bridge plug with a Squire-Whitehouse pressure

sonde (encased in a 2-7/8-in . perforated nipple) and set it above the Yellow

sand at 6416 ft . July 28, the hole was loaded with 3% KC1 water, two sacks

of sand were placed on the bridge plug, and the casing was successfully

pressure tested to 3000 psi.

2 .2 .24 Nitrogen Foam Frac in MWX-1
(July 31-August 1, 1985)

July 31 the wellbore was pressured to 3500 psi with nitrogen and shut

in for several hours . A nitrogen breakdown was then conducted with

approximately 150,000 SCF of nitrogen to test both the fracturing equipment

and the diagnostics.

A sand-propped, nitrogen-foam fracturing treatment was performed on the

Yellow sands in MWX-1 on August 1, by Dowell Schlumberger using 13,880 gal

of 75% quality foam to convey and place 12,000 lbs of 20/40 Proflow

intermediate strength proppant . The proppant was tagged with 10 millicuries

of Iodine 131 having an 8-day half-life.

At 5 :30 a .m . August 1, the frac treatment was initiated . A 3000 gal,

75 quality foam pad was followed by 3000 gal of 75 quality foam containing

12,000 lb 20/40 Proflow intermediate strength prop, which in turn was

flushed to the perforations by 7880 gal of 75 quality foam . The maximum

treating pressure was 5400 psi and the minimum treating pressure was

4900 psi . The average treating rate was 10 BPM down the annulus between the

7-in ., 29 lb/ft, N80 casing and the 2-7/8-in ., 6 .5 lb/ft, N80 tubing . The

ISIP was 5315 psi, while the 15 minute shut-in pressure was 4895 psi . The

pumping time was 41 minutes . The total liquid load to recover was

approximately 90 bbl .



2 .2 .25 Flowback, Washing, Flow Test In MWX-1
(August 1-14, 1985)

August 1, while attempting to run a post treatment temperature survey,

sand fill was encountered at approximately 6370 ft . The next day, a well

service unit was moved on the well, the wellhead was removed, BOP's

installed and the 2-7/8-in . tubing was pulled from the well . A retrieving

tool was run on 2-7/8-in . tubing and the top of the sand fill was

encountered at 6442 ft . Dowell reverse circulated the sand fill out of the

well with nitrogen down to the Mountain States retrievable bridge plug at

6482 ft . The bridge plug was unseated and the 2-7/8-in . tubing, retrievable

bridge plug, Squire-Whitehouse pressure sonde, and Kuster pressure gauge

were retrieved from the well.

August 3, a belled 2-7/8-in . collar was run on the 2-7/8-in . tubing and

landed at 6304 ft . A post frac gamma ray log was run through tubing, a

Squire-Whitehouse pressure sonde and an HP pressure gauge were run, and the

well was shut in for pressure buildup . August 6, the tubing was lowered 22

joints to 7002 ft and Dowell reverse circulated 20 bbls of fluid from the

well with nitrogen . August 7, the 2-7/8-in . tubing was pulled from the well

and a post frac gamma ray log was run from 6250 ft to 7000 ft . Then,

Dynajet ran a Mountain States retrievable bridge plug with a Squire-

Whitehouse pressure sonde and two Kuster gauges in tandem, and set the

retrievable bridge plug at 6470 ft . A retrieving head, pinned collar,

Mountain States "HD" packer, and a DHSI tool were run in the well on

2-7/8-in . tubing . The packer was set at 6304 ft in 16,000 lb compression.

The BOP's were removed, the wellhead and lubricator were installed, and the

service unit was moved off the well . The HP gauge was then run into the

well for a short flow test and pressure buildup . The flow test was

initiated at 7 :00 a .m . August 8 at 150 MCFD and was shut in at 2 :30 p .m.

August 10 . The pressure buildup was terminated at 9 :30 a .m . August 12.

August 13, a well service unit was moved on MWX-1, the wellhead was

removed, the BOP's were installed and the Mountain States retrievable packer

was released . The tubing was lowered and the retrievable bridge plug was

released .

	

The 2-7/8-in, tubing, retrievable packer, retrievable bridge
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plug, Squire-Whitehouse pressure sonde, HP sonde, and two Kuster gauges were

retrieved from the well . The next day, a Mountain States "HD" packer, one

joint of 2-7/8-in . tubing, and the DHSI tool were run in the well on

2-7/8-in . tubing . The retrievable bridge plug was set at 6471 ft and the

retrievable packer was set at 6316 ft . The BOP's were removed, and the

wellhead, mast, and lubricator were installed, and the service unit was

moved off the well . The HP gauge was run in the well at 5 :30 p .m . August 14

in preparation for post frac interference testing.

2 .2 .26 Prepare MWX-2 For Interference Test
(August 2-8, 1985)

August 2, well service unit was moved on MWX-2 (BOP's were already

installed on the well) and a retrieving tool was run on 2-7/8-in . tubing to

the sand fill at 6410 ft . The sand was then reverse circulated off the

Mountain States retrievable bridge plug at 6416 ft, and the plug was

released .

	

The 2-7/8-in . tubing, retrievable bridge plug, and Squire-

Whitehouse pressure sonde were pulled from the well . August 3, the

retrieving head and 2-7/8-in . tubing were run in the well to 6480 ft to the

second Mountain States retrievable bridge plug . The retrievable bridge plug

was released, and the Squire-Whitehouse sonde, bridge plug, and 2-7/8-in.

tubing were pulled from the well.

August 8, a Mountain States retrievable bridge plug, retrieving head,

pinned collar, Mountain States "HD" packer, one joint of 2-7/8-in . tubing,

and a DHSI tool were run in the well on 2-7/8-in . tubing . The retrievable

bridge plug was set at 6492 ft, and the retrievable packer was set at

6398 ft in compression . The BOP's were removed, the wellhead was installed,

the casing-tubing annulus was successfully pressure tested with 3% KC1 water

to 3000 psi, and the service unit was moved off the well . MWX-2 was now

ready for post-frac interference testing in the Yellow sands.

2 .2 .27 Prepare MWX-3 For Interference Test
(August 5-9, 1985)

August 5, well service unit was moved on MWX-3, the BOP's were



installed, and a retrieving head was run in the well on 2-7/8-in, tubing to

the Mountain States retrievable bridge plug at 6350 ft . The retrievable

bridge plug was released, pulled from the well on 2-7/8-in . tubing, and laid

down . The 2-7/8-in . tubing, with a retrieving head, was run in the well to

the top of the sand fill at 6360 ft . The sand was reverse circulated off

the Mountain States retrievable bridge plug at 6368 ft and the plug was

released . The 2-7/8-in . tubing, retrievable bridge plug, and the Squire-

Whitehouse pressure sonde were pulled from the well.

August 8, a McCullough casing inspection log run from 6370 ft to

4000 ft indicated no damage to the 7-in ., 29 lb/ft N80 casing.

August 9, a Mountain States retrievable bridge plug, retrieving head,

pinned collar, Mountain States "HD" packer, one joint of 2-7/8-in . tubing,

and a DHSI tool were run in the well on 2-7/8-in . tubing . The retrievable

bridge plug was set at 6494 ft, and the retrievable packer was set at

6335 ft in compression . The BOP's were removed, the wellhead was installed,

and the casing-tubing annulus was successfully pressure tested to 3000 psi

with 3% KC1 water . MWX-3 was now ready for post-frac interference testing

in the Yellow sands.

2 .2 .28 Production/Interference Test, Yellow Sand, MWX-1 Producer
(August 16-September 7, 1985)

Post-frac pressure drawdown and buildup testing was initiated in the

Yellow sands August 16 . HP gauges were installed bottomhole in MWX-2 and

MWX-3 for interference measurement, and also in MWX-1 for monitoring the

flowing bottomhole pressure . Bottomhole shut-in tools were utilized in all

three wells to minimize the effect of wellbore storage during testing . At

7 :00 a .m . August 17, production was initiated at 140 MCFD from MX-1 for the

constant-rate pressure drawdown . The HP gauges were seated in the DHSI

tools August 17 in MWX-2 and August 18 in MWX-3 . The constant-rate pressure

drawdown in MWX-1 was terminated at 9 :30 a .m . August 24, when the HP gauge

was seated with nitrogen pressure in the DHSI tool . The ensuing pressure

buildup test in MWX-1 was concluded at 10 :00 a .m . September 7 .



2 .2 .29 Tests Between Red and Yellow Sands, MUM-1
(September 26-October 23, 1985)

September 26, a well service unit was moved on MWX-1, the wellhead was

removed, BOP's were installed, and the Mountain States "HD" packer was

released, pulled from the well and laid down . A retrieving head was run on

the 2-7/8-in . tubing but was unable to latch onto the retrievable bridge

plug at 6573 ft.

The retrieving head was pulled from the well and laid down . An Acme

short catch overshot, a bumper sub, and hydraulic jars were run on the

2-7/8-in . tubing to 6573 ft . The fishing assembly latched onto and released

the retrievable bridge plug . The bridge plug and fishing assembly were

pulled from the well and laid down.

September 30, a downhole assembly consisting of a plugged perforated

sub, lower Lynes packer, two joints of 2-7/8-in . tubing, Lynes CWL, upper

Lynes packer, Lynes shut-in valve and twenty 2-7/8-in . tubing subs were run

in the well on the 2-7/8-in, tubing . The inflating lines and signal cable

were also installed at this time . The lower and upper Lynes packers were

positioned at 6483 ft and 6404 ft, respectively . Both packers were inflated

and the downhole shut-in was closed to allow the Red and Yellow sands to be

isolated and build pressure overnight . At 7 :00 a .m . October 1, the Red

sands were flowed while the Yellow sands remained shut in . The Yellow

pressure tracked that in the Red, indicating communication The upper

packer was pressured to 1950 psi, slowing the annulus leak considerably.

The Red sand was flowed with the Yellow sand shut in until 4 :30 p .m.

October 3, when the lower packer was deflated and both the Red and Yellow

sands were commingled overnight . October 4, the lower packer was inflated

and the top packer was deflated . A total of 86,000 SCF nitrogen was pumped

down the annulus into the Yellow sands at rates to 4000 SCFM at 2700 psi.

The Lynes pressure probes failed just before nitrogen pumping, and at

10 :00 p .m . the lower packer failed . October 8, the Lynes downhole assembly

was pulled from the well on the 2-7/8-in . tubing and laid down .

	

The

electrical cable had been pulled loose at a splice going into the upper
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packer . Both packer elements were gas impregnated and torn . The upper

packer had a slow leak in the steel portion of the packer . The lower packer

had a completely ruptured internal bladder, and the downhole shut-in valve

had a washed out seal.

October 14 a second Lynes downhole assembly consisting of a lower Lynes

packer, two joints of 2-7/8-in . tubing, Lynes CWL, upper Lynes packer, two

Lynes shut-in valves, and twenty 2-7/8-in . tubing subs were run on the 2-

7/8-in . tubing and landed straddling the Yellow sands . (In addition, there

was a Kuster gauge below the bottom packer and a second Kuster gauge banded

to the 2-7/8-in . tubing above the upper packer .) October 15, the checkout

of the Lynes equipment once the packers were set indicated no signal.

October 16, the packers were released and the 2-7/8-in . tubing was pulled

from the well . A break in the wireline was located 600 ft above the packers

and repaired . October 17, the Lynes downhole assembly, with the two Kuster

gauges, was run in the well on 2-7/8-in . tubing and landed straddling the

Yellow sands . October 18, the upper packer was set with argon and nitrogen

to 3200 psi and the bottom packer was set with argon and nitrogen to

3500 psi . October 18, both the Red and Yellow sands were shut in downhole.

October 19, the Red was returned to production while the Yellow remained

shut in . The pressure on both packers kept dropping, indicating leaks in

the packoff system . October 20, the Lynes pressure probe signal was lost

following blowdown of the casing annulus and deflation of the upper packer

prior to nitrogen injection into the Yellow sands . A total of 242,000 SCF

nitrogen was pumped into the Yellow sands at rates to 4800 SCFM with a

maximum pressure of 3500 psi . The gas production from the Red sands was

continuously monitored using gas chromatography to measure the nitrogen

content of the effluent gas.

October 21, the Lynes downhole assembly was released, pulled from the

well on the 2-7/8-in . tubing, and laid down . Both packers were pressure

tested and held . The inflating line for the upper packer contained two

holes, and the electrical leads inside the Lynes CWL were shorted .



October 22, a pinned collar, Mountain States "HD" retrievable packer,

one joint of 2-7/8-in, tubing and a DHSI tool were run in the well on

2-7/8-in, tubing . The packer was set at 6340 ft in 20,000-lb compression.

The BOP's were removed, the wellhead was installed, and the service unit was

moved off the well . MWX-1 was then connected to flow through the test

separator.

2 .2 .30 Assessment of Casing And Bridge Plug Below Coastal Sands, MWX-1
(October 31-November 5, 1985)

October 31, a service unit was moved on MWX-1, the wellhead was

removed, BOP's installed, the Mountain States "HD" packer was released and

the packer and 2-7/8-in . tubing were pulled from the well . A Mountain

States "HD" packer with a Kuster gauge suspended below it, one joint of

2-7/8-in . tubing with a Kuster gauge strapped to the outside, and a DHSI

tool were run in the well . The retrievable packer was set at 6573 ft (below

the Red sands) in 22,000 lbs compression . The HP gauge was seated at 12 :00

noon October 31 to begin monitoring the integrity of the bridge plug at

7040 ft.

November 1, the Mountain States "HD" packer was unseated and the

downhole assembly was pulled from the well on the 2-7/8-in . tubing . A

Mountain States retrievable bridge plug was set at 6650 ft . November 2, a

retrieving head for the bridge plug, a 2-7/8-in . perforated tubing sub (with

Kuster gauges inside), Mountain States "HD" packer, one joint of 2-7/8-in.

tubing, a DHSI tool, one joint of 2-7/8-in . tubing, and a 10-ft 2-7/8-in.

tubing sub (with Kuster gauge outside) were run in the well on 2-7/8-in.

tubing with the tubing tail landed at 6617 ft.

The packer was set at 6586 ft in 22,000 lb compression . The HP gauge

was seated in the DHSI tool at 6550 ft at 4 :00 p .m . November 2 and gas from

the Red and Yellow sands was flowed out the annulus at 200 MCFD until

8 :00 p .m . that day when the annulus was shut in for pressure buildup . At

5 :00 a .m . November 3, the annulus was blown down to the flare pit in



preparation for pulling the downhole assembly . The 2-7/8-in . tubing,

Mountain States "HD" packer, retrievable bridge plug, and Kuster gauges were

pulled from the well.

November 4, a Kuster gauge (encased in a 2-7/8-in . perforated sub), the

lower half of a Halliburton PPI straddle packer, two joints of 2-7/8-in.

tubing, the upper half of the Halliburton PPI straddle packer, one joint of

2-7/8-in . tubing, DHSI tool, one joint of 2-7/8-in, tubing, and a 10-ft

2-7/8-in . tubing sub (with a Kuster gauge outside) were run in the well on

2-7/8-in . tubing with the top of the lower packer at 6557 ft . The

Halliburton PPI packers were set in 20,000 lb compression . The BOP's were

removed, the wellhead was installed, and the service unit was moved off the

well . The lubricator and wireline unit were installed and the HP gauge was

run in the well to 6452 ft, 10 ft above the DHSI tool . The well was

equipped to produce the Red sands through the tubing and the Yellow sands

through the casing-tubing annulus.

2 .2 .31 Red and Yellow Sand Production Test, MWX-1
(November 5-December 5, 1985)

MWX-1 was equipped to separate liquids and measure both liquid and gas

production individually from the Red and Yellow sands, while testing into

the Western Slope gas gathering system . Both remained shut in at the

wellhead until 7 :00 a .m . November 10 when the well was turned to the

pipeline at a commingled 65 MCFD, with the Red sands contributing 15 MCFD

and the Yellow sands 50 MCFD, respectively . At 8 :00 p .m . November 18 both

intervals were shut in at the surface for pressure buildup . At 7 :00 a .m.

November 21 the Red sands were returned to production at approximately 35

MCFD, while the Yellow remained shut in at the surface . At 5:00 p .m.

November 22 the Red sands were shut in at the surface for pressure buildup,

and remained shut in through the end of the test, 3 :00 a .m . December 3 . The

Yellow sands remained shut in until 9 :00 a .m . December 3 when the well was

returned to the pipeline at 170 MCFD to reduce bottomhole pressure prior to

initiating well work for reentry into the paludal stimulation interval,

scheduled to begin December 5, 1985 .



2 .2 .32 Prepare MWX-2 For Winter Shut-In
(November 20-21, 1985)

November 20 a well service unit was moved onto MWX-2, the wellhead was

removed, the BOP's were installed, the Mountain States "HD" packer was

released, and the 2-7/8-in . tubing was lowered to retrieve the bridge plug

at 6494 ft . The hole was loaded with 230 bbl 3% KC1 water containing 15 gal

of corrosion inhibitor . The 2-7/8-in . tubing, DHSI tool, Mountain States

"HD" packer, pinned collar, retrieving head, and the retrievable bridge plug

were pulled from the well and laid down . The next day, the BOP's were

removed, one joint of 2-7/8-in . tubing was run in the well, the wellhead was

installed, and the well service unit was moved off the well . MWX-2 was now

equipped for winter site shutdown.

2 .2 .33 Abandon Coastal Sands, Test, Repair Casing Leaks, MWX-3
(October 18-November 14, 1985)

October 18, a well service unit was moved onto MWX-3, the wellhead was

removed, the BOP's were installed and the 2-7/8-in . tubing was pulled from

the well . A retrieving head was run on the 2-7/8-in . tubing to the Mountain

States retrievable bridge plug at 6338 ft . The bridge plug was released and

pulled from the well . October 29, Dynajet set a Mountain States cast-iron

bridge plug at 6350 ft, abandoning the Red and Yellow sands.

October 20, a Mountain States retrievable bridge plug and retrievable

packer were run in the well on 2-7/8-in . tubing in preparation for pressure

testing the 7-in ., 29 lb/ft, N80 casing for leaks . The retrievable bridge

plug was set at 6336 ft and the retrievable packer was set at 5682 ft.

Pressure testing conducted on October 21 with various settings of the

retrievable packer indicated the existence of more than one casing leak

below 5682 ft but above the retrievable bridge plug at 6336 ft . Above

5682 ft the 7-in 29 lb/ft, casing was successfully pressure tested to

5000 psi . October 23, a new Mountain States "HD" packer was run on the 2-

7/8-in . tubing and hung, unset at 6327 ft . The BOP's were removed, the

wellhead was installed, and the service unit was moved off the well.
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November 6, a service unit was moved back onto the well, the wellhead

was removed, the BOP's were installed, and the Mountain States "HD" packer

was moved to 6310 ft and set . Pressure testing of the tubing and casing

indicated a packer leak . The packer was released, the bridge plug at

6336 ft was released, and the entire downhole assembly was pulled from the

well . Additional pressure testing for casing leaks was undertaken from

November 8 through November 12 . It was then decided to squeeze cement

through perforations at 6342 ft to eliminate any possibility of gas

migrating outside the casing, uphole from the coastal interval into the

fluvial interval.

November 12, Dynajet perforated with two 19-gm JS at 6342 ft for

squeeze cementing purposes . The next day, three joints of 2-7/8-in . tubing,

and a Halliburton RTTS packer were run in the well on 2-7/8-in . tubing with

the tubing tail landed at 6334 ft . Halliburton spotted 250 gal of 15% HC1

across the perfs, the packer was set at 6224 ft, and following a 20-minute

soak, an injection rate of 2 .5 BPM at 3600 psi was established into the

perforations . The acid was overflushed with 5 bbl of fresh water . The

circulating ports on the RTTS packer were opened, cement slurry was spotted

across the perforations, and 50 sacks of Class G cement containing 0 .4%

Halad 9 was squeezed away at 4000 psi . The RTTS packer was unseated, the

tubing tail was raised to 6134 ft, excess slurry was reverse circulated from

the well, and the RTTS packer was reset at 6024 ft with 2000 psi on the

tubing.

November 14, the Halliburton RTTS packer was unseated and the cement

top was tagged at 6134 ft . The RTTS packer and 2-7/8-in . tubing were pulled

from the well and laid down . The BOP's were removed, the wellhead was

installed, and the service unit was moved off the well . The coastal

interval in MWX-3 was now permanently abandoned . No perforations were open

in the well above the cement top at 6134 ft .



2 .2 .34 Reentry Test, Abandon Coastal Zone, MWX-1
(May 30-June 8, 1986)

May 30, the HP gauge was pulled from the paludal interval, and a tubing

plug was set at 6950 ft to end the paludal reentry test . 4 The 2-7/8-in.

tubing was then perforated with three 2-gm JSPF (0 .42-in . hole diameter)

from 6555 ft to 6557 ft to open the commingled Red and Yellow sands for

production through the tubing, following a 6-month shut-in . The lubricator

was installed and the HP gauge was run in the well to 6000 ft for bottomhole

pressure measurement during the pressure drawdown portion of the coastal

reentry testing . Production into Western Slope's gas gathering system began

at 4 :30 p .m . May 30 at 300 MCFD against prevailing line pressure . The gas

producing rate was curtailed in steps to 50 MCFD within the first 24 hours

of the drawdown and remained at that rate until 3 :00 p .m . June 2, when the

well was shut in for pressure buildup . The HP gauge and wireline were

pulled from the well at this time and the lubricator was laid down . MX-1

remained shut in on pressure buildup (surface measurements only) until

4 :00 a .m . June 8, when coastal reentry testing was terminated.

June 12, Dynajet set a cast iron bridge plug at 6000 ft in MWX-1,

permanently abandoning the coastal interval.

2 .3 REFERENCES

1.

	

CER Corporation, "Multi-Well Experiment :

	

MWX-1 As-Built Report,"
Sandia National Laboratories Contractor Report, SAND82-7201, July 1982.

2. CER Corporation, "Multi-Well Experiment : MWX-2 As-Built Report,"
Sandia National Laboratories Contractor Report, SAND82-7100, August
1982.

3.

	

CER Corporation, "Multiwell Experiment : MWX-3 As-Built Report," Sandia
National Laboratories Contractor Report, SAND84-7132, February 1984.

4. Multiwell Experiment Project Groups at Sandia National Laboratories and
CER Corporation, "Multiwell Experiment Final Report : II . The Paludal
Interval of the Mesaverde Formation," Sandia National Laboratories
Report, SAND88-1008, May 1988, Section 8 .7 .



Rifle

GARFIELD CO Rulison

\

	

\\
EXPERIMENT LOCATION \

	

\
\

	

\
\

	

\
\

	

\
\

	

\\

	

\

\

	

\

raig \
\

\~~ •

	

\
`Glenwood • Denver

Springs
•
Grand Junction

COLORADO

\

Figure 2 .1 Multiwell Experiment Location



MWX-1

CORES

4,170 - 6,827 ft 2,657 ft
7,870 - 7,960 90 ft

Total 2,747 ft
Oriented 470 ft

LOGS

4,130 - Surface	
4 Logs - comb.

6,827 - 4,130 ft
11 logs - comb.

8,350 - 4,130 ft
18 logs comb.

DSTs

7 in. 29 lb N-80

	

5,885 - 5,830 ft
Casing Set @ 8,350
Cemented to 3,450 ft

	

RFTs

8,135 -4,535 ft
12 tests

Spud Date : Sept. 13, 1981
Rig Released : Dec. 21, 1981

13'/2 in. Hole

103/ in . 51 .5 lb
Casing Set @ 4,130
Cemented to Surface

Figure 2 .2 MWX-1 Well Information



MWX-2

16 in. Conductor

	

CORES

4,870 - 4,956 ft
5,485 - 5,581 Pressure Core
5,700 - 5,880
6,390 - 6,568
7,030 - 7,385
7, 817 - 7,907
8,100 - 8,141

915 ft of Core
395 ft Oriented

LOGS

5,438 - 4,094 ft
3 logs - comb.

6,050 - 4,094 ft
3 logs

6,688 - 4,094 ft
9 logs - comb.

8,300 - 4,094 ft
15 logs - comb.

DST

4,895 - 4,955 ft

Spud Date :

	

Dec. 31, 1981
Rig Released :

	

Mar. 30, 1982

14% in. Hole

10% in. 51 .5 lb
Casing Set @ 4,102 ft
Cemented to Surface

7 in. 29 lb N-80
Casing Set @ 8,300 ft
Cemented back
to 3,500 ft

91 days

Figure 2 .3 MWX-2 Well Information



MWX-3

120 ft

	

13-3/8 in . Conductor

	

CORES

7,463 - 4,129 ft
28 logs - comb.

4,887 - 4,928 ft
5,690 - 5,870
6,431-- 6,528
6,875 - 6,910

12'/4 in . Hole 7,071 - 7,160
7,536 - 7,564

9-5/8 in . 36 lb Casing
Cemented to Surface

435 ft of Core
All Oriented

LOGS

4,134 - Surface

83/ in. Hole
4 logs - comb.

5,875 -4,129 ft

7 in. 32 lb
P-110 & N-80 Casing

5 logs - comb.

6,875 - 4,130 ft
Set @ 7,474 ft 7 logs - comb:

5-7/8 in . Hole

Spud Date :

	

June 7, 1983
Rig Released : Aug. 17, 1983

72 days

Figure 2 .4 MWX-3 Well Information



Depth, ft
(from KB)

19

3,229

3,862
3,901

7,488
7,672

Marine 7,830
Section 8,110

8,230

8,350 TD

Formation

Wasatch

Ft. Union

Ohio Creek
Paralic

WWI n WEB

Fluvial

Mesaverde
----

Coastal

- - -

Paludal

Rollins
Mancos Tongue

Cozzette

Corcoran

Mancos Shale

Thickness, ft

3,210

614

39
300

1,750

625

925

184
158
280

120

120

Figure 2 .5 Geologic Cross section of MWX-1
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Figure 2 .7 Relative Well Spacings at Surface and at 6500 ft (the deepest
survey in all three wells)

-2 .33-



160

340

320

u

c)100

60

40

20

00

TEMP . LOG SANLDIA PROJECT RIFLE

	

S2'e6 .'26
al 1 I I I I I I

	

I I 1 1 1 1 1 I I 1 I 1 1 11 11 T1 T I TT 1 1 T1-11 p TT TU TT 11 p l I I I , , , T ~ 11- I I I 1 1 1 1 l I II I I I I I I I 1 I I I I 1 I

+

	

+

	

+

	

+

	

+

	

4

	

4

	

4

+ 4 4

1III11'1IIIIIIIIIIII1I11 11 1111.1III1 .111	 1I1II11II1IIIIII11	 111II1IIIIIIIIIII1	 1I1I1I111"
1000

	

2000

	

3000

	

4000

	

5000

	

6000

	

7000

	

8 000

DEPTH (Ft)

Figure 2 .8 Temperature Log of MX-1

4

9G00

-2 .34-



TASK 1961
I

	

I

	

I

	

l

	

1

	

1

	

l

	

l

	

l

	

l

	

l
1985

I

	

I

	

I

	

I

	

I

	

I

	

1

	

1

	

1

	

1

	

1
1986

1

	

1

	

1

	

1

	

1

	

1

	

1

	

1

	

1

	

1

	

1

Perforate, Breakdown Coastal Red Sands

Stress Tests, Coastal Interval
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Perforate, Breakdown Coastal Yellow Sands

Interference Test, Coastal Yellow, MWX-1 Producer

Winter Coastal Gas Production Test, MWX-1 Producer

N2 Injection, Coastal Red & Yellow, MWX-2

N2 Step Rate Test, Coastal Yellow, MWX-1
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Figure 2 .9 Chronology of Coastal Operations



3 .0 GEOLOGY

John C . Lorenz
Sandia National Laboratories

3 .1 INTRODUCTION

The coastal zone occurs between the depths of 6000 and 6600 ft . at the

MWX site . It is an interval of lenticular, distributary-channel and splay

sandstone reservoirs, with interbedded mudstones and carbonaceous shales.

These strata were deposited in an upper delta plain environment]. that was

similar to that of the underlying paludal zone . However, coals were not

deposited in the coastal environment, and this marks the principal

difference between the paludal and coastal zones . Otherwise, the sandstone

reservoirs have similar morphologies . The presence or absence of coals

also controlled differences in the diagenetic processes and resulting

porosities and permeabilities in the two zones.

The coastal zone occurs near the middle of the Williams Fork Formation

of the Mesaverde Group, of Late Cretaceous (Campanian) age . The Mesaverde

Group is a package of marine and nonmarine strata that prograded southeast

and east into the Western Interior Seaway in response to late Sevier and

early Laramide orogenic activity . 2 These strata are well exposed along the

Grand Hogback, particularly at Rifle Gap, 12 miles northeast of the MWX

site . Other exposures occur at outcrops around the edges of the basin,

with especially good exposures of the coastal zone being located in Coal

Canyon, north and northwest of Cameo, Colorado.

Although a horst block exists in the deep subsurface in the vicinity of

the MWX site, 3 the structural configuration of the shallower Mesaverde

strata is unaffected . The Mesaverde strata dip gently to the northeast, 4

toward the Grand Hogback, at an angle of less than two degrees (Figs . 3 .1,

3 .2) .



3 .2 LITHOLOGY

3 .2 .1 Core

The coastal zone was penetrated by all three of the MWX wells . The

entire zone was cored in MWX-1, but only two of the reservoir sandstones

were cored in MWX-2 and MWX-3 (Fig . 3 .3) . The sandstones of interest were

assigned color designations : thus from the top down, they are named the

Purple, Orange, Brown, Blue, Green, Yellow, and Red (Fig . 3 .3) . The Red

and Yellow reservoirs were studied and tested in detail.

Most of the coastal sandstones are distributary-channel deposits . Only

two are possible splays, although numerous thin splays of lower quality

exist in the interval . The splays are of indeterminate dimensions, whereas

the channels are on the order of 200 to 500 ft . wide . There is no known

preferred orientation of channel lenses . Estimates of individual lens

trends can be made, however, based on crossbedding (paleoflow) vectors in

oriented core and the spatial distribution of channel subfacies . 5

3 .2 .2 Outcrop

Coastal zone outcrops contain both the lenticular, crossbedded, channel

sandstones and the more amorphous, ripple-bedded splay deposits . The

channel sandstones are commonly segmented by internal diagonal bedding

planes produced by lateral accretion (point-bar) deposition . Although

these indicate some degree of sinuosity, they are not as well developed as

those of the overlying fluvial zone, and the lenses themselves are

laterally restricted, suggesting low sinuosity . The diagonal bedding

planes are commonly accented by thin mudstone partings, or by zones of

mudstone or muddy carbonate ripup clasts, and sometimes by thin beds with a

high content of carbonaceous/organic debris .



Other lenticular sandstones exposed in outcrop are more homogeneous in

character, their principal features being large-scale, soft-sediment

deformation structures . Both types of sandstones are narrow, usually less

than 500 ft . wide, and they have sharp basal contacts with the underlying

mudstones, but more gradual, sometimes interfingering contacts with the

overlying and adjacent mudstones.

Splay sandstones thin gradually along the outcrops and lose their

identity in the adjacent mudstones .

	

These mudstones are commonly

carbonaceous, but coals were not developed . They locally contain

calcareous concretions suggestive of incipient soil formation, but never a

well developed soil profile.

3 .2 .3 Sandstone Petrology

According to Pitman and Spencer, 6 the reservoir sandstones of the

coastal zone are typically "fine-grained and moderately sorted, and consist

dominantly of quartz, lithic fragments, and minor amounts of sodium

feldspar," and are classified as feldspathic litharenites (Fig . 3 .4).

These compositionally heterogeneous sandstones (Table 3 .1 and

Appendix 11 .1) have undergone a complex paragenetic sequence that includes

early and late stages of calcite cementation, quartz cementation,

alteration of feldspars, several stages of authigenic clay formation, and

moderate dolomitization of calcite fragments . ?

The principal clay components of the sandstones in the coastal zone are

authigenic illite and mixed-layer illite-smectite . 6 ' 7 The clay minerals

occur as permeability obstructions in pore throats and grain coatings.

Porosity measured in the laboratory is on the order of 6 to 7 percent, and

permeabilities are on the order of 0 .5 microdarcys . 8 Porosity is mostly

secondary.

An independent report by Dowell Schlumberger 9 made on selected samples

from the Red and Yellow sandstones suggests that compaction and



cementation played roles equally important to that of clay formation in the

reduction of permeability, although the early stage of calcite cementation

noted by Bendix7 was not observed . Otherwise, the reconstructed

paragenetic sequences of the two reports are similar . The petrographically

measured compositions are also similar, although Dowell-Schlumberger

suggested that the sandstones contained somewhat less feldspar than noted

by Bendix.

3 .3 MORPHOLOGY

The following interpretations are based on slabbed core where core is

available and supplemented by the geophysical logs in uncored intervals.

Correlations are hung on the top of the sandstone in question, or the Kelly

Bushing in the case of multiple zones of interest.

Sandstone body widths in the coastal are estimated using the outcrop

height-to-width relationships observed in Coal Canyon north of Cameo : 5

width = 8 .6 height'•'

(correlation coefficient 0 .62)

This quality of data is not available at Rifle Gap (nearer the MWX site)

due to inaccessible and poor outcrops of this interval . Well-to-well

correlation/probability calculations 10 for the coastal zone in the MWX

wells suggest an average lens widths on the the order of 120 to 175 feet,

but the data base is small, and sandstones are expected to be of widths

similar to those in the paludal zone (200 to 500 feet wide).

Reservoir orientations are interpreted from the spatial relationships

of the three wells at depth, and the specific subenvironments (main channel

vs . channel margin or overbank) penetrated by each well . Crossbedding

information from the SHDT * dipmeter in MWX-3 and from oriented core in the

lower two zones supplement the conclusions.

*Schlumberger's Super High-Resolution Dipmeter Tool
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3 .3 .1 Purple Zone (Fig . 3 .5)

MWX-1 core in this sandstone displays two 3 to 4-foot-thick sands

separated by a thin, rippled siltstone bed, and over- and underlain by

muddy and silty overbank deposits . The MWX-1 sandstones are crossbedded

and could be main channel deposits, though the silty parting that separates

them may indicate the more erratic discharge of a splay deposit . This

latter interpretation is supported by the irregular gamma ray profile of

this zone in MWX-2, which suggest temporal and spatial differences in

deposition as on different lobes of a splay . The validity of correlating

these beds from MWX-1 and MWX-3 to MWX-2, despite the different MWX-2 gamma

ray profile, is supported by the density log crossover which occurs at the

base of this sandstone in all three wells.

If this thin sandstone (less than 10 feet) is a splay, it is probably

not extensive, as there is no definitive thickening trend toward any of the

three wells . If it is a channel, it probably originated in the vicinity of

MWX-2 trending southeasterly, and migrated northeastward (and upsection as

deposition occurred) maintaining the same trend to intersect MWX-3 and

MWX-l . However, a ten-foot-thick channel would have an expected width of

only 110 feet which would not be expected to intersect all three wells.

3 .3 .2 Orange Zone (Fig . 3 .6)

Core from the Orange reservoir in MWX-1 indicates a good main channel

assemblage of lithologies : thick crossbedded sandstone with an abrupt base

and an upper zone of rooted, finer sandstone and siltstone . The gamma ray

logs of MWX-2 and MWX-3 suggest similar deposits, but are significantly

thicker in MWX-3 . This implies a northeasterly trending channel which is

thinner in MWX-1 and MWX-2 . If the 28-foot thickness in MWX-3 represents

the thickest point of the channel, its width would be on the order of 340

feet . However, the upper 3 to 5 feet of the unit are probably silty

overbank deposits as found in MWX-1 core, which suggests a minimum width

more on the order of 270 feet .



3 .3 .3 Brown Zone (Fig. 3 .7)

The presence of a good sandstone only in MWX-2 in the brown zone

suggests a southeasterly channel trend . That this is indeed a channel is

suggested by the fining upward trend portrayed in the gamma ray log . MWX-1

core at this level is entirely overbank material, although common thin

rippled sandy and silty beds imply proximity to a channel . The MWX-3 gamma

ray log is similar to that of MWX-1, and probably contains similar

deposits . While it is possible that MWX-2 does not penetrate the maximum

development of the channel, the 11-foot thickness there indicates a minimum

width of 120 feet.

3 .3 .4 Blue Zone (Fig . 3 .8)

Core from the Blue zone in MWX-1 shows probable channel deposits of

crossbedded sandstone with an abrupt base, grading upward into rippled

sandstone with interbedded mudstone . The gamma ray log of MWX-2 indicates

similar sequences, with perhaps more mudstone beds near the top, whereas

the MWX-3 log suggests a more homogeneous sandy interval . The MWX-3 unit,

20 feet thick, indicates a minimum channel width of 230 feet . The channel

trend is ambiguous : the SHDT log from MWX-3 shows crossbedding (reflecting

paleoflow, and roughly, channel orientation) toward the east and northwest

at the top of the interval, toward the northwest and southwest in mid-

interval, and probably most reliably, toward the northwest near the base.

It is estimated that the main channel is situated in the vicinity of MWX-3

and trends about northwest, as this orientation allows a 230-foot-wide

channel to be penetrated by all three wells, with MWX-3 near the center of

the channel.

3 .3 .5 Green Zone (Fig . 3 .9)

The Green zone consists of five sandstone bodies (A through E, top to

bottom, respectively) which do not correlate well between the three MWX

wells, implying that they are of restricted width.

-3 .6-



Green A is about 14 feet thick in MWX-3 where the geophysical logs

indicate a relatively clean, high porosity sandstone throughout . The SHDT

log (MWX-3) displays one trend of symbols which is a textbook pattern for a

trough crossbed and suggests northeasterly paleoflow. This is consistent

with the absence of channel sandstones in MWX-1 and MWX-2 . The 14-foot

thickness suggests a minimum width of 160 feet.

Green B is sandy in MWX-2 but consists of only overbank siltstones and

mudstones in MWX-1 core, and in the gamma ray log of MWX-3 . Green B may be

either a channel (at least 130 feet wide and trending either southeast or

northeast between MWX-1 and MWX-3) or a splay deposit derived from a

channel southwest of MWX-2 . The latter interpretation is preferred in

light of the silty nature of the core from MWX-l.

Green C is a homogeneous sandstone, about 23 feet thick in MWX-3, where

several questionable SHDT readings suggest northeasterly through

southeasterly paleoflow . The interval is mostly siltstone and mudstone in

MWX-2, but is probably correlative at its base with a crossbedded sandstone

in MIX-1 core, indicating a more southeasterly trend . The upper, thin-

bedded, rippled sandstones in MWX-1 core of this interval resemble channel

margin/overbank deposits correlative with the top of this unit in MWX-3 . A

minimum width of 270 feet is predicted.

Green D is a sandy interval with density log crossovers in both MWX-1

and MWX-2, but is nonexistant in MWX-3 . A minimum width of 80 feet and a

northeasterly trend are predicted, although a wider width is possible as it

is unlikely that MWX-1 and MWX-2 both penetrated the channel center.

Green E, present as a sandstone in MWX-3 only, may parallel Green D

since it is not present in MX-1 or MWX-2, and a relatively consistent

paleoflow to the northeast is depicted by the SHDT log .



3 .3 .6 Yellow Zone (Fig . 3 .10)

The Yellow zone is a composite sandstone ; two of the sandstone bodies

(A and B) are separated 3 to 4 feet of mudstone in two wells, but

interconnect in MWX-2 where A scoured down into B . In a horizontal plane,

these two lenses are probably slightly divergent after intersecting . The

third lens (C) has no obvious connection, but is separated from B by only 3

to 5 feet of mudstone.

Yellow A is a clean, crossbedded sandstone in all three wells, becoming

rippled near the top . Its thickness in MWX-2 suggests a minimum width of

200 feet . Because it thins in MWX-1 and MWX-3, it is possible that the

channel center runs between these two wells, trending northeast . However,

crossbeds in oriented core and SHDT data (available for MWX-3 only) both

suggest westerly paleoflow . The data is somewhat diffuse, and the SHDT

data is only for low-angle (dubious significance) crossbedding, but its

consistency is compelling . Most of the measurements indicate paleoflow

between southwest and northwest (Fig . 3 .11), but a slight angling towards

the northwest is necessary in order to encompass all three wells within the

projected 200 foot width, and is consistent with the majority of crossbeds.

This lens seems to be a channel which was superimposed locally on Yellow B.

The two lenses are probably unrelated and in plan view become separated

beyond the MWX site.

Yellow B is another channel sandstone, the central parts of which were

penetrated by MWX-2 and MWX-3 . The oriented crossbedding and SHDT data

indicate easterly to southeasterly paleoflow, diametrically opposed to that

of Yellow A . (Again, the SHDT data is weak as most measured bedding have

less than 10 degrees inclination, but it is consistent with itself and with

the core crossbeds .) The crossbed pattern may be resolved into a

dominantly east-northeast trend of trough crossbeds in MWX-3 core, and a

dominantly southeast trend of planar crossbeds in MWX-1 core . Except that

the crossbeds are of two distinct types, each with its dominant



orientation, and that the lens is thickest in MWX-2, this might be taken to

indicate a curved channel . It is more likely, however, that the planar

crossbeds in MWX-1 represent a mid-channel bar with an avalanche slip face

at some angle to overall flow, and that the trough crossbeds were formed in

the channel thalweg, which may also vary in orientation with respect to

overall channel trend (possibly diverted around the mid-channel bar).

Overall channel trend is best estimated as an average of the two paleoflow

directions, about east-southeast.

A reconstructed thickness, estimating the amount of the top of Yellow B

that was removed by scour during the superposition of fellow A in MWX-2, is

about 25 feet . This yields a minimum width of 300 feet.

Yellow C is probably a splay or channel margin deposit, and consists

primarily of rippled sandstone and siltstone in all three wells . Weak SHDT

data from MWX-3 suggest northeasterly paleoflow from a source southwest of

MWX-2 . This may be corroborated by the slightly thicker deposits of this

interval in MWX-2.

3 .3 .7 Red Zone (Fig . 3 .12)

The Red zone is also a composite sandstone, consisting of two

superimposed but apparently unrelated sandstone lenses.

Red A consists of 40 feet of main channel deposits in MWX-2 (suggesting

a minimum width of 500 feet), thinner main channel deposits in MWX-1, and

channel/channel margin deposits in MWX-3 . Six good crossbed measurements

from oriented core in MWX-1 and MWX-2 suggest northeasterly paleoflow,

which is corroborated by two reliable SHDT patterns in MWX-3 . The Red A

lens therefore probably trends northeast, encompassing all three wells

(Fig . 3 .13) . It begins to feather out to the northwest in the region of

MWX-3 . Since it also thins in the direction of MWX-1, reservoir rock

probably does not extend much farther than the predicted width (500 feet)

and the lens can be relatively well defined.
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Red B is probably not directly related to Red A . Weak core crossbed

and SHDT data suggest generally westerly paleoflow and possible lens trend,

although data consistency is lacking . Red B thickens toward MWX-3, to 22

feet, suggesting 260 feet as a minimum width . Red B is scoured into by

Red A in MWX-2, providing at least local interconnection . Based on

sandstone thinning trends, the Red B channel sandstone is interpreted to be

oriented at about N45°E, subparallel to the Red A channel and with its

southeastern edge some 50 feet southeast of MWX-1 . 11

3 .3 .8 Permeability Breaks

Inhomogeneities are inherent in nonmarine deposits . Within a lens

there are many discontinuities, such as shaley or carbonaceous layers, that

segment the lens . As described in Section 3 .2 .2, these internal reservoir

breaks are commonly inclined, but they may not extend entirely through the

lenses . In addition, some natural fractures break through these barriers

so individual segments of the reservoir are not completely isolated . The

overall result is a network of restrictions and tortuous flow paths through

the segments of the reservoir.

Within the approximately 600 feet of MWX core taken through the Red and

Yellow zones, different types of permeability barriers were observed

(Table 3 .2) . Nine of the occurrences in Table 3 .2 are doubled points,

wherein two factors are found together (i .e ., a silty, carbonaceous zone).

There are actually only 39 discrete barriers within the reservoirs,

although there may have been others within the pieces of core that were

removed for testing prior to this study.

Figure 3 .14 portrays the distribution of the different types of

lithology breaks within the Red and Yellow sandstones . The mudstone

partings are generally concentrated in the top half of the reservoirs, as

are the zones of very fine-grained sandstones, but the other types of

discontinuities are more evenly distributed throughout the sandstone units.
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3 .4 NATURAL FRACTURES

Sixty natural fractures were logged in the coastal core from the MWX

wells .* Only one was in oriented core : its strike is 110°, parallel to

the trend. of regional fractures at depth in the Mesaverde . 8

The largest category of fractures (25) consists of vertical extension

fractures (type 1) (Table 3 .3) . Eighty-four percent of these fractures

occur in sandstones or siltstones, and 72 percent contain calcite

mineralization . Of the known vertical terminations of these fractures, 68

percent occur at a mudstone boundary, 18 percent at a mudstone parting in

sandstones, and 13 percent terminate within the same lithology . Twelve

fracture terminations are unknown . Significantly, no fractures are seen to

extend from a sandstone into a mudstone.

Thirteen shear fractures (type 2) were noted in the coastal core . Most

follow subparallel bedding planes, usually along a thin mudstone parting

within a sandstone . The sandstone-mudstone contact is commonly

slickensided, but only half of these fractures are mineralized.

The other major fracture type (type 8) consists of zones of multiple

fractures . The irregularity of individual fractures and of the fractures

zones, their indiscriminate distribution in all lithologies, and their

mineralization with dickite (often but not always in combination with

calcite) mark these as a type not encountered in the marine, paludal or

fluvial zones . Dickite is a high-temperature (- 200°C) polymorph of

kaolinite, and occurs at MWX as a later phase overlying calcite in those

fractures where they occur together . The rock fabric in these fracture

zones appears to be expanded, as if the fracturing and mineralization took

*Fracture data presented here are preliminary, and may differ slightly from
data presented in the final fracture report .12



place under conditions of pore pressures that exceeded the hydrostatic, and

possibly the lithostatic, gradients . These fractures are concentrated

within a narrow interval of the wells from 6124 to 6242 feet, with smaller

and less common dickite-filled fractures occurring from 5998 to 6312 feet.

The origin and significance of this zone is unknown at present.

Five subhorizontal fractures without apparent shear were logged : three

were mineralized with calcite, two were mineralized with an unidentified

mineral, probably barite . Two additional planar, inclined fractures (type

6) were found in mudstones ; one mineralized with calcite, one with dickite.

Finally, several hundred dewatering features (not listed in table) were

noted in the mudstones . The "fractures" are irregular, commonly dipping

30° to 60°, curviplanar, often intersecting, and are inferred to have

formed early during dewatering and compaction of the sediments . Similar

features are seen in outcrop, in some cases below soft-sediment dewatering

pipes in overlying sandstones . Three instances of such dewatering pipes,

in sandstones overlying mudstones with dewatering fractures, were seen in

the MWX core from the coastal zone . These fractures and planes of weakness

in the rock probably formed by the alignment of clays, but they occur

exclusively in the more plastic lithologies, and there is no indication

(such as mineralization) that they are open or permeable at depth . They

become apparent only during stress relief and breakage of the rock.

The effect of the permeability breaks described in Section 3 .3 .8 on

natural fractures is an important consideration . Fracture systems will be

different within each segment of the reservoir, as delineated by the

reservoir breaks . The entire lens does not act as a single sandstone unit

(or bed) with respect to the natural fractures.

Natural fractures commonly terminate at the thin lithologic

discontinuities which provide local zones of stress difference (Fig . 3 .15)
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and therefore (1) fracture spacing is probably proportional to the thinner

sandstone units rather than to the gross reservoir thickness, and (2)

fractures as permeability conduits probably form a much less completely

interconnected network within the reservoir than they would if they

extended top to bottom.
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Table 3 .1

Summary of Petrologic Characteristics of Sandstones
(from Bendix Reports7)

GREEN C GREEN D YELLOW (A&8) , RED (A&8)

Ave. mean grain size (mm)
.13(.06- .18) .09( .07-.10) .11( .07- .13) .11( .08- .15)MX-1

MWX-2 .14( .08- .18) .12( .09- .18)

Ave, % pore space,
MWX-1 10.6 (8-15) 10 .7 (4-15) 6.6 (4-8) -6.1 (tr-14)

MWX-2 8.9 (2-14) -9.2 (tr-21)

Ave. X calcite
MX-1 5 .7 (2-13) 6.3 (4-10) 7.8 (4-20) 7.9 (4-16)

MWX-2 8.1 (3-25) 6.1 (2-16)

Ave, % dolomite
7.0 (2-14) 12 .3 (9-16) 5.7 (3-10) 8.3 (6-11)MWX-1

MWX-2 3 .5 (1-7) 5.7 (3-10)

Ave . % quartz
MWX-1 52 .3 (47-58) 51 .7 (49-55) 67.5 (54-77) 68.8 (56-78)

MWX-2 65.9 (35-81) 62.4 (52-75)

Ave % K-feldspar
-1 .0 (tr-2) -0.7 (tr-1) -1 .3 (tr-4) -2.4 (1-4)MWX-1

MWX-2 tr(tr-2) tr(tr-2)

Ave % plagioclase
MWX-1 7.1 (5-9) 4 .7 (4-6) 11 .3 (7-15) 7.9 (5-12)

MWX-2 7.9 (4-13) 7.4 (4-13)

Ave . % lithics
MX-1 8.1 (5-10) 6.3 (6-7) 6.0 (4-8) 11 .8 (6-23)

MWX-2 19.5 (8-29) 25.8 (18-34)

Ave . % chert

MWX-1 3.3 (1-6) 2 .0 (1-3) 13 .8 (7-21) 9 .5 (5-12)

MWX-2 5 .2 (2-12) 5 .3 (1-11)

Ave . % silica overgrowths
2.6 (2-3) 3.7 (3-4) 7.8 (5-12) 4.7 (2-9)MWX-1

MWX-2 -2.4 (tr-5) 2.0 (1-5)

Ave. X clays in voids
MWX-1 9 .1 (7-10) 9.7 (3-14) -1 .6 (tr-7) -3 .0 (tr-12)

MWX-2 8.4 (2-13) 98.4 (tr-21)

Ave. % clays ,
MWX-1 -1 .2 (tr-2) tr 13 .2 (4-21) 10.3 (1-14)

MWX-2 5.2 (2-21) 4.9 (1-10)

Trace minerals (inconsistent)--siderite, muscovite, biotite, pyrite, other opaques, zircon, tourmaline,

apatite, epidote, hornblende

in the Coastal 2one



Table 3 .2

Summary of Frequency of Lithologic Discontinuities
in the Red and Yellow Sandstones

No . of
Occurrences

Mudstone partings (1/2"-3") 7

Sideritic clast zones 8

Mudstone ripup clast zones 13

Carbonaceous (organic) zones 13

Very fine grained zones 7

48



Table 3.3

Fracture Data from Core in the Coastal Zone

C

C

PS

P

P

Fill

	

Fill

Mineral*** Amount+

C

PS

PS

PS

P

PS

PS

C

C

C

Depth (ft)

	

Fracture

	

Max Width (mm)

(Top of

	

Fracture

	

Number of

	

Height (ft)

	

Including

Fracture)

	

Type*

	

Fractures**

	

in Core

	

Mineralization

	

Dip

6002 .1 1 1 0.7 1 .0 80 C

6007.7 1 1 2.8 3 .0 85 C

6033 .0 1 1 1 .1 3 .0 80 00

6035 .7 1 1 1 .0 8 .0 90

6047.2 1 1 0.4 0 .8 90

6048 .4 1 1 0.9 1 .0 80 DC

6050 .7 1 1 0.3 2.0 90 DC

6060 .0 6 1 0.1 30 C

6075 .7 1 1 1 .4 11.0 80 C

6081 .5 1 1 1 .1 0.6 90 D

6084 .4 1 1 0.1 0.1 90 C

6088 .7 1 1 0.4 0.2 90 C

6100 .2 1 1 0.9 2.0 90 C

6106 .9 1 1 1 .1 0 .4 90 C

6117.9 1 1 0.6 0 .4 90 C

6119.1 2 1 0 .1 05 C

6124 .3 1 1 0 .4 0 .8 90 D

6124 .4 1 1 0 .1 C

6129.0 8 6 1 .5 6.0 90 DC

Top
Termination++

Bottom
Termination++

Rock
Type+++ Comments

2 1 3 2 close strands

1 1 3

7 1 3

1 5 3 curved planes

1 1 3

1 1 4

1 1 3

2 2 7

2 2 2

1 1 5

1 1 5

1 3 3

1 1 6

1 1 6

1 1 5

2 2 6

1 1 3

2 2 fracture just skims

1 1

core

multiple irregular
fractures



Table 3 .3

Fracture Data from Core in the Coastal Zone (Continued)

Depth (ft) Fracture Max Width (mm)

(Top of

Fracture)

Fracture

Type*

Number of

Fractures**

Height (ft)

in Core

including

Mineralization Dip

Fill

Mineral***

Fill

Amount+

Top

Termination++

Bottom

Termination++

Rock

Type+++ Comments

6131 .8 8 6 0.7 3.0 0-90 DC P 1 2 0 multiple irregular
fractures

6134.9 8 6 0.9 5.0 40-90 DC C 1 1 6 multiple irregular
fractures

6143.6 8 1 10 DC P 2 2 3 follows bedding

6146.8 8 6 2.0 0.5 0-80 DC C 1 3 6 multiple irregular
fractures

6149.3 8 6 2 .0 2.0 0-90 DC C 3 1 6 multiple irregular
fractures

6151 .1 6 1 0.2 35 D P 2 2 7

I-

6151 .8 8 4 1 .1 0.2 0-90 D C 1 1 0 multiple irregular
fractures

Co 6153 .5 8 1 0.1 0.2 40 D C 3 3 0

6154 .2 8 1 1 .0 10 D C 2 2 6

6178.9 2 1 30 2 2 4

6188.3 8 6 1 .6 2.0 0-50 D P 3 3 4 multiple irregular
fractures

6189.9 2 1 20 CD PS 2 2 4

6190.2 8 1 0.3 60 DC P 2 2 3

6190.5 8 1 0.3 60 DC P 2 2 3

6190.8 2 1 0 D P 2 2 4

6190.9 2 1 0 2 2 4

6192 .6 1 1 0 .9 0.6 80 D C 3 5 3



Table 3 .3

Fracture Data from Core in the Coastal Zone (Continued)

Depth (ft) Fracture Max Width (mm)
(Top of

Fracture)
Fracture

Type*
Number of

Fractures**
Height (ft)

In Core
Including

Mineralization Dip
Fill

Mineral***
Fill

Amount+
Top

Termination++
Bottom

Termination++
Rock

Type+++ Comments

6193 .0 2 1 0 D P 2 2

6193 .9 1 1 0 .8 0.2 90 C C 5 3 4

6195 .2 1 1 0 .8 0 .4 60-80 D C 2 2 0

6195 .4 2 1 0 2 2 0

6195 .4 1 1 1 .5 0 .3 80 C C 5 5 3

6197 .1 2 1 05 2 2 4

6197.7 2 1 10 2 2 4

6197.7 8 6 0 .9 2 .0 50-75 DC C 5 3 6 multiple irregular
fractures

6203 .0 2 1 0 .1 20 C P 2 2 4

6242 .9 8 2 0 .2 0 .3 30 D C 3 3 6

%ID
6248 .0 2 1 - - 4

6249 .2 1 1 1 .3 1 .0 90 QC PS 5 2 3

6312 .4 8 6 0 .3 4 .0 70-90 DC C 3 3 7 multiple irregular
fractures

6328 .5 7 1 5 .0 10 C C 2 2 7

6358 .7 1 1 0 .3 0 .8 85 C C 5 2 3

6396 .5 7 1 10 B P 2 2 3

6396 .5 1 1 0 .2 1 .0 90 D C 3 3 3

6396 .8 7 1 10 B P 2 2 3

6399 .0 1 1 2 .9 0 .2 90 C C 1 1 2

6430 .4 2 1 15 C P 2 2 6

6501 .3 2 1 10 4



Table 3.3

Fracture Data from Core in the Coastal Zone (Concluded)

Depth (ft)
(Top of Fracture Number of

Fracture
Height (ft)

Max Width (mm)
Including Fill Fill Top Bottom Rock

Fracture) Type* Fractures** (in Core) Mineralization Dip Mineral*** Amount+ Termination++ Termination++ Type+++ Comments

6525 .1 1 1 0.7 0 .2 90 C C 2 2 3 Strikes 110#

6584 .3 7 1 0 C P 2 2 4

6584 .7 7 1 0.2 1 .4 30 C P 2 3 4

*Fracture Type : 1 . Vertical extension
2. Shear along mudstone parting in sandstone
3. Dewatering (not listed here)
4. Shear showing motion, cuts across bedding
5. Miscellaneous shear
6. Planar fracture (shear?) in mudstone
7. Subhorizontal, no shear apparent
8. Zone of multiple irregular fracture

**Number of fractures : multi-stranded fractures were listed as a single fracture if the strands were spaced less than one inch apart.

***Fill mineral : C, calcite
Q, quartz
D, dickite
B, barite

+Fill amount : C, complete
P, partial
S, subhedrat mineral crystals apparent

++Top and bottom terminations : 1 . at mudstone contact
2. out of core (unknown)
3. within same lithology
4. at gradational change to mudstone
5. at mudstone parting
6. at grainsize change (other than at mudstone)
7. sampled (unknown)

+++Rock type : O. thinly laminated mudstone and siltstone
1. coarse sandstone
2. medium sandstone
3. fine sandstone
4. fine sandstone with some mudstone laminations
5. mixed siltstone and mudstone
6. siltstone
7. mudstone
8. coal



SW

	

NE

G

	

c5'o
Jam.

	

0°

	

M W Xa
°

	

R.\

sea level —

5

	

10

Figure 3 .1 . General Structure of the Mesaverde Formation in the Piceance
Creek Basin

- 5000

feet -2500

0

	

miles

vertical exaggeration=8 .5X



structure contours on top of the Rollins Sandstone

contours in hundreds of feet above/below sea level

o well control points
from Johnson, 1983

5 miles IN

Figure 3 .2 . Structure Contours on Top of the Rollins Sandstone : Contours

in Hundreds of Feet Above/Below Sea Level (from Johnson 4 )

-3 .22-



COASTAL ZONE

Figure 3 .3 . Gamma Ray Logs and Correlation of Reservoir Sandstones in the

Coastal Zone
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Figure 3 .11 . Plan View : Inferred Lens Trends in the Yellow Zone
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Figure 3 .12 . Core Lithology, Gamma Ray Logs, and Correlation of the Red
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Figure 3 .13 . Plan View : Inferred Lens Trends in the Red Zone
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Figure 3 .15 Vertical Outcrop Section through a Coastal Sandstone, Showing
Diagonal Lithologic Discontinuities and Their Effects on
Fracture Distribution .





4 .0 LOG ANALYSIS

G . C . Kukal
CER Corporation

4 .1 INTRODUCTION

Extensive log analysis of the Mesaverde Group has been undertaken as

part of the Department of Energy's Western Gas Sands Project Multiwell

Experiment (MWX), a research effort aimed at developing new and improved

technology to enhance natural gas production from low-permeability reser-

voirs . The Mesaverde Group of Western Colorado's Piceance Basin typifies

low-permeability lenticular sandstone reservoirs which contain a large

resource of natural gas but are difficult to characterize and produce . A

log interpretation system developed specifically to deal with such tight,

shaly reservoirs has been applied to the three wells drilled for the

Multiwell Experiment . This report is a synopsis of a more comprehensive

report presented previously .) It presents the results of the analysis of

the coastal interval between 6000 and 6570 ft.

The coastal interval of the Mesaverde Group consists of a 600 ft-thick

section of predominantly silt and mudstone enveloping isolated sand lenses

2 to 35 ft thick . Fourteen sand units with reservoir potential were tar-

geted for analysis . Due to the restricted width of the lenses, some sands

are not observable in all three wells, or are notably thinner . Table 4 .1

lists the sand units' depths in the three wells . Figure 4 .1 shows the

correlation of the units.

4 .2 GENERAL CHARACTERISTICS OF THE RESERVOIR ROCK

The sandstone lenses in the coastal interval are fairly consistent

lithologically . They are feldspar and lithic rich quartz sandstones, well

sorted and usually fine to very fine grained . Carbonate minerals average

10 to 15 percent of the rock, with an approximately equal amount of calcite

and dolomite .

	

Many sandstones contain mudstone lenses, and a few



have carbonaceous stringers . The average sandstone has 5 to 15 percent

clay, which is dominantly illite and illite/smectite mixed layer clay.

Figure 4 .2 shows the range of grain density for the coastal interval in

MWX-l . Mean grain density is 2 .673 gm/cc and is increased by both clay and

carbonate.

The coastal reservoirs are very tight . Permeability is on the order

of microdarcies ; as a consequence, water saturation is high . The phenomena

responsible for the extremely tight nature of these rocks appear to be

small grain size, reduction of primary porosity through silica cementation

and the presence of clay minerals . The clays line grain boundaries and

bridge pore throats.

Porosity is generally less than 9 percent . Figure 4 .3 shows the range

of core porosity for the coastal interval in MWX-l . The distribution is

distinctly bimodal . Coring through the MWX-1 coastal interval was con-

tinuous and sampling was somewhat random through the interval 6230 to

6560 ft . This resulted in sandstones, siltstones and mudstones each being

well represented . The population of analyses peaking at 3 percent porosity

consists of mudstones and siltstones, whereas the peak at 7 .2 percent is

sandstone . This conclusion is substantiated by Figure 4 .4 which plots only

samples in which the core was described as being a sandstone . The average

porosity of sandstone within the coastal interval is 6 .1 percent.

Natural fracture intensity within the upper coastal cored interval

(6000 to 6250 ft) is high whereas it is less in the lower interval . Since

matrix permeability for the interval is unusually low, it is probable that

the individual reservoirs would require natural fractures for significant

gas production.

4 .3 COASTAL INTERVAL DATABASE

The basis of the extensive MWX log and core database is listed in

Tables 4 .2 and 4 .3, respectively . The database is completely digitized.
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All log curves are depth shifted to the primary resistivity log for each

well . Core analyses have been depth-shifted and are stored at log depth.

Additional data utilized in the coastal log analysis include core

descriptions (digitized using a lithology code), the core gamma ray log,

thin-section point count, x-ray diffraction analyses, and mud logs.

Several visual fracture detection type logs which do not lend themselves to

digitizing were analyzed manually.

The entire coastal interval was cored in MWX-l . In MWX-2, only the

interval from 6390 to 6568 ft was cored . In MWX-3, the coastal interval

was cored from 6431 to 6530 ft.

Intermediate-run log data was used in the coastal interval analysis to

achieve the best analysis possible . The intermediate logs were run under

better hole conditions and are less perturbed by invasion . Prior to

analysis, density and neutron data histograms were compared between

multiple runs in each well and between wells for differences of data

distribution . Several diagnostic peaks and limits observed were useful to

discern inconsistencies in the data sets .

	

Several log quality problems

were noted and resulted in the following normalizations of intermediate-run

log data : (a) MWX-1 compensated neutron data was normalized by -1 .5

porosity units ; (b) MWX-1 bulk density data was normalized by -0 .01 gm/cc;

and (c) MWX-2 compensated neutron data was normalized by -0 .5 porosity

unit .

The MWX basic logs are presented in Figures 4 .5 through 4 .19 according

to the following format :

MWX-1 MWX-2 MWX-3

Resistivity Figure 4 .5 Figure 4 .10 Figure 4 .15

Density-Neutron Porosity 4 .6 4 .11 4 .16

Bulk Density-Photoelectric 4 .7 4 .12 4 .17

Spectral Gamma 4 .8 4 .13 4 .18

Long-Spaced Sonic 4 .9 4 .14 4 .19
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4 .4 ANALYSIS OF COASTAL RESERVOIRS

Analysis of the coastal interval was performed using TITEGAS, a

sandstone log analysis model developed by CER Corporation, and procedures

given in detail elsewhere . 2-5 The format and description of TITEGAS

computed log output is presented in Figure 4 .20 . The output includes both

curves from log analysis computations and plotted core data . The computed

logs for MWX-1, MWX-2 and MWX-3 are presented in Figures 4 .21, 4 .22 and

4 .23, respectively.

4 .4 .1 Overall Quality and Characteristics

Fourteen distinct sand bodies are identified as potential reservoirs

in the coastal interval . Using model results from the TITEGAS log analysis

program, each sand or zone is classified and labeled on the computed log as

being one of the following types:

- Type 1 : These reservoirs have the best matrix reservoir quality.

This type of zone is interpreted as capable of gas flow from matrix

after a perforation breakdown and does not necessarily depend upon

natural fractures for flow . A stimulation candidate.

- Type

	

la : Matrix permeability is developed as in Type 1 and the

unit is also naturally fractured.

- Type 2 : These reservoirs are naturally fractured but generally do

not have good matrix permeability.

- Type 3 : Marginal matrix permeability ; secondary stimulation candi-

date.

- Type 4 : These reservoirs are too tight for significant production .
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- Type 5 : These reservoirs are very marginal gas zones . Water

saturation is very high and completion could possibly cause water

production problems.

- Type 6 : These reservoirs are sands which have very high water

saturation . This type of zone will contribute substantial water

production.

Some general statements can be made about the relative quality of the

units in the coastal interval:

- The best reservoir appears to be the Orange sand . Although the

unit is thin in MWX-1 and MWX-2, matrix permeability is relatively

high.

- The Red and Yellow sands are relatively fair to poor reservoirs,

but are fairly thick and continuous.

- The Blue and Purple sands are also relatively fair to poor reser-

voirs, but in addition are much thinner units than the Red and

Yellow sands . However, they are probably more fractured.

- The Brown and Green sands are the worst quality reservoirs.

Generally they are laterally discontinuous and very tight, but may

be naturally fractured.

Reservoir quality varies between the three wells . MWX-2 overall has

the best quality reservoirs ; MWX-1, the worst . Tables 4 .4, 4 .5 and 4 .6

list zone-averaged reservoir characteristics of the coastal reservoirs for

all three wells.

4 .4 .2 Matrix Permeability Analysis

Two methods are available in TITEGAS for determining matrix perme-

ability .

	

The first is a qualitative estimate based on the difference
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between near-zone water saturation (S X0) and deep formation water satura-

tion (Sw) . If the saturation curves are separate but track each other, the

discrepancy is attributable to a local water resistivity variation . If the

curves travel oppositely, then a permeable interval is interpreted . If the

curves stack, then the zone is tight and uninvaded . The TITEGAS computed

logs show the S w difference, or OSw .

The second method is a direct simulation of net stress corrected

absolute permeability shown on the TITEGAS logs as the curve labeled KI.

When KI, or the permeability index, is corrected for formation water

saturation, the resultant effective gas permeability will be one to two

orders of magnitude lower.

Visual analysis of the two permeability indicators allows reliable

estimation of matrix permeability . Generally when AS w is larger and the

saturation curves are swinging in an opposite direction, the calculated KI

is high . When thickness of zone is factored in, the permeability-feet

parameter (kh on the log) becomes a useful tool to judge zone merit . In

the coastal interval, the most permeable zones are the Purple, Orange and

Blue sands . The Green, Red and Yellow sands have isolated permeable

streaks . In general, the coastal sand lenses have poor matrix permeability

and significant gas production would be contingent upon the presence of

natural fractures.

4 .4 .3 Natural Fracture Detection

Several natural fracture indicators are available in the MWX database.

Fractures observed in cores are the most direct method of indication . (The

core fracture data used in this analysis were those derived from the

initial field core description, and may differ from the more recent,

comprehensive natural fracture data given in Section 3 .4 .) A second method

relies on various so-called fracture logs, e .g ., borehole televiewer

(BHTV), circumferential acoustilog (CMA), fracture identification log

(FIL), borehole compensated variable density log (BHC-VDL), and the frac
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ture probability log (FPL) . This log suite was run in MWX-3 . The oil-base

mud used in MWX-1 and MWX-2 prevented the majority of fracture log measure-

ments from being useful in those wells ; only the VDL logs were available.

Figure 4 .24 is a digitized interpretation of each fracture log for

MWX-3, combined into a single trace plot . Shading indicates a log-

interpreted fracture . Zones where most or all of the fracture logs exhibit

a fracture response can reliably be assumed to be naturally fractured . In

MWX-3, these zones are the Orange, Blue, Green C, Green E and Red B sands.

In addition, core descriptions show a fracture in the Yellow C sand.

Figures 4 .25, 4 .26 and 4 .27 are composite illustrations for each well

which include natural fracture and mud log data for the coastal interval.

Cored intervals and core fractures are depicted . Also, fractures identi-

fied via fracture logs are shown . For MWX-1 and MWX-2, the variable

density log (VDL) was the primary indicator . For MWX-3, all fracture logs

described above were used . The mud log portions of the figures show total

units of gas and mud weight.

Other methods have been investigated for natural fracture detection.

The first method utilizes various logs with different depths of investiga-

tion, such as the density-neutron, electromagnetic propagation, micro-SFL,

dielectric constant and deep induction log . Water saturations are calcu-

lated from each curve and pairs of curves are plotted . When an anomalous

relationship occurs, a fracture is suspected . By displaying numerous such

pairs of curves, a tool for identifying fractures is created . The

saturation curve method (NATUFRAC) is shown for the coastal interval in

Figure 4 .28 . A description of the reasoning behind the interpretation of

the saturation curves for natural fractures is given in another report .'

Another fracture detection method based on curve comparisons is the

multiple density pass (MDP) method . All available bulk density data for an

interval, including different log runs and repeat run data, is compared for

differences in the readings . If a density tool pad passes over a fracture,
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the measurement can be significantly different than from a run where the

pad missed the fracture (it is possible to miss a fracture in the borehole

in the case of a vertical fracture) . Also, in different log runs, a lower

density on a later run indicates fracture presence since this is opposite

to the effect of additional invasion with time . Figure 4 .29 presents a

trace plot of all density data on MWX-1 in the coastal interval . To the

left, fractures are flagged in three columns : those anomalies detected on

the same run, those detected between runs, and core-identified fractures

(righthand column).

The MDP fracture identification technique is supplementary to other

fracture identification techniques . The MDP technique can overlook a frac-

ture present in the borehole and can also indicate a fracture when none is

present . There are several reasons why the technique is not reliable by

itself . Fractures may be overlooked because pad tools tend to "channel"

along the borehole, causing multiple passes to traverse the same paths.

Also complex infiltration conditions may mask fractures on the early-late

run comparisons . Fractures may be erroneously indicated due to various

mechanical reasons associated with logging pad-borehole contact.

Approximately 40 percent of MWX-1 core observed fractures were identified

by the MDP technique.

Additional fracture verification methods include late versus early

resistivity log run comparisons, and computed log versus core porosity

comparisons . Abrupt anomalies are suspected fractures . Table 4 .7 lists

fractures identified on MWX-1 by a combination of core, fracture log, MDP,

resistivity log and porosity comparisons . Table 4 .8 lists fractures

identified on MWX-3 by core, NATUFRAC porosity comparisons and fracture log

techniques . Fracture detection data is less available on MWX-2.

4 .4 .4 Cement Bond Quality

The composite Figures 4 .25, 4 .26 and 4 .27 show the cement bond log

interpretation for each well in the left column .

	

A shaded interval
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indicates adequate cement bonding . In MWX-1, cement quality appears good

below 6100 ft . The Brown, Blue, Green, Yellow and Red sands are well

isolated in terms of communication via the cement . The uppermost Purple

and Orange sands are not isolated.

MWX-2 cement bond quality is generally good throughout the coastal

interval . Each unit is well isolated except the Purple sand, which is not

isolated on the top . MWX-3 cement quality is similar to MWX-2 in that all

zones are isolated except the Purple sand, which is not isolated on the

top . In addition, the Yellow A and B sands are not isolated from each

other in MWX-3.

4 .4 .5 Closure Stress Estimates

Closure stress logs were computed for each well to interpret vertical

barriers to contain hydraulic fracture treatments .' Closure stress is

generally higher for shales than for the less elastic reservoir rock ; since

the sand lenses are enveloped by shalier material, this should promote

vertical hydraulic fracture containment . Analysis of the closure stress

logs revealed that almost all reservoir units appear to be bounded by rocks

with higher closure stresses . Where the adjacent strata are thinner, a

less effective barrier is anticipated . Barriers in question are : in

MWX-1, between the Red A and Red B and above the Brown ; in MWX-3, between

the Yellow A and Yellow B, and above the Red A sandstone.

4 .5 PETROPHYSICAL RELATIONSHIPS IN THE COASTAL INTERVAL

Two and three-dimensional crossplots offer an opportunity to observe

pertinent petrophysical relationships in a specified interval . Log, core

and petrographic data are crossplotted and the resultant trends are

significant descriptors of the reservoirs . Such an analysis and resulting

observations are presented in Appendix 11 .3 .
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Table 4.1 Coastal interval Sand Units

UNIT

	

DEPTH

Purple
Orange
Brown
Blue
Green A
Green B
Green C
Green D
Green E
Yellow A
Yellow B
Yellow C
Red A
Red B

Net Sandi
Thickness :

MWX-1

6,023.0-6,031 .0
6,061 .0-6,081 .0
6,179.0-6,197.0
6,242.5-6,253 .0

6,324.0-6,343.5
6,350.5-6,359.5
6,375.5-6,380.5

6,425.0-6,440.0
6,442.5-6,461 .5
6,466.0-6,470.0
6,498.5-6,521 .5
6,534 .5-6,550.5

123 .5 ft

MWX-2

6,025.0-6,036.0
6,065 .5-6,080.5
6,177 .5-6,188.5
6,239 .0-6,252.5

6,324 .5-6,336.0

6,375 .5-6,380.5

6,422.5-6,457.5
(combined with A)
6,466.0-6,474.0
6,496.0-6,534.5
6,536.0-6,552.0

159 .0 ft

MWX-3

6,029.0-6,036.0
6,067.5-6,096.0

6,240.5-6,263 .0
6,294.5-6,309.0

6,342.5-6,370.5

6,386.0-6,395.0
6,436.0-6,450.5
6,454 .0-6,471 .0
6,474.5-6,479.0
6,504.0-6,520.0
6,533.0-6,561 .5

170.0 ft

1 Includes sand with less than 25% clay and greater than 3% porosity .



Table 4.2 MWX Log Database

MWX-1 LOGS

4,130 ft to Surface

Borehole Compensated Sonic/Gamma Ray/
Caliper/Dual Induction

6,827 to 4,130 ft

Dual Induction/Gamma Ray
Lithodensity/Caliper
Compensated Formation Density
Compensated Neutron/Gamma Ray/Caliper
Natural Gamma Spectroscopy
Long Spaced Sonic
Repeat Formation Tester

8,350 to 4,130 ft

Dual Induction/Gamma Ray/SP
Lithodensity/Compensated Neutron/Gamma

Ray/Caliper
Long Spaced Sonic
Epithermal Sidewall Neutron/Gamma Ray/

Caliper
Electromagnetic Propagation/Gamma Ray/

Caliper
Amoco Sonic Tool
Dipmeter - Structural and Stratigraphic
Computed Logs

Geo Dip
Standard Cluster
Directional Survey

Fracture Identification Log
Repeat Formation Tester (12 tests)

MWX-2 LOGS

5,438 to 4,094 ft

Formation Density/Compensated Neutron/
G R/Caliper

6,692 to 4,094 ft

Dual Induction/G R/SP
Formation Density/Compensated Neutron/

G R/Caliper
Lithodensity/G R/Caliper
Sidewall Neutron/GR/Caliper
Natural Gamma Spectroscopy

8,291 to 4,094 ft

Dual Induction/GR/SP
Circumferential Micro Sonic/GR

Digitized Waveforms
Formaton Density/Compensated Neutron/

Natural Gamma Spectroscopy/Caliper
Long Spaced Sonic

Digitized LS Waveforms
Amoco Multiple Spaced Sonic/Waveforms
Sidewall Neutron/GA/Caliper
Dipmeter

8,230 to 4,294 ft

Fracture Identification Log



Table 4 .2, Cont.

MWX-3 LOGS

4,134 ft to Surface

Borehole Compensated Sonic/Gamma Ray/
Caliper

Formation Density/Compensated Neutron/
Gamma Ray/Caliper

5,875 to 4,129 ft

Lithodensity/Compensated Neutron Log/
Gamma Ray/Caliper

5,840 to 4,900 ft

Borehole Televiewer

6,875 to 4,130 ft

Lithodensity/Compensated Neutron Log/
Gamma Ray/Caliper

Micro SF L/SP/Caliper

7,474 to 4,129 ft

Dual Induction Log/Gamma Ray/SP
Lithodensity/Compensated Neutron Log/

Natural Gamma Spectroscopy/Caliper
Sidewall Neutron Porosity/Gamma Ray/

Caliper
High Resolution Dipmeter/Gamma Ray/

Caliper
Fracture Identification Log/Gamma Ray/

Caliper

Borehole Compensated Sonic (Digital Sonic)
Shear and Compressional Travel Times

Variable Density Log (3 ft spacing)
Mechanical Properties Quick Look (Com-

puted Log)
Dual Laterolog/Microspherically Focused

Log/Gamma Ray/Caliper
Electromagnetic Propagation Tool/Gamma

Ray/Caliper
Dual Porosity Compensated Neutron Log

(CNT-G)/Gamma Ray/Micro Log
Formation Density Compensated/Gamma

Ray/Caliper
Amoco Multiple Spaced Sonic
Mobil Multiple Spaced Sonic
Mobil Borehole Televiewer
Spectralog
Borehole Compensated Acoustilog/Gamma

Ray/Caliper
BHC Acoustic Fraclog/Gamma Ray/Caliper
Sonic Waveforms Digitized
Dielectric Constant Log
Circumferential Acoustilog

7,300 to 4,130 ft

Cement Bond Log/Variable Density Log/
Gamma Ray/Casing Collar Locator

Cement Evaluation Log/Gamma Ray
Compensated Neutron Log
Thermal Decay Tool/Gamma Ray/Casing

Collar Locator



Table 4 .3 MWX Core Database

CORED INTERVALS

MWX-1

	

MWX-2 MWX-3

4,170 - 6,827 4,870 - 4,956 4,887 - 4,928
7,810 - 7,960 5,485 - 5,500 1 5,690 - 5,870

5,551 - 5,581 1 6,431 - 6,530
Total : 2,807 ft 5,700 - 5,880 6,875 - 6,910

6,390 6,568 7,071 - 7,160
7,080 - 7,388 7,536 - 7,5642
7,817 7,907
8,100 - 8,141 Total : 500 ft

Total : 928 ft

STANDARD ANALYSES

	

SPECIAL ANALYSES

Permeability, Porosity, Water Saturation,

	

Stressed Permeability, 3 Petrographic
Oil Saturation, Grain Density,

	

Thin Section Analysis3
Cation Exchange Capacity 3

1 Pressure Core
2 2 in. diameter core
3 Not on all samples



Table 4,4 MWX-1 Coastal Reservoir Characteristics

Purple 6,025.0-6,031 .0 6.0 .066 0.39 .653 .16 .147 .0258 .112 .080 .072

	

.0009 .387 2.66

Orange 6,061 .0-6,081 .0 11 .5 .088 1 .01 .526 .51 .265 .2397 .070 .104 .075

	

.0083 .382 2.65

Brown 6,179.0-6,197 .0 6.0 .057 0.34 .973 .04 .046 .0052 .161 .181 .045

	

.0034 .588 2.68
Blue 6,242.5-6,253 .0 10 .5 .076 0.80 .651 .32 .148 .0837 .090 .120 .065 .452 2.66
Green A
Green B 6,324.0-6,343 .5 4 .5 .048 0.22 .885 .04 .000 .0027 .189 .138 .043

	

- .637 2.68

	

-

Green C 6,350.5-6,359 .5 9.0 .067 0.60 .770 .19 .026 .0378 .144 .059 .061

	

- .476 2.66

	

-

Green D 6,375 .5-6,380 .5 5 .0 .070 0.35 .722 .13 .007 .0193 .149 .103 .070

	

- .302 2.67

	

-

Green E
Yellow A 6,425.0 . 6,440.0 13 .0 .067 0.87 .636 .34 .099 .0555 .101 .083 .059

	

.0053 .458 2 .67

	

3 .25
Yellow B 6,442.5-6,461 .5 19 .0 .074 1 .41 .628 .55 .069 .0995 .091 .049 .077

	

.0106 .322 2 .66

	

2 .65

Yellow C 6,466.0-6,470 .0 0 .0 - - - - - - - -

	

-
Red A 6,498.5-6,521 .5 23.0 .067 1 .55 .548 .73 .038 .1075 .144 .138 .072

	

.0059 .371 2 .66

	

2 .99
Red B 6,524.0-6,550 .5 1&.O .069 1 .10 .626 .44 .079 .0730 .091 .142 .070

	

.0081 .397 2.67

	

2 .35

" Includes sand with less than 25% clay and greater than 3% porosity . Zone averages computed Wising these footages.



Table 4.5 MWX-2 Coastal Reservoir Characteristics

Purple 6,025.0-6,036 .0 5 .5 .071 0.39 .631 0.17 .209 .0296 .128 .083
Orange 6,065.5-6,080 .5 15.0 .082 1 .24 .614 0.54 .133 .1576 .086 .040
Brown 6,177.5-6,188 .5 11 .0 .076 0.83 .737 0.26 .037 .0460 .137 .073
Blue 6,239.0-6,252 .5 13.5 .077 1 .03 .705 0.35 .095 .0734 .067 .072
Green A

Green B 6,324.5-6,336 .0 11 .5 .089 1 .02 .608 0.45 .067 .1389 .095 .041
Green C
Green D 6,375.5-6,380.5 5 .0 .067 0.34 .772 0.10 .002 .0116 .175 .146
Green E
Yellow A

&B 6,422 .5-6,457 .5 35.0 .071 2.50 .641 0.95 .129 .1949 .074 .089 .068 .0073 .377 2.66 1 .06
Yellow C 6,466 .0-6,474 .0 8 .0 .066 0.53 .697 0.19 .080 .0237 .146 .041 - - - - -
Red A 6,496 .0-6,534 .5 38.5 .071 2.72 .555 1 .26 .126 .2252 .123 .037 .072 .0073 .365 2.66 0.86
Red B 6,536.0-6,552 .0 16 .0 .070 1 .12 .603 0.46 .131 .0741 .102 .070 .067 .0081 .373 2.67 1 .32

*Includes sand with less than 25% clay and greater than 3% porosity . Zone averages computed using these footages.



Table 4 .6 MWX-3 Coastal Reservoir Characteristics

Purple 6,029 .0-6,036 .0 7 .0 .062 0.43 .620 .20 .092 .0360 .142 .118
Orange 6,067 .5-6,096 .0 28.5 .068 1 .95 .620 .78 .102 .1338 .104 .065
Brown

Blue 6,240.5-6,263 .0 22.5 .074 1 .66 .642 .64 .108 .1351 .093 .110
Green A 6,294 .5-6,309 .0 14 .5 .081 1 .17 .635 .46 .025 .0885 .127 .071
Green B
Green C 6,342 .5-6,370 .5 28.0 .079 2.21 .582 .98 .022 .2068 .134 .049
Green D
Green E 6,386.0-6,395 .0 7 .0 .073 0.51 .687 .20 .009 .0342 .126 .062	
Yellow A 6,436.0-6,450.5 11 .0 .056 0 .61 .733 .21 .055 .0208 .134 .145

	

.056

	

.Q028

	

.621

	

2 .68

	

-
Yellow B 6,454.0 . 6,471 .0 17.0 1 .31 .540 .62 .085 .1195 .119 .143

	

.076

	

.0065

	

.423

	

2 .66

	

-
Yellow C 6,474.5-6,479 .0 4.5 .051 0.23 .653 .09 .067 .0057 .198 . .222

	

.047

	

.0012

	

.652

	

2 .67

	

-
Red A 6,504.0-6,520 .0 10 .5 .053 0.55 .535 .27 .051 .0208 .208 .143

	

.060

	

.0023

	

.574

	

2 .67
Red B 6,533.0-6,561 .5 19.5 .061 1 .19 .558 .56 .045 .0716 .149 .115

	

-

	

-

includes sand with less than 25% clay and greater than 3% porosity . Zone averages computed using these footages.



Table 4.7 MWX- 1 Fracture Detection Summary

Zone Depth Fracture Indicator(s) 1

Purple 6,023.0-6,031.0 Core, Fracture Iogs, 2 MDP log
Orange 6,061 .0-6,081 .0 Resistivity Anomaly, Porosity Comparison, Core,

MDP log, Fracture Iogs2
Brown 6,179.0-6,197.0 Core, MDP log, Fracture Iogs 2
Blue 6,242.5-6,253.0 Core, MDP log, Porosity Comparison, Fracture Iogs 2

1 Indicators listed gave positive fracture identification . Indicators reviewed include : MDP log,
Fracture logs, 2 core data, porosity comparisons, resistivity anomalies . Zones listed are only
those which are positively identified as fractured.

2 Consist of: Variable Density Log (VDL)

Table 4.8 MWX-3 Fracture Detection Summary

Zone

	

Depth

	

Fracture Indicator(s) 1

Orange

	

6,067.5-6,096.0

	

NATUFRAC, Fracture Iogs 2
Blue

	

6,240.5-6,263.0

	

NATUFRAC, Fracture Iogs 2
Green C

	

6,342.5-6,370.5

	

NATUFRAC, Fracture Iogs 2
Red B

	

6,533 .0-6,561 .5

	

NATUFRAC, Fracture Iogs 2

1 Indicators listed gave positive fracture identification . Indicators reviewed include:
NATUFRAC, Fracture logs, 2 core data, porosity comparisons, resistivity anomalies.
Zones listed are only those which are positively identified as fractured.

2 Consist of: Borehole Televiewer (BHTV), Circumferential Acoustic Log (CMA), Fracture
Identification Log (FIL), Borehole Compensated Variable Density Log (BHC-VDL),
Variable Density Log, 3-ft spacing (VDL), Fracture Probability Log (FPL)



MWX-1

	

MWX-2

Gamma Ray soD

	

o Gamma Ray app

	

o Gamma Ray soo

PURPLE

ORANGE

GREEN A

GREEN C

GREEN E

YELLOW A

YELLOW B

YELLOW C

RED A

GREEN D

Figure 4,1 Correlation of Units Within the MWX Coastal Interval



Top = 6000 .0

	

M W X-1

	

Bottom = 6570.0
50

Mean = 2 .673
Std . Dev . = 0.033

2 .70r l ~l 	
76
	 n	

2.82
	 n	

2 .88

	

.94

	

L .00

Core Grain Density, gm/cc

Figure 4.2 Range in Grain Density, MWX- 1
Coastal Interval

	n	 n	 np	 iir.40

	

~ .46

	

2 .52

	

2 .58

	

2 .64



Top = 6000.0

	

MWX-1

	

Bottom = 6570.0

so

4s

Mean = 0.050
40—	Std . Dev . = 0.022

3s—

30—

2S—

20—

I5—

10

IL

	

``

	

I

	

f
10 3 .00 0 .02

	

6 .04

	

6 .06

	

0 .06 n 0 .10
	 n	

6 .12

	

0 .14

	

0 .16

	

6 .18

	

3 .20

Core Porosity, fraction

Figure 4.3 Range in Core Porosity, MWX-1 Coastal
interval

5'

Top = 6000.0

	

MWX-1 Bottom = 6570 .0
510

40•

	

Mean = .061

	

—

Std. Dev. _ .017

3s—

30'

2s—

20—

IS

Sandstone Core Porosity, fraction

Figure 4.4 Range in Sandstone Core Porosity, MWX- 1 Coastal
Interval

-LlunfL

.00

	

.02

	

04

	

.06

	

.08

	

•• .10

	

% .12

	

.I4

	

16

	

16

	

0 .20

I

-4 .21-



MWX 1

0 GR

	

200

G

0

	

ILD.2 2000	 __,r,	 _
-90 SP

	

10 0 .2

	

ILM 2000

. ..

\

•C

Gr

t'L• .,

G
\4.

t .

00000

r ~.,.
m 9.

1 {~!
1 F f

3

r

i.

~

J

A

sc.

'`;
~.

C• .
Y:

r

>•

k ~.

Figure 4.5 MWX-1 Resistivity Log

-4 .22-



MWX-1
0 GR 200 0 .2 ILD 2000

-90 SP 10 0.2 ILM 2000

0)
I1)

) ,,
r ,

r lam, .

VV.

r ~•S
\ f4

1
r

N

,

r ~.

I . W \.

..r f.
~

0

t9

0
r

.
~

r

r

f.

(

I

t•.

1 0)

t

-'''

J F

1 t cti

Figure 4.5, Cont.

-4 .23-



MWX-1
0

	

GR

	

200 0.2

	

ILD

	

2000

-90

	

SP

	

10---------
0 .2

	

ILM

	

2000
	 t	

0)

S
G IL

7:

1 J•'

)
f`F

! 4.
l t.

0)
-11

~1

	

t ►

~e•

1

m
L'

{

1' -
1.

1

N

\ t'
t
1 1

( t

/

\

1:
/ F.

/ Ol

/ @

a)
0)

Figure 4.5, Cont.



MWX-1
6

	

CALI

	

16 0.3

	

NPHI

	

-0.1
--	 --- -	 ---1	 .---U
0

	

GR

	

200 0.3

	

DPHI

	

-0.1

fn
G

>

	~--; -rte

t9 —_

c

0 —s ~y
------------

f ~— _
_

Figure 4 .6 MWX- 1 Density and Neutron Porosity Logs



MWX-1
6

	

CALI

	

16

0

	

GR 200

0.3

	

NPHI

	

-0 .1

0.3

	

DPHI -0.1

f

}

}
)

f

m

0
0

0)
w
m

0)
IN
(n
S

- -- ------- ----

.7 -may

5-
1

------------------- -

C

Figure 4.6, Cont.

-4 .26-



MWX-1
T

6

	

CALI

	

16 0.3

	

NPHI

	

-0.1

0

	

GR

	

200 0 .3

	

DPHI

	

-0.1

a)

----------------------------------------	

m
u~

>`t

) G

i

-- -------	

m

	

Figure 4.6, Cont.



MWX-1

6 CALI 16
0 GR 200

2 RHOB 3
0 PEF 10
t	 r--.r n

T0.25 DRHO 0.25
o)
m
m
m

0)

rn

0)

m
m

o)

N
m

ti

L
-- ti

ss \

C .~

c~}

C

l~

k.

	

ss

/Z. _~

Figure 4.7 MWX- 1 Bulk Density and Photoelectric Absorption Logs

-4 .28-



MWX-1
2

	

RHOB

	

3

6

	

CAL1

	

16 0

	

PEF

	

10

0

	

GR

	

200 -0 .25 DRHO 0.25
0)
N

G) c

` j =

CFI

0 c. :

1

j `

--'-'-'s

f __

`

rn

`

m
>

1
J~

Figure 4.7, Cont.

-4 .29-



MWX

6

	

CALI

	

16
........

GR 200

2	 RHOB

	

3

0

	

PEF

	

10
/IF	 I•nW	 1

0 .25 DRHO 0.25
........................ ..

m

m 	_
-

:7-

C. ,,

r --
-L.

n--

e

.....
. . .

. . ..

L.
Z-7

'1
1

i

Figure 4.7, Cont.

4 .30-



MWX 1
-10 URAN 30

0 GR 200 0 POTA

	

5 0 THOR 50
0)

m

m
c,

S 0
B l

} S ~

N

-- )

Figure 4.8 MWX- 1 Spectra/ Gamma Log



MWX 1

0 GR

	

200

-10

0

	

POTA

URAN

5

30

0

	

THOR

	

50

0)

0

l

;

e
0)

c

CFI i s

)

e

0)

w
.e

m

0)
U.1

-f'
-'

Figure 4.8, Cont.



MWX 1
-10 URAN 30

0 GR 200 0 POTA

	

5 0 THOR 50
a)
G
G

A

0,

r

,J

cn f
m
GI

S

m lJ

0)
0)

Figure 4, 8, Cont.
m
m



MWX-1
240 SWAVE 40

240 PWAVE 40
0)

@

1

	

PSRAT

	

2 0 POISSON 0 .4

0
@
vl
@

0

m@

0_

(31

Figure 4.9 MWX- 1 Long Spaced Sonic Log



MWX-1

Figure 4.9, Cont.

-240 SWAVE-
J

o.	

240 PWAVE 40

\L ~
/

PSRAT 2 0 POISSON 0 .4
m
N
@

m

@

m

U1
@

-4 .35-





MWX-2
0	 GR	 200

-90 SP

	

10
---------

	

0 .2

	

ILD

	

2000
	 .. . . . ........
0 .2	ILM

	

2000

S.

to

-i : ..

c.
F

m
(n

Figure 4.10 MWX-2 Resistivity Log

-4 .37-



MWX-2
0

	

GR 200

-90 SP

	

10
---	 te

0)

C
m

	

0 .2

	

ILD

	

2000
.. - - -• - - -r- . . . - - - - .

	

0 .2

	

IL M	 2000
	 T

•Y '

0)
N
U-I
B

0)
(N
C
0

3



MWX 2
0

	

GR 200

-90 SP

	

10
. . ....... ..

0 .2

	

ILD

	

2000
-	 - - . . - - . . --

0 .2

	

ILM

	

2000

m

m

U]
0

Q)
m

Figure 4 . 10, Cont.

\r

	in

-4 .39-



MWX 2
0.3

	

NPHI

	

-0.1
- -------- -------- -
0.3 -0.1DPHI

6

	

CALI

	

16
a -W-sawM-

0

	

GR 200

ty

N

! izi,

m
m
m
m

C)
m
UI
m

0)
UI
m

Figure 4.11 MWX-2 Density and Neutron Porosity Logs



MWX-2
6

	

CALI

	

16 0.3

	

NPHI

	

-0.1----aaO r .--as--a- a....Sla•

0

	

GR

	

200 0.3

	

DPHI

	

-0.1
0
N

Cf) ~~N

fl

_

	

----------_-

E ITi----

0) —
(N —
(n

t

I

_--_ .---- .--

Figure 4.11, Cont.



MWX-2

Figure 4.11, Cont.



MWX-2
2

	

RHOB

	

3

6

	

CAL!

	

16 0

	

P E F

	

10........ 	 1.1,111=	

0

	

G R

	

200 0 .25 DRHO 0.25
......................... . .

G

G

----.,

?
	

CD

G --LI.

5 Cn --

G
-

)

C

. . . . ..

<=

---

I -

Figure 4. 12 MWX-2 Bulk Density and Photoelectric Absorption Logs

-4 .43-



MWX-2
2

	

RHOB

	

3

6

	

CAL!

	

16 0

	

P E F

	

10......... ....... ........
0

	

G R

	

200 -0 .25 DRHO 0.25
....................... . ..

0)

r

. . . . . ..

0)

i

,---.-

n-

- 1..

. . . . . . ..

/....

?

n-
_

---5

C..

Figure 4.12, Cont.

-4 .44-



MWX 2

6

	

CAL!

	

16	 =In

0

	

GR

	

200
0)
G

2

	

RHOB

	

3

0

	

P E-	 F

	

10	 - I

0 .25 DRHO 0 .25
........ .......... . .......

0)

(11 /

`'r

I t

~
I i

I 1
I r

<4

I

4

f

I f

I \

I
\

	

I

	

4

I 0

0I

II `PIP5 . ..I:.

("- i i
Figure 4.12, Cont.

-4 .45-



MWX-2
-10 URAN

	

30
.....-- - - ........

0 GR

	

200 0

	

THOR

	

40 0

	

POTA

	

10

o)
m
0

0

r

B (
Ul

)

m

f

l-

r -
-

G)

)

-'

a) (
N
0

JJ

Figure 4.13 MWX-2 Spectral Gamma Log



MWX-2
-10 URAN 30

0 GR 200 0 THOR

	

40 0 POTA 10

0
N

(
/

I

7
/

m
r

N 1

Ul
B (

1

IN (

0

-

J

I J

0) )
w r

0

I

J

Figure 4.13, Cont.



MWX-2
-10 URAN 30

0 GR 200 0 THOR

	

40 0 POTA 10

m i
J

r
%

0)

Ui
G

(

J

0)
Ul

r

5
0)
rn 1
01

0) 1
m

	

Figure 4. 13, Cont.



MWX 2
240 SWAVE 40

240 PWAVE 40 1

	

PSRAT

	

2 0 POISSON 0.4
0)

m

m

0

Figure 4.14 MWX-2 Long Spaced Sonic Log



MWX-2
240 SWAVE 40

240 PWAVE 40 PSRAT 2 0 POISSON 0 .4

1

i

-

0)

m
B

0)
(N
U1
B

Figure 4 . 14, Cont .



MWX 2
240 SWAVE- -40--------
240 PWAVE 40 1 PSRAT 2 0 POISSON 0 .4

t

r

\

r

\

r

r

r '

I
\

J

L l

)

\

\

\``

-

0)
01
Q1

Figure 4.14, Cont.



MWX-3

0 GR 200 0 .2 1LD 2000

-90 SP 10 0.2 ILM 2000

a)
B

r '`7.
m !y

I
00000

:y• '

r'•
i

0000

0000 000

--i.

00000000 000
000 00000

0000

•

`

V

}.
fi t.

Gam—~ G) ~
i

:f
• .~ .

y

y..•-

Figure 4.15 MWX-3 Resistivity Log

-4 .52-



MWX-3

0

	

GR 200 0 .2

	

ILD 2000	 - - rt-	
-90

	

SP 10 0 .2

	

1LM 2000
a)
N
0 . ,v

(•

1 .

1` .N :

• r•̀
1 t:

•1 . . . ,

a)

! o
61 /

	

.••

C•

1 '••

ter :

1

	

~'

1 : .

I

.) ..

l• .

Figure 4 .15, Cont.

-4 .53-



MW X-3
0

	

GR

	

200 0.2

	

ILD	 •-

	

-t-
0 .2:	 ILM

2000........ .
2000

OOOOOOOOOOOOOOO OO O OOOOOOOO-90

	

SP

	

10

r m ! : .

OO OO

f

l

\

t

(
r

m

~.

.

)

:'

I

	

'•.

OOOOO

i

~ ••.

0) ~

	

OOOOO

..

I

(

	

:

OOOOO y OOOOOO

<• : . ..

t Cr) •

Ul
1 Q !

1 , Y

f

I

	

0)
Cr)

m

	

Figure 4.15, Cont.

-4 .54-



MWX-3
6

	

CALI

	

16 0 .3

	

NPHI

	

-0.1	 -- 	 f	 ,
0

	

GR

	

200 0 .3

	

DPHI

	

-0.1

El

1 - -	
-

------------

\.

1
L

----------

1

(

t _

_cam= -"	

_

I r ~

Figure 4. 16 MWX-3 Density and Neutron Porosity Logs



MWX-3

------
6

	

CALI

	

16
- - .r

0 .3

	

NPHI

	

-0.1
	 t	 ~

GR 200

	

0.3

	

DPHI

	

0 .1

i
I
)

1

1
I

I

1
I
I

1

I
I

z
r
1
1

I
I

f

I

f

I

I
/

7

I
I
I

I
)
J

I

I
I

J

1

N
@
@

m
N

@

----------------

-7,-.
.---

_` —

=-

	 DMB .

c
1

J

Figure 4 .16, Cont.



MWX-3

	

0.3

	

NPHI
. ........

	

0.3

	

DPHI

-0.1

-0.1

i a s
6

	

CALL

	

16
-a—sass

	GR	 200 1

m
In
m
m

a)
N
In
m

;

_=--

~__

e

t

I

Figure 4. 16, Cont.



MWX-3
2

	

RHOB

	

3

6

	

CAL!

	

16 0

	

PEF

	

10	 -'-~~ 	~~-a--a---.

0

	

GR

	

200 -0 .25 DRHO 0.25

1 t

0

CFI
..

I

r -

1

'

n

Cfl --

`

If
ate_ —

N.

Figure 4.17 MWX-3 Bulk Density and Photoelectric Absorption Logs

-4 .58



MWX-3

6

	

CALI

	

16	 -
0

	

GR 200

2 RHOB 3

0 PEF 10
1:0.25 DRHO 0.25

.... .......... ... . .. . . . . ..

)

o)
m
0

o)

m
0

~- --„..

. . ....... . ..

L –_–L__

Figure 4.17, Cont.

-4 .59-



MWX 3
2

	

RHOB

	

3

6

	

CALI

	

16 0

	

PEF 10

0

	

GR

	

200 -0.25 DRHO 0 .25

Figure 4.17, Cont.
0
0

C

0)

0

0)
01
01
0

t

i

-4 .60-



MWX-3
-10 URAN

	

30
........ 	-

0 GR

	

200 0

	

THOR 40 0

	

POTA

	

10

0)
61

ti
L

C

Q) ?

U
m

C

I

5 -

J

TT

1

r

U1

r J

\

Figure 4. 18 MWX-3 Spectral Gamma Log

-4 .61-



MWX-3

0 GR

	

200

-10

	

URAN

0

	

THOR

	

40

30

0

	

POTA

	

10

0)
N

f
0)

(n
61 S

s

5

Q1

0

r ~ l

-

0) f

(

S `

f, 5

Figure 4 .18, Cont.



MWX-3
-10 URAN

	

30~	 ;	
0 GR 200 0 THOR

	

40 0

	

POTA

	

10

a)

S

-

C

Ol

\

r

{

5
r

Ul

61

m

cr)

/

m

	

Figure 4 . 18, Cont.



MWX-3
240 SWAVE 40

240 PWAVE 40

e-

~-s

~`

a —I
r

f

<

i

I

ti

I

-

7
L

1 .4

	

SPRAT

	

2.4

m
m
m

Figure 4,19 MWX-3 Long Spaced Sonic Log

-4 .64



MWX-3

------240 SWAVE--45.0.
240 PWAVE 40

t

l

l

m
N

m
W

@

1 .4

	

SPRAT

	

2 .4

Figure 4.19, Cont.



MWX-3
240 SWAVE 40

240 PWAVE 40 1 .4

	

SPRAT

	

2.4

-
j

I

I

\

s
/

r

\\9

5

1

`C 1

I

0)
a)
m
m

	

Figure 4. 19, Cont.

0)
U1
m
m

m

m

-4 .66-



The Bulk Volume Analysis gives the percent of rock space occupied by
matrix and fluids . The matrix component is divided into clay, carbonate
(calcite and dolomite) and quartz . Fluid volume is divided into a gas

component and water component . Each component of the bulk volume is
scaled from 0 to 100°i across Track 1 . The summation of all components
totals 100%.
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Dashed Curve : Log calculated water saturation (S„) : scaled from 0 to
100% across Track 2.

Solid Curve : Log calculated water saturation of the near zone (SWDN);
the saturation is relative to the average investigative
depth of density and neutron tools ; scaled as above.

The shaded area between saturation curves represents
the degree of mud filtrate flushing or invasion . Matrix
permeability is interred from flushing efficiency . The dif-
ference between the curves SWDN and S is called AS . .
This is accumulated toot-by-fool through the zone (AS y h).
This curve is read at the bottom accumulation which
gives an indication of invasion efficiency for the zone.
The curve is scaled from 0 to 50 feet across Track 2.

Dotted Curve: Care porosiy ( 0 core) ; scaled 0 to 40% across Track 3.

Dashed Curve : Calculated log porosity (0) ; scaled 0 to 40% across
Track 3 .
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Interpolated core permeability (k core) . dry Klinken-
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5 .0 CORE ANALYSIS

Allan R . Sattler
Sandia National Laboratories

5 .1 INTRODUCTION

The coastal zone occurs at a depth of about 6000 to 6600 ft at the

MWX site (Figure 5 .1) . The core data help describe the formations and

the reservoir rock, and they provide input data to all MWX activities.

In this section examples of the core data are presented and discussion is

given to put the data in perspective . Specifically these remarks

indicate:

what core was taken and what analyses were made;

typical values of reservoir parameters, rock properties and other

measurements;

implications of the core data ; and

some comparisons of the core data with that of other geologic

sections of interest in the Mesaverde.

As described in Section 3 .0, the coastal interval is at the upper

part of a delta plain .

	

Sandstones in this interval generally are

lenticular, distributary channel and splay deposits . These are

interspersed with carbonaceous mudstones, shales, and siltstones . There

are a few thin beds and lenses of coal, but the coastal is differentiated

from the underlying paludal interval by the absence of thick coals and

very organic-rich sediments . The pore pressure is about 4400 psi at the

bottom of the coastal and the net confining stress is about 2000 psi for

an unperturbed reservoir .



After the drilling and coring of MWX-1, interest immediately focused

upon the relatively thick Red and Yellow sands at the bottom of the

coastal . These sands correlate quite well between the three wells . Both

the Red and Yellow sands were originally stimulation targets, but only

the Yellow sands were eventually stimulated (Section 7 .2) . The first

sands on which special core analyses were performed were the Red and

Yellow sands . Most of the coastal core analyses were concentrated on

these two sands because of the interest in them.

A total of 876 ft of 4 inch-diameter core were taken from the three

wells in the coastal interval as follows:

MWX-1 : Continuous core was taken through the coastal from 6000 to

6600 ft . Core from 6480 to 6569 ft was oriented.

MWX-2 : Core was taken from 6390 to 6569 ft which included the Red

and Yellow sands . Core from 6438 to 6528 ft was oriented.

MWX-3 : Core was taken from 6431 to 6528 ft which included the Yellow

and top of the Red sands . The entire core was oriented.

5 .2 CORE PROGRAM

The MWX core analysis program is described in detail elsewhere . 1,2

The results of analyses presented in this section have been taken from

the reports submitted by the participants . These reports are

specifically referenced where used in this section, and more

comprehensive listings are found in Section 10 .0 and Appendix 11 .14.

This section presents reservoir, mechanical, and organic properties

obtained from core . Other core-derived properties are reported in other

sections : lithology (3 .2), mineralogy/petrology (3 .2 .3), sedimentology

(3 .3), natural fractures (3 .4), and estimates of in situ stresses from

core (6 .4) . Core-log correlations are displayed with the log analyses
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formalisms in Section 4 .0, although correlations made with respect to the

televiewer and caliper logs are in Section 5 .6.

There were over 25 participants in the core program . The major ones

involved in coastal analyses were Core Laboratories, Institute of Gas

Technology (IGT), and New Mexico Petroleum Recovery Research Center

(PRRC) (reservoir and electrical properties, caprock analysis) ; RE/SPEC

(mechanical rock properties) ; Bendix Field Engineering Corp . and the US

Geological Survey (mineralogy/petrology) ; Colorado Geological Survey and

Amoco (organic maturation) ; and National Institute of Petroleum and

Energy Research (NIPER) and Dowell-Schlumberger (laboratory work

supporting completions, Section 8 .0) . Much of the coastal core analysis

data from Core Laboratories, IGT, and RE/SPEC are given as Appendices

11 .4, 11 .5, and 11 .6, respectively.

In many core studies, analyses are confined to the reservoir rock

only . In MWX, however, the material abutting the sands was studied to

obtain properties useful for hydraulic fracture design and analyses of

stress test data ; for example, mechanical property measurements were made

on both sandstone and confining rock samples . In addition, caprock

analyses and cation exchange capacity (CEC) measurements were often made

to help determine the vertical extent of the reservoir.

5 .3 CORE HANDLING AND PREPARATION

A special core processing facility was established in a building at

the Department of Energy's Anvil Points Facility across the Colorado

River and about 15 road miles from the MWX site . When the core came to

the surface, it was removed from the core barrel by project geologists

and placed in trays . After a quick preliminary inspection and removal of

samples for special measurements, such as anelastic strain recovery

(ASR), the core was first covered with plastic to prevent evaporation,

and then with thick canvas to protect it from the elements . The core was

then transported to Anvil Points for processing . Field processing of the



core entailed many special procedures that included the following:

Construction and use of a six-detector core gamma assembly . The core

gamma assembly provided for well control during drilling and for

core-log depth correlations after logging . The core gamma assembly

also had better spatial resolution than the open-hole gamma ray log.

Marking the positions and magnitude of scribe line deviation and

locations of connections and other breaks in core.

Photographing the entire amount of core in color.

Taking core plugs and sealing and preserving selected sections.

Making a visual core log (which was subsequently followed by a

detailed lithology/sedimentology log from slabbed core).

A special no-freeze freight service was used in the winter to ship

samples selected for measurements of reservoir parameter or

mechanical rock properties.

Because there were so many conflicting requirements for the MWX core,

many of the routine and special core analyses were performed on plugs.

This allowed most of the whole core to be available for studies of

sedimentology and depositional environment, mechanical rock properties,

and organic maturation . Thin sections were taken by facing off the ends

of the same core plugs . Preference for thin section analyses was given

to the plug ends corresponding to the plugs selected for the restored

state permeability measurements . This allowed correlations of sandstone

reservoir properties with mineralogy/petrology . Since properties can

often vary rapidly in a lenticular sequence, it was necessary to make the

correlations from the same sample .
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5 .4 CORE ANALYSES, RESULTS, AND DISCUSSION

Reservoir properties (water saturation, capillary pressure,

permeability and porosity) are used in production testing . Caprock

analyses can help define the vertical limits of the reservoir and give an

idea of the ability of abutting materials to contain gas.

Mineralogy/petrology data provide checks of the frac fluid/formation

compatibility (Section 8 .0), information on the paragenesis of the

formation, and details on the formation of the pore structure.

Electrical data (formation factor, resistivity index, and cation exchange

capacity, (CEC)) are used in the Archie/Waxman Smits formalisms of log

analysis . Mechanical rock properties provide inputs to the analysis of

hydraulic fracture length, width, azimuth, and frac containment . Stress-

related mechanical property measurements are used for predicting

hydraulic fracture azimuth and for modeling the existing in situ stresses

(Section 6 .0) . Organic maturation data are necessary to determine origin

and migration of the gas and provide inputs to burial history hypotheses

and paleostress information through paleo-pore-pressure estimates . The

televiewer and oriented caliper logs can also be used to predict

hydraulic fracture azimuth . The display of fractures from the televiewer

can be compared with those from oriented core.

5 .4 .1 Reservoir Parameters

Many reservoir parameter measurements were made at frequent intervals

in the sands . For example, routine core analyses providing porosity and

water saturation information were taken every foot in the sands and at

every other foot for four to six feet into the material abutting the

sands . 3-5 Routine core analysis data across the Purple, Orange, Yellow

and Red coastal sands are displayed in Figures 5 .2-5 .8.

Water saturations are very important in tight sandstone .

	

The

drilling/coring was actually done "at or near balanced" conditions



(i .e ., weight of the column of drilling fluid is made about the same as

formation gas pressure) to minimize invasion of core and formation by

drilling fluid . (It was later determined that the mud weights were about

500 psi less than the measured reservoir pressures .) Oil-base drilling

fluid was used in drilling MWX-1 and MWX-2, in part to further prevent

invasion of core and formation by water-base drilling fluids . These

steps would result in more accurate water saturation measurements.

Water-base drilling fluid was used in MWX-3 so a more thorough suite of

electrical logs could be run . An ammonium nitrate tag was used in the

drilling of MWX-3 in an attempt to correct the water saturations from

invasion . Differences in nitrate concentration reported by the mud

logger and Core Laboratories, plus the rapid variation of properties in

these lenticular sandstone lenses over short distances, made an accurate

assessment of these correction factors impossible . 6 As a result, each

saturation value for MWX-3 may be from 5%-15% high due to invasion.

The water saturation values were determined by the Dean Stark

distillation method in MWX-1 and MWX-2, and by the summation of fluids

method in MWX-3 because results from the MWX pressure core data suggested

that the Dean Stark method may not be the water extraction method of

choice . ? Water saturations average in the 40-50% range over the Red and

Yellow sands.

Porosities were determined by Boyle's Law method . There had been

questions whether the pressure of the helium entering the tight whole

core would equilibrate during these routine measurements ; plugs had an

advantage of equilibrating in a shorter time . Because this core was so

tight, additional time was allowed for pressure equilibration in

determining the porosity of these tight plugs.

The porosities average 5%-7% in the Red and Yellow sands . Porosity

as a function of confining pressure was measured by Core Laboratories

(Table 5 .1) 8 , 9 and IGT . 10 - 12 There is little change in porosity with

confining pressure .
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Core Laboratories used the non-steady state, pulsed method to

determine Klinkenberg (gas slippage corrected) permeabilities . IGT used

the steady state method to determine their Klinkenberg permeabilities and

they performed all of their restored pressure state permeabilities

without cleaning . Before measuring their Klinkenberg permeabilities,

Core Laboratories subjected each of the core plugs to toluene extraction

to remove any residue from oil-base drilling fluid and they leached

precipitated salts out of the pores with hot methyl alcohol.

Selection of the plugs for dry, restored-pressure-state, Klinkenberg

permeability measurements were made after inspection of the routine core

analysis data and re-examination of the core plugs . Core Laboratories

provided restored-pressure-state permeability data across the Red and

Yellow sands on core from all three wells (Figures 5 .3-5 .8) . 18'15 A few

vertical permeability measurements were also made (Figures 5 .3-5 .6) . 18 - 17

Limited restored state permeability measurements were performed on MWX-1

core in both the Orange and Purple sands (Figure 5 .2) . 18 IGTI °-12 and

PRRC19 were provided some of the "cleanest" sandstones in the Red and

Yellow sand lenses for their detailed studies (Table 5 .2).

The average dry Klinkenberg permeabilities for the sandstone are in

the 3-8 microdarcy range . The majority of the permeabilities across

these coastal sands measured by Core Laboratories were at 1000 and 3000

psi confining pressure, while IGT used 4000 psi . The values at 2000 psi

were obtained by interpolation .

	

The vertical and horizontal

permeabilities in the Red and Yellow sands have about the same values.

The dry permeabilities over these sandstone lenses are not uniform.

They peak in the interior of the lens and decrease at the edges . There

are hints of permeability streaks here in the coastal as well as in the

fluvial zone . Permeability streaks are defined as thin regions in

sandstone where the matrix permeability of the core samples is

substantially higher than in most other portions of the sandstone lens.
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The Bendix mineralogy data20 (Appendix 11-1) suggest some open porosity

in these more permeable samples and often the total clay content of the

higher permeability samples is low . But it is very difficult to make any

quantitative correlations with the mineralogical properties.

Often the most permeable of the core plugs were selected for

additional analyses such as specific permeability to water, capillary

pressure, formation factor, and resistivity index measurements . IGT

performed specific permeability to water measurements for a number of

core samples (Figure 5 .9) . 21 -22 Core Laboratories also performed specific

permeability to brine measurements (Table 5 .3) . 9 PRRC performed

permeability to brine 19 and relative permeability measurements on

preserved core (Figures 5 .10-5 .11) . 23

Corrections for realistic water saturations would result in average

permeabilities around 0 .5-0 .6 microdarcys for the Red and Yellow sands.

These permeabilities are one tenth or less than the dry values at

4000 psi confining pressure shown in Figure 5 .9 . These values adjusted

for water saturation effects are, on the average, a factor of five less

than similar permeabilities in the paludal zone, are about the same as

the marine sandstones, and about two to four times higher than the

fluvial B and E sands.

Recent measurements made on selected core show that permeabilities of

preserved core are significantly less than those obtained from re-

saturated over-dried core . Such measurements made by PRRC on preserved

coastal core showed the following:

Much of the preserved core retained its water content for over five

years.

At low confining pressures (-500 psi), the permeability to brine for

preserved core is only about half that of re-saturated oven-dried
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core . However, at the -2000 psi confining pressures existing in the

coastal zone, this difference is somewhat smaller at -20%.

Permeabilities of the preserved core are less than the corresponding

oven-dried core at all water saturations, and the differences become

quite small below 30% water saturation.

The early capillary pressure measurements performed both by Core

Laboratories24 and IGT19-12 were by the mercury injection method . Later,

capillary pressure measurements were made with the centrifuge using the

best available estimates of formation brine (Table 5 .4) . 9 Extensive

capillary pressure measurements, as well as extensions of the capillary

pressure curve to very low water saturations by adsorption measurements,

were done by PRRC . 25

The capillary pressures of the coastal zone core to brine are high

(>500 psi) at realistic saturations . Capillary pressure data are

available from both centrifuge and mercury injection and are compared in

Figure 5 .12 for neighboring samples . At high saturations, the air-brine

curve is lower than the mercury injection curve, even with the use of the

5-to-1 scaling factor between the mercury and water data . At lower

saturations, the mercury injection curve is lower . More recent work

shows that the capillary pressures for tight sandstones for the different

techniques are much closer to each other . 23 ,26 This may have something to

do with slower mercury injection rates . 27

5 .4 .2 Caprock Analyses

The caprock analyses included permeability to brine and the minimum

gas threshold necessary to displace water (Table 5 .5) . 26 -31 A combination

of very low permeability plus a large threshold pressure for gas

displacement would indicate a good caprock and stratigraphic barrier .



The caprock analyses on the rock abutting the Red and Yellow sands

indicates, for the most part, that the permeabilities to brine are quite

low, often in the sub-nanodarcy range . However, the caprock testers

could only go to a maximum of about 1000 psi for the threshold pressures,

well below the pore pressures in the Red and Yellow sands . (What pore

pressures actually exist in these siltstones/mudstones/shales can not

really be defined .) Thus, these tests probably should only be considered

as a qualitative indicator of the worth of the caprock.

5 .4 .3 Permeabilities of Core Samples Containing Natural Fractures

The frequency of all natural fractures vs depth is given in

Figure 5 .13 and the frequency of filled, extension fractures vs depth is

given in Figure 5 .14 . The reservoir permeabilities derived from

production testing are compared with the matrix rock in Figure 5 .15 . In

all regions of the Mesaverde, natural fractures dominate pre-frac

production : the resulting formation production is at least one, and more

often two or more orders of magnitude higher than can be accounted for by

matrix rock alone (Figure 5 .15) . 32 . 33 There are numerous fractures in the

region around and just below the Orange and Purple sands . That area has

the highest fracture frequency in the Mesaverde . Relatively few

fractures are seen in the Red and Yellow sands and they appear to be

rather narrow (Table 3 .2) . Nonetheless, data given in Figures 5 .15 and

Section 7 .1 show that fractures dominate pre-frac production for these

sands also.

Measurements of permeabilities of coastal core samples containing

natural calcite-filled extension fractures (Figure 5 .16) and carbonaceous

stringers were made (Table 5 .6) . 9,34-36 There is general permeability

enhancement along the fracture direction in the cemented fractures.

Moreover, only the well-cemented fractures survived the coring and

machining process ; core with more open fractures often did not.

Figure 5 .16 shows that fractured core samples and matrix samples have

different permeability dependencies on water saturation .

	

In fact, it
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appears as if water saturation effects enhance the ratio of permeability

of fractured core to that of the matrix rock . Perhaps the large

capillary forces tend to keep the narrow natural fractures free of water

at normal reservoir conditions.

5 .4 .4 Mechanical Properties

The mechanical rock property measurements were made by RE/SPEC

(Figures 5 .17-5 .19) 37-39 and by Dowell Schlumberger (Table 5 .7) 40 in the

Red and Yellow sands and in the rock abutting these sands . A few

measurements were made in the Orange and Purple sands and in the material

abutting these sands . 41 Poisson's ratio (Figure 5 .20) and fracture

toughness data (Table 5 .8) are also given . In both MWX-2 and MWX-3,

these measurements were made on the cleanest, least shaly sands and on

the most-shaly abutting material . The plugs cut by RE/SPEC were

vertical, while the plugs cut by Dowell Schlumberger were both horizontal

and vertical.

Young's moduli range from about 11 to 56 GPa for rock abutting the

coastal sandstone lenses (siltstone/mudstone/shales) and about 24 to 40

GPa for the sandstones . It is interesting that the abutting materials

have a wider range of stiffnesses and compressive strengths which span

values found for the sandstones . In fact within a 10-ft increment in the

MWX-1 coastal interval, between 6420 and 6430 ft (Figure 5 .17), there

exist fine-grained siltstones and mudstones that have some of the highest

and lowest moduli values measured in the entire Mesaverde column at the

MWX site . This behavior is quite unlike marine formations, where the

properties tend to be much more uniform over the formation . The moduli

in the coastal sandstones are about the same as those found in other

lenticular regions, but are somewhat lower than those seen in the

Corcoran and Cozzette marine sandstones . It is difficult to make more

precise correlations of the mechanical rock properties with lithology,

but there are some fundamental differences in the behavior of both the

stress-strain curves and the fracture toughness curves between sands and

the abutting materials . 37-39 , 42
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5 .4 .5 Electrical Properties

Cation exchange coefficients (CEC) were measured using the adsorbed

water method (Figures 5 .3 and 5 .4) . 13 . 14 Formation factor and resistivity

index measurements were made (Figures 5 .21 and 5 .22) . 43

The CEC values in the coastal zone are higher than those values in

the marine sandstones . In fact these coastal zone CEC values are among

the highest of those for sandstones in the Mesaverde and they average

about 2 .7 meg/100 g in the Yellow sand . Cementation exponent values were

derived from the porosity dependence of the formation factor

measurements . The cementation exponent values, m and m* (clay

corrected), are about 1 .9 and 2 .1 at 3000 psi confining pressure

(Table 5 .9) . These values do not seem to depend strongly on depositional

environment . Saturation exponent values were derived from the saturation

dependence of resistivity index measurements (Table 5 .9) . Saturation

exponent values, n and n* (clay corrected), were about 1 .9 and 2 .6.

Resistivity index values appear to vary with depositional environment.

These values were obtained with the aid of a centrifuge and removal of

such small amounts of water from a plug are difficult . Moreover, the

distribution of the brine remaining after centrifugation may not be the

same as would be found in situ resulting in different measured electrical

characteristics . Therefore, it is difficult to assess the reliability of

the resistivity index data.

5 .4 .6 Organic Content and Maturation

Vitrinite reflectance measurements were made on some coastal samples

by Amoco (Figure 5 .23) . 44 These measurements were performed not only on

the coal, but on rock containing any organic material . The vitrinite

reflectance curve vs depth has the same general shape as is seen from

other data in this part of the basin . The Colorado Geological Survey

(CGS) performed analyses on carbonaceous rock throughout the Mesaverde

column and the data for the coastal is given in Table 5 .10 . 45 The



analysis of a number of carbonaceous samples by the CGS shows a fair

amount of organic matter interspersed throughout the coastal zone and the

Mesaverde above the paludal zone . Total organic carbon, rock evaluation

pyrolysis, and Cl-05+ gas analyses were performed on coastal zone samples

by Core Laboratories (Tables 5 .11 and 5 .12) . 46 , 47

5 .4 .7 Directional Permeabilities of Oriented Core

Permeability measurements were made on oriented coastal core and core

from other zones at N80°W and Nl0°E (Table 5 .13) . 48 These directions are

close to the maximum and minimum horizontal stress existing in the

coastal zone (Sections 6 .0 and 9 .0) . The following observations are

made :

In all cases, the permeabilities in the direction of minimum

principal, horizontal stress (N10°E) are greater than those in the

direction of maximum principal horizontal stress (N80°W).

Microcracks resulting from stress relaxation would be aligned along

the minimum rather than along the maximum horizontal stress, and

thus, the permeability would be higher in the direction of the

microcracks.

Using the reasoning above, the vertical permeabilities would be

expected to be the smallest because the vertical stresses are the

predominant ones in these zones . This is true for the paludal and

coastal sandstones . In the vertical direction, effects of bedding on

permeability may be important.

The difference in the horizontal permeabilities are the least for the

coastal, suggesting that the degree of horizontal anisotropy may be

smaller there than in other zones .



5 .4 .8 Permeability as a Function of Net Confining Stress

The permeabilities of one coastal and one fluvial core plug were

measured as a function of pore pressure and confining stress such that

the net confining stress was constant at 2900 psi . 4s-51 At the time these

measurements were made, the net confining stress in the coastal/fluvial

region was estimated to be around 2900 psi and was based on : (1) the

measured pore pressure, (2) the measured minimum horizontal stress from

in situ stress tests (Section 6 .0), 52 (3) the maximum horizontal stress,

which was estimated as about 800 psi higher than the minimum horizontal

stress from open-hole stress measurement 53 and the modeling of ASR data, 54

and (4) an estimate of 1 psi/ft for vertical, overburden stress . Five

pore pressures were chosen, with the initial pore pressure chosen to be

close to that existing in the coastal interval (4400 psi) . The results

are given in Figure 5 .24 . For both samples it appears that gas

permeability is constant at a pore pressure of 1500 psi and above.

Presumably, the increase in gas permeability at low pore pressures is due

to reduction in Klinkenberg slippage effects . This curve suggests that

permeability in these tight sands depends more on the value of the net

stress rather than on the individual values of pore or confining

pressure.

5 .5 CORRELATIONS OF CORE DATA WITH TELEVIEWER AND CALIPER LOGS

Stress-related core data (e .g ., anelastic strain relaxation (ASR) and

differential strain curve analyses (DSCA)), the MWX-3 televiewer log, and

the MWX-3 oriented caliper log all provided predictions of the maximum

horizontal stress azimuth with depth . It is assumed that the breakouts

identified in the nearly-vertical MWX-3 well are orthogonal to the

maximum principal stress . 55 Predictions of the direction of maximum

principle horizontal stress (frac azimuth) from the three methods for the

coastal zone are given below . Within the spread and uncertainties of the

data, the correlation of the three types of measurements is considered

fair .



The ASR/DSCA data (Section 6 .4) gives a prediction between 85° and

120° 54 with an uncertainty of at least 10° due to inherent

inaccuracies in orienting . These measurements were taken in the Red

and Yellow sands.

The display of breakouts from the borehole televiewer gives a rough

prediction between 105° and 125° between 6300 and 6600 ft

(Figure 5 .25) . It is difficult to read breakouts from the televiewer

log to better than 15° . A preferred stress direction in the upper

half of the coastal zone is not evident from the televiewer log.

The display of breakouts from the oriented caliper log (Table 5 .14)

gives a prediction for the maximum horizontal stress roughly between

90° and 228°, although most of these data points lie between 90° and

152° . The oriented caliper can be read within 4-5°, but more

important is the fact that the oriented caliper log may not seat

squarely along the direction of maximum elongation . Furthermore, in

some regions, washouts and stress breakouts may coincide, making

interpretations from this log difficult.

The ratio of the minor-to-major wellbore axes was obtained from the

oriented caliper logs for the coastal and other lenticular zones

(Figure 5 .26) . There is little deviation from unity in the coastal zone

suggesting that the degree of horizontal anisotropy may be small .
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Table 5 .1 Porosity as a Function of Overburden Pressure (MWX-2)

Sample Porosity (%) at Overburden Pressure (psi) of:
Depth
(ft) 200 1000 2000 3000

6504 .4 6 .1 6 .0 6 .0 5 .9

6536 .9 8 .2 8 .0 8 .0 7 .9

6549 .7 6 .8 6 .7 6 .7 6 .6



Table 5 .2 Results From Analysis of Dry Coastal Core (ICT)

Values at Net Confining Stress*

Lab Net As Mercury
Core Confining Received Klinkenberg

	

Klinkenberg Pore Volume** Capillary

Well
Depth
(ft)

	

,
Stress*

(p si)
Porosity Water . Sat . Permeability

	

"B"
(ad)

	

(psi/µd)
Compressibility Entry Pressure

(microsips)

	

(psis)(%) (%)

MWX-1 6434 .1 4310 5 .55 35 0 .67

	

111 .0 13 .8 420

6453 .7 4270 7 .09 36 1 .35

	

56 .9 18 .0 170

6502 .0 4310 4 .83 95 0 .10

	

1677 .0 11 .9 560

6537 .8 4330 6 .12 22 1 .40

	

74 .9 11 .0 230

MWX-2 6429 .0 4110 4 .42 45 0 .15

	

235 .0 13 .5 670

6503 .9 4160 5 .68 53 0 .64

	

128 .0 20 .2 320

6538 .0 4180 7 .14 35 1 .96

	

76 .2 15 .4 270

6548 .7 4190 6 .56 43 1 .40

	

83 .3 15 .8 260

*Calculated using (0.925) (sample depth) - (0 .5) (pore pressure estimated from mud weight).
**Pore Volume compressibility (AV/VAP) determined by fractional changes in pore volume per psi of stepwise

increase in confining pressure on the first compression of the rock from about 2,000 psi net stress to the
net stress used for testing . Lower values would probably result from cycling of net stress to the maximum
that would be experienced in reservoir depletion .



Table 5 .3 Permeability to Air and Brine

Depth
(ft)

Porosity
(%)

Confining Pressure
(psi)

Permeability
to Air
(md)

Specific
Permeability
to Brine*

(nd)

6433 .5 5 .3 0 0 .01
2000 0 .053
3000 0 .037

6435 .5 7 .8 0 0 .04
3000 0 .138

6503 .5 6 .1' 0 0 .02
2000 0 .128
3000 0 .098

6536 .7 7 .1 0 0 .02
2000 0 .105
3000 0 .088

*18,000 ppm sodium chloride.



Table 5 .4 Summary of Capillary Test Results*

	

MWX-1

	

Permeability

	

Brine Saturation (% pore space) at Pressure (psi) of:
Core Depth

	

to Air

	

Porosity
	 (ft)	 (md)	 (%)	 10

	

30

	

70

	

150

	

300

	

600

	

1000 1300

6433 .5

	

0 .01

	

5 .2

	

100 .0

	

100 .0 56 .0 54 .0 49 .0 43 .6 40 .6 40 .4

6435 .5

	

0 .04

	

7 .2

	

100 .0

	

50 .0 47 .5 42 .7 39 .4 37 .1 35 .5 35 .3

6536 .7

	

0 .02

	

6 .9

	

100 .0

	

66 .0 63 .2 57 .3 53 .0 50 .0 45 .8 45 .6

*Fluid System : Air-Water
Test Method : High-Speed Centrifuge



Table 5 .5 Caprock Data (IGT)

Well
Depth
(ft) Rock Type

Vertical Kw
(nanodarcies)

Threshold
Pressure

(psi)

2 6417 Siltstone 7 .9 710

2 6420 Shaly Siltstone 0 .2 840

2 6421 Siltstone and Silty Shale <0 .1 750

2 6454 Sandy Siltstone 58 .8 225

3 6480 Shale 0 .4 790

2 6497 Silty Shale 0 .3 760

1 6567 Black Silty Shale 0 .05 760

1 6569 Shaly Siltstone 17 .5 450
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Table 5 .6 Core Plugs With Carbonaceous Stringers

Klinkenberg Permeability (pd)
MWX-1 Permeability at overburden pressure (psi) of:
Depth
(ft)

to Air
(md)

Porosity
(%) 1000 3000

6084 .5 <0 .01 1 .9 0 .21 0 .08

6191 .4 0 .02 5 .0 1 .08 0 .22

6195 .5 0 .01 3 .3 0 .20 0 .09

6242 .7 0 .24 2 .7 14 .96 1 .28

6342 .5 0 .01 3 .9 0 .75 0 .40

6430 .7 0 .01 3 .6 0 .89 0 .27

6451 .5 0 .11 8 .5 9 .88 0 .56

6502 .5 0 .18 5 .2 18 .53 1 .12

6564 .2 0 .01 4 .1 0 .48 0 .14



Table 5 .7

	

Mechanical Properties (Dowell-Schlumberger)

Well
Depth
(ft)

Lithology
(Location)

Confining
Pressure

(MPa)

Young's
Modulus
(GPa)

Poisson's
Ratio

Compressive
Strength
(MPa)

MWX-1 6417 .5-H Shale 12 .4 26 .6 0 .34
(Above Yellow) 17 .9 28 .5 0 .33 233 .0

6417 .6-V 12 .4 36 .2 0 .25
17 .9 37 .8 0 .23 319 .8

6427 .3-H Siltstone 12 .4 52 .7 0 .21
(Upper Yellow A) 17 .9 53 .9 0 .18 382 .0

6427 .4-V 12 .4 55 .0 0 .19
17 .9 55 .6 0 .17 360 .6

6446 .7-H Sandstone 12 .4 27 .8 0 .22
(Middle Yellow A) 17 .9 30 .5 0 .20 223 .7

6446 .8-V 12 .4 40 .2 0 .20
17 .9 44 .3 0 .18 256 .9

6506 .4-H Sandstone 12 .4 31 .0 0 .22
(Middle Red A) 17 .9 31 .9 0 .24 287 .5

6506 .4-V 12 .4 35 .4 0 .20
17 .9 0 .19 294 .1

6518 .4-H Sandstone 12 .4 33 .5 0 .24
(Lower Red A) 17 .9 34 .7 0 .23 240 .1

6518 .6-V 12 .4 37 .2 0 .20
17 .9 37 .9 0 .19 256 .5

6569 .3-H Shale 12 .4 28 .9 0 .25
(Below Red) 17 .9 30 .9 0 .21 204 .4

6569 .5-V 12 .4 39 .9 0 .19
17 .9 40 .3 0 .18 250 .0

MWX-2 6419 .5-H Shale 12 .4 24 .9 0 .26
(Above Yellow) 17 .9 25 .7 0 .26 235 .5

6436 .1-H Sandstone 12 .4 41 .0 0 .24
(Middle Yellow A) 17 .9 44 .7 0 .26 301 .0

6502 .4-H Sandstone 12 .7 32 .1 0 .24
(Upper Red A) 17 .9 34 .1 0 .21 253 .0

6502 .6-V 12 .4 31 .0 0 .21
17 .9 34 .3 0 .19 274 .4

MWX-3 6465 .1-H Sandstone 12 .4 29 .3 0 .21
(Lower Yellow B) 17 .9 29 .9 0 .22 264 .1

6481 .5-H Shale 12 .4 23 .3 0 .28
(Between Yellow, 17 .9 24 .1 0 .28 183 .1

6481 .6-V
Red)

12 .4 35 .6 0 .23
17 .9 36 .4 0 .22 330 .3
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Table 5 .8

	

Fracture Toughness Measurements

Well Lithology

Core Depth
(Log Depth)

(ft)
Fracture Toughness

(MPa•ml /z )

MWX- 1 Sandy Siltstone 6423 .7 -

	

4 .2 2 .61 ± 0 .40
(6421 .9 -

	

2 .6)

Carbonaceous 6426 .8 -

	

7 .8 0 .17
Muds tone (6425 .0 -

	

6 .0)

Sandstone (with 6434 .6 -

	

5 .3 1 .45 ± 0 .14
carbonaceous (6433 .2 -

	

3 .9)
stringers)

Sandstone 6438 .0 -

	

8 .9 1 .25 ± 0 .10
(6436 .3 -

	

7 .2)

Silty Mudstone 6491 .5 -

	

2 .6 0 .99
(6488 .7 -

	

9 .8)

Sandstone 6513 .6 -

	

4 .8 1 .29 ± 0 .12
(6511 .6 -

	

2 .8)

Muds tone 6562 .8 -

	

3 .8 1 .38 ± 0 .44
(6564 .5 -

	

5 .5)

MWX-2 Sandstone (with 6418 .9 -

	

9 .4 1 .61 ± 0 .30
carbonaceous (6414 .7 -

	

5 .2)
stringers)

Sandstone 6431 .3 -

	

2 .6 1 .45 ± 0 .13
(6427 .3 -

	

8 .6)

Sandstone 6437 .7 -

	

8 .8 1 .17 ± 0 .04
(6434 .7 -

	

5 .8)

Sandstone 6519 .0 -

	

0 .0 1 .31 ± 0 .08
(6513 .1 -

	

4 .1)

Carbonaceous, Muddy

	

6565 .5 -

	

6 .1 1 .26 ± 0 .16
Siltstone

	

(6559 .7 -

	

0 .3)

MWX-3 Silty Mudstone

	

6431 .8 -

	

2 .7 0 .44
(6431 .8 -

	

2 .7)

Sandstone

	

6442 .3 -

	

3 .4 1 .39 ± 0 .07
(6442 .3 -

	

3 .4)

Muds tone

	

6519 .7 -

	

0 .3 1 .41 ± 0 .06
(6521 .2 -

	

1 .8)
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Table 5 .9 Normal and Clay-Corrected Cementation and Saturation
Exponents Obtained From Electrical Resistivity Studies

Interval Well

Effective
Overburden
Pressure

(psi)

Cementation Exponent Saturation Exponent

n n*m m*

Fluvial MWX-1 0 1 .72 1 .92 1 .37 1 .83
200 1 .79 2 .00
3000 1 .89 2 .08

Coastal MWX-1 0 1 .74 1 .96 1 .85 2 .55
200 1 .79 1 .98
3200 1 .88 2 .09

Paludal MWX-2 0 1 .82 2 .03 1 .08 1 .47
200 1 .92 2 .12

3600 1 .95 2 .17

Table 5 .10 Lithology of Organic-Rich Coastal Rocks

MWX-1 Depth
	 (ft)	 Sample Description

6041 .5*

	

carbonaceous shale and ashy coal

6062 .7*

	

grey brown carbonaceous shale with thin coal
stringers

6113 .0*

	

dark grey mudstone

6245 .0*

	

black coal, some fusinite?

6279 .0 - 6279 .4

	

bright shiny coal

6601 .3 - 6601 .5

	

bright shiny coal, attrital and vitrain

6611 .3 - 6611 .7

	

bright shiny coal

*Chips
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Table 5 .11 Rock Evaluation Pyroxysis Data From the Coastal Interval

Gas Evolved (mg/gm rock)*

Well
Depth
(ft)

Total Organic
Carbon (%) S1_

S2__
S3_

MWX-1 6006 .0 2 .36 0 .92 2 .05 0 .25
6041 .0 1 .58 0 .38 0 .46 0 .56
6059 .7 4 .43 1 .97 10 .74 0 .35
6060 .0 5 .21 1 .49 6 .99 0 .60
6099 .0 1 .01 0 .22 0 .10 0 .45
6134 .0 0 .78 0 .09 0 .37
6200 .0 0 .33 0 .03 0 .40
6231 .0 7 .93 1 .71 10 .39 0 .33
6259 .0 1 .02 0 .17 0 .19 0 .46
6294 .7 23 .76 13 .15 93 .86 2 .85
6294 .8 14 .90 3 .45 20 .50 1 .39
6324 .0 1 .56 0 .28 0 .30 0 .69
6395 .0 0 .91 0 .68 0 .74 0 .34
6398 .0 0 .60 0 .29 1 .87
6443 .0 1 .35 0 .86 0 .90 0 .35
6478 .0 0 .42 0 .36 0 .52
6562 .0 0 .60 0 .59 1 .31

MWX-2 6390 .0 0 .35 0 .22 0 .06 0 .41
6401 .0 0 .97 0 .16 0 .35 0 .25
6408 .0 4 .32 1 .03 2 .90 0 .38
6492 .0 0 .33 1 .03 0 .12 0 .33
6570 .0 5 .59 1 .88 9 .98 0 .46

MWX-3 6431 .4 2 .10 0 .37 1 .30 0 .15
6480 .2 1 .10 0 .25 0 .39 0 .35
6504 .0 0 .21 0 .02 0 .02 0 .04
6433 .2 0 .93 0 .38 0 .37 0 .42
6433 .2 0 .99 0 .46 0 .48 0 .39
6493 .2 0 .73 0 .38 0 .36 0 .25
6519 .2 1 .38 0 .44 0 .64 1 .30
6520 .5 3 .40 0 .79 2 .83 0 .16
6528 .3 2 .91 0 .64 2 .04 0 .10

*S 1 Free hydrocarbons percent.
S2 Hydrocarbons produced by thermal conversion of kerogen.
S3 Organic carbon dioxide produced by pyrolysis of kerogen.



Table 5 .12 Concentration (Volume ppm of Total Solids) of
Cl-05+ Hydrocarbons

MWX-1 Sample (depth, ft)

Component 6059 .7 6060 .0 6294 .8 6398 .0

Methane Cl 3672 2116 156 2438

Ethane C2 3454 3565 15 383

Propane C3 2751 2843 693 116

Isobutane iC4 871 922 258 32

Butane nC4 444 480 87 32
C5+ 220 279 89 243

Table 5 .13 Directional Permeabilities (MWX-2)

Interval
Depth
(ft)

Net
Confining

Stress
(psi)

Dry Klinkenberg Permeability to Air Cud)

N80°W NlO°E Vertical
Nl0°E
N80°W

Fluvial 5737 3800 1 .22 2 .16 1 .88 1 .77
5830 3800 2 .51 3 .75 4 .93 1 .49

Coastal 6446 4000 1 .77 1 .88 1 .16 1 .06
6514 4000 0 .89 1 .20 0 .74 1 .35

Paludal 7090 4200 1 .40 1 .95 0 .56 1 .39
7131 4200 9 .2 11 .3 7 .0 1 .23
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Table 5 .14 Coastal Breakout Data : MWX-3 Oriented Caliper Log

Depth
(ft)

Observed Breakout
Orientation
(degrees)

Inferred Direction of
Maximum Horizontal Stress

(degrees)

6050 62 152

6075 34 124

6125 18 108

6150 12 102

6175 17 107

6200 28 118

6225 26 116

6250 40 130

6275 36 126

6300 46 136

6325 86 176

6350 58 148

6425 138 228

6500 54 144

6525 20 110

6600 0 90

-5 .31-
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NM-1 COLE DATA : YELLOW AND RED ZONES

BRAZILIAN TESTS

	

TRIAZIAL TESTS

LITHOLOGT
INTERVAL

(FT .)
(LOG DEPTH)

TENSILE
STRENGTH

(HP .)

CONFINING
PRESSURE

(MP.)

COMPRESSIVE
STRENGTHa

(MP .)
EN
(GPa) b

I Stltetone (6419 .5-6420) - 0 145 .7 51 .2 .13
6423 .7-6424 .2 a 10 273 .0 54 .0 .17

- 20 360 .2 55 .5 .19

Shale (6424 .3-6425 .2) - 0 67 .4 16 .4 .24
6426 .5-6429 .4• 10 61 .3 14 .6 .28

20 102 .2 16 .4 .26
30 104 .0 14 .6 .22
50 157 .6 16 .1 .33

Sandstone (1)6437 .0-6437 .9 -9 .07 10 .66(1) 0(2) 104 .7 21 .0 .21
(2)6476 .0-6436 .9 10(2) 170 .5 26 .2 .16

(6434 .0-6434 .91 20(2) 210 .7 31 .1 .19
30(1) 274 .7 34 .6 .21

Sandstone (1)6434 .6-6435 .3 -8 .04 10 .31(1) 0(2) 63 .7 16 .5 .21
1 (216451 .5-6452 .6 a 10(2) 137 .9 24 .2 .16

(6447 .5-6446 .61 20(2) 166 .0 27 .6 .22
30(21 197 .4 27 .0 .17
50(2) 257 .8 31 .3 .20

Sandstone (116491 .3-6492 .6a -11 .44 *1 .07(1) 0(11 104 .4 24 .7 .14
(6467 .5-6466 .6) 10(11 154 .6 25 .6 .17

(2)6493 .9-6495 .1 20(1) 144 .2 24 .2 .15
30(11 149 .6 24 .4 .15
50(2) 324 .7 36 .1 .26

Sandstone (1)6513 .6-6514 .8 -8 .44 *0 .50(2) 0(2) 97 .5 18 .1 .29
(2)6517 .3-6518 .5 10(2) 147 .3 24 .9 29

(6513 .3-6314 .5) 20(2) 179 .4 27 .7 .24
30(2) 227 .0 30 .6 .23
50(2) .267 .8 33 .5 .23

56a1e/ (1)6551 .9-6552 .4 012) 104 .9 15 .5 .11
Sandstone (2)6562 .4-6562 .8 -9 .86 *0 .26(1) 10(4) 244 .1 40 .4 .21

(316562 .6-6563 .6 20(4) 301 .6 40 .4 .18
(4)6564 .3-6564 .6 a 20(2) 97 .3 10 .8 .16

(6565 .6-6566 .6) 30(4) 275 .6 42 .2 .11

6440

6460

6480

5500

6520

6540-

6560 a Sealed at well
e Ultleete A:lel Stress Difference
b Calculated for Stresses Between 20 and 60 Percent of Ultimate Axial Stress Difference.

Figure 5 .17 Mechanical Properties of Coastal Zone Core from MWX-1
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MYI-2 CORE DATA: YELLOW AND RED ZONES

BRAZILIAN TESTS

	

TRIAIIAL TESTS

LITHOLOCT
INTERVAL
(FT .)

(LOG DEPTH)

TENSILE
STRENGTH
(MPa)

CONFINING
PRESSURE

(1Pa)

COMPRESSIVE
STRENGTH*

(MP .)
E b
(CPa) b

1 Siltstone/ (6416 .3-6417 .4) -10 .81 *1 .84(1) 0(1) 146 .9 34 .9 .22
Mudstone (6418 .9-6419 .4 10(1) 210 .2 34 .5 .19

20(1) 256 .0 36 .3 .20
30(1) 282 .8 36 .3 .26
50(1) 378 .8 38 .8 .24

Sandstone (1)6431 .3-6432 .6* -8 .04 22 .26 0(2) 91 .1 15 .4 .29
1 (2)6439 .7-6440 .7 + (1 & 2) 10(2) 170 .5 25 .4 .16

(6437 .7-6438 .7) 20(2) 213 .5 31 .7 .16
30(2) 242 .8 32 .4 .18
50(1) 343 .1 36 .4 .24

Sandstone (1)6437 .7-6438 .8 -13 .77 10 .79(2) 0(2) 175 .6 39 .6 .26
(2)6462 .0-6463 .0* 10(2) 200 .5 36 .2 .18

(6461 .0-6462 .0) 20(2) 240 .2 36 .3 .20
30(2) 277 .1 37 .5 .19
50(2) 427 .6 44 .8 .26

Siltstone (1)6493 .0-6493 .4• -6.08 *0 .39(1) 0(2) 62 .0 17 .6 .21
(6487 .3-6488 .0) 10(2) 79 .1 17 .0 .17

(2)6493 .4-6494 .0 30(2) 95 .7 15 .9 .25

Sandstone (1)6519 .0-6520 .0 -7.16 20 .91(2) 0(2) 87 .4 18 .4 .24

(2)6520 .0-6521 .0* 10(2) 143 .5 25 .6 .18

(6515 .06516 .0) 20(2) 177 .8 27 .9 .19

30(2) 201 .2 28 .0 .19

50(2) 269 .2 33 .2 .25

p Siltstone (1)6561 .1-6562 .2* -7 .07 *0 .90(1) O(1) 86 .5 21 .7 .28

(2)6564 .7-6565 .5 10(1) 82 .8 15 .3 .23

(3)6565 .5-6566 .1* 20(1) 90 .9 15 .2 .21

30(1) 94 .4 15 .3 .29

50(1) 120 .2 13 .1 .35

* Sealed at well
• Ultimate Axial Stress Difference
b Calculated for Stresses Between 20 and 60 Percent of Ultimate Axial Stress

Difference.

Figure 5 .18 Mechanical Properties of Coastal Zone Core from MWX-2
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TRIAXIAL TESTS

LITHOLOGY
INTERVAL
(FT.)

(LOG DEPTH)

TENSILE
STRENGTH
(MPa)

CONFINING
PRESSURE

(NPa)

COMPRESSIVE
STRENGTH&

(MPa)
Eb
(GPa) ub

♦ Shale (same) -6 .4 iO .3 20 108 .9 17 .9 .28
6431 .8-6432 .7* 30 121 .4 17 .6 .27

• Sandstone (same) -8 .2 i0.5 0 101 .6 17 .5 .21
6442.3-6443 .4* 10 166 .0 24 .5 .21

20 202 .8 27 .0 .20
30 235 .6 28 .2 .21

Sandstone 6509 .7-6510 .8* -9 .4 i0 .8 0 107 .8 22 .9 .23
(6511 .2-6512 .3) 10 164 .3 26 .7 .19

20 198 .6 29 .2 .19
30 226 .9 29 .6 .20

'Shale 6519 .7-6520 .3* -3 .6 i2 .4 20 85 .9 13 .9 .31I
(6521.2-6521 .8) 30 90 .3 13 .6 .32

* Sealed at Well
a Ultimate Axial Stress Difference
b Calculated for Stresses Between 20 and 60 Percent of Ultimate Axial Stress

Difference

Figure 5 .19 Mechanical Properties of Coastal Zone Core from MWX-3
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6 .0 IN SITU STRESS

Norman R . Warpinski
Sandia National Laboratories

6 .1 OBJECTIVE

The objective of the in situ stress testing program is to determine the

vertical distribution of the minimum, principal, horizontal in situ stress

for the purpose of evaluating hydraulic fracture containment . In addition,

these stress data are important for estimating net stresses on reservoir

rocks (for property measurements), on proppant packs, and on natural frac-

ture systems . Anelastic strain recovery (ASR) measurements are made to

provide the orientation of the stress field and information on the maximum,

principal horizontal in situ stress.

6 .2 IN SITU STRESS MEASUREMENTS

The vertical distribution of the minimum principal horizontal in situ

stress is now known to have a significant influence on hydraulic fracture

geometry . Perkins and Kern l noted its importance with respect to fracture

height and Simonson et al . 2 demonstrated how to calculate fracture height in

a nonuniform, but symmetric, stress field . Laboratory 3-5 and mineback6

experiments have proven the effect of minimum in situ stress differences on

fracture height, but, as yet, little field evidence is available, mostly due

to the lack of both stress and diagnostic data.

Previous results7- 11 have shown that large stress contrasts exist

between sandstones and the abutting mudstone or shale material . These high

stresses have apparently kept hydraulic fractures well-contained, but have

also resulted in relatively high treatment pressures . Detailed measurements

of the stress distribution are essential for understanding hydraulic

fracture behavior in this environment.

Additionally, the magnitude of the maximum horizontal in situ stress

may be significant for coastal treatments because of the possibility of



interactions with the natural fracture system during hydraulic fracture

treatments . In such cases, the orientation of the stress field with respect

to the natural fractures is also important.

Hydraulic fracturing stress measurements are used to determine the

vertical distribution of the minimum principal in situ stress . Anelastic

strain recovery (ASR) techniques provide the stress orientation and, when

calibrated using measured minimum stress data and log-derived overburden

stresses, provide an estimate of the maximum horizontal principal in situ

stress . A number of differential strain curve analysis (DSCA) tests were

also provided by Dowell-Schlumberger.

6 .2 .1 Hydraulic Fracturing Measurements

The stress testing technique and the instrumentation and equipment used

are fully described in Reference 8 . Briefly, small volume hydraulic

fractures (5-200 gal) are conducted through a 2-ft perforated interval.

Pressure is measured with a quartz crystal oscillator gage for accurate

instantaeous shut-in pressure (ISIP) determinations . A bottomhole closure

tool is employed to provide fast shut-ins with no wave or storage effects.

Typically, three to six repeat injections are performed for each zone . The

instantaneous shut-in pressure as determined from the pressure record is

taken to be equal to the minimum principal horizontal in situ stress, a min .

In these tests, no information can be obtained about the maximum principal

horizontal in situ stress . Stress tests were conducted in MWX-3, because of

a fault close to MWX-2 at this depth.

6 .2 .2 Strain Recovery Measurements

The ASR technique used in these experiments is described in References

12-14 . Briefly, it consists of mounting clip-on displacement gages on a

piece of sealed, oriented core and recording the time-dependent relaxation

of that core . In vertical holes in flat-lying beds, as in these experi-

ments, only four gages are used (one vertical, three horizontal).

-6 .2-



Determination of the orientation of the stress field has been shown to be

straightforward15 , 16 for many sedimentary rocks and is readily calculated by

determining the principal strain orientations . If there is no rock fabric

to distort the results, the maximum strain direction is coincident with the

maximum stress direction.

The determination of the stress magnitudes is more complicated and

requires a model for the ASR process . Blanton" and Warpinski and Teufel' 8

have developed different types of viscoelastic models to explain the

behavior . Both models will be used in the analyses of these data.

Blanton's l" solution, referred to as the direct model, is the easiest

to apply and yields a direct calculation of the stresses from the principal

strains as

(1-v)AE 1 + v(AE 2 + AEV)
al a (ov - aP)

(1-v)AEV + v(AE 1 + AE2) + aP

(1-v)AE 2 + v(AE 1 + AEv )

°2

	

(°v -
aP)

(1-v)Acv + v(AE 2 + AE1)
+ aP

where the AE are the change in the principal strains between any two times,

v is Poisson's ratio, P is the pore pressure, a is a poroelastic constant

(approximately unity for Mesaverde rocks at the MWX site) and the subscripts

1 and 2 refer to the maximum horizontal and minimum horizontal directions,

respectively, while v refers to the overburden . Important assumptions for

the direct model include (1) linearly viscoelastic behavior, (2) constant

Poisson's ratio throughout the relaxation process, (3) step unloading of the

in situ stresses at the moment of coring, (4) a constant a throughout the

process, (5) a vertical overburden stress and wellbore, and (6) isotropic

behavior.

Warpinski and Teufel's model, 18 referred to as the strain-history model

(because it requires fitting a theoretical model to the measured strain

and

(1)

(2)
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history), requires a least-squares fit of the entire strain data set to an

expected relaxation behavior of the form

e
r
(t) – (2alcos 29 + 2a2 sin2 e - al sin29 - a2 cos29 - av) J1 (1-e-t'tl)

(3)

+ (al + a2 + av - 3P) J2 (1 - e
- tit2)

and

v
(t)

	

(2av - al - a2 ) J 1 (1 - e -t/tl)

+ (al + a 2 + av - 3P) J 2 (1 - e -t/t2)

where 9 is the gage angle orientation with respect to the maximum stress, J 1

and J2 are distortional and dilatational creep compliance arguments (i .e .,

equilibrium values of the creep compliance), t is the time, t 1 and t2 are

deviatoric and dilatational time constants, respectively, and the subscript

r refers to radial direction in the horizontal plane . Important assumptions

for this model are (1) the rock behaves as if it is linearly viscoelastic,

(2) the behavior is exponential and can be described using standard models,

(3) the overburden stress and wellbore are vertical, (4) the rock is

isotropic, (5) the bulk modulus of the grain material is not a viscoelastic

parameter (since the process appears to be a fracturing phenomenon), and

(6) step unloading of the in situ stresses at the moment of coring.

Once the data are least-squares fitted, estimates of the stresses can

be made if J1 is known. Alternately, a minifrac in tandem with the ASR data

(so a2 is known) allows J1 to be determined . In this study, data are still

being acquired on J l and thus it cannot be used to determine 0 2 . We

currently use the minifrac data to calculate a l and J 1 .

The primary problems with ASR are (1) to ascertain that rock fabric is

not distorting the results and (2) obtaining sufficient data to use either

viscoelastic model to calculate stress magnitudes .

(4)



6 .2 .3 Differential Strain Curve Analysis

Dowell-Schlumberger has performed DSCA measurements l9-21 on several MWX

cores from the coastal zone, as well as the variant, differential wave

velocity analysis 22 (DWVA) . Using DSCA, DWVA and suitable estimates of

important rock properties and reservoir parameters, the magnitudes of the

horizontal in situ stresses can be estimated . The orientation of the stress

field also proceeds directly from the measurement process (as in ASR).

6 .3 HYDRAULIC FRACTURE STRESS MEASUREMENT RESULTS

Fourteen stress tests were attempted : eleven yielded stress results,

two failed due to communication problems, and one was inconclusive due to

undecipherable pressure behavior.

These stress tests were conducted in MWX-3 using the standard

technique . Two-foot intervals were perforated with four jet shots per foot

(19 gm charges were used because of the heavy casing in this well), and

fractured with small volumes (5 to 100 gal) of 3% KC1 water at low flow

rates (4 to 14 gpm) . Shut-in was performed with a bottomhole closure tool

to obtain accurate ISIPs.

Figure 6 .1 and Table 6 .1 give the results of these stress tests . The

most obvious result is the contrast in stresses between the sandstones and

the shales . These contrasts range from 700 to 1300 psi and bode well for

hydraulic fracture containment . Even the thin shale stringer at 6527-29 ft

between the two Red sands has 800 to 1000 psi higher stress than the nearby

sands . Unfortunately no measurement of the stress in the shale/siltstone

between the Red and the Yellow sands was possible . Stress tests were

attempted in both MWX-3 and MWX-2, but were unsuccessful due to communica-

tion into nearby perforated intervals.

The stresses in the sands are all around 5700 to 5800 psi at an initial

reservoir pressure around 4100 psi . These reservoirs were drawn down to
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3800 to 3900 psi in the near wellbore area and some evidence during the

nitrogen frac (Section 7 .2 .3) indicated that the closure stress in the

Yellow sands had dropped to below 5500 psi.

Figure 6 .2 shows an example pressure record from the combined test at

6765-67 ft and 6706-08 ft . (This test is actually in the top of the paludal

zone .) These two zones were tested together because the packer could not be

run through a tight spot in the casing at about 6700 ft . This is the second

pump in this zone and it was conducted at 12 gpm . The ISIP is difficult to

discern, possibly because two zones are being shut-in at the same time . The

ISIP is about 6950 ± 50 psi, but 160 psi needs to be added to this result

because the bottom hole pressure tool is well above the zone . This results

in an ISIP of about 7110 psi . (This number, as well as most of the

following test results will not exactly match Table 6 .1 because Table 6 .1

gives an average of the valid stress tests for each zone . A valid test is

one in which there is a reasonably clear ISIP and no strange behavior during

or after fracturing .)

Figure 6 .3 shows the pressure response of the second pump into the zone

at 6606-08 ft . This is one of the good mudstones below the Red B sand and

the high stress in this zone is readily apparent. The treatment pressure

reached 7320 psi before stabilizing at 7280 psi . The flow rate was about

12 gpm and the ISIP is about 7120 with an error of ±20 psi . For the final

stress value, 10 psi needs to be added to these numbers to account for the

hydrostatic stress difference between the frac interval and the pressure

transducer which is 22 ft higher.

Figure 6 .4 shows the pressure record for the third pump at 6565-67 ft.

This test was conducted at 20 gpm in a mudstone just below the Red sand.

This is one of those cases where there is a very large drop in pressure at

shut in . This is most likely caused by an entrance restriction from the

perforation into the fracture . Although the ISIP looks to , be fairly clear

at about 6970 psi, this is considered to be in error by as much as ±100 psi

because of the possibility of the large pressure drop masking the closure.

Again, 10 psi hydrostatic head needs to be added to this value.
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Figure 6 .5 shows the fourth pump of the test in the Red B sand at 6548-

50 ft . This test was performed at 12 gpm . The treatment pressure is on the

order of 5920 psi with an ISIP of 5630 ±20 psi . Again, 10 psi needs to be

added to these values.

Figure 6 .6 shows the fourth pump of the stress test at 6527-29 ft, in

the shale between the two Red sands . The flow rate was about 12 gpm and the

ISIP is about 6675 psi plus 10 psi hydrostatic . Even in this thin shale

between the two lenses, the stress is very high, with about a 1 .02 psi/ft

gradient.

The breakdown pump of the upper Red sand, at 6512-14 ft, is shown in

Figure 6 .7 . The injection rate is again 12 gpm. The ISIP for this test is

about 5860 psi plus 10 psi hydrostatic.

Figure 6 .8 shows the pressure record for the second pump into the lower

Yellow sand at 6460-62 ft . This test was also conducted at 12 gpm . The

ISIP is 5650 plus 10 psi hydrostatic.

The sixth pump into the upper Yellow sand at 6442-44 ft is shown in

Figure 6 .9 for a 10 gpm flow rate . The ISIP is about 5740 psi plus 10 psi

hydrostatic.

Figure 6 .10 shows the fourth pump into a mudstone above the Yellow

sands at a depth of 6420-22 ft . The ISIP, although not as clear as the

previous examples, is just below 6800 psi . This test was pumped at 14 gpm

and 25 psi hydrostatic head needs to be added to these data.

Figure 6 .11 is another case of a large pressure drop at shut in . This

is a mudstone at 6398 to 6400 ft, with an injection rate of 14 gpm . A rate

test conducted in this interval showed that the pressure was highly rate

sensitive, indicating an entrance restriction problem . The ISIP is about

6450 plus 25 psi hydrostatic .



Figure 6 .12 is an example of the test at 6374-76 ft . The ISIP is

somewhat less than 6600 psi and there appears to be some indication of

multiple closure behavior . This is one of the tests conducted in a complex

layering (siltstones and shales) environment and it is believed that the

behavior is due to this lithology . Every stress test in this zone had a

different ISIPs, usually differing by 40 to 50 psi.

6 .4 CORE STRESS MEASUREMENT RESULTS

In the Multiwell Experiment, there are ASR data from core in all three

wells, but only the MWX-3 well data were obtained with the latest improved

gages . These MWX-3 data are more accurate and reliable than earlier data.

Hence, only the MWX-3 data are used for these analyses . Additionally, any

data where the rock showed a pre-existing fabric were not included.

The ASR strain and orientation data are given in Table 6 .2 . In the

sandstones, the maximum compressive horizontal stress direction, the

hydraulic fracture azimuth, varies from N58°W to N88°W with an average of

about N73°W . This is consistent with other data in the well . ? In the

mudstones there is no preferred stress orientation.

The magnitudes of the stresses, determined from the direct and strain

history model, are given in Table 6 .3 and shown in Figure 6 .13 along with

hydraulic fracture and DSCA results . The DSCA results are also given in

Table 6 .4 . Maximum stresses in the sandstones are roughly 600 psi greater

than the measured minimum stresses . This agrees well with an open-hole,

hydraulic-fracture measurement 14 of the maximum stress in the Rollins

sandstone at 7550 ft . In the mudstone, the horizontal stresses are nearly

identical, as they must be if there is no preferred stress orientation.

A comparison of ASR and DSCA to hydraulic fracturing can also be

gleamed from Figure 6 .13 . Errors in the minimum in situ stress estimates

are typically a few hundred psi . Figures 6 .14 through 6 .21 show the ASR

data for these coastal tests including both the actual ASR data for the four

gages taken at one hour intervals and the calculated strain-history fits of
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the data using the strain-history model .'$ Using this model, the total

strain which the piece of core has undergone is estimated . (The format for

these figures does not imply that the rock has experienced negative strains

in early times . For convenience, the original form of the data is

preserved, i .e ., all strains start at zero at the time the core is first

instrumented, and the early negative strains represent the anelastic strains

that the core experienced before being instrumented .)

The data quality is excellent for these Mesaverde sandstones and the

theoretical viscoelastic strain-history model 18 fits the measured response

very well . It is clear in all of these tests that the vertical strain

relaxation is considerably greater than the horizontal strain relaxation,

implying that the maximum principal stress is the overburden stress . A

comparison of these figures shows that the total anelastic strain undergone

by the rock in any gage direction, as determined by the strain-history

model, increases with increasing depth for sandstones at the MWX site.

6 .5 DISCUSSION

6 .5 .1 Comparison With Rock Properties

Included in Table 6 .1 are rock properties at four stress test loca-

tions . They indicate, as one would expect, that the high stress regions are

low modulus, high Poisson's ratio materials while the low stress regions are

high modulus, low Poisson's ratio materials . However, the data are somewhat

more complicated than indicated in Table 6 .1 . Figure 6 .22 shows a plot of

rock property measurements made on core from MWX-l . While these cannot be

correlated directly with the stress test data in MWX-3 because of the

lateral variations common in these lenticular sands, the data show some

important features concerning the shales . One of the shale points has a

very low modulus similar to the values in Table 6 .1, but two others have

moduli considerably higher than the sandstones . These rocks are more likely

thin siltstone stringers that may appear clay rich but are probably also

well cemented, resulting in the high moduli . It is not clear what the

stress values in these stringers are, but the variations in stress in the
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upper three data points, as well as the difficulty in making those

measurements (note the large uncertainty), may be because the tests were

conducted on or near such stringers . The complex lithology of the "shales"

makes measurement and interpretation difficult.

6 .5 .2 Large Stress Contrasts

One of the important, as well as perplexing, results of these studies

is the high stress in the mudstones and shales compared to the sandstones.

These large stress contrasts are useful for hydraulic fracture containment,

but it is difficult to theorize how the stresses in the mudstones are

isotropic at nearly the lithostatic value while the stresses in the sands

are much lower and show a strong preferred orientation . It is hard to

explain these contrasts in terms of rock properties, particularly when some

of the high-stress mudstones have higher moduli and lower Poisson's ratios

than the sands . Yet some of the stress must be transmitted through a solid

mechanics mechanism (as opposed to pore pressure) because the sands show

preferred stress orientation (from anelastic strain recovery, differential

strain curve analysis, and fracture diagnostics) . Creep can help but it

requires large differential relaxation times between sands and mudstones and

relatively recent tectonic perturbations . Most likely, a good stress model

will need to invoke all of these factors--material property contrasts,

differences in pore pressure between sands and mudstones, creep, tectonics--

to effectively model the current stresses.

6 .5 .3 Hydraulic Fracturing

These stress data were used in the design and analysis of hydraulic

fracture treatments in these sands . An equilibrium fracture model

attributed first to Simonson et al ., 2 can be used to predict maximum height

growth vs . wellbore pressure for these stresses . Unfortunately, stress

values for the shale between the Red and Yellow sands and for the shale

between the two Yellow sands must be assumed . Based on surrounding shale

data, a value of 6500 psi has been chosen for both shales ; this value should

be conservative .
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The plan was to frac the Yellow sands while monitoring the Red sands

for fracture penetration. Figure 6 .23 shows the calculated fracture height

for a given treatment pressure above closure stress . Containment is

adequate for pressures below 700 psi ; higher pressures result in fracture

growth into the Red A sand . This case uses the originally measured stresses

in the sands.

The same calculation was also made under the assumption that reservoir

drawdown had decreased the stresses in the sands--in this case by 200 psi.

This is shown in Figure 6 .24 and here containment is adequate for treatment

pressures up to 875 psi.

Of course, both of these calculations are estimates of the true

fracture condition because they neglect material property variations (small

effect) and, more importantly, pressure drops in the vertical direction.

Actual fracture heights should be less than shown in Figures 6 .23 and 6 .24

unless the stress data are wrong.

6 .6 CONCLUSIONS

These stress results in the coastal zone show that large stress

contrasts exist between the sands and mudstones . This is favorable for

hydraulic fracture containment.

Stress gradients for the sands are typically 0 .88 psi/ft while they

range from 1 .0 to 1 .08 psi/ft for the mudstones . The mudstones are

approximately lithostatic and probably nearly hydrostatic (all stresses

equal).

There is no clear correlation between rock properties and stress . A

better correlation exists between lithology (perhaps measured by the gamma

ray response) and stress.

There is good agreement between ASR, DSCA and hydraulic fracture stress

measurements .

	

ASR and DSCA results suggest that the difference in
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horizontal stress is about 600 psi and the maximum stress orientation is

about N70°W.

These stress results, while clearer than the paludal results, are still

not as reproducible and accurate as the marine data . This is probably due

to the lithology ; marine rocks tend to be massive and stress test fractures

propagate over a fairly uniform zone . The complex layering in nonmarine

sequences makes interpretation much more difficult.
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Table 6 .1

Stress Data and Rock Properties

Well Depth
(ft)

Lithology Qmin
(psi)

Estimated
Error
(psi)

Gradient
(psi/ft) 'Laboratory

E
(106 psi)

MWX-3 6765-67+ Mudstone 7100 50 1 .05
6706-08+

6606-08 Mudstone 7130 20 1 .08
6586-88 Muds tone *
6565-67 Mudstone 6980 100 1 .06
6548-50 Sandstone 5640 20 0 .86 --
6527-29 Mudstone 6665 30 1 .02 0 .31 2 .0
6512-14 Sandstone 5845 30 0 .9 0 .19 4 .2
6483-85 Mudstone **
6460-62 Sandstone 5670 30 0 .88
6442-44 Sandstone 5720 30 0 .89 0 .21 3 .9
6420-22 Mudstone 6805 30 1 .06 0 .27 2 .6
6398-6400 Mudstone 6445 120 1 .01
6374-76 Mudstone 6540 150 1 .03

MWX-2 6488-90 Mudstone **
6496-6553++ Sandstone 5740 50 0 .88 0 .19 4 .2

*Inconclusive
**Communication
+Paludal Zone

++Breakdown test



Table 6 .2

ASR Strain and Orientation Data

Depth
(ft) Lithology

Core Age*
(hrs) el E2 ev B

Maximum Horizontal
Stress Direction

6466 Sandstone 7-48 138 12 274 -42 .3 N88°W
6473 Sandstone 6-48 213 79 288 -7 .5 N83°W
6474 Sandstone 6-48 184 96 252 -5 .1 N70°W
6482 Mudstone 6-48 166 156 224
6483 Mudstone 6-48 200 183 298
6487 Sandstone 6-48 166 60 240 11 .9 N60°W
6489 Sandstone 6-48 147 76 290 13 .5 N58°W
6517 Sandstone 6-48 237 101 364 -30 .2 N77°W

*Core age is the elapsed time interval (to within 1 hour) from when the core
was cut and strain relief monitoring began to when monitoring ended.
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Table 6 .3

ASR Stress Data

Input Parameters Direct Model Strain-History Model
Depth
(ft) Lithology

a.
(psi)

02meas
(psi)

P
(psi)

a l
(psi)

Q 2
(psi)

al
(psi)

J 1
(106 psi'')

6466 Sandstone 6790 5670 4400 6010 5280 6204 .153

6473 Sandstone 6800 5670 4400 6426 5757 6334 .101

6474 Sandstone 6800 5670 4400 6422 5926 6311 .084

6482 Mudstone 6805 6600* 4400 6462 6402 6643 .207

6483 Mudstone 6805 6600* 4400 6437 6375 6643 .360

6487 Sandstone 6810 5845 4400 6361 5711 6379 .133

6489 Sandstone 6815 5845 4400 6063 5691 6184 .140

6517 Sandstone 6845 5845 4400 6324 5771 6380 .149

*Interpolated from nearby zones of similar lithology.



Table 6 .4

Summary of MWX DSCA Results

Sample Azimuth
Total

a1 :a2 :a3
Fracture
Gradient

MWX-1
6490' N86E ;V 1 .199 :1 .012 :1 .0 .78 .86

MWX-1
6519' N77W ;V 1 .241 :1 .117 :1 .0 .95 .85

MWX-2
6501' N85W;V 1 .253 :1 .128 :1 .0 .90 .84

MWX-3
6465' E-W ;V 1 .175 :1 .122 :1 .0 .90 .89

MWX-3
6509' N89W ;V 1 .172 :1 .086 :1 .0 .90 .90

MWX-3
6520' N79W ;V 1 .189 :1 .029 :1 .0 .72 .88

Explanation : Azimuth is with respect to the (a2 - a3) plane (and thus the
fracture), while "V" denotes a vertical inclination . "«"

	

is
the poroelastic constant used in converting effective stress
ratios to subsurface stress magnitudes . Fracture gradients
are listed in psi/foot of depth.
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7 .0 STIMULATION EXPERIMENT

7 .1 PRE-FRACTURE WELL TESTING AND ANALYSIS

Paul T . Branagan
CER Corporation

7 .1 .1 INTRODUCTION

Pre-fracture well tests were performed in the coastal interval on the

Red sandstones, designated A and B, and the Yellow sandstones, designated

A, B and C . Each of the well tests typically consisted of an extended

drawdown test period followed by a long-term shut-in period . During

critical buildup tests, a bottomhole shut-in was used to minimize wellbore

storage volume . In addition to the single well drawdown and buildup tests,

pressure interference data were acquired using one or both of the available

MWX observation wells . Each of the wells was instrumented with surface

transducers and high accuracy, quartz bottomhole pressure/temperature

gauges.

The Red sandstone tests were conducted during September and October,

1984, while the Yellow sandstones were subsequently tested during November

and December, 1984 . The initial, pre-fracture well testing of the Red and

Yellow sandstones were performed separately and then commingled for pipe-

line production during the winter of 1985 . Following winter production, a

nitrogen injection/tracer test in the commingled sandstones was conducted

in April, 1985, in an attempt to better quantify reservoir parameters and

to establish communication between the production well, MWX-1, and the two

observation wells, MWX-2 and MWX-3.

The testing and analysis of each sandstone are detailed in the follow-

ing subsections . The analyses of the well testing and interference data

were conducted using both analytical and computer reservoir modeling

techniques . The analytical methods included Horner analysis, standard

superposition type curve plotting techniques and advanced log-log pressure

and pressure derivative analysis . Log-log pressure derivative plots were

especially useful for identifying complex reservoir flow regimes such as



anisotropic natural fracture flow . The reservoir modeling was performed

using a naturally fractured reservoir simulator that permits the use of an

anisotropic natural fracture set and fully transient matrix properties.

7 .1 .2 BASELINE RESERVOIR PROPERTIES FOR THE COASTAL RED AND YELLOW
SANDSTONES

Prior to initiating the well tests, the comprehensive set of core,

log, and geological data that had previously been gathered and analyzed

were evaluated for inclusion into a physical model of the reservoir . From

that evaluation, a baseline set of reservoir parameters were established

from which the well tests could be designed and analyzed . Core-derived

matrix permeabilities were used, along with log-calculated porosity, water

saturation and net reservoir thickness as initial values for well testing

and reservoir modeling information . Figure 7 .1 .1 illustrates the dry

Klinkenberg permeabilities for the Red and Yellow sandstones measured in

core from MWX-3 . Note that there is considerable variation in the foot by

foot measured values, with permeability ranging from about 0 .0003-0 .006 md.

However, the productive intervals appear to exhibit dry gas permeabilities

in the range of 0 .001-0 .003 md, with an average near 0 .002 md . To estimate

in situ reservoir permeability, core flow studies were conducted at 3000

psi net confining stress and water saturations from 0-50% . The results of

selected core tests are presented in Figure 7 .1 .2 . The data shows the

extreme variation of matrix permeability with in situ water saturations.

For initial water saturations in the range of 40-50%, matrix permeability

at a net stress of 4000 psi is seen to be less than 0 .0001 md.

Table 7 .1 .1 summarizes the core and log derived baseline reservoir

properties for the Red and Yellow sandstones, and these data represent an

estimate of matrix properties . It is obvious that if substantial pro-

duction is to occur, it must depend heavily upon a natural fracture set

since these matrix properties alone represent a very poor productive

interval.

The areal extent of the coastal sandstones was estimated from sedi-

mentological analysis of core and nearby outcrop studies . l Figure 7 .1 .3 is
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a schematic illustration of the areal dimensions for the Red sandstones.

Both Red A and B are channel deposits with relatively narrow widths of 300-

500 ft . Red A is oriented southwest to northeast and Red B is oriented in

an east to west direction ; there is a suggestion of channel thinning toward

the east . Figure 7 .1 .4 illustrates the most probable areal dimensions for

the Yellow sandstones . Yellow A and B are characterized as channel

deposits with widths similar to those found in the Red sandstones . Yellow

A is oriented in a southeast to northwest direction, while Yellow B prob-

ably has an east to west orientation . The Yellow C is characterized as a

splay deposit of undefined areal dimensions.

7 .1 .3 PRE-FRACTURE WELL TESTS OF THE RED SANDSTONES

The well testing and conventional analysis of the Red sandstones are

detailed within this section . Certain critical aspects of well completions

for the three MWX wells are detailed in Section 2 .2 and should be con-

sidered, since they potentially impact interference data . Reservoir model-

ing results and history matching (Section 7 .1 .6) and performance predic-

tions for a variety of stimulation scenaria (Section 7 .1 .7) are presented

later.

7 .1 .3 .1 Well and Interference Testing

The prefrac, well/interference testing of the Red sandstones consisted

of drawdown and buildup testing in MWX-1 while observing interference

pressure in MWX-2 and MWX-3 . Bottomhole pressures (BHP) were acquired in

all three wells throughout the test and bottomhole shut-in tools were used

in the observation wells to minimize wellbore volumes and thus eliminate

the effects of storage on the anticipated small pressure transients.

The initial prefrac tests were conducted from September 17 to November

4, 1984 . Figure 7 .1 .5 illustrates the gas flow rate and BHP acquired from

MWX-1 and the BHP in the two observation wells . (Data for Figure 7 .1 .5 are

given in Appendix 11 .7 .) The well testing consisted of three drawdown and

buildup sequences, with the final buildup lasting almost 10 days . Gas flow
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rates during the drawdown periods ranged from 40-100 MCFD and stabilized

near 45 MCFD during the later portions of the testing . Flowing BHP ranged

from 1200-1800 psi, while buildup pressures reached a maximum of near

4100 psi . Final buildup pressure in MWX-2 and MWX-3 climbed to near 4320

and 4365 psi, respectively . Qualitative examination of Figure 7 .1 .5 shows

no clear indication of pressure interference in either MWX-2 or MWX-3 that

could be correlated to the transients generated in MWX-l.

7 .1 .3 .2 Conventional Well Test Analysis

The conventional analysis of the Red prefrac test data consists of

Horner plot analysis, an evaluation of interference pressures and log-

log/derivative type curve matching . Figure 7 .1 .6 is a composite Horner

plot of the three buildup periods introduced during well testing of the Red

sandstones . These periods begin at about 7 days, 16 days, and 25 .5 days as

seen in Figure 7 .1 .5 . The last buildup (Number 3) was conducted using a

bottomhole shut-in tool which virtually eliminated wellbore storage effects

and thus permitted an analysis of early time pressure buildup data.

Figure 7 .1 .7 is an expanded view of the Number 3 buildup and illustrates

the usefulness of early time pressure data . Two straight line slopes are

detectable, indicating the possible existence of boundaries or flow regime

variations due to the natural fractures . Note the slope ratio is very

close to 2 :1 . The existence of these two distinct slopes in the first two

buildup periods was masked by wellbore storage/afterflow effects.

Horner analysis of the MWX-1 buildup data indicates an average in situ

reservoir capacity of 0 .38 and-ft, corresponding to a permeability of

0 .011 md, an extrapolated initial reservoir pressure of 4240 psi, and a

skin of +1 .8 . The calculated average reservoir permeability of 0 .011 and is

at least two orders of magnitude larger than the in situ matrix perme-

ability derived from core analysis . If the slope change during the last

buildup is assumed to be caused by a reservoir boundary, then the location

of the boundary calculates to be approximately 45 ft from MWX-l . This is

considerably closer than suggested by geologic data and thus the slope

change is probably not an indicator of a boundary.
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Figure 7 .1 .8 is a composite log-log/derivative plot for the three

buildups shown in Figure 7 .6 . For a homogeneous, isotropic reservoir, the

line source solution type curves matched to these data suggest a kh =

0 .80 and-ft, which is almost twice that derived from the Horner analysis

above . This occurs because the flat portion of the derivative curve used

in the type curve match corresponds to the slope on the Horner plot of 170

psi/cycle . The last slope of 355 psi/cycle is more representative of the

pseudoradial flow regime, and thus flow capacity calculations would be in

the ratio of 355 :170, or about 2 :1.

Figure 7 .1 .8 also provides another clear illustration of how the use

of the bottomhole shut-in technique affects analysis . Note that for both

buildups 1 and 2, when shut-in occurs at the surface, storage effects

dominate the pressure distribution for almost the entire test period, even

though the late derivative data appears to be flattening . However, when

the bottomhole shut-in was used, the early time portion of the derivative

(3-30 hrs) seen in buildup 3, provides a clear indication that a flow

transition period is occurring at about 100 hrs . This is further evidence

that production is not controlled by a homogeneous, single porosity/

permeability type of reservoir . Since reservoir production is undoubtedly

dominated by natural fracture flow, then radial or pseudo-radial analytic

techniques may prove useful, but do not necessarily provide correct

solutions.

Because natural fractures in the Red sandstones play such a dominant

and significant part in overall reservoir production, analytic techniques

that assume dual porosity/permeability were considered more appropriate for

the problem . The transition period seen in the data, at about 100 hrs,

which was quite visible in the Horner and derivative plots, suggests that a

history match may be found using the natural fracture or dual porosity

transient type curves of Bourdet . 2 The average flow capacity from that

type curve yields a flow capacity of kh = 0 .40 and-ft, which corresponds to

an average permeability of 0 .011 md . With a matrix permeability of

0 .00005 md, the fracture-to-matrix permeability ratio is about 220 to 1 .



The lack of observable pressure interference in MWX-2 and MWX-3 during

the well testing in MWX-1 was disappointing and required considering

several possible mechanisms that could account for the observed pressure

behavior such as : no areal communication between wells ; anisotropic perme-

ability behavior creating a very elliptical pressure distribution ; stress

sensitive natural fracture permeability ; and/or water blocking in observa-

tion wells . All of these effects were considered in the reservoir modeling

presented in Section 7 .1 .6.

7 .1 .4 PRE-FRACTURE WELL TESTS OF THE YELLOW SANDSTONES

This section presents the results of pre-fracture well testing,

analysis and reservoir modeling of the Yellow sandstones . As with the Red

sandstones, details of the well completion for the Yellow sandstones are

provided in Section 2 .2 . Reservoir modeling results and history matching

(Section 7 .1 .6) and performance predictions for various stimulation

scenaria (Section 7 .1 .7) are presented later.

7 .1 .4 .1 Well and Interference Testing

The Yellow sandstone intervals in MWX-1, 2 and 3 were completed for

testing by November 6, 1984 . The testing of the Yellow sandstones in MWX-1

began November 12, 1984 and continued for almost 31 days . The testing

consisted of a sustained drawdown period of about 17 days, two short pulses

that were designed to aid in establishing pressure interference, and a

final 10-day buildup test . Figure 7 .1 .9 illustrates the MWX-1 BHP and

surface flow rate along with the BHP in the two observation wells . (Data

for Figure 7 .1 .9 are given in Appendix 11 .8 .)

The initial production rate was about 100 MCFD, which decreased to 70-

80 MCFD after several days . Flowing bottomhole pressures ranged from 1400-

2000 psi during the initial flow period .

	

The final two flow periods

exhibited rates of approximately 50 MCFD at a BHP of 1600 psi .

	

Final

buildup pressure in MWX-1 was slightly above 3800 psi .



Pressures were recorded in the observation wells during the MWX-1

testing period . Final buildup pressures in MWX-2 and MWX-3 were 4266 and

4290 psi, respectively . Although no production testing was conducted in

MWX-2 or MWX-3, perforation operations and post-completion clean-up

invariably resulted in the introduction of pressure transients into the

observation wells, and both wells were exhibiting pressure buildup behavior

during the main testing period . As with previous tests in the Red sand-

stones, the observation wells were shut in bottomhole to minimize wellbore

storage effects . Although there appears to be pressure disturbances in the

observation wells, no correlation can be made with the MWX-1 production/

shut-in sequences.

7 .1 .4 .2 Conventional Well Test Analysis

Figure 7 .1 .10 is a composite Horner plot of the last two pressure

buildup data sets from MWX-1 testing of the Yellow sandstones ; the last

buildup test (Number 3) was conducted using a bottomhole shut-in . The

calculated bulk reservoir permeability from Horner analysis was found to be

0 .022 and (0 .67 and-ft), an extrapolated initial reservoir pressure of 3950

psi and a skin of 6 .1 . As observed in the Red sandstones, slope variations

in the Horner plot suggest the possible existence of a nearby boundary or

dual porosity/permeability behavior . This late time slope variation in the

Yellow sandstones is not nearly as definitive as was seen in the Red sand-

stones, but is present . If it is assumed that this slope change represents

a boundary, then the calculated minimum distance to that boundary is 55 ft.

The pressure drop occurring in the data at a Horner time of 2 . This

is a real formation occurrence since it was not viewed in the annulus

pressure . The tubing was isolated from the reservoir and the pressure

gauge with the bottomhole shut-in tool and was at a higher pressure than

bottomhole and therefore could not contribute to a pressure decrease . One

possible explanation for this pressure drop is water imbibing into the

reservoir which creates a localized pressure loss in the wellbore . The

time during which pressure continues to fall is, however, almost 3 days and



suggests that imbibition is not a very probable explanation . Other than

leakage to some other formation within the reservoir, the possible explana-

tionsare very limited and uncertain.

The log-log/derivative plot of the last buildup is shown in

Figure 7 .1 .11 .

	

Note the similarity with the Red data shown in

Figure 7 .1 .8 . An alternate explanation for the Horner slope variation,

rather than a boundary effect, is the dual porosity behavior caused by flow

regime changes in the natural fractures and matrix . The dual porosity type

curve match suggests a naturally fractured system with an average flow

capacity of 0 .38 and-ft, or a permeability of 0 .013 md, which is half the

value derived from the Horner analysis . However, as detailed in the Red

analysis of Section 7 .1 .3 .2, this result is more appropriate than Horner

analysis and the factor of 2 variation with the early slope used in Horner

analysis is predictable.

7 .1 .5 SUMMARY OF CONVENTIONAL ANALYSES FOR RED AND YELLOW SANDSTONES

The analytic results of the well tests performed in the Red and Yellow

sandstones are presented in Table 7 .1 .2 . These data represent the average

values for the reservoir and only qualitatively suggest that the primary

reservoir production mechanism is controlled by natural fractures . A

comparison of the measured core permeabilities at in situ conditions

(0 .00005 md), to average well test (0 .012 md), results in about a 240 times

increase . Although natural fractures were present in cores, their areal

extent and connection within the reservoirs were nevertheless uncertain.

The well test data, however, with its high production capacity indicates

that the fracture system must be extensive and interconnected.

The lack of correlatable pressure interference in the observation

wells during both Red and Yellow well tests suggests that the natural

fractures exhibit significant anisotropic flow capacity . Without clear

transit times and interference pressure values, the derivation of reservoir

anisotropy remained ambiguous .
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The extent and nature of these natural fractures is of primary

consideration for the design of a hydraulic fracturing treatment . Depend-

ing on the orientation of a hydraulic fracture relative to the natural

fractures and the amount of degradation that may occur to the natural

fractures intersected by the hydraulic fracture, post-fracture production

enhancement could be significantly altered from simple predictions for a

homogeneous reservoir . Predicted production enhancement following

simulated hydraulic fracture treatments are presented in Section 7 .1 .7.

7 .1 .6 INITIAL PREFRAC RESERVOIR MODELING

Computer reservoir simulations were performed using a 3-D, single

phase, naturally fractured reservoir model to determine a sound and

acceptable representation of the Red and Yellow reservoirs . A number of

reservoir matrix and natural fracture parameters were varied in order to

determine their sensitivity and to ultimately provide a most probable value

for fracture spacing and anisotropy . In addition, the model was then used

to assess the potential enhanced gas production that could occur for

various proposed hydraulic fracturing treatments considered for the coastal

zone .

The prefrac well test data from the Red and Yellow sandstones were

analyzed and a reasonably good approximation was made with the model of

basic reservoir behavior by history matching model and field data . Once

this was established, the simulated reservoir was modified by incorporating

any of the proposed propped hydraulic fractures and then comparing produc-

tion for the propped fracture case with the base case for both short (2

months) and long (1 year) production periods . This same model was then

used to assess the real post-fracture reservoir behavior.

7 .1 .6 .1 Simulating the Well Test Data From Red Sandstones

The model or simulator parameters used to describe the Red reservoir

characteristics were optimized to provide the best history match to the
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prefrac test data presented in Figure 7 .1 .5 . Parameter constraints were

imposed from data gathered or derived from the geophysical and geological

investigations . Table 7 .1 .3 lists some of the initial reservoir properties

that were used in the simulator.

Neither analytic nor numerical simulation could account for the

observed elevated gas production (50-70 MCFD) for a homogeneous reservoir

with the assumptions of Table 7 .1 .3, particularly kg = 0 .05 pd . This

supports the premise that an interconnected set of highly permeable natural

fractures, that crisscross the reservoir and connect a large volume of

matrix rock with the wellbore, dominates production capacity.

Figure 7 .1 .12 is a schematic of the model that was used to represent these

fractured coastal reservoirs .

	

This model includes the very tight, low

porosity matrix and a cross-connected anisotropic set of fractures that

extend over the entire reservoir . Natural fracture permeability was

spatially variable and could thus be altered to simulate any desired degree

of anisotropy . As an example, the natural fracture permeability value in

Figure 7 .1 .12 represents an anisotropic fracture set with a 100 :1 ratio.

Figure 7 .1 .13 is a set of model derived bottomhole pressures used to

simulate the MWX-1 field data shown in Figure 7 .1 .5 . The field-measured

surface flow rates, shown in Figure 7 .1 .5, were used as input to the model

along with Table 7 .1 .3 data and the following natural fracture parameters:

natural fracture permeability in x,y direction (k fx , k fy ) of 6 .5 darcies,

natural fracture width (Wf) of 0 .0005 in., and natural fracture porosity

(Of) of 0 .80.

Although this match of the MWX-1 bottomhole pressure between Figures

7 .1 .5 and 7 .1 .13 is not exact, it is very reasonable . This is one very

possible and physically probable interpretation of the Red sandstone

reservoir . However, it can be seen in the upper portion of Figure 7 .1 .13

that a substantial pressure transient should have been present at the loca-

tion of the observation well, MWX-2, and to a lesser degree, a transient at

MWX-3 . The observed pressures from the field data gathered at MWX-2 and



MWX-3 do not substantiate the suggestion that these are transients result-

ing from perturbances induced at MWX-l . Therefore, although a fairly perm-

eable cross-connected set of natural fractures exists in the Red sand-

stones, they may not exhibit equivalent flow capacities and could be

considered as an anisotropic set.

Natural fracture anisotropy is reasonable, considering the fact that

the normal stresses on the fracture set are directionally applied and

probably differ in magnitude . Since natural fracture flow capacity can be

approximated by a width-cubed function, that is k f = awf3 , then the

fractures that cross the maximum principle stress may be only slightly more

narrow, but would be considerably less conductive than those that cross the

minimum principle stress . Previous interference pressure measurements made

at MWX in the Cozzette marine sandstones indicated a substantial direc-

tional variation in flow capacities for that set of natural fractures,

further corroborating the argument of an anisotropic natural fracture set . 3

In order to provide the simulated MWX-1 well with the required gas

flow rates at measured bottomhole pressures, and yet essentially eliminate

the pressure transients at either/or both MWX-2 and MWX-3, the natural

fractures were altered in order to reflect non-equivalent or anisotropic

flow capacities, but while maintaining the same average value.

The direction of the primary fracture set was taken to be parallel to

the maximum principle stress direction N74°W (x-axis) . The cross or

secondary natural fracture set was taken to be orthogonal to the primary

set and thus be in the assumed minimum principle stress direction, N16°E

(y-axis) . The spacing between the fractures was 10 ft, and seen in plan

view appears as a square grid (Figure 7 .1 .12) . The flow capacity, kfwf ,

for the primary fractures along the maximum principle stress direction was

taken to be the larger of the two sets, due to the fact that there is less

stress across the fracture face . This anisotropic, fractured reservoir

configuration would then provide smaller and smaller pressure transients at

the observation wells as the ratio of primary and secondary fracture flow

capacities increases . Figure 7 .1 .14 is a plot of bottomhole pressures for
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the simulated Red well test, where the fracture permeabilities for the two

cases were:

Case I : kfX = 37 darcies, k fy = 0 .75 darcies, a 50 :1 ratio ; and

Case II : kfX = 65 darcies, k fy = 0 .65 darcies, a 100 :1 ratio.

For the simulated MWX-2 well location, an additional early time

transient was introduced to more appropriately describe the real field

data ; that is, the pressure in the observation well was rising from some

previous self-induced transient, and then had superimposed on it a remnant

of a transient resulting from production at MWX-l . It is clear from

Figure 7 .1 .14 that for Case I, there should have been a distinguishable

pressure transient at MWX-2 during MWX-1 testing . However, Case II, with a

100 to 1 permeability ratio (schematically shown in Figure 7 .1 .12),

indicates that the transient would have been so small that it would have

been imperceptible during the field testing period.

Note however, that although Case II provides a reasonable case for

matching specific field test data (i .e ., measured flow rate, bottomhole

pressure in MWX-1, and no observable pressure transient at MWX-2 or MWX-3),

it is not a unique solution nor was it intended to be . These cases do,

however, indicate that a rather large anisotropy in fracture flow capacity

must exist in the natural fractures of the coastal sandstones . Therefore

stimulation of these reservoirs under those conditions will yield a con-

siderably different enhancement ratio than would be found from a comparable

stimulation in an isotropic, naturally fractured reservoir . Figure 7 .1 .15

overlays Case II on the field data shown in Figure 7 .1 .5.

7 .1 .6 .2 Simulating the Well Test Data from Yellow Sandstones

The modeling of the Yellow sandstone prefrac well testing was per-

formed using the same strategy as was used in the Red sandstone modeling.

Several different values for anisotropic fracture permeability ratios were

attempted with the final value of 80 :1 being a fit comparable to that found

-7 .1 .12-



for the Red sandstone modeling . Table 7 .1 .3 lists the set of model

variables that best simulates the Yellow prefrac test data, while

Figure 7 .1 .16 is the composite overlay of model data and field data.

Figure 7 .1 .17 is an overlay of the field and model log-log/derivative

data . Once again, note the anisotropic value of 80 :1 for natural fracture

permeability stems from the imperceptible pressure transients at the

observation wells . Furthermore, both the Red and Yellow sandstone

reservoirs appear to possess very similar characteristics (Table 7 .1 .3).

This is of course not very surprising since both reservoirs have a similar

depositional origin, and being in such close proximity, the natural

fracture systems were most probably formed at the same time and under the

same influences.

7 .1 .7 SIMULATED PRODUCTION ENHANCEMENT FOR PROPOSED COASTAL STIMULATIONS

To assess the production enhancement that might result from

hydraulically fracturing these naturally fractured coastal reservoirs, a

series of model simulations were performed . These simulations incorporated

several different length propped hydraulic fractures that were coupled to

the existing natural fracture model discussed in Section 7 .1 .6 . Prefrac

model Case II, the reservoir with a 100 to 1 natural fracture permeability

ratio, was chosen as the model base case . A simulated one-year production

forecast was performed using that base case model . Figure 7 .1 .18 shows the

results of that model run.

Several other cases that involved the inclusion of propped fracture

lengths of 150 ft, 250 ft and 500 ft are also shown in Figure 7 .1 .18 . Each

of the propped fractures, except for fracture length variations, had the

same following properties : propped fracture height (h) of 30 ft, fracture

permeability (kf ) of 50 darcies, and a propped fracture width (w f) of

0 .2 in . Figure 7 .1 .19 is a schematic of the propped hydraulic natural

fractured model . The alignment of the propped fracture was assumed to be

along the direction of maximum principle stress N74°W .

	

The propped

fractures were then parallel to the highest flow capacity natural
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fractures, the primary set, and intersected or crossed the natural

fractures having the minimum flow capacity, the secondary set . Each of

these cases depicts the surface flow ratio for a constant bottomhole

pressure of 600 psi . Table 7 .1 .4 lists the flow rates and production

enhancements at 30 days, along with the totals at one year.

The 30-day enhancement ratios were chosen because they would probably

represent the preliminary field assessment of the stimulation job that

generally results from postfrac tests . Note that these 30-day ratios are

between about 2 and 3 . These enhancement ratios are substantially smaller

than the 10 to 20 that would be predicted for propped fractures of the same

length and characteristics were they to be created in a homogeneous

reservoir . These three cases, however, are very optimistic in that they

include

- a propped fracture length that is totally confined to the

productive portion of the reservoir (i .e ., no boundaries);

- no deterioration to the original natural fractures flow capacity as

a result of the hydraulic stimulation;

- propped hydraulic fracture capacity derived from laboratory data,

which is considered to be invariant along its entire length ; and

a propped hydraulic fracture height that extends over the whole net

reservoir.

In order to estimate the potential degrading effects that may occur to

the natural fracture system due to the hydraulic stimulation process, a new

series of model simulations were performed . These model simulations were

similar to those described above, except that the original natural fracture

system directly adjacent to the propped frac, the secondary set, was

partially blocked . Therefore, production into the propped fracture, and

thus the wellbore, could only occur by passing through the 10-ft matrix

(0 .05 µd) blocks that contacted the propped frac . The remaining natural
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fractures throughout the reservoir were not assumed to be affected by the

hydraulic fracturing and thus were not altered . Figure 7 .1 .20 is a

schematic of this model for the 500-ft case which shows the damaged

interval along the hydraulic fracture.

Figure 7 .1 .21 shows the results of two such simulations, 250-ft and

500-ft hydraulic propped fractures, along with the original undisturbed

naturally fractured reservoir, or the base case . It is clear from these

simulations that the benefits from even long-length induced fractures are

marginal, at best, if the existing natural fractures are damaged by the

stimulation process.

7 .1 .8 COASTAL RESERVOIR ANALYSIS SUMMARY FROM THE PREFRAC WELL TESTS

A large set of naturally fractured reservoir simulations were per-

formed that used geophysical, geological and well test data to establish a

base case reservoir for the coastal sandstones . Field production rates

indicated that the average reservoir flow capacity (0 .012 and-66 ft) for the

combined Red and Yellow sandstone reservoirs was considerably in excess of

the core derived matrix capacity (0 .00005 and-66 ft) . Therefore, the

enhanced production was considered to be the result of an interconnected

set of natural fractures that extended well beyond the production well,

MWX-l . The interference test data gathered in MWX-2 and MWX-3 during the

well tests of the Red and Yellow sandstones, however, requires that a large

flow capacity anisotropy, about 80 or 100 to 1, must exist within this

naturally fractured system . The case of simulated or model permeability

values for the primary and secondary natural fractures of 65 darcies and

0 .65 darcies, respectively, which for widths of 0 .0005 in ., provides flow

capacities for each fracture set of 2 .7 and-ft and 0 .027 and-ft,

respectively.

Additional simulations were performed using the anisotropic naturally

fracture base case and an optimistic set of characteristics for a variety

of propped hydraulic fractures to simulate the effects of stimulation on

near term production . These results suggest that although an enhancement
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of about 2 to 5 times may occur, that in reality the best that could be

expected for a 500-ft fracture would be threefold increase . Further reduc-

tions to this optimistic enhancement would result if real adjustments are

made for other unknowns, such as boundaries for fractures greater than 500

ft, and degradation of the existing natural fracture flow capacity result-

ing from the stimulation process . If natural fracture degradation occurs,

little if any enhancement may occur for even the 500-ft fracture . Thus the

selection of a proper and useful hydraulic stimulation must carefully con-

sider both of these factors.

7 .1 .9 COMMINGLED WINTER PRODUCTION OF THE RED AND YELLOW SANDSTONES

The Red and Yellow sandstone reservoirs in MWX-1 were commingled and

produced into the local pipeline system during the winter months of

1984-85 . Production commenced on December 26, 1984 with the initial rates

averaging between 50 to 60 MCFD . At these low flow rates, the ability for

gas to lift water through the 2 .875-in . tubing was severely limited and gas

production decreased rapidly . On January 15, 1985, the well was opened to

the flare pit in an attempt to purge the wellbore of as much liquid as

possible . The well was then reconnected to the pipeline and gas rates

increased to approximately 45 MCFD at a flowing tubing pressure of 500 psi.

Figure 7 .1 .22 illustrates the MWX-1 winter pipeline production for the

commingled Red and Yellow sandstones.

7 .1 .10 NITROGEN INJECTION EXPERIMENTS

Following the commingled winter production of the Red and Yellow sand-

stones, a nitrogen (N2) injection test was performed as part of the pre

stimulation reservoir assessment . MWX-2 was utilized as the injection

well, and MWX-1 and MWX-3 were production/observation wells through which

the gaseous effluent was sampled and analyzed for traces of N2 that might

have been transported across the reservoir . The primary objectives of this

N2 injection test were :



- Determine the transit time for N 2 from the injection well to the

observation well to quantify the flow capacity of the natural

fractures.

- Provide additional insight into the transient flow mechanisms of

naturally fractured reservoirs.

7 .1 .10 .1 N2 Injection Field Procedures

All three MWX wells were prepared for commingled production of the Red

and Yellow sandstones during the latter part of March, 1985, and the

nitrogen injection test began on April 16, 1985 . MWX-2 was selected as the

injection well because the pressure gradient between the closest other

well, MWX-1, was such as to readily permit injected gas to flow toward

MWX-l . This well configuration should provide the best possible case for

N2 transport between any pair of MWX wells . Since MWX-1 had been producing

into the pipeline over the winter months, it was clearly not the appro-

priate candidate well for injection . MWX-3 was not considered seriously as

it was the most distant from either of the remaining potential observation

locations.

A specially designed GC system, assembled and tested at Sandia, was

connected to the tubing of MWX-1 and was set to collect a gas sample from

the flow line every 15 minutes, perform a limited GC analysis of gas con-

stituency, and provide a computer printout of tile results . This system was

essentially self-contained and operated in a semiautomatic fashion.

In addition to the on-line GC system, gas samples from both observa-
P

tion wells, MWX-1 and MWX-3, were taken in 0 .3-liter plastic bags for

future analysis . A second GC that was scheduled to provide quasi-real-time

analysis of the MWX-3 gas bag samples remained operational for only a few

hours into the test when one of the flow loops became contaminated and thus

provided little usable data . Subsequently, Bendix Corporation of Grand

Junction, Colorado, was utilized to perform laboratory GC analysis from a

selective group of gas samples taken from MWX-1 and MWX-3 in high pressure
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canisters . Both gas chromatography systems are described in more detail in

Appendix 11 .9.

Nitrogen pumping service was provided by Dowell of Vernal, Utah . The

N2 pumper was connected to MWX-2 and injection commenced at 1309 hours on

Tuesday, April 16, 1985 . A series of N2 injections, designated A through

D, occurred over a 2-day period with the final injection occurring between

1310 and 1355 hours on Thursday, April 18, 1985 . Table 7 .1 .5 provides a

listing of the injection series, including injection times, rates and

injected volumes . A total of 361,292 SCF of N2 were injected into the

tubing at the wellhead of MWX-2 . Approximately 50,000 SCF remained in the

2 .875-in . tubing essentially as storage, and thus about 311,300 SCF were

injected into the Red and Yellow sandstones . Figure 7 .1 .23 is a composite

plot showing the MWX-2 N2 injection rate and surface tubing and bottomhole

pressures . (The data for this plot are given in Appendix 11 .10 .)

Bottomhole pressure measurements were made in all three MWX wells

using H .P . quartz pressure gauges . Except for an early failure of the H .P.

in the injection well, MWX-2, bottomhole pressures were recorded throughout

the injection test and subsequently into the flowback/interference test

that followed . Pressure testing continued through the end of May, 1985.

In order to maintain temporal continuity throughout the testing

period, an initial testing time (t o) was selected as a zero reference and

taken to be 0 .00 hrs at 1544 hrs, April 12, 1985, and therefore all the

data are referenced to that date and time.

7 .1 .10 .2 N2 Injection Well, MWX-2

The initial injection schedule called for a semi-continuous injection

of N2 gas into the Red and Yellow sandstones that would occur over a 24- to

36-hour period . The intent of the injection was to permit the N2 tracer to

transverse the distance between MWX-2 and the other two wells through

existing natural fractures and thus care was taken not to intentionally

create new fractures that might stimulate or enhance the process . This
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process would be accomplished by injecting at reasonably low rates, about

1000-2000 SCFM, at bottomhole pressures not to exceed the measured minimum

horizontal stress of about 5650 psi . The 6450 ft of tubing acted as a

buffer and storage vessel during periods when the pumper was shut down.

Therefore, as long as the bottomhole pressure exceeded the average

reservoir pressure of about 4100 psi, injection into the formation would

appear to be a rather continuous process . This scenario assumed that N2

would traverse the roughly 125 ft between MWX-2 and MWX-1 in a reasonably

short time, about 15-30 minutes, and that the amount of N2 in the gaseous

production at MWX-1 could as large as 10%.

Initial N 2 injection began at 1309 hours, April 16, 1985 (93 .403

hours), at a rate of 5000 SCFM . This high rate was designed primarily as a

means of rapidly filling the tubing wellbore with high pressured N 2 . The

injection continued for about 7 .8 minutes, when the bottomhole H .P . gauge

became inoperable and pumping was temporarily suspended in order to

ascertain the condition of the gauge . Three additional short injections

followed over the next 3 .5 hours, during which time, the H .P . gauge was

retrieved from MWX-2 and replaced . (Bottomhole pressures are absent during

the first 7 hours until the malfunctioning gauge was replaced .)

The subsequent pulses over the next two days are given in Table 7 .1 .5

and Figure 7 .1 .23 . Assuming the average reservoir pressure in the vicinity

of MWX-2 to be 4100 psi, then it can be seen from the bottomhole pressure

data that injection continued throughout the entire test period since

bottomhole injection pressure, although declining, never dropped below

average reservoir pressure.

Note that the surface tubing pressures during the end of the last two

shut-in periods (C and D), do not follow bottomhole pressure . This is

because the bottomhole pressure gauge was seated into the bottomhole shut-

in tool in order to effectively isolate the reservoir and gauge from the

bulk of the 6400 ft of tubing . The higher tubing pressure is required to

maintain the gauge in the tool seat during these shut-in periods.

Therefore, during these shut-in periods, bottomhole pressure data reflects

-7 .1 .19-



only the pressure associated with the reservoir and the small remaining

wellbore volume between the shut-in tool located at 6400 ft and the perfs

at 6450 ft . This period of bottomhole isolation provides the best set of

pressure falloff transient data that is indicative of the average reservoir

behavior.

7 .1 .10 .3 Injection Pressure Analysis

Initial attempts at analyzing the injection pressures involved

performing semilog analysis during several of the injection periods.

Figure 7 .1 .24 is a composite graph of the bottomhole pressure for three of

the injection periods labeled as A, B, C and D in Figure 7 .1 .23 . For each

of these injection periods, zero time corresponds to the beginning of each

new injection rate and thus the pressures shown in Figure 7 .1 .24 have

common zero starting times . For these cases, the average reservoir injec-

tion flow capacity can be obtained from semilog analysis as,

kh = 162 .6 qpB/m

	

(1)

where:

kh = average reservoir injection flow capacity, and-ft

q = average flow rate, MSCFD

p = viscosity, cp

B = formation volume factor, bbl/MSCFD

m = slope from semilog injection plot, psi/cycle

Note that for each of the injections, the slope of bottomhole pressure

versus injection time on the semilog plot became straight rather quickly

and thus allows a reasonably accurate selection of slope to be made . Only

the top of the injection pressures are shown in Figure 7 .1 .24, in order to

visually enhance pressure sensitivity and selection of the slope . The

fluid and reservoir properties were taken at an average reservoir pressure

of 5500 psi, and using Equation (1) for the periods given above, the kh
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values derived are between 50 and 75 and-ft as shown in Table 7 .1 .6 . The

two values for the D curve are for the early slope when the injection rate

was 2000 SCFM and the late slope when the injection rate was reduced to

1800 SCFM.

Semilog analysis is based on flow equations for radial fluid flow

within a single porous medium . Thus for the early time injection periods,

the assumption of radial flow is probably not a correct one for this

naturally fractured system . These inflated values of flow capacity, 50 to

75 and-ft, are most probably representative of the natural fracture system

alone, since the tight (0 .00005 md) matrix would be unable to respond to

these short 20- to 30-minute injection pulses.

If the early flow regimes are dominated by linear, as opposed to

radial flow, then the injection periods may be considered as linear

fracture flow and/or bilinear flow periods . Linear fracture flow involves

a period when gas moves linearly into a fracture and involves only the

compression of the gas within the fracture . Essentially, nothing is lost

to the surrounding matrix . The bilinear flow period discussed by Cinco 4 ,

involves linear flow within a fracture as well as linear injection into the

surrounding media ; thus the term bilinear . The period of linear fracture

flow is presumed to occur very early in the injection process, after which

time flow changes quickly to become bilinear.

The log-log/derivative plot of pressure versus time generally provides

an indication of each of the flow regimes . A unit slope on the log-log

plot denotes a period of wellbore storage, linear fracture flow appears as

a 1/2 slope and bilinear flow would show a 1/4 slope . Figure 7 .1 .25 is a

log-log/derivative graph of the bottomhole injection pressure as a function

of injection time for the B injection period . Slopes of 1, 1/2 and 1/4 are

shown for reference purposes.

Referring to Figure 7 .1 .25, it can be seen from the slopes that

wellbore storage appears to dominate the injection process from the

beginning of injection until about 0 .1 hours (6 minutes), and then the
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slope very abruptly becomes almost flat . Thus, there does not seem to be

the manifestations of linear or bilinear flow periods from observing the

slopes using the log-log plot . Virtually identical results are obtained

using pseudo pressure, which accounts for variations in viscosity and gas

compressibility . If, however, it is assumed that the period of linear

fracture flow is too short to be observed or is masked by the relatively

long wellbore storage period, then the flat portion of the log-log plot may

include or represent the period of bilinear flow . Utilizing the analysis

technique for bilinear flow provided by Cinco 4 that relates fracture para-

meters and the slope of the fourth root of time pressure plot, a value for

fracture flow capacity can be derived from the following equation:

44 .1µB

	

2

	

q 2
kfwf =

h(Om µcm km)1/4

	

mb

where :

kf = fracture permeability, and

wf = fracture width, ft

km = matrix permeability, and

h = net height, ft

¢m = matrix gas porosity

cm = matrix compressibility, psi -1

mb = slope of straight line for bilinear flow, psi/hr l/4

and q, p and B are as given in Equation (1).

If the primary natural fractures are assumed to be planar and devoid

of liquids, with fluid compressibility and viscosity dominated by the

injected gas, then conversion factors and fluid properties evaluated at a

constant 5500 psi are as follows:

cm = 0 .000109 psi -1

B = 0 .625 bbl/MSCFD

µ = 0 .0267 cp .

(2)
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The net pay, h, for the combined Red and Yellow sandstones was taken

to be 66 ft and the porosity Om was taken to be 0 .05 . Solving Equation (2)

with the above properties, we have,

kfwf - 0 .283/T (q/mb) 2

Figure 7 .1 .26 is a plot of the bottomhole injection pressure versus
the fourth root of time for the B injection period . Taking the slope
during the late time period as indicated by the log-log plot, the primary
fracture flow capacity will be given by:

kfwf - 0 .283/T1T (2160/182) 2 and-ft

kfwf - 39 .86/, and-ft

If the N2 injection is assumed to occur from the wellbore through one
or two of the primary fractures, kf., and that the cross or secondary
fracture set, kfmim, dominates and thus represents the surrounding media,
then the average reservoir permeability in that direction, kmin, will be
given by:

min (kfmin x wf + km x S )/S

	

(4)

- [(710 md)( .00024 in)/(12 in/ft) + ( .00005 md)(10 ft)]/10 ftkmin

min - 0 .00147 and

Equating km - kmin in Equation (3), yields

kfwf = 39 .86/,0 .00147 and-ft,

or,

or,

or,



kfwf a 1037 and-ft .

	

(5)

This represents a very conductive primary fracture set . In fact, when

compared to the prefrac well test model data of 0 .78 and-ft, it is over 1300

times more conductive . This clearly suggests a fracture enhancement

process of some kind.

During each of these N2 injections, the bottomhole pressure was never

permitted to exceed the presumed minimum in situ stress of 5650 psi.

Therefore, it seemed highly improbable that additional fracture length to

the primary natural fractures was being created during these injection

periods.

Since the permeability of a planar fracture is width cubed, aw f3 ,

dependent ; then, an average 11-fold increase in natural fracture width,

that is from 0 .00024 to 0 .0026 in ., would be required to increase the

primary natural fracture model data from 0 .71 to 1037 and-ft . It is

difficult to imagine a physical process, other than natural fracture

dilatancy or shear slippage, that could account for an average increase in

fracture width of this magnitude . This suggests that the minimum

horizontal in situ stress may have decreased from the time that the in situ

stress tests were performed to the time that these N 2 injection tests

occurred.

7 .1 .10 .4 Falloff Pressure Analysis

The total injection time, that is the period when bottomhole pressure

exceeded the current reservoir pressure of about 4100 psi in MWX-2, was

48 .9 hrs . This amounts to essentially the whole period of the N2 injection

test, and not just those times when the pump trucks were injecting at the

surface . Utilizing falloff analysis for the bottomhole pressure data

following the last injection (D), when the well was shut in with the

bottomhole shut-in tool, the average reservoir flow capacity, kh, can be

estimated .



Figure 7 .1 .27 is a semilog plot of the bottomhole pressure versus

falloff time, tfl , where:

to = (t f + At)/At

tf = NZ injection time, 48 .9 hrs

At = time since shut in, hrs

Average reservoir flow capacity, kh, is found from the slope of the

straight line portion of the curve, shown in Figure 7 .1 .27 and Equation

(1), or

kh – 162 .6 * qpB/m
fl

	(6)

where the terms are as given in Equation (2), except

mfl – slope from semilog shut-in plot, psi/cycle.

The average flow rate, q, for this falloff test was taken to be the

total injected volume, 311,300 SCF, divided by the 48 .9 hrs of injection,

or q – 153 MSCFD . The value of kh, from Equation (6), is then given by,

kh – 1 .30 and-ft

This is substantially lower then the average conductivity from a

similar analysis performed on the injection data, where kh = 50-75 and-ft.

Thus, there appears to be strong evidence to suggest that natural fracture

conductivity was enhanced during injection . The falloff kh, however,

compares reasonably with the combined kh value for the Red and Yellow sand-

stones derived from prefrac well test analysis where kh = 0 .78 and-ft . This

suggests that the fracture system has returned to nearly the same average

system when reservoir pressure is permitted to relax .



The early falloff data after the A and B injections did not lend

themselves to this kind of semilog analysis because the pressure falloffs

are dominated by the effects of wellbore storage . Although the bottomhole

shut-in technique was used during the C injection/falloff, it was designed

to only test the seating techniques for the final shut-in, and therefore

was not continued for a sufficiently long enough period to allow the

pressure to get on the semilog straight line, and thus that data was also

not usable for semilog analysis.

One additional caveat to this falloff analysis should be made clear.

Figure 7 .1 .28 is a log-log/derivative plot of the D falloff data . Note

that the derivative data at 100 hrs after shut-in takes an abrupt drop.

This time corresponds to the shut-in of MWX-1 and MWX-3, which had been on

continuous production in an attempt to acquire the N 2 tracer . This pro-

vides clear evidence that pressure interference does occur between the MWX

wells and that the falloff data has been under the perturbing influence of

the production occurring in both observation wells, MWX-1 and MWX-3.

7 .1 .10 .5 Tracer Analysis

Figure 7 .1 .12 provides a graphic model interpretation of the MWX site

well locations in conjunction with scaled fracture spacing for one of the

coastal sandstones . From prefrac well tests, it was postulated that the

principle production mechanism was the result of a highly contiguous and

interconnected set of orthogonal, anisotropic natural fractures . The

direction of the primary fracture set was taken to be the direction of

maximum principle horizontal stress, N76°W, and designated, kfr,,,E, . While

the secondary fracture set, designated as kfmin, was taken to be orthogonal

to that of the primary set . The ratio of fracture flow capacity for the

primary and secondary sets was found to be about 80 to 100 :1.

For natural fractures with permeabilities on the order of 0 .7 darcies,

transit time across the reservoir would be about 15 minutes or less, and

the amplitude of the N2 response could be as large as 10-20% . This is

based on Darcy's Law for laminar, horizontal flow through a planar vertical

-7 .1 .26-



fracture that relates the pressure gradient and flow rate of a viscous

fluid through a porous media of known permeability and length . For a

simple case, fluid velocity can be given by,

v = dx/dt = k/p * dp/dx

	

(7)

where :

v = instantaneous fluid velocity, cm/sec

k = average permeability, darcies

p = viscosity, cp

dp/dx = pressure gradient along the direction

of velocity, atm/cm

Assuming this function to be linear and continuous, then Equation (7)

can be rearranged and solved for the average transit time, At, in standard

oil field terms,

At = 3741 .9 * p * Ax2 / (Ap * k)

	

(8)

where :

At = average transit time, hrs

Ap = average pressure drop across the length, x, psi

Ax = path length, ft

k = average secondary fracture permeability, and

The minimum, secondary natural fracture path length from MWX-2 to

MWX-1 is about 75 ft . For the periods when MWX-1 was producing gas while

gas was being injected in MWX-2, the average pressure drop, Ap, was about

3500 psi . Inserting these values in Equation (8) yields,

At = 3741 .9 * 0 .0267 * (75) 2 / (3500 * 700)
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or,

At = 0 .23 hrs = 13 .8 min

From the tubing volumes in the injection and observation wells and the

flow and injection rates scheduled during the test, it can be calculated

that an additional 10-12 minutes is required to transport gas through the

tubular system, connecting the wellhead with the bottomhole reservoir.

Thus, a total time lag from surface injection to response at the GC is

expected to be about 25 min . Although diffusion was not considered, it

would tend to diminish the amplitude but decrease transit time . Losses due

to injection into the rock matrix may, on the other hand, tend to increase

the transit time . From the above considerations, it was anticipated that a

fairly rapid N 2 response at the observation wells would be seen.

Figure 7 .1 .29 is a composite time plot showing the N 2 injection rates

in MWX-2, the percent of free N 2 in MWX-1 gases derived from the semi-auto-

matic GC system and portions of the GC analysis results provided by Bendix

Corporation . Both sets of free N2 data have been corrected for the

presence of N2 corresponding to air contaminants . This process involved

measuring the amount of oxygen present in the sample and then subtracting

the corresponding value of N 2 that would be present in that quantity of

air . This corrected value of N 2 is then considered to be the amount of

free N2 present within that particular sample and presumed to have

originated from injection through MWX-2.

If the transit time calculations described above were correct, then N 2

should have been present at the observation wells within about 25-30

minutes . The percentage and time history of N 2 as shown in Figure 7 .1 .29

do not readily permit a precise selection of N 2 arrival times and/or peak

values . Nitrogen response in the observation wells appears to be uneven,

possibly due to small isolated pockets of nitrogen . In addition, air con-

taminated the GC system during the early portions of the experiment,

especially between 93 and 103 hrs, and thus the corrected N2 percentages

during that period are extremely suspect . (Note the oscillatory behavior

of the corrected data between 93 and 103 hours .) Also, air leaks in the
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gas bag samples introduced quantities of N 2 that were often ten times as

large as the final corrected data . The MWX-1 gas sampling and GC analysis

continued for almost 10 days and that only a portion of which is shown in

Figure 7 .1.29.

If the most immediate N2 peak following an injection period is assumed

to be the response from that injection at the observation well, then the

transit times seen in Figure 7 .1 .29 range from 1 hour for the last injec-

tion to about 5 hrs for the injection at 103 hrs . Once again, it must be

emphasized that the amplitudes of the N2 responses are obviously small and

may well be within the range of error for trace analysis of N 2 in natural

gas using this type of gas chromatographic technique.

If, however, the transit times are in fact between 1 hr and 5 hrs,

then rearranging Equation (8) and solving for average minimum fracture

permeability, kfmin, the range would be,

160 and > kfmin > 32 and

	

(9)

Certainly a more accurate evaluation of fracture permeability could be

made using a distributed pressure along the crack or making use of a trace

simulator . However, because of the limited and often ambiguous transit

times, these more sophisticated approaches would not significantly reduce

the uncertainty of the results . The limited, questionable data provided by

the Bendix GC analysis at best corroborates the 1 to 5 hr transit times.

7 .1 .10 .6 Summary of the Nitrogen Injection Test

During a three-day period in this experiment, several large pulses of

gaseous N2 were injected in MWX-2 while the production/observation wells,

MWX-1 and MWX-3, were continuously produced . The produced gases were

sampled and monitored for traces of N 2 using standard gas chromatographic

(GC) techniques . During the period when N2 was being injected into MWX-2,

there were reasonably good indications from GC data that sporadic traces of

N2 were being observed at both MWX-1 and MWX-3 . Thus, there appeared to be
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additional evidence that an enhanced permeability connection, probably a

rather torturous natural fracture path existed within the Red and/or Yellow

sandstones . Furthermore, the extent of the fracture system was large and

extended at least over the area of the MWX site . The quantities of N2 that

reached the production wells were considerably smaller than anticipated and

the transit times, although somewhat difficult to quantify, were longer

than expected.

Data and analysis from the nitrogen injection experiments have

provided some new and extremely interesting results concerning the extent

and flow capacity of the natural fractures that dominate the production

mechanism in these very tight lenticular, coastal sandstones . In summary,

the more pertinent data derived from this experiment are:

Semilog analysis of the injection pressures during the injection,

pulses showed that average reservoir flow capacity (kh) was large,

between 50-75 and-ft . This represents a substantial increase over

the initial average value of 0 .78 and-ft derived from the combined

drawdown/buildup prefrac tests conducted during the fall of 1984 in

MWX-1, and orders of magnitude beyond the restored state core

matrix values of about 0 .0033 and-ft . Thus, these semilog derived

values most probably represent the flow capacity of the natural

fracture alone, since the tight matrix would be virtually unable to

respond to these transients during the short 20 to 30 minute

injection periods.

- Bilinear fracture flow analysis provides a lumped equivalent

primary fracture flow capacity, kfwf – 1037 and-ft . This apparent

increase in natural fracture conductivity is most probably the

result of small increases in fracture width, w f , caused by

dilatancy or shear slippage during the injection process . This

pressure/stress dependence of flow capacity is not surprising since

this phenomenon was experienced while testing most of the zones at

MWX . However, this experiment was the first attempt to quantify

variations in flow capacity at pressures above reservoir pressure.
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- Analysis of the falloff data indicated that when the natural

fractures were returned to their relaxed position, i .e ., when

wellbore pressure returns to near average reservoir pressure, the

average flow capacity of the reservoir, kh – 1 .38 and-ft, almost

returned to the pre-injection value, kh – 0 .78 and-ft . Further, the

derivative analysis of the MWX-2 falloff data shows clear evidence

of pressure interference from either or both MWX-1 and MWX-3.

- GC analysis of the flowing gases from the observation wells

provides clear indications that N 2 traversed the reservoir from

injection well to remote observation wells . The transit time from

MWX-2-MWX-1 was found to be between 1-5 hours, and corresponds to a

minimum fracture permeability in the range of 32 and to 160 md.

These values are reasonably comparable to the value used in the

pre-fracture reservoir simulator.

Although the amplitude and time of arrival of N2 at the observation

wells do not presently permit an unambiguous estimation of transit

time or average natural fracture flow capacity, the pressure

response of the reservoir in MWX-2 during the injection and falloff

revealed that the average macroscopic reservoir flow capacity was

functionally dependent on pressure and/or injection flow rate.

This kh enhancement, that is particularly evident during injection,

is most probably the result of changes occurring within the natural

fractures, possibly dilatancy, shear slippage, dewatering, or other

phenomena, either individually or in concert.
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Table 7 .1 .1 Core and Log Derived Reservoir Characteristics
for the Coastal Red and Yellow Sandstones

Yellow Red

(At , Total Matrix Porosity 8 .0% 7 .5%

sp„ Water Saturation

kg , Relative Matrix Gas

45 .0% 45 .0%

Permeability (s w – 45%) 0 .05 pd 0 .05 pd

h, Productive Channel Thickness

MWX-1 30 ft 36 ft

MWX-2 36 ft 48 ft

MWX-3 28 ft 22 ft

p, Gas Viscosity

	

0 .02 cp

	

0 .02 cp

t, Reservoir Temperature

	

185°F

	

185°F



Table 7 .1 .2

	

Coastal Red and Yellow Average Reservoir Parameters
Derived from Conventional Analytic Techniques

Reservoir Parameters Red Yellow

kh 0 .40 and-ft 0 .38 and-ft

0 .011 and 0.013 and

P* 4240 psi 3950 psi

Skin 1 .8 1 .0

Nearest Boundary 45 ft 55 ft



Table 7 .1 .3 Input and Derived Reservoir Parameters for Pre-Fracture
Simulation

	Reservoir Property
Source of

Information
Red

Sandstone
Yellow

Sandstone

Net production height, h Logs 36 ft 30 ft

Total porosity, Ot Logs and core 0 .075 0 .075

Initial water
saturation, Sw Logs and core 0 .50 0 .50

Initial reservoir
temperature, T Logs 185°F 183°F

Natural fracture
spacing, S Outcrop studies 10 ft 10 ft

Relative matrix gas
permeability, k 8 Core analyses 0 .05 pd 0 .05 pd

Gas gravity, G Gas analyses 0 .63 0 .63

Initial reservoir Well, Interference 4370 psi 4350 psi
pressure, P i

Natural fracture

tests

Modeling 65d 48d
permeability
x - direction, k fx

Natural fracture Modeling 0 .65d 0 .60d
permeability
y - direction, k fy

Anisotropy Ratio 100 :1 80 :1

Natural fracture Modeling 0 .0005 in 0 .0005 in
width, wf

-7 .1 .35-



Table 7 .1 .4 Simulated Potential Production Enhancement
for Various Propped Fracture Lengths

Fracture Length
(ft)

30-Day 1-Year
Flow Rate
(MCFD)

Enhancement

	

Cum.
Ratio

Production
(MMCF)

Enhancement
Ratio

0 62 1 20 1

150 144 2 .3 38 1 .9

250 176 2 .8 46 2 .3

500 193 3 .1 53 2 .7



Table 7 .1 .5 MWX-2 N2 Tracer Injection Series, With
Times, Rates and Volumes

Injection
Series Date

Start Time
(hrs)

Pump Time'
(min)

Rate
(SCFM)

Volume

	

Series Total
(SCF) (SCF)

wellbore
filling 16-APR 93 .403 7 .82 5000 39,099 39,099

16-APR 93 .998 10 .97 1500 16,455
16-APR 94 .182 4 .97 1100 5,466
16-APR 95 .075 3 .98 1100 4,380
16-APR 96 .047 4 .99 1200 5,985 32,286
16-APR 100 .002 4 .97 1500 7,454
16-APR 100 .085 13 .99 2500 34,966
16-APR 100 .519 2 .97 2500 7,425

A 16-APR 100 .569 3 .97 1500 5,955
16-APR 100 .836 4 .97 2500 12,424
16-APR 100 .919 20 .04 800 16,029
16-APR 101 .833 5 .97 2500 14,925
16-APR 101 .933 7 .97 1500 11,954 106,135

B 16-APR 103 .317 29 .97 1500 49,955 49,955
17-APR 113 .596 5 .43 1500 8,149
17-APR 113 .687 0 .29 2000 582

C 17-APR 113 .692 4 .19 2500 10,465
17-APR 113 .762 13 .50 2000 27,002 46,198

((18-APR 141 .399 8 .47 2500 21,175
D {18-APR 141 .540 7 .47 2000 14,940

(18-APR 141 .665 28 .61 1800 51,504 87,619

Total : 361,292



Table 7 .1 .6 Semilog Analysis During N2 Injection Periods in MWX-2

Injection
Series

Injection Rate
(SCFM)

Average Reservoir/
Injection Flow Capacity

kh (md-ft)

A 800 65 .7
B 1500 65 .3
C 2000 56 .6
D1 2000 52 .5
D2 1800 76 .5

-7 .1 .38-



WATER

	

PERMEABILITY
LOG DEPTH GAMMA

	

POROSITY SATURATION AT 3000 psi
(core depth) (API UNITS)

	

(%)

	

(%)

	

(MICRODARCYS)

6430
(6429)

6440
(6439)

6450
(6449)

to.

80
6480

(6479)

6490

	

1
(6487)

= 6460
a (6459)
W

6470
(6469)

0

0

0

S_0

6 500
(6497)

6510
(6507)

6520
(6517)

1

0

0

0

0 _

0

	

0

	

0

	

0
6530

(6527)

6540

	

'

	

'
(6537)0 100 200 0 5 10 0 50 100 0

	

5 10

Figure 7 .1 .1 MWX 3 Core Derived Properties for the Red and Yellow
Sandstones

-7 .1 .39-



10

• - MWX-1 COASTAL (6441 FT)

A	 MWX-3 COASTAL (6446 FT)

n - - - MWX-3 COASTAL (6514 FT)

• - - MWX-1 COASTAL (6546 FT)

2

.001	 1	 I	

0

	

20

	

40

	

60

	

80

	

100
WATER SATURATION (PERCENT)

Figure 7 .1 .2 Restored State Core Permeabilities for Various In Situ Water

Saturations

-7 .1 .40-



Figure 7 .1 .3 Cross Section of Coastal Red Sandstones at the MWX Site
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Figure 7 .1 .7 Expanded of Third and Final Buildup Period from Figure 7 .1 .6
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Ratio
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Figure 7 .1 .16 Overlay of Simulated Model Pressures on the Field Data from
the Yellow Sandstones
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Fractured Model
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Figure 7 .1 .23 Nitrogen Tracer Injection Test Data for MWX-2 ; Time = 0 at
1544 hrs, April 12, 1985 . (Plot continued on next page)
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Figure 7 .1 .24 MWX-2 Bottomhole Pressures for Four Injection Periods
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Figure 7 .1 .26 Fourth Root of Time Pressure Plot for B Injection Period to
Evaluate Bilinear Flow Period
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Figure 7 .1 .27 Horner Plot of Falloff Pressure Data After the D Injection
Period . (t= — 48 .9 hrs)
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Figure 7 .1 .28 Log-Log/Derivative Plot of Falloff Pressure Data After the
D Injection Period
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7 .2 COASTAL STIMULATION EXPERIMENTS

Norman R . Warpinski
Sandia National Laboratories

7 .2 .1 COASTAL TEST METHODOLOGY

Because of the apparent damage to the natural fractures in the paludal

zone as a result of the fracture treatments, a more discerning test method-

ology was developed for the coastal reservoirs . The basic plan was to con-

duct a small, totally nondamaging hydraulic fracture in the Yellow sands, to

be followed by a small, minimum-damage, propped fracture in the Yellow

sands, and, if successful, followed again by a large treatment in both the

Red and Yellow sands.

The nondamaging fracture treatment was a nitrogen step-rate fracture

with no sand or liquids . Next, a minimum damage treatment was conducted

with a 75 quality nitrogen foam and intermediate strength proppant . Based

on the results from this small treatment, no large stimulation was

conducted.

7 .2 .2 COASTAL ROCK/RESERVOIR DATA

Gamma logs for the coastal zone are shown in Figure 5 .1 . The Yellow A

and B sands consist of two 15-ft-thick sand channels separated by a thin

(-5 ft) shale . Matrix permeabilities for both sands range from 0 .1 to

0 .5 pd under in situ conditions, with porosities of 6 to 8% and water

saturations of 50% or less . Reservoir testing yielded effective permeabili-

ties of about 12 pd, an initial reservoir pressure of about 4300 psi, and a

bottomhole temperature of about 185°F . Dowell-Schlumberger ran several rock

property measurements, shown in Figure 5 .20, that indicate that Young's

modulus for the sands is about 5 million psi and Poisson's ratio is about

0 .2 .

Stress test data are shown in Figure 6 .1 . The stress contrasts between

the sands and shales vary from about 800 to 1400 psi, which should result in

good containment of the fracture . Unfortunately, no stress measurement was



possible in the shale between the Red and Yellow sands, so only an estimate

of the stress is given there . Based on the stresses above and below the

sands, the stress in this zone should be about 6850 psi (1 .06 psi/ft

gradient) . With this stress distribution, the ideal, stress-controlled,

containment situation is shown in Figure 6 .23 . Good containment is expected

if treatment pressures stay below about 6600 psi . Lens widths for the

coastal sands are thought to be 300 to 500 ft, and the best estimate of the

lens geometry is shown in Figure 7 .2 .1.

7 .2 .3 NITROGEN FRAC

7 .2 .3 .1 Design

During the week of June 10, 1985, a series of stimulation and produc-

tion tests were conducted in the Yellow sands of the coastal zone in MWX-l.

The objectives of this test series were:

(1) Create a fracture of about 200 ft length using a nondamaging fluid

at the lowest possible pressures . This is necessary for accurate

production data on the reservoir under conditions in which the

natural fractures are not damaged or plugged in any way . These

conditions can best be achieved by using nitrogen gas (no sand) as

the frac fluid . The special concern with damage to the natural

fractures is a result of previous stimulation tests in the paludal

zone where such damage seriously impaired production.

(2) Investigate reservoir properties (and the fault) on the global

reservoir scale by searching for pressure interference and

nitrogen production in the offset wells during and after

injection.

(3) Search for interference in the "remote" Red sands to determine if

sufficient height growth occurred.
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(4) Investigate the pressure sensitivity of the natural fractures by

flowing back at varying rates and pressures and determining the

apparent kh as a function of pressure level during these drawdown

periods.

The test series consisted of the following schedule:

Date Stimulation Production

June 11 N2 Step Rate Test and Frac, MWX-1 Start Flowback MWX-1

June 12 Shut in MWX-1, Start
Production MWX-2, MWX-3

June 13 N2 Injection Production MWX-2, MWX-3

June 14-15 -- Production MWX-2, MWX-3

The nitrogen frac conducted on June 11 is of principal concern in this

section . The following injection on June 13 was much smaller and probably

did no more than reopen part of the fracture created on June 11.

The well configuration for the nitrogen frac is shown in Figure 7 .2 .2.

A bridge plug was set below the Red zone and a retrievable bridge plug with

a pressure bomb below it was set below the Yellow zone . A packer was set at

about 6400 ft to isolate the Yellow sand . Two joints of 4 1/2 in casing

were inserted in the tubing string just above the packer to provide a lower

flow-velocity setting for the bottomhole pressure gage than the 2 7/8 in

tubing would provide . The Yellow zone was perforated from 6428 to 6460 ft

with 2 shots/ft, 14 gm charges, 0 .38 in . diameter holes.

During the nitrogen step-rate frac, MWX-2 and MWX-3 were shut in

bottomhole with the quartz pressure gages in order to search for pressure

interference during or after the frac . Afterwards, both MWX-2 and MWX-3

were put on production to look for traces of nitrogen using gas chroma-

tography .
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The nitrogen frac schedule consisted of an initial step rate test

followed by a constant-rate pump . The actual pumping schedule is given in

Table 7 .2 .1 . The purpose of the step rate test was to provide data on the

pressure at which fracturing actually began . Because of expectations of a

high leakoff rate into the natural fracture system and low fracture pres-

sures due to the low fluid viscosity, it was felt that a step rate test was

the only way to ascertain the effectiveness of the treatment . This total

design is based on an estimated leakoff coefficient of 0 .01 ft/,min.

7 .2 .3 .2 Treatment Data

The bottomhole pressure and flow rate for the nitrogen frac are given

in Figure 7 .2 .3 . The purpose of the initial step was to remove any wellbore

fluid that remained downhole so that there would not be a liquid spearhead

ahead of the gas . Fracturing appears to begin at the 5000 SCFM stage at a

pressure of about 5700 psi . The main fracturing stage is the 20,000 SCFM

stage, lasting about 20 min . Toward the end of the 20,000 SCFM stage, the

bottomhole pressure transducer was pulled up higher into the tubing because

excessive flow turbulence was causing problems with the tool signal . This

is the reason for the drop in pressure at 4 .75 hr . Subsequently, the rate

was dropped to 10,000 SCFM in preparation for an attempt at a bottomhole

closure . At the same time the rate was lowered, the bottomhole pressure

gage was also lowered back near the shut-in nipple . Unfortunately, at shut-

in the bottomhole tool signal was lost and no pressure decline data were

obtained.

Figure 7 .2 .4 shows the interference pressures in MWX-2 and MWX-3

correlated with the flow rate into MWX-l . Interference in MWX-2 first

becomes clear about when fracturing conditions occur in MWX-1 (5000 SCFM),

and slightly later in MWX-3.

The bottomhole pressure and injection rate for the second nitrogen

injection on June 13 is shown in Figure 7 .2 .5 . Again, the tool signal was

lost when shut-in was attempted . These data were not analyzed in terms of

fracture behavior .
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The results of the step-rate test are shown in Figure 7 .2 .6 . As was

evident in the pressure record, fracturing occurs at the 5000 SCFM rate with

a fracture extension pressure of about 5600 psi . Rates are shown as bottom-

hole equivalent bpm using the measured pressure at each step, a bottomhole

temperature of 170°F, and the gas compressibility factors given in the

figure insert.

For comparison, the lowest measured stress in this Yellow zone was

5670 psi, but that stress measurement was performed in MWX-3 before any well

testing or production operations . The closure stress here seems to be some-

what lower, possibly due to either lateral variability or removal of gas

during prefrac testing.

7 .2 .3 .3 Pressure History Match

A history match of the bottomhole pressure was made in order to esti-

mate the size of the fracture created during the step-rate test . A finite-

difference, Perkins and Kern type simulator was used for this analysis ; this

should be the most appropriate model under these conditions of large con-

fining stress contrasts . This model uses the full, time-dependent momentum

and continuity equations, accepts any pressure drop formulation (in this

case, turbulent flow) as well as leakoff and spurt, and can be used in

either constant or variable height modes.

Before attempting a history match of the pressure, it was first

necessary to determine if the back stresses were responsible in large part

for the observed pressure behavior . A quick calculation (similar to one by

Smiths ) would indicate that the effect is small (20 to 30 psi over the

entire test) and this seems to be born out by the actual data . The pres-

sures do not seem to be increasing dramatically during the constant-flow-

rate segments of either the frac or the injection test . Back stress effects

have been ignored in this analysis.

Figure 7 .2 .7 shows an example of some of the initial model ruhs . While

the pressure at the frac stage (20,000 SCFM) could be matched, the step rate

'pressure levels could not be achieved.
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Trying to decrease the pressure sufficiently to match the steps

resulted in too low a pressure during the frac . Basically, all reasonable

histories passed through the actual data . From these and other results, it

was concluded that the closure stress was significantly lower than 5670 psi,

the value measured in MWX-3 before testing . The reservoir has since been

drawn down near the wellbore from an initial value above 4100 psi to a pre-

nitrogen-frac value below 3800 psi . According to Geertsma, 2 a good

approximation of the change in closure stress with drawdown is given by

6'ac =

	

1 - v

Where K is the bulk modulus of the rock, K. is associated with the bulk

modulus of the solid material in the rock, v is Poisson's ratio and APres is

the change in reservoir pressure . This results in Aac = 0 .45 APres for

coastal rocks . This predicts about a 150 to 180 psi drop in closure stress

for a 300 to 400 psi drop in reservoir pressure in the near-frac region.

Model runs using several combinations of leakoff, spurt, fracture

roughness and enhanced pressure drop were calculated for values of closure

stress varying from 5475 to 5575 psi . The best fit of these runs is shown

in Figure 7 .2 .8 . This is by no means a unique answer for the nitrogen frac,

but most parameters cannot vary significantly without distorting the

results . The step-rate part of the test puts constraints on many of these

parameters.

The best match on closure stress was 5475, which is clearly reasonable

as discussed earlier . Leakoff is lower than anticipated pre-frac with a

match value of 0 .005 ft/min and uncertainty of roughly -0 .001 to +0 .002.

The spurt loss does not significantly affect the final pressure levels but

helps in the overall shapes of the curves . The accuracy of this number is

questionable . A very rough fracture wall was needed to get large pressure

drops (using Huitt's 3 relationships adapted to elliptic cross sections) and

then an increase in the wall shear stress by a factor of 4 was also

required . A reasonable pressure match could not be obtained any other way.

K
(1 - Ks )(l - 2v)

APres
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Decreasing leakoff would help raise the pressure but the shapes of the

curves would not match the entire step rate process on the simulator . This

implies that high treatment pressures are again likely when this zone is

treated with a conventional frac fluid.

The simulated length is 285 ft for a constant height fracture of 40 ft.

While the model could be used in the variable height mode, little height

growth was calculated at these pressures and the numerous calculations were

simplified by running in a constant height mode . The uncertainty of this

length measurement is probably ±50 ft, if the assumptions about back

stresses and rock property values are correct . The efficiency of this fluid

was only 6%.

The lack of a good pressure match at the beginning of the treatment may

have been due to water in the fracture, which then became the spearhead

fluid . The discrepancy at the end results from the bottomhole-pressure tool

being moved into position for a downhole shut-in ; unfortunately, the tool

failed when shut-in was achieved. Before shut-in the rate was reduced to

10,000 SCFM, and the discrepancy at this last stage is primarily tool re-

positioning, but may also be partly due to a change in back stresses.

7 .2 .3 .4 Analysis of Pressure at Offset Wells

There was a distinct pressure interference measured in MWX-2 and MWX-3

as seen in Figure 7 .2 .4 . The level of this interference was 1 to 2 psi and

it was first detected at the same time the step-rate test reached 5000 SCFM,

the rate at which fracturing started . It is likely that this pressure

interference is entirely poromechanical ; once the pressure in the crack

exceeds the closure stress, the fracture begins to dilate and thus strain

the rock mass for large distances . This strain (or stress) causes a slight

volumetric compression of the rocks at MWX-2 and MWX-3, which in turn

squeezes some fluid out of the pore space and into the wellbore causing the

pressure to increase slightly . Since there is a bottomhole closure in these

wells, the small bottomhole volume and the accurate pressure gages allow the

measurement of the small response .
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The pressure response in the offset wells can be estimated theoret-

ically by calculating the induced stress due to the hydraulic fracture at

the offset well and then determining the volumetric shrinkage due to that

stress and required pressure increase due the pore volume decrease . How-

ever, a precise calculation requires a knowledge of the fluid distribution

in the pore space around the offset wells as well as the compressibility of

the fluid in the wellbore . Neither of these are known but limits can be set

based on two cases of pore fluids--all gas or all water--and an incompress-

ible wellbore volume . For an infinite length crack, the response should be

between 0 .5 and 20 psi in MWX-2 and 0 .4 and 15 psi in MWX-3 during the

20,000 SCFM step . Compressibility of the wellbore volume will reduce these

somewhat, as will a shorter crack length.

These calculated numbers are in agreement with the measured pressures,

but a more convincing argument for this mechanical coupling is the instan-

taneous responses that are observed with the rate changes . It is difficult

to understand how the pressure response could be so prompt unless it is

mechanical.

7 .2 .3 .5 Conclusions

The analysis of the nitrogen frac data yields a fracture length of

250 to 300 ft with a nitrogen leakoff coefficient in the range of

0 .005 ft/Amin . Fracturing appeared to initiate at 5000 SCFM at a pressure

of about 5700 psi . The closure stress probably has dropped about 200 psi

because of the large volume of gas removed during prefrac testing . The high

pressures experienced during this treatment show that any conventional

fracture will result in very high treatment pressures, and possibly similar

damage to the natural fractures as was observed in the paludal.

Interference was observed in both offset wells during the nitrogen

fracturing . This interference is most likely a poromechanical coupling,

based on the rapid pressure response.
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7 .2 .4 NITROGEN FOAM FRAC

7 .2 .4 .1 Design

The Yellow foam frac was designed to be a small, minimal damage treat-

ment using a 75 quality nitrogen foam with a 20 lb/1000 gal linear gel for

the liquid phase . The desired, propped, fracture length was 200 to 300 ft

in order to keep the fracture within the lens and within range of borehole

geophones . Foam was used to minimize liquids and possible damage . A small

volume was used in order to minimize total fluid volumes and treatment pres-

sures . The smallest possible pad was used so that the total fluid length of

the fracture (the length measured by the geophones) would not be too much

greater than the propped length . The final job design is shown in Table

7 .2 .2 .

Estimated frac fluid parameters are shown in Table 7 .2 .3 . The rheology

is for a 20 lb/1000 gal gel at about 150°F . The leakoff coefficient was

based on previous treatments in the paludal zone . With these input para-

meters and a rate of 10 bpm, design calculations showed an expected total

frac length of 350 ft, a propped length of 255 ft, and an average prop con-

centration in the frac of about 0 .26 lb/ft 2 . The calculated height was

62 ft . The proppant was 12,000 lb of 20/40-mesh Proflow, an intermediate-

strength proppant . It was tagged with 10 millicuries of iodine 131 with an

8-day half life.

The bottomhole configuration is shown in Figure 7 .2 .9 . A bridge plug

was set over the Red sand with bottomhole pressure bombs to monitor for

leaks . The 2-7/8-in . tubing was landed open-ended at 6349 ft and a quartz-

crystal, HP pressure gage was lowered to 6300 ft . Perforations, at 2 shots

per foot, spanned the Yellow sands between at 6,428 and 6,460 ft . Since the

HP pressure gage was about 145 ft above the center of the perforations, the

difference between true bottomhole pressure and the gage reading would vary

from about 20 to 55 psi depending on the fluid in the hole . All fluids were

pumped down the annulus .



7 .2 .4 .2 Treatment Data

The night before the frac (July 31, 1985), N2 was circulated and the

wellbore pressured up to 3500 psi and shut it in for several hours . 150,000

SCF N2 was injected to test equipment and diagnostics . Maximum surface

pressure during this test was about 5200 psi . The well was shut in for the

night with surface nitrogen pressure of about 4500 psi, which dropped to

about 3400 psi surface by frac time of the next day . This volume of N2 may

have altered the closure stress somewhat (probably not more than a few tens

of psi).

The treatment was conducted on August 1 as designed and complete

temperature/pressure/flow-rate data were obtained . Selected data for the

treatment are given in Appendix 11 .11 . Figure 7 .2 .10 shows the surface flow

rate and surface density measured during the treatment . The job was started

by pumping N2 at its prescribed rate of 13,000 SCFM until the bottomhole

pressure reached 6000 psi . Some of the initial N2 flow rate data are miss-

ing (0 to 7 min) because the nitrogen flow meter did not reach operating

pressure/flow-rate conditions . When the bottomhole pressure reached about

6000 psi at 9 min, gelled water - surfactant pad was added at 2 .5 bpm . This

pad was pumped for about 7 to 8 min, at which time Proflow was added at

4 ppg . Since the N2 rate did not change, this kept a constant foam quality

in terms of the liquid phase, but the foam quality in terms of the slurry

(liquid + prop) dropped to 60 to 65% . After 7 to 8 min, sand was stopped

and the well was flushed with the 75 quality foam . At the time the flush

started at the surface, the pad had not yet reached the perforations as the

annular residence time was about 17 to 18 min . It was very important to

obtain the most accurate possible flush volume . By monitoring both bottom-

hole and injection pressure during the flush, calculations of the flush

volume were made and updated every minute based on the latest pressure and

temperature data . The treatment was pumped per design with a total injected

volume of 6000 gal of foam and 12300 lb of prop.

The bottomhole pressure for the entire job + shut-in is shown in Figure

7 .2 .11 and includes the initial pump-up and injection with N 2 (0 to 28 min),

the treatment on the perfs (28 to 41 min) and the 70-min pressure decline.
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The injection portion of the test is expanded and shown in Figure 7 .2 .12.

The initial fracturing (9 to 16 min) is with N2 at about 10 .5 bpm . From 16

to 24 min, the rate at the surface has increased to 12 .5 bpm but the fluid

entering the perfs is still N 2 . The rate drops to about 11 bpm at 24 min

causing the slight decrease in pressure . Finally at about 27 min the pad

hits the perfs . At 34 min the sand hits the perfs and at 39 min it appears

to start a tip screenout.

The Nolte-Smith plot 4 of just the liquid fracturing part (28 to 41 min)

is shown in Figure 7 .2 .13 . The slope of the curve is about 0 .14, which is

slightly low for an n' of 0 .5, but this may be due to neglecting the initial

gas fracturing . After about 12 min, the near-unit slope characteristic of

screenouts is observed . This curve suggests reasonably bounded fracture

growth throughout the treatment.

The pressure decline part of the test is shown in Figure 7 .2 .14 . How-

ever, the Nolte pressure decline analysis will not be meaningful if the

crack is already closed on the prop due to the screenout . Thus, there may

not be an in situ measurement of fluid leakoff.

The static, surface, tubing pressure for the entire test is shown in

Figure 7 .2 .15, and an expanded plot of just the pumping phase is shown in

Figure 7 .2 .16 . This pressure tracks the bottomhole pressure fairly closely,

when the compressibility of the N 2 in the tubing is accounted for.

The surface injection pressure (into the annulus) is shown in Figure

7 .2 .17 for the entire test and Figure 7 .2 .18 for only the pumping part . Of

course, the changing densities of the various stages give these curves their

character . Figure 7 .2 .19 gives the average hydrostatic pressure of the

column of fluid in the well during nonflow periods and the hydrostatic pres-

sure plus the friction pressure drop during pump periods.

Finally, the bottomhole temperature during the test is shown in Figure

7 .2 .20 . The initial heating is due to compression of the nitrogen, the

slight cooling due to the flow of N 2 past the tool (once fracturing starts),

and the rapid cooling when the liquid phase reaches the temperature tool.
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The tool continues to cool after shut-in (41 min), probably as a result of

slow heat transfer from the warmer nitrogen in the annulus to the cooler

foam . The sharp break in the temperature curve at about 70 min when the

tool begins to heat up is not understood . It may be due to a separation of

phases in the foam.

7 .2 .4 .3 Diagnostic Results

After the treatment, a temperature log was attempted, but sand was

tagged at 6370 to 6380 ft . This would correspond to about 2000 lb of sand

left in the wellbore and is consistent with the Nolte-Smith plot showing a

screenout in the last 2 to 3 minutes of pumping . No temperature anomaly was

seen above the sand, which suggests that height growth did not exceed 50 ft

into the overlying barrier.

Gamma logs were run to search for radioactive sand and, as seen in

Figure 7 .2 .21, radioactive sand was only detected near the perforations.

There is no indication in these data of any significant height growth.

Borehole geophones were used to determine the length and height of the

fracture, but the observed signals were too complex to yield a meaningful

map of the fracture as discussed in Section 9 .0.

The data from the pressure sondes located below the bridge plug at 6482

ft were generally not useful since tool malfunctions resulted in loss of

data .

7 .2 .4 .4 Nolte Analysis

Since it is believed that a tip screen-out occurred, the Nolte pressure

decline analysis 5 is not appropriate . This is because the crack walls

should immediately close on the prop pack, at least near the tip . However,

since other interpretations of the pressure increase at the end of the job

are possible, the Nolte analysis is included for completeness.
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Figure 7 .2 .22 shows the Nolte plot with a match pressure of about 180 psi.

Calculations with this match yield a leakoff coefficient of 0 .00036 ft/,/min,

a wing length of 620 ft, a width of 0 .12 in ., and fluid efficiency of 80%.

7 .2 .4 .5 Treatment Pressure History Match

Without diagnostics and a Nolte analysis, the only other technique to

analyze the frac is through history matching the pressure during the job.

Unfortunately, without any length or height estimates or independent leakoff

data, any match solution is not unique . However, with the variety of fluids

and flow rate in the treatment and the screenout near the end of the job, a

fairly good representation of the frac is possible.

A first solution was a constant height case, with an assumed height of

40 ft . The history match for this case is shown in Figure 7 .2 .23 . With the

exception of the initial nitrogen pump-up (which is dominated by flow into

the reservoir rather than fracturing), an accurate match of the pressures

can be obtained . However, to do so required an initial closure stress of

5800 psi . This is rather high in view of the amount of gas that was pro-

duced from the reservoir . It is estimated that the decrease in reservoir

pressure from about 4300 psi to the current (at the time of this frac) 3800

to 3900 psi in the region around the well should have reduced the minimum

stress to about 5500 to 5600 psi.

To arrive at the match in Figure 7 .2 .23, the same nitrogen parameters

were used for the initial nitrogen frac as were deduced from the earlier

nitrogen step rate test . To achieve a screen out, it was required that

width at the sand front be less than 1 .5 times the average sand diameter.

The changes in fluids and rates help put additional constraints on the

fracture parameters so that only a limited range of values can yield a suit-

able match . The length in this case is 388 ft total and 375 ft propped.

The beginning of the nitrogen fracturing is not matched very well because

the actual rate entering the perforation is much lower than the calculated



bottomhole rate . As the pressure increases, a significant fraction of the

nitrogen flow only goes into wellbore storage.

The second solution was a variable height simulation where the height

vs pressure data shown in Figure 7 .2 .24 were used . These data are identical

to the initial stress data shown in Figure 6 .23, except that the sands have

a lower stress due to drawdown . The pressure match is shown in

Figure 7 .2 .25 and while it appears similar to Figure 7 .2 .23, the results are

considerably different . The total length here is 295 ft and the propped

length is 275 ft . The maximum height is 96 ft with 33 ft of growth above

the top of the Yellow sands and 28 ft of growth below . The lower growth

does not break into the Red sands.

As with the constant-height case, this history match is very good and

meets all the observed pressure changes . At the end of the job, the calcu-

lated bottomhole pressure is somewhat above the measured value, but the

measured pressure, with the gauge at 6300 ft is low because of the increased

weight of the fluid column due to the sand.

In this case the leakoff coefficient is fairly high at 0 .0019 ft/jmin

for this tight zone . This is undoubtedly due to leakoff into the natural

fractures . The efficiency of the fluid appears to be a little less than

30% .

7 .2 .4 .6 Conclusions

The best estimate of the treatment result is that the fracture was

approximately the desired size, with a propped length of about 275 ft.

Height growth was significant, but not excessive . The leakoff coefficient

was somewhat higher than anticipated, thus resulting in the tip screenout.

However, the tip screenout did not jeopardize any of the treatment

objectives and resulted in several desirable features . These include:

(1) a total length close to the propped length (so fracture diagnostic

lengths should be the same as well-test lengths) ; (2) a well-propped

fracture along the entire length (no overflushing or near-wellbore
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flowback) ; and (3) conditions which allowed an estimate of the leakoff coef-

ficient in the history match.

The loss of temperature log and borehole geophone data also points out

the need to perform a complete suite of tests for every fracture experiment.

Stimulation experiments should always start with a step-rate/flowback

sequence to measure the true closure stress at the time of the treatment . A

minifrac needs to be performed to yield an independent estimate of the leak-

off coefficient . Only then should a propped-frac treatment be attempted.

If this entire procedure is not performed there is a good chance of not

knowing anything about the frac, particularly when the diagnostics are lost.

This test shows the value of the history-matching procedure for esti-

mating the fracture behavior . This requires a versatile, multistage, multi-

rate, height-growth simulator . Of course any such results are nonunique

unless there are some other independent information or several rate changes,

fluid changes and even a screenout . The procedure is strengthened if

diagnostics can provide a height or even a length or if a leakoff coeffi-

cient can be obtained from the minifrac . The correct closure stress is also

needed.
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Table 7 .2 .1

Nitrogen Frac Schedule

Test
Rate
(SCFM)

Time Period
(min)

Total Stage Volume
SCF

Remove Wellbore Fluid <2,000 -60 -50,000
Step Rate 1,000 10 10,000
Step Rate 2,000 10 20,000
Step Rate 5,000 10 50,000
Step Rate 7,500 5 37,500
Step Rate 10,000 5 50,000
Step Rate 15,000 7 105,000
Constant Frac Rate 20,000 20 400,000
Reduce Rate, Seat BHP 10,000 7-8 -75 .000

-800,000 Total

Table 7 .2 .2

Foam Frac Treatment Design

Stage
Vol.
(gal)

N2 Rate
(SCFM)

Slurry Rate
(bpm)

Sand
(ppg)

Total Rate
(bpm)

Pad 3000 13000 2 .5 10
Sand 3000 13000 4 .25 4 12 .25
Flush 7880 13000 2 .5 10

Table 7 .2 .3

Foam Frac Parameters

n' = 0 .5
k' = 0 .007 lb-secn '/ft 2
c

	

= 0 .001 ft/.,/min
Sp = 0 .01 gal/ft2
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COASTAL NITROGEN FRAC DATA
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COASTAL FRAC, OFFSET WELL DATA
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Pre & Post Fracture Composite Gamma Ray Surveys Used to Locate Proppant Tracer
Following Wellbore Clean out.
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7 .3 POST-FRACTURE WELL TESTING AND ANALYSIS

Paul T . Branagan
CER Corporation

A series of nitrogen fracturing experiments were performed in MWX-1 in

the naturally fractured Yellow sandstone . These experiments, detailed in

Section 7 .2, included a two-part, unpropped nitrogen fracturing and injec-

tion test that led to a stimulation treatment involving a propped nitrogen

foam fracture . Single and multiple well interference tests were conducted

in conjunction with each of the fracturing experiments . The duration and

extent of the tests varied depending on available time and the objectives

of each experiment . A variety of measurements were made during and follow-

ing each experiment that included surface pressure, rates and gas composi-

tions, and bottomhole pressure . Additional reservoir and production data

were gathered during a production test of the Red and Yellow sands in the

Fall of 1985 and again during a reentry test in June, 1986.

7 .3 .1 UNPROPPED NITROGEN FRACTURING TESTING

The details concerning the overall objectives and analysis of the

nitrogen fracturing experiments are discussed in Section 7 .2 .3 . The

reservoir engineering portion of these experiments dealt mainly with

attempts to measure transient properties of this lenticular reservoir

during and after each fracturing experiment.

7 .3 .1 .1 Step Rate Test

The nitrogen step rate fracturing experiment was conducted in the

Yellow sandstone in the MWX-1 well on June 11, 1985 . Figure 7 .2 .2 is a

schematic of the bottomhole well configuration for the test, and Figure

7 .2 .3 provides a record of the nitrogen surface injection rates and

bottomhole pressure measured in MWX-1 during the test . The two remaining

wells, MWX-2 and MWX-3, were configured with surface recording, bottomhole

shut-in quartz pressure gauges in order to monitor the pressure transients

at their respective locations during the test . Figure 7 .2 .4 is a composite



graph showing the nitrogen injection step rates in MWX-1 and the concurrent

bottomhole pressure records from MWX-2 and MWX-3.

As discussed in Section 7 .2 .3 .4, the interference pressures in MWX-2

and MWX-3 closely reflect the N2 fracturing pressure in MWX-l . Although

there was a slightly longer delay time (3 min) for a pressure transient to

be observed in MWX-3 than in MWX-2, the absolute arrival time for both

wells was much faster than could be accounted for if the reservoir had

consisted of just a homogeneous reservoir with an average pre-frac

permeability of 0 .11 and (Section 7 .1 .3 .2) . These observations suggest that

either the natural fracture system that dominated the production process

was enhanced at high pressure or that the observed interference was a poro-

mechanical response, as suggested in Section 7 .2 .3.

Although the poromechanical response represents a credible hypothesis,

natural fracture conductivity was shown in Section 7 .1 .10 to be pressure

dependent . Thus, a pressure transient acting through a set of natural

fractures with enhanced conductivity represents a plausible scenario.

Because of uncertainties in natural fracture anisotropy and their conduc-

tivity as a function of pressure, as well as the spatial and temporal prop-

erties of the induced nitrogen fracture originating from MWX-1, modeling

the data would provide significant uncertainty and would most probably

reflect the bias associated with selected input parameters . If the

response was poromechanical, then this interference data would not be

representative of, nor influence, reservoir production parameters . If,

however, the response is an actual transient transmitted through the

natural fracture system, then the conductivity of the natural fractures

must have increased during fracturing . Also note that reservoir pressures

in MWX-2 and MWX-3 appeared to return to their pre-frac values as fractur-

ing pressure in MWX-1 decreased (Figure 7 .2 .4) . This implies that the

interference response depends on pressures being at or slightly above frac

pressure and thus strengthens the poromechanical hypothesis.

As shown in Figure 7 .2 .2, a Kuster pressure sonde was located below

the bridge plug in MWX-1 in order to monitor the pressure response of the
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underlying Red sandstone during the fracturing occurring in the Yellow

sandstone . Figure 7 .3 .1 is a composite plot of bottomhole pressure from

the quartz pressure gauge that was observing the fracturing pressure in the

Yellow sandstone and the Kuster data representing pressure in the Red sand-

stone . There is general correlation between the two bottomhole pressure

records . The interference appears to be concurrent with nitrogen injection

and the records appear to be coincidental within the limits of correlating

time between the Kuster clock and real time bottomhole quartz pressure

data . There are several possible reasons for such fast response : (a), the

bridge plug may not have provided a continuous, gas-tight seal within the

wellbore ; (b) the injection nitrogen may have been transported through pre-

existing natural fractures that connected the Red and Yellow sandstones

together ; and (c) a microannular leak may have existed between the casing,

cement, and formation.

Whatever the cause of this interference, it most certainly would

influence hydraulic fracture parameters and complicate modeling of observa-

tion pressure data . Unfortunately, these Kuster data were not available

until the bridge plug was removed following the fracturing experiment, and

therefore, this obvious connection between the Red and Yellow sandstones

was not evident until that time . Although these data sets are corre-

latable, there are some periods when pressures between the Red and Yellow

sands diverge, such as at 4 .2 hours when the Kuster data drop rapidly and

Yellow fracture pressure rises . Further, note that during the post-

fracturing period, from 5 .5 hrs on, the difference in pressure between the

Yellow and Red sands also diverges, which suggests that the difference is

pressure sensitive.

7 .3 .1 .2 Reopening/Injection Test

On June 13, 1985, two days after the step rate fracture tests, a

second injection of nitrogen into the existing fracture in MWX-1 was con-

ducted . The data for this second injection, which includes bottomhole

pressure and surface injection rate, are shown in Figure 7 .2 .5 .



Figure 7 .3 .2 presents a continuous record of the bottomhole pressure and

surface injection rate for both the step rate test on June 11 (hours 3-6)

and the subsequent reopening test on June 13 (hours 52-54).

Since the pressure interference observed in wells MWX-2 and MWX-3

during the step rate fracturing test may have been the result of a poro-

mechanical pressure perturbation, an attempt was made during this second

test to observe mass flow between wells using nitrogen as the tracer gas.

This test was a complement to the pre-frac nitrogen injection and tracer

experiments conducted in the commingled Red and Yellow sandstone described

in Section 7 .1 .10 . The main differences were that this time nitrogen was

injected into the Yellow reservoir alone and through the newly created

fracture in MWX-1, whereas earlier, nitrogen was injected in both Red and

Yellow sandstones through MWX-2.

Both observation wells were put into production following the acquisi-

tion of the interference data from the step rate fracture test . The pro-

duced gases were sampled for traces of nitrogen with a GC system similar to

that used in the pre-frac tracer tests and described in Appendix 11 .9 . The

initial flow rates from both MWX-2 and MWX-3 were very low, <10 MSCFD.

However, after several hours MWX-2 was capable of producing between 50 and

60 MSCFD . Production from MWX-3 was somewhat sporadic, varying between

about 10 and 30 MSCFD.

Figure 7 .3 .3 shows the nitrogen gas analysis from the observation

well, MWX-3 . The percent nitrogen has been corrected for the presence of

air and thus the data in Figure 7 .2 .3 represents only nitrogen produced

from MWX-3 . For timing purposes, the nitrogen fracture and injection rates

into MWX-1 are shown on the bottom of the figure . Nitrogen background

values from MWX-3 were acquired for about 28 hours before nitrogen was

injected into MWX-1 . These background data on June 12 are an average of

0 .2% .

Continuous gas sample analysis during and for two days following the

nitrogen injection in MWX-1 on June 13 did not provide sufficient evidence

that nitrogen had traversed the reservoir from MWX-1 to MWX-3 . GC data
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were unavailable from June 15 until June 18 because of the low production

rate . After that 3-day hiatus, MWX-3 was again produced and intermittent

quantities of nitrogen were present in the produced gas with peaks ranging

from 1 .5% to 3 .7% . Thus, the path and or streamlines from the injection

well MWX-1 to MWX-3 must have been extremely tortuous and/or constricted.

Since MWX-2 had been used as the injection well for the pre-frac

nitrogen injection test performed in April, residual quantities of about 3%

to 5% N2 were found to be still present in this well . Thus, GC data were

only intermittently obtained from MWX-2 and were not found to be of

sufficient quality to determine whether the measured nitrogen was residual

gas or tracer gas originating from MWX-l.

7 .3 .1 .3 Post Nitrogen Fracture Production Test

At the end of the nitrogen fracturing experiments, MWX-1 was produced

for approximately 9 days at an average flow rate of 90 MCFD, and then shut

in for a short five-day buildup test . Figure 7 .3 .4 is a Horner plot of

that bottomhole pressure buildup data . Analysis of the Horner plot yields

an average reservoir permeability of 0 .047 md, which is more than twice the

pre-frac average permeability of 0 .022 and (Section 7 .1 .4 .2) . This should

not be construed to mean that the average reservoir permeability has been

increased, but only that the early time flow regime has been altered.

Figure 7 .3 .5 is a log-log/derivative plot of the buildup pressure . Compar-

ing this post nitrogen frac pressure buildup data with the pre-frac log-

log/derivative shown in Figure 7 .1 .11 demonstrates the significant profile

differences . The post-nitrogen-frac log-log slope is approximately 1/4

suggesting a long period of bilinear flow . This implies that the newly

created, unpropped nitrogen fracture is significantly more conductive than

the original natural fractures, and thus is the primary cause of this

enhanced production.

Although the post-nitrogen-frac production rates were somewhat higher

than the pre-fracture rates (90 MSCFD versus 55-60 MSCFD), the reservoir

had been supercharged with nitrogen during the fracture and injection
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periods . Thus the enhancement ratio is uncertain, although the maximum

value is probably not larger than 1 .6 . Thus, the newly created, unpropped

fracture has provided a reasonable production enhancement to this naturally

fractured reservoir.

7 .3 .2 POST STIMULATION TESTING

The stimulation experiment in the Yellow sandstone was designed to

create a short (200-300 ft), propped fracture that would enhance production

from this lenticular reservoir . In order to minimize liquid damage to the

existing natural fractures, a 75% quality nitrogen foam was used as the

transport media for the emplacement of about 12,000 lbs of intermediate

strength 20/40 proppant . The objectives, design criteria, actual treatment

parameters and analysis are discussed in Section 7 .2 .4.

The treatment was performed as designed on August 1, 1985 and all

diagnostic data and analysis suggest that the final propped fracture length

was about 275 ft . Pressure sondes placed below the bridge plug separating

the Yellow and Red sandstones were found to have been damaged and thus

could not supply information to confirm or deny whether the stimulation

treatment extended down into the Red sandstone . Recall that a significant

interference pressure was observed in the Red sandstone during the nitrogen

fracturing experiments in the Yellow sandstone (Figure 7 .3 .1).

MWX-1 was intermittently produced following the treatment in order to

recover as much of the residual treatment fluids as possible . A post-frac

temperature log was attempted but proppant in the wellbore would not permit

the tool to reach deep enough to provide useful data . A gamma ray survey

was performed after the wellbore was cleaned of excess fluids and proppant

and it provided evidence that the fracture was well confined in the Yellow

sandstone, at least near the wellbore . The well was then reconfigured with

a tubing packer and bottomhole shut-in tool in preparation for a production

and well test of the newly stimulated Yellow sandstone reservoir .



Figure 7 .3 .6 provides a continuous record of the surface flow rate and

bottomhole pressure for the entire post-stimulation test period . (Data for

Figure 7 .3 .6 are given in Appendix 11 .12 .) Early production flow rate was

150 MSCFD but was cut back to about 90 MSCFD as the bottomhole pressure

fell below 1000 psi . The final drawdown that began at 384 hrs lasted 8

days with an average flow rate of 100 MSCFD . This post-stimulation produc-

tion represents about a 1 .7 times increase over the pre-frac production

flow rates, but is only about a 10% increase in the production flow rates

that were measured after the unpropped nitrogen fracture experiments con-

ducted in June . A summary of Yellow sandstone production performance is

given in Table 7 .3 .1.

If the simulated enhancement ratios presented in Table 7 .1 .4 are

accurate, then scaling of these simulated propped frac length suggests that

the effective frac length is probably less than 150 ft. This short

effective frac length may be attributed to several possible mechanisms:

- the real propped length may be actually only 150 ft,

only 150 ft of a longer frac contacts productive reservoir rock, or

- the conductivity of the propped frac and adjacent natural fracture

is considerably less than optimum.

Figure 7 .3 .7 is a log-log/derivative plot of the bottomhole pressure

buildup that began at 576 hours (Figure 7 .3 .6) ; Figure 7 .3 .8 is the Horner

plot of the same data . A comparison of the log-log/derivative plots from

the pre-frac buildup (Figure 7 .1 .11), the post-nitrogen fracturing buildup

(Figure 7 .3 .5), and the post-stimulation buildup (Figure 7 .3 .7) provides a

qualitative assessment of the flow regimes . Clearly the post-stimulation

plot shows a significant difference with respect to the pre-frac plot, but

very little change when compared to the post-nitrogen-frac plot . Both the

post-nitrogen-frac and the post-stimulation pressure buildup histories

suggest that the presence of a newly created frac, propped or unpropped,

leads to an early flow period that is marked by near-linear flow . However,
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since the flow regime is not entirely linear and the enhancement ratio is

only about 1 .5, this implies that the fracture is not as highly conductive

as it should be . Whether this less-than-optimum conductivity is the result

of damage to the propped frac itself or to the natural fractures that

support the propped frac is not clear from these data.

Previous fracturing and stimulation experiments in the paludal

interval showed that residual treatment liquids resulted in transitory

damage to the conductivity of the natural fractures) . Thus, the liquid

impairment that primarily effects the natural fracture system was again

considered a deterrent to optimum production in the coastal Yellow

sandstone.

One further complication to an already complex problem involved a

review of the Kuster pressure data acquired from the Red sandstone during

the early portion of the post-stimulation testing in the Yellow sandstone.

The Kuster sonde was emplaced below a bridge plug in a manner similar to

that shown in the well schematic of Figure 7 .2 .2, and was thus isolated

from the Yellow sandstone . Figure 7 .3 .9 is a composite plot that shows the

flow rate and bottomhole pressure for the Yellow sandstone (an expansion of

the early data shown in Figure 7 .3 .6) along with the Kuster pressure data

from the supposedly isolated Red sandstone . It is clear that the Red sand-

stone pressure responded in an almost one-to-one fashion to changes in the

Yellow sandstone . Thus, the two reservoirs were obviously communicating

and isolation had been breached, if it ever had been achieved . Note that

whatever path existed between Red and Yellow sandstones it was certainly a

tortuous one since the pressure drop during production was about 600 psi as

opposed to about 100 psi during the latter part of the buildup.

7 .3 .3 TRACER TESTING BETWEEN THE RED AND YELLOW SANDSTONES

Since data acquired on two separate occasions showed that pressure

communication existed between the Red and Yellow sandstones in MWX-1, a

tracer interference test was designed that might provide information con-

cerning the nature and extent of the leak mechanism . The primary intent of
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this test was to determine whether the produced gases measured during the

post-stimulation test in the Yellow sandstone were the result of enhanced

production stemming from the propped stimulation or whether there was

sufficient communication with the Red sandstone to allow the Red sandstone

to enhance production . A series of flow/interference pressure and tracer

tests was scheduled that used a set of Lynes inflatable packers as shown in

Figure 7 .3 .10 . This configuration was intended : (a) to provide complete

wellbore isolation between the Red and Yellow sandstones ; (b) permit

independent bottomhole pressure measurements of both sandstones, and (c)

enable separate or commingled production through tubing and annular

regions . Each of the packers was individually controlled, which permitted

the Red and Yellow intervals to be individually or collectively produced or

pressurized . A nitrogen tracer test was performed that involved injecting

nitrogen through the annulus and into the Yellow sandstone while the Red

sandstone was being produced.

Although there were significant and often frustrating operational

problems that reduced the amount of quality data, there was sufficient

information available to indicate that the leak between the Red and Yellow

was small and had little effect on the post-stimulation testing of the

Yellow sandstone . Independent production and pressure measurements of the

Red and Yellow sandstones suggested that some form of pressure communica-

tion existed between the intervals, but that the flow path was very small.

Further, this small leak appeared to be time-dependent and contingent on

wellbore pressure, indicating that the leak might be a microannular region

at the wellbore . Tracer monitoring of gas from the Red sands using a GC

system while injecting nitrogen into the Yellow sands indicated that little

if any nitrogen passed from the higher pressured Yellow sands into the

lower pressured Red sands that were being produced.

7 .3 .4 REENTRY WELL TESTING OF THE COMMINGLED YELLOW AND RED SANDSTONES

In June, 1986, after an almost continuous 6-month shut-in period, the

commingled Yellow and Red sandstones were produced into the local pipeline.

The primary intent of this brief reentry test was to assess the short-term
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production changes that may have occurred in the stimulated Yellow

sandstone . A previous test of a paludal interval that appeared to have

impaired production following stimulation demonstrated that the damage

mechanism was temporary and probably the result of entrapped liquids in the

fracture system) The paludal reentry test was conducted after an 18-month

shut-in and showed a significant production increase indicating that the

effects of the damage significantly diminished during this 18-month shut-

in . Thus, the reentry test of the coastal sands was aimed at determining

whether potential damage mechanisms similar to those found in the paludal

interval would be sufficiently diminished during only a 6-month shut-in.

Figure 7 .3 .11 shows the wellbore configuration used to test both the

paludal and coastal intervals . A tubing packer at 6998 ft separated and

isolated the paludal and coastal perforations . Initially, the paludal was

tested through the bottom of the integral tubing string . Following the

paludal reentry test, a tubing plug was placed at 6950 ft, thus isolating

the paludal reservoir . The tubing was then perforated near the bottom of

the coastal interval and then the commingled Red and Yellow sandstones were

produced through the tubing.

Figure 7 .3 .12 is a composite plot of the surface gas flow rate, and

tubing and casing pressure for this . coastal reentry test . The initial high

flow rate of 300 MSCFD was intended to produce the wellbore storage volume

while reducing the bottomhole pressure to previous test pressure values of

900-1000 psi . That the flow rate had to be reduced to about 110 MCFD to

maintain a steady surface pressure of 750-800 psi suggests that no real

increase in producibility had occurred during this 6-month shut-in period.

Further, since this test involved commingled production from both the Red

and Yellow sandstones, the production from the Yellow alone was probably no

greater than 75-85 MSCFD .
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7 .3 .5 CONCLUSIONS

The stimulation of the coastal Yellow sandstone was conducted in two

parts : a series of unpropped nitrogen fracture experiments followed by the

main propped stimulation treatment.

A series of unpropped nitrogen fracture experiments was successfully

conducted in MWX-1 in order to assess certain reservoir and fracture param-

eters for the impending stimulation of the coastal Yellow sandstone . Well

testing of this naturally fractured lenticular reservoir following the

nitrogen fracturing experiments showed that the early time flow regime in

the reservoir had been noticeably altered when compared with pre-frac data

and now resembled a linear system representative of a created fracture.

Furthermore, production had been increased by about 50% over pre-frac

production . Thus, this unpropped nitrogen hydraulic fracture was found to

be significantly more conductive than the original natural fractures and

was therefore draining a notably larger area of the reservoir.

The hydraulic stimulation of the Yellow sandstone was a relatively

small nitrogen foam treatment designed to create a frac with a propped

length of about 200-300 ft . Following the successful execution of this

frac, a well test was performed to measure the extent of production

enhancement . When pre- and post-stimulation production are compared, the

amount of increased production suggests that the effective propped frac

length is no more than 150 ft . In fact, when comparing the unpropped and

propped production rates there is little additional enhancement . Table

7 .3 .1 presents a summary of the production performance from the pre-frac,

post-nitrogen-frac, post-stimulation and reentry well tests . When the

added complication of a small but finite leak between the Red and Yellow

reservoirs is included in this comparison, then differences of 10-15 MSCFD

are probably well within the overall uncertainty .

	

Therefore it is

difficult to state the exact nature and length of the induced fractures.

The log-log/derivative data show that a significant change occurred in

the early flow regime following each of the fracturing experiments . The
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flow regime after the nitrogen fracs was considerably more linear than the

pre-frac, but somewhat less than that seen after the creation of the

propped frac . This implies that both the unpropped and propped fractures

exhibit relatively high, dimensionless frac conductivities .

	

Since no

apparent production increase was seen to occur between the unpropped and

propped tests this implies that the effective length of the propped frac is

shorter than the unpropped length or that there had been a decrease in the

average conductivity of the reservoir adjacent to the propped fracture.

Damage mechanisms to the natural fractures that connect the reservoir and

the newly created frac have been postulated and tested.

A reentry test of the stimulated Yellow sandstone following a 6-month

shut-in period did not provide evidence of any increase in production that

may have resulted from reducing the effects of reservoir damage . Thus, the

damage mechanism in this coastal interval might either be different from

that found in the paludal interval or the time to effectively clean up the

damage is in excess of 6 months.
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Table 7 .3 .1 Summary of Coastal Yellow Sandstone Production Performance

Test Date
Maximum Flow Rate

(MSCFD)

Pre-Frac November 1984 55-60

Post Nitrogen Frac, Unpropped June 1985 90

Post Nitrogen Foam Frac, Propped August 1985 100

Reentry June 1986 75-85
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pressure during the reentry testing of the coastal sandstone .
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8 .0 LABORATORY STUDIES

Allan R . Sattler
Sandia National Laboratories

8 .1 INTRODUCTION

Pre- and postfrac laboratory studies were done as an integral part of

the coastal zone operations described in Sections 2 .0 and 7 .0 . A thorough

description of the laboratory studies as well as attendant discussions are

found in Reference 1.

The stimulation operations were conducted in the Yellow sandstone of

MWX-1 at 6425-6475 ft . The sandstone is extremely tight as permeabilities

are in the few tenths of a microdarcy range, and it is among the least

permeable sands studied in the Mesaverde . Capillary pressures range around

500 psi and higher, and this rock is prone to imbibition and increased

saturation from water-based fluids (Section 5 .0).

Very extensive pre- and postfrac production testing was conducted

(Sections 7 .1 and 7 .3) . Prefrac tests indicate an effective formation

permeability of about 12 microdarcies, well above the permeability existing

in the matrix sandstone rock . Natural fractures are believed to account

for this discrepancy between the formation and matrix permeabilities . Core

and outcrop studies suggest that the natural fractures occurring in the

coastal zone are very narrow (Section 3 .0).

Previously, stimulation operations were conducted in the paludal

interval some 600 ft below the Red and Yellow coastal sandstones . 2 , 3 There

are similarities in properties of the coastal and paludal zones ; matrix

permeabilities are in the microdarcy range with formation permeabilities

about two orders of magnitude higher than that of the matrix rock . Our

experience in stimulating the paludal zone with HPG gel suggested that the

fracturing fluid used in the paludal zone stimulations may have caused

intermediate to long-term formation damage . This damage is reversible, at

least in part .'4 . 5



Because of the apparent damage to the paludal zone from the

stimulation, a staged plan was developed for stimulating the coastal zone

(Section 7 .2 .1) . A major aspect in the propped coastal zone stimulation

was the use of a nitrogen foam rather than the more conventional water-

based gel . The liquid phase contained 20 lb ./1000 gal of a "relatively

clean" biopolymer . It was hoped that the use of foam with the biopolymer

would minimize formation damage . Two small hydraulic fracture treatments

were conducted in the coastal zone : one unpropped with nitrogen gas, the

other with 70 quality nitrogen foam with proppant (Section 7 .2) . We

desired to make a comparison between the unpropped, "nondamaging" nitrogen

gas frac and the propped nitrogen foam frac (Tables 7 .2 .1 and 7 .2 .2) . The

results of the foam stimulation were less then expected : about a

60 percent increase in production from the prefrac value, slightly more

than the production increase that was realized from the N 2 gas stimulation.

The laboratory data presented in this section were used to help

explain the production results from the coastal stimulation. This section,

in effect, takes this laboratory data and integrates it with field data,

the earlier core data, and results from the paludal zone stimulation in an

attempt to clarify the results of the propped coastal zone stimulation .'

8 .2 LABORATORY MEASUREMENTS SUPPORTING THE COASTAL STIMULATION

From the paludal zone experience, it was felt that a fairly complete

series of both pre- and postfrac lab tests was needed to help design the

propped stimulation and to be in a position to provide information about

postfrac production . These laboratory tests included:

- Estimates of permeability degradation and leakoff from foam frac

fluids in tight sandstone . These included measurements with matrix

rock and artificially fractured core used to simulate effects on

natural fractures.

- Core analysis in rock adjacent to the sandstones, mainly mechanical

rock properties (Section 5 .4 .4) and proppant-related effects.
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- Stress-related mechanical rock property measurements to predict

fracture azimuth and the in situ stress state (Section 6 .0).

- Proppant-closure stress cycling to stimulate production shut-in

test sequences which occur in postfrac well testing.

- Study of creep effects on the conductivity of the created fracture

and related long-term proppant embedment.

- Analysis of frac and returned fluids for polymers and decomposition

products in order to estimate the amount and state of the gel still

in the formation.

- Water analysis of prefrac and postfrac fluids to look for evidence

of formation water production.

The laboratory work supporting Multiwell Experiment stimulations has

continued almost uninterrupted from the time before the paludal

stimulations through the final fluvial stimulations . There are some

results pertinent to the coastal zone stimulation that were done in support

of the later fluvial zone stimulation . Since a biopolymer foam was used in

both the coastal and fluvial stimulations, much of the laboratory work

centered about the biopolymer is relevant to operations in both zones . In

addition, as work progressed, a larger portion of the laboratory program

focused on damage mechanisms to these narrow natural fractures . This work

was centered around artificially fractured core to estimate effects of frac

fluids and additives on natural fractures . Much of this work is relevant

to the stimulations of all three lenticular formations (paludal, coastal

and fluvial) . Inclusion of some of these data make a more complete story.

A broad group of studies was undertaken . Dowell-Schlumberger (DS)

conducted mineralogy/petrology studies for frac fluid/matrix rock

compatibility, matrix rock permeability measurements, leakoff estimates and

permeability damage due to the foam fluid, electrical conductivity

measurements, mechanical rock property and differential strain curve
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analyses, proppant strength/embedment/pressure cycling/creep measurements,

proppant conductivity measurements, and pre- and postfrac fluid sample

analyses (water chemistry, total organic carbon, and carbohydrates) . 6 • 7

The National Institute for Petroleum and Energy Research (NIPER) conducted

matrix rock and cracked core (artificial fracture) permeability and clean-

up measurements, permeability degradation from the frac fluid, leakoff, and

proppant strength/embedment/cycling measurements, fracture conductivity

measurements, and postfrac fluid sample analyses (presence of polymer) . 8-'4

Core Laboratories, Midland, performed water chemistry on pre- and postfrac

samples . 15 In addition, there are extensive core data for the coastal zone

(Section 5 .0).

8 .3 RESULTS

8 .3 .1 Matrix Rock

Dry Klinkenberg gas permeabilities of undamaged coastal core are of

the order of a few microdarcies . Gas permeabilities at various water

saturations were also measured . The presence of water reduces effective

gas permeabilities about an order of magnitude at realistic water

saturations (Figure 5 .9) . Permeabilities to brine are quite low, around

one-tenth of a microdarcy or less . Capillary pressures at expected water

saturations are greater that 500 psi . (The above data are given in Section

5 .0 .)

The rock is prone to brine imbibition and is difficult to clean up.

Clean-up times for such tight rock are considerable, even when undamaged.

Brine clean-up times for undamaged coastal zone core are from 100 to 200

hours for liquid invasion depths of one inch and for gas pressure

differentials of -400 psi/in . 9 , 16

Attempts to measure leakoff of foam fluid into such low permeability

core were not successful . Leakoff had to be estimated from laboratory

values by extrapolating some of the earlier data on other core samples in

the 10 microdarcy to 100 millidarcy range . An estimated fluid loss
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coefficient of 0 .00002 ft/jmin was obtained . Leakoff measurements with the

nonfoamed base fluid were made and gave an estimated fluid loss coefficient

of 0 .0006 ft/.min for the foam . These numbers are smaller than those

estimated from the foam frac.

Little permanent damage to core samples was found with the foam frac

fluids used in the frac . Gas permeability reductions were around

15 percent using 70 quality foam similar to that used in the frac

(Table 8 .1) . Brine permeability reduction from exposing the core to the

foam frac fluid was not measured . Previously, very low permeability core,

such as the coastal zone core, showed about a factor of three reduction in

brine permeability because of damage from water-based gels . 16 Any damage

from the frac fluid would make the already long brine clean-up times

longer.

8 .3 .2 Artificially Fractured Core

The effect of fluids upon the narrow natural fractures believed to

exist in Mesaverde rock was simulated by using cracked core to create

artificial "natural" fractures . These artificial fractures are susceptible

to fluid damage . Fracture fluids in the cracked paludal zone core reduced

its permeability . 14 In addition, the exposure of these created fractures

to brine alone may create some permanent damage in some coastal zone core.

Brine and gas were cycled through a piece of cracked Yellow sandstone core

that had an original effective gas permeability (matrix plus crack) of

0 .068 and and an original matrix permeability of 0 .002 and at 3000 psi

confining pressure . After two and thirty hours' exposure to brine, gas

permeability was reduced by 22 percent and 50 percent respectively.

In other work with cracked core, gas permeability reductions of 40

percent to 70 percent were seen in artificial fractures when gelled fluids

were pumped through the samples . The amount of reduction depended upon the

core and particular treatment conditions . A large liquid flow reduction

was also observed as a result of pumping gel through an artificial

fracture . 14
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In recent work,' 7 it appears that not only the biopolymer used can

degrade the permeability of these artificial fractures significantly, but

HPG (hydroxypropylguar) gels and even HEC (hydroxyethylcellulose) gels also

cause the same problem (Table 8 .2) . This is illustrated by SEM photos

taken of some samples after impregnation with the polymer fluid (Figures

8 .1 and 8 .2) . It seems as if biopolymer covers the interior of the crack

and also collects at the crack entrance . (While fluvial core was used in

this recent work,'7 the data are considered relevant to the coastal

situation as well .)

8 .3 .3 Proppant Related Effects

Proppant embedment and fracture conductivity measurements were

conducted on the Yellow and Red sandstones and on the rocks abutting these

sands . Little proppant embedment was evident and only a small difference

in estimated fracture conductivity was noted in any of the coastal zone

samples tested (Table 8 .3) . The fracture conductivity estimates included

determining proppant pack permeability and estimating reduction of fracture

width from both proppant embedment and proppant characteristics (crushing,

packing, and permeability vs closure stress) . At these depths and

stresses, there seems to be no short-term problem of diminished fracture

conductivity from embedment of the intermediate strength proppant.

Fracture conductivity was estimated for a concentration of 0 .8 lb/ft2 in

these tests.

However, the proppant embedment characteristics of the formations

abutting these sands do change when the core is wet, i .e ., embedment

increases (Table 8 .4) . Also, continuous exposure of some coastal sands to

brine saturation caused the sands to soften and break more easily under

stress . This is consistent with measured decreases of rock strength with

saturation and consistent with observing permeability degradation of

cracked coastal zone core when exposing itto brine.
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Proppant creep tests were also conducted on a coastal zone sandstone.

Over a 14-hour period there was only a 2 to 3 percent decrease in fracture

conductivity due to proppant embedment in the sand . A somewhat longer

embedment/creep test (18 day) on coastal zone core propped with sintered

bauxite showed little additional frac closure after the initial loading

(4000 psi) the first day . 18 That loading pressure should represent a

reasonably well drawn-down reservoir in the coastal zone . The sintered

bauxite is a high strength proppant . Since this is well below the crush

strength of either the bauxite or the intermediate strength proppant used,

this is a valid test for longer term proppant embedment on a coastal sand.

Crush tests were conducted on the intermediate strength proppant used

in the frac . The 20/40 size proppant should be usable at closure stresses

up to 10,000 psi . Fines generated at 10,000 psi were less that 7 percent.

Two related series of crush resistance tests were conducted on the pro-

ppant . These were to stimulate production/shut-in cycling used in produc-

tion cycling of MWX-l . Nine cycles were run between 7000 and 3000 psi and

six cycles between 5500 psi and 1000 psi . The amount of fines generated in

both tests was less than 3 percent . Decrease in fracture conductivity from

pressure cycling was also minimal.

More recent stressed proppant pack slurry tests were also conducted

using the intermediate strength proppant . 18 Proppant pack liquid

permeability measurements were made for KC1 brine, non-degraded biopolymer

gel, and degraded biopolymer gel at closure stresses ranging from 2000-

10000 psi . Very little difference in liquid permeability was measured for

the three liquids.

8 .3 .4 Fluid Analyses

Chemical analyses were made on the prefrac water samples taken after

the long 1984-1985 winter production run, on samples from the water well

used in the foam frac fluid, and on samples of returned fluids following

the foam frac . 7 , 15 These analyses indicate a rise in the concentration of

the sodium and bicarbonate ion after the foam frac . This would be expected
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if formation water is being produced in the returned fluids . There was no

corresponding decrease in the concentration of the potassium ion ; exchange

effects may not be the dominant sodium source . MX-1 failed to produce any

additional water in subsequent coastal zone operations.

The chemistry data were combined with those from fluid load balance

estimates and analyses of organic products, total organic carbon and

carbohydrates (original gel plus decomposition products) . ? These indicate

that about one half of the organic material in the foam frac treatment was

not recovered . The remaining frac fluid may be in either the natural

fractures or the matrix rock or both.

Molecular weight studies were performed on both samples of the frac

fluid and the returned fluid samples . The results of this study are:

The molecular weights of the xanthan gum polymer used in the foam

frac are greater than those of unbroken HPG . The are no weight

standards available to determine the molecular weight of this

polymer quantitatively.

The biogel has extremely good temperature stability . 18 After the

coastal zone frac, a 20 lb . 1000 sample of biopolymer was kept in a

water bath at 195°F and sampled periodically (Figure 8 .3) . The

molecular weight showed only a slight decrease over the 56 day

period . Further, the test temperature was -10°F higher than

coastal zone temperatures.

No original polymer was detected in the returned fluids from the

stimulation . The detection limit was about 5 lb/1000 gal, or 25

percent of the original frac fluid concentration.

Analyses of frac fluid and returned fluid samples suggest that at

least some of the returned fluid samples had organic concentrations

close to 50 percent of the frac fluid concentration . It is not

understood why original polymer was not detected in returned fluids

in view of its temperature stability.
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8 .4 DISCUSSION

The basic stimulation design was supported by mineralogy/petrology

analyses, permeability related measurements, rock property studies and

studies of proppant effects . The purpose of much of the prefrac laboratory

work was to help avoid or minimize damage . The compatibility of the

treatment and the matrix rock was verified by the mineralogy studies . The

fact that the rock had very low permeabilities and attendant high capillary

pressures reinforced the decision to minimize liquid in the frac design.

The fluids chosen did not appear to cause excessive damage or leakoff in

the matrix rock . The mechanical rock properties were used in fracture

width and length calculations and the estimate of frac wing length is in

fair agreement with the design length . The extensive group of proppant

tests showed that the intermediate strength proppant chosen was more than

adequate for the coastal stimulation . Prefrac fluid samples from the well

were analyzed for comparison with postfrac fluid samples.

The above group of experiments provided insufficient information to

pinpoint why MWX-1 production was less than expected following the propped

frac . The addition of results from the postfrac fluid experiments still

did not pinpoint the cause . However, laboratory and field data did help

eliminate several possible causes of production problems .' These include:

- Degradation of permeability to gas of the matrix rock.

- Leakoff directly into the matrix during the frac . Estimates of

formation leakoff (history matching) and laboratory derived leakoff

are 0 .0015 and 0 .0006 ft/,/min, respectively . (However, imbibition

of frac fluids into the matrix adjoining the natural fractures may

be important .)

- Polymer block in the proppant pack . Only 60 lb . of polymer were

used in the entire operation, and these were distributed over the

large frac area because the foam frac pressure history indicated a

tip screenout .
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- Proppant-related effects.

- Imbibition of water from pre- and postfrac operations . Except for

the frac fluid, there was no exposure of this formation to water

from well operations.

- Lowered reservoir pressures . These changed little throughout the

coastal zone operations.

- Frac design . The wing length of the propped frac (Section 7 .2 .4)

was estimated to be at least as long as that of the unpropped frac.

The addition of more recent data, especially the work with biopolymer

and artificial fractures provide a basis for explaining the poststimulation

production . Some degree of formation damage to the narrow natural

fractures occurring in the coastal zone seem to be involved . Natural

fractures dominate unstimulated production in the blanket and lenticular

sands tested at the MWX site . Damage to these natural fracture systems

seemed to be a very important, if not controlling, factor in some of the

stimulations, and it appeared to be the dominant effect in the paludal

zone .

	

There were many similarities in the geologic properties and

operational results from the coastal and paludal zones . These include:

- The fracture systems are similar as seen in core and outcrop.

- Prefrac production appears to be predominantly from fractures.

- Flowback was >50 percent of initial load.

- There was less than expected production enhancement for several

months following stimulation.

- Laboratory work eliminated the same matrix rock centered mechanisms

as primary causes of the damage (permeability degradation, leakoff,

proppant effects, frac fluid-formation rock incompatibility).
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The natural fractures observed in core have widths varying from

microscopic to 1/2 inch and are usually filled with calcite . The perme-

ability of the fractures is dependent on an effective width of the unfilled

portion of the mineralized fracture . Core observations and well tests

suggest that such open widths must be extremely narrow, <0 .001 in . Such

narrow fractures must be very prone to damage from fluids or from stresses

from hydraulic fracture or drawdown . Laboratory evidence pertinent to fluid

damage in natural fractures includes:

Brine in some artificially created fractures caused some perme-

ability loss . There is a large percentage of clays in the core and

they may move and swell.

- Permeabilities in artificially created fractures often were

significantly reduced by exposure to biopolymer and other gels.

The biopolymer is extremely temperature stable . Any fluid entering

these fractures would not degrade readily.

- SEM photos of core samples exposed to the biopolymer show coating

of the entrance and sides of the fractures.

The high treating pressures encountered during the main coastal

zone frac (Section 7 .2 .4) suggest that this stable fluid probably

entered these narrow fractures . The maximum pumping pressures were

6700 psi, well above a closure stress of -5500 psi, and a tip

screenout occurred.

There are also other possible forms of damage to the narrow natural

fractures : trapping of fines within the narrow fractures ; shearing

of asperities on the fracture wall during the stimulation ; closure

of natural fractures due to stresses in the formation induced by

the proppant ; and the closure of natural fractures due to drawdown

during production . All of these effects would make the narrow

natural fractures more narrow and aggravate the fluid effects

discussed .
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8 .5 CONCLUSIONS

Laboratory work provided valuable data for the design and analysis of

the coastal zone stimulation from the following aspects:

Frac fluid-matrix rock compatibility.

- Gas permeability degradation by frac fluids.

Leakoff into the matrix rock.

- Near-term proppant effects.

- Mechanical rock properties.

It appears that formation damage is present and it is extremely likely

that this damage is centered about the natural fracture system . Numerous

possible causes of formation damage were either eliminated or qualified by

the laboratory work . Other causes were eliminated based on operational

data or procedures.

Some degree of fluid damage to the narrow natural fractures is

postulated to account for the postfrac performance of the Yellow sand in

the coastal . The frac fluid that is forced into the narrow fractures at

high pumping pressures may remain there and degrade only very slowly.

Effects of fines and stress probably exacerbate the fluid-related damage

effects.
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Table 8 .1 Horizontal Permeability Degradation of Coastal Zone Core After
Exposure in Foam Frac Fluid

Nitrogen Permeability (ud)
Pore Volumes of Gas

Through Core
Depth (ft)

	

Treatment Phase 0 10 20 50 100

Before Treatment
6446 .6

After Treatment

% Permeability
Recovery

.011

.010

91

.016

.015

94

.021

.018

86

.003

*

*

.009

.006

67

Before Treatment .006 .013 .017 .025 .029
6507

After Treatment .001 .008 .015 .022 .024

% Permeability
Recovery

17 62 88 88 83

*

	

Value below measurable limits

Injection Pressure : 1000 psi
Injection Period :

	

2 hours
Treatment Temperature : 160°F
Treating Fluid : Water-base, 70-Quality stabilized foam prepared with 20 lb

foam stabilizer in a base fluid of 2 percent KC1
Shut-In Time :

	

16 hours @ 160°F



Table 8 .2 Permeability to Gas of Cracked Core Before and After Exposure to GELS*

Sample Permeability (md)
Gel Reduction
Tvpe Well Depth Additive Before After (%)

HPG MWX-1 5842 .0-C 0 .042 0 .022 48

Biopolymer* MWX-3 5727 .1-A 0 .190 0 .020 90
MWX-1 5842 .0-A Breaker 0 .045 0 .019 58
MWX-3 5727 .1-B1 100 mesh sand 0 .052 0 .024 54
MWX-3 5727 .1-B2 100 mesh sand 0 .107 0 .023 79
MWX-1 5548 .7-B 100 mesh sand 0 .136 0 .017 88
MWX-1 5548 .7-C2 100 mesh sand 0 .239 0 .024 90
MWX-1 5548 .7-C3 100 mesh sand 0 .372 0 .020 94

cr. MWX-2 5736 .1-B Breaker 0 .072 0 .024 66
MWX-2 5736 .1-A Breaker + 100 mesh sand 0 .076 0 .030 61
MWX-1 5727 .4-B Breaker 0 .041 0 .013 68

HEC MWX-2 5736 .1 Breaker 0 .073 0 .034 53
MWX-1 5836 .8-B Breaker (3 day test) 0 .153 0 .030 80
MWX-1 5836.8-A Breaker (8 day test) 0 .063 0 .013 78

* Xanthan gum



Table 8 .3 Estimated Fracture Conductivity in MWX-1 Core in and Around the
Yellow Sand (Darcy-ft)

Depth
(ft)

Closure Stress (psi)
2000 80004000 6000

6400 3 .7 3 .0 2 .2 1 .6

6347 3 .8 3 .0 2 .7 1 .7

6459 3 .7 3 .0 2 .3 1 .7

6464 3 .7 3 .0 2 .3 1 .7

6476 3 .7 3 .0 2 .3 1 .7

Permeability using proposed API conductivity test procedures
for a 2 lb/ft2 proppant placement in a linear flow cell.

Frac width w/o embedment measured using a 0 .8 lb/ft2 proppant
placement in a 2-inch ID API crush cell.

Embedment estimated from proppant and rock penetration test
results.

Does not account for proppant pack damage due to frac fluid
residue, rock creep, long-term proppant crushing, or damage
due to fines generated during the fracturing process.

	Sample

Shale

Sandstone

Sandstone

Sandstone

Shale

Notes : 1.

2.

3.

4 .



Table 8 .4

	

Proppant Embedment Characteristics of Formations Abutting
Yellow Sandstone

Well Depth (ft) Description
Test

Condition
Embedment

Strength (psi)

MWX-2 6399 .5 Shale above Yellow
sandstones

Dry 56,600

Wet 17,300

MWX-1 6475 .8 Shale between Yellow and
Red sandstones

Dry 120,500

Wet 29,200

MWX-2 6569 .7 Shale below Red sandstones Dry 60,000

Wet 24,000
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9 .0 BOREHOLE SEISMIC SYSTEM ANALYSES

Billy J . Thorne and Harry E . Morris, 6258
Sandia National Laboratories

9 .1 INTRODUCTION

A redesigned prototype borehole seismic system was fielded at the

Multiwell Experiment (MWX) site to provide fracture diagnostics for the

August 1, 1985, coastal zone stimulation . Although the system performed

very well, the complexity of the orientation and fracture data sets from

MWX-2 prohibited immediate analyses . Thus, an extensive system evaluation

was performed to insure that each element of the surface hardware was

functioning as expected and not distorting the received waveform . After

several months of effort, several attempts at data analysis, and multiple

hardware and software modifications, there was reasonable confidence that

the existing instrumentation system and available analysis techniques were

performing correctly . However, data analysis was still not possible and no

map of the coastal zone hydraulic fracture could be derived . The seismic

data set contained complexities that precluded analysis and remain

unexplained.

This effort was documented in a draft report by Carolyne M . Hart,

Richard A . Newell, and Harry E . Morris .' This section was extracted from

that lengthy report.

9 .2 SYSTEM IMPROVEMENTS

9 .2 .1 Hardware

Table 9 .1 summarizes a comparison of the redesigned borehole seismic

system to that of the "old" system . 2 A block diagram of the system is shown

in Figure 9 .1 . The upgraded borehole seismic tools performed well during

the coastal stimulation experiment . The newly implemented package

diagnostics and calibration procedures proved to be valuable . Downtime was

virtually nonexistent ; the new packages were able to withstand downhole

pressures and temperatures for a continuous 72-hour interval .



The test data show dramatic improvement in both peak signal amplitudes

and signal-to-noise ratios as a result of the upgrades . Prior to the

coastal stimulation, the tools had a maximum downhole gain of 80 dB, a

factor of 10,000 (Figure 9 .2a) . The three geophone stack increases the peak

amplitudes by a factor of three . An additional 20 dB of downhole gain

further enhances the signal amplitude by a factor of ten . Thus, the

resultant coastal frac signal is multiplied by a factor of 300,000 downhole

(Figure 9 .2b) . The event shown could not have been detected using pre-

coastal instrumentation.

9 .2 .2 Software

In a homogeneous isotropic elastic medium, two waves result from a

perturbation : a simple longitudinal wave (P-wave), linearly polarized in

the direction of propagation, and a shear wave (S-wave), linearly polarized

perpendicular to the direction of propagation . In a real media the

polarization parameters also depend on the inhomogeneities and anisotropies

of the formation . During the passage of the wave, the particles of the

earth move in intricate trajectories . The resultant polarization is often

represented by ellipsoids . A basic assumption of the polarization method is

that phase and amplitude parity can be maintained between the triaxial

components . Without 1 :1 :1 phase and amplitude output ratios between the

three channels, the resultant polarization direction cannot be determined.

Simple extremum estimates of polarization directions were employed in

the paludal phase I stimulation analysis . 3 The mode of the polarization

ellipsoid was used to determine the direction to the seismic source . The

distance to the source from the receiver was determined by using the

separation between the P- and S-wave arrival times, T p and Ts , according to

the formula:

D – V. (T5 - Tp)

where the velocity coefficient

Vc – VsVp/(Vp - Vs)
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was determined by measuring Tp and T8 for tubing shots fired at a known

distance without knowledge of the P- and S-wave velocities V p and V8 .

Because previous waves have closely resembled elliptical polarization,

an algorithm was developed based on directional statistics and a weighting

factor commensurate with the signal-to-noise ratio . 4 Distribution-free mode

and first and second moments of the directional random variables are

computed from the polarized data, thereby describing the angle from a

borehole seismic tool to a microseismic event in spherical coordinates.

Samples for the random variables of interest are calculated from the

digitized records of the waveforms measured by the triaxial geophones . The

algorithm then computes the minimum and maximum values of the linearly

transformed, triangularly distributed, random variables characterized by the

three distribution-free parameters . This algorithm removes much of the

human judgment and also provides an estimate of error commensurate with

tightness of fit . Since event locations are most easily understood in

cartesian coordinates, an algorithm was developed to trigonometrically

transform the spherical coordinates of the location and the first and second

moments into cartesian coordinates for the event locations from individual

tools, and to combine these locations into a minimum-error location should

data from two packages be acquired.

9 .3 PERFORATION SHOT DATA

9 .3 .1 Pretest MWX-2 to MWX-3 Tubing Shots

An initial test of the borehole seismic system was conducted on July 23

and 24, 1985 . With a borehole seismic tool positioned and clamped at

6350 ft in MWX-3, a pre-test series of ten 6-gram decentralized tubing shots

were fired in MWX-2 between 6454 ft and 6444 ft . Approximate horizontal

distances between the three wells at 6400 ft are shown in Figure 9 .3 . Using

the downhole distance between MWX-2 and MWX-3 and the tool depths in each

well, the direct seismic wave generated by each detonation traveled about

235 ft . The most distant detectable event from the paludal zone

stimulation was 228 ft from the source to the receiver.

-9 .3-



A PDP-11/34 analog to digital converter sampled the signals at 2 .15 kHz

per channel, utilizing a sample and hold capability so that all eight

channels could be sampled simultaneously . An HP-6420A digital signal

analyzer was used in parallel with the PDP-11/34 to display the spectral

power density of the detected events . Wavetek filters were used to limit

the spectral content of the events to a 100 to 500 Hz band . This bandpass

was chosen based on measured frequency content of the paludal zone data.

Spectral displays of the tubing shot data verified that the fundamental 388

Hz spectral content was indeed within this band.

As illustrated in Figure 9 .4, the P-wave arrivals for these tubing shot

data were very distinct, and the S-wave arrival was detectable from

superimposed traces . However, the horizontal polarization plots were open

and offset, and there was no apparent polarization direction in the vertical

projection.

9 .3 .2 Orientation Tubing Shots

Decentralized tubing shots were also used for orienting the tools prior

to the frac . With borehole seismic units clamped in MWX-2 and MWX-3 at well

log depths of 6386 and 6338 ft, respectively, two series of ten 6-gram

charges were fired into the MWX-1 wellbore between 6447 and 6438 ft (July

30, 1985) . Direct seismic waves traveled 125 ft from the source to the

receiver in MWX-2 and 215 ft to the receiver in MWX-3 . Both distances are

less than 235 ft direct ray path from MWX-2 to MWX-3 in the pre-test

experiment.

Although signal-to-noise ratios in MWX-2 were good, the first arrivals

were not as distinct as those from the pre-test experiment as seen in a

comparison of Figures 9 .4 and Figure 9 .5 . Peak-to-peak amplitudes were

about the same as those from the pre-test data even though the direct ray

path distance has been reduced by a factor of almost two .

	

Horizontal

polarization plots were again offset and appeared to be more open and

erratic than the pre-test results .

	

The S-wave arrival could not be

determined by superimposing the horizontal traces . The polarization plot
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did break from the dominant P-wave direction after a period of time, but the

expected S-wave break-out angle of 90° from the P-wave polarization

direction was not observed . An S-wave arrival time was picked from the

apparent break in the horizontal hodograms and the time interval appeared to

be consistent throughout the 20 tubing shots . An orientation angle of 64° ±

13° clockwise from H2 and a velocity coefficient of 22 ft/ms were computed.

The velocity coefficients from the paludal stimulation orientation data

ranged from 23 ft/ms to 30 ft/ms, so the computed coastal orientation

velocity coefficient appeared to be in the correct range .

	

Again, the

vertical polarization projections were unusable.

The background noise in MWX-3 increased substantially since the pretest

series a week earlier and was now large enough to prohibit acquisition of

analyzable data . Gas leaks and the resultant bubbling in the wellbore were

the probable noise source . It had been demonstrated during the paludal test

that well pressurization could attenuate such noise significantly, so MWX-3

was pressurized 1000 psi above the in situ pressure . The noise level was

reduced, but not enough to allow event detection and analysis . None of the

20 orientation tubing shot waveforms received in MWX-3 exhibited amplitudes

of sufficient magnitude for analysis . The seismic tool depth was varied

between 6200 and 6338 ft, but signal amplitude did not appear to be depth

dependent.

9 .4 STIMULATION DATA

It was recognized during the paludal phase II stimulation experiment

that fluid flow and pumping noise in the stimulation well could create a

background noise level great enough to mask the microseismic activity

created by the fracture . This conclusion was reinforced during pumping

periods in the coastal zone . The spectrum analyzer showed that there is a

very dominant 400 Hz content in the pumping and flow noise . Since the

microseismic spectrum was expected to be in the same range, bandpass

filtering to reject the flow noise would not be applicable . No waveforms

with sufficient signal-to-noise ratios for analysis were detected during

pumping .
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After shut-in, the signal-to-noise ratio, as well as the peak-to-peak

amplitudes for the microseismic signals recorded in MWX-2 were comparable to

those in the orientation data . The horizontal polarization ellipsoids were

again very open and somewhat offset . The vertical plots were still erratic.

No microseisms displaying substantial amplitudes or distinct P- or S-wave

characteristics were detected in MWX-3 due to the continually high noise

level, and no further attempts were made to analyze the MWX-3 data set.

It was concluded from this first look at field data that on-site data

analyses were impossible . Unraveling the causes of the observed

complications in the data set would take time and an organized approach.

9 .5 ANALYSIS OF COASTAL STIMULATION DATA

A summary of the subsequent efforts to analyze the coastal seismic data

set is given in Appendix 11 .13 . These efforts included : development of a

synthetic event generator and a null balance system ; recalibration of the

borehole seismic system ; recalibration to include higher frequencies;

investigations to achieve phase and amplitude parity both within and between

channels ; and several analog playbacks and redigitizations of the data.

These efforts essentially eliminated electronic-related phenomena affecting

the seismic signal analysis . Nevertheless, distortions and other

complications remained.

9 .5 .1 Phase Disparity

An attempt to evaluate the distortion that was still prohibiting data

analysis was made by choosing one of the "better" post-flow events and

examining its properties in detail . The data set was searched for an event

that was not normal to any of the sensors, providing good signal strength in

all three planes . A close look at the arrival times of the longitudinal

wave on the three axes indicated that there were substantial phase shifts

between channels . The H1 channel led the H2 channel by just over

200 microseconds while H1 led V by approximately 500 microseconds,
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Figure 9 .6 . Other post-flow events displaying signal strength on all three

channels were scanned to see if this phase shift occurred in all of the

data . There did appear to be phase disparity in all events, but the phase

relationship between channels varied widely . That is, in not all events did

the H1 channel lead, nor was the phase separation between channels

consistent.

The orientation data were examined again to see if the phase shifting

was present prior to stimulation . Because the orientation to MWX-1 was

orthogonal to one of the horizontal channels, the orthogonal axis contained

little of the longitudinal component . Thus, it was impossible to determine

the phase relationships between the horizontal components . The vertical

time series was, however, significantly out of phase with the horizontal

channel.

If the BSS was introducing the phase disparity, the pre-test tubing

shot data from MWX-2 to MWX-3 would also exhibit this characteristic . Under

the same calibrated system configuration for which the MWX-2 event data

displayed phase disparity, all pre-test data from MWX-2 to MWX-3 exhibited

phase parity . The phase relationships between the two horizontal channels

for one of the pre-test events is shown in Figure 9 .7.

9 .5 .2 Uniqueness of MWX-2 Data

The data received in MWX-2 differed from data received during the pre-

test experiments in which the receiver was in MWX-3 . The following

characteristics are unique to this MWX-2 data set and had not been observed

in previous data acquired from MWX experimentation:

(1) Amplitudes from tubing shots in MWX-1 acquired in MWX-2 were smaller

than those from data received in MWX-3 during pre-test tubing shots in

MWX-2, despite the closer proximity of MWX-2 to MWX-l.
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(2) All of the MWX-2 data were unique in that their low signal strengths

would have prevented detection previously . An investigation into the_

low gain (80 dB) data showed that none of the data could have been

acquired with the borehole seismic tools before redesign.

(3) The spectral content of the data acquired in MWX-2 differed

significantly from that received in MWX-3 . The spectral distribution

of the MWX-2 data was more complex than the spectra of the MWX-3 data.

The MWX-2 spectral content was consistent between both tubing shots and

fracture events.

(4) There were multiple, distinctly polarized, waveforms in the MWX-2 data

set perhaps indicating the existence of two P-waves and two S-waves.

Only two distinctly polarized waveforms were identified in the MWX-3

data and the previous MWX data set . Time between arrivals and

polarization directions indicate that the first and third arrivals in

the MWX-2 data are the direct P- and S-wave arrivals, respectively.

(5) Phase disparity between channels existed in the MWX-2 data set, but not

in the MWX-3 data set . The phase disparity alone was significant

enough to render the data nonanalyzable . No inclinations could be

computed from the data . The cause of the anomalous phase relationships

in the MWX-2 data is unknown, but it is suspected that inhomogeneities

near wellbore MWX-2 were phase shifting the data.

9 .6 SUMMARY OF COASTAL BOREHOLE SEISMIC ANALYSES

A major redesign of the borehole seismic system was completed prior to

the August 1, 1985, MWX coastal stimulation experiment . The upgraded system

performed well during the test, and its field performance indicated a major

advancement in the development of BSS . Newly developed package diagnostics

and calibration procedures proved to be valuable . Confidence in the seismic

package integrity was high, and the electrical package upgrades noticeably

enhanced the overall reliability of the BSS by reducing system downtime due

to troubleshooting and repairs . Most importantly, a large increase in the
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data signal-to-noise ratios was evident ; microseismic signals that would

have been discarded prior to system redesign were acquired in quantity with

excellent signal-to-noise ratios . Finally, the following analysis and

instrumentation improvements were made.

(1) A maximum likelihood event location scheme based on directional

statistics has become an integral part of the system . The newly

developed algorithm provides source locations and an error estimate for

those locations.

(2) Higher frequency content of the microseismic data will be included in

the digitized data set.

(3) The digitization rate has been increased to 4 .76 kHz per channel, but

only 3 channels can be digitized simultaneously at this rate.

(4) The null system was essential to maintaining system balance which was,

in turn, essential to data analysis . This system will continue to be

an integral part of the surface hardware.

(5) The synthetic event generator developed to generate three-component

sinusoidal signals of specified amplitude, frequency and phase will be

used for future system calibration inputs.

However, in spite of these improvements and insights, the source

locations of seismic signals associated with the coastal fracturing

experiment could not be determined . Thus, there is no map of fracture

azimuth or height and no estimate of fracture length of the coastal nitrogen

foam frac . The inability to analyze this data set was disappointing and

extremely frustrating . Clearly, a major factor was the uniqueness of the

signals recorded in MWX-2 . The reduced amplitudes, different spectral

content, multiple polarized waveforms with overlapping P- and S-wave

arrivals, and distinct phase disparity on the different channels had not

been observed before and their causes are not yet understood.
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Some insight has been gained in subsequent, more extensive tests at the

MWX site . 5 , 6 The complexity of the geologic environment is important as

different signal velocities and attenuations have been noted along different

signal directions . Also, the overall character and quality of the received

signals and accuracy in measuring known source locations (e .g ., perforation

shots) is a strong function of where the tool is clamped in the well . Some

locations have produced some of the effects first noted in the MWX-2 coastal

data set . Finally, the true response of the clamped downholeseismic tool

is unknown . Resonances inherent in the tool and its clamping scheme are not

known, especially with respect to the three orthogonal geophone axes.

However, the improvements given above and the understanding gained during

the efforts associated with the coastal stimulation experiment spurred

further diagnostic advances which were successful during the subsequent

fluvial stimulations 5,6
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TABLE 9 .1

"Old" Versus Redesigned System Performance Comparison

Item
"Old"
System

Redesigned
System

Maximum signal-
to-noise Ratio

4 to 1 10 to 1

Temperature stability Gain and DC offset
drift

No drift during 72 hours
of continuous operation
in a well.

Clamp control

Clamp stability

Diagnostics

Often would not
operate.

Seldom rigidly
locked in well

1. Temperature
2. Uncertain clamp

position

More than 20 successful
operations without
failure.

Always rigidly locked
in well.

1. Temperature
2. Known clamp position
3. Clamp force
4. Operation mode

1. Electrical calibration
2. System functional

check

Downhole checks

	

None

3 geophones per axis plus
geophone at 45° to
horizontals.

Sensor array Single geophone
per axis
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Figure 9 .2(a) . Event Signal-to-Noise Comparison, Gain = 10,000.
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Figure 9 .2(b) . Event Signal-to-Noise Comparison, Gain

	

300,000.
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The technical output from the Multiwell Experiment resides in an MWX

Data File which is maintained in the project office at Sandia National

Laboratories in Albuquerque, NM.

The MWX Data File is intended to be "results-oriented ." Thus, it

includes such entries as (1) data reports from contractors and others, (2)

memoranda, informal reports and compilations of results and analyses, (3)

formal publications and reports, and (4) in limited cases, planning

documents, review meeting summaries, etc . It is not intended to include

every sheet of paper ever written on MWX or every bit of data taken . In

general these are entries which are referenceable and which convey data.

The MWX Data File has the following overall organization:

1 .0 Well data by well

1 .1 Well logs by well and logging program ; analyses

1 .2 Core and fluid analyses by type and performer

1 .3 Core-log correlation

1 .4 Geology by topic

1 .5 Environmental

1 .6 Geophysics by type

1 .7 Stress testing by interval

1 .8 Well testing by interval

1 .9 Stimulation and fracture diagnostics by interval

3 .1 General reviews and status reports

3 .3 Quarterly reports

3 .5 Topical meetings, displays and workshops

3 .7 Technical Review Panel

3 .8 Plans
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A computer-based index to the MWX Data File is also maintained in which

each entry is indexed by accession number, data file number, author(s),

title, company, date, alternate report number, key word(s), and

comments/notes . Thus, searches, retrieval, and summaries of various types

can be made readily . Two listings from this index are presented:

(A) A listing is given in this section of publications and formal reports

which include information on the coastal interval .

	

(These are

selected from the index through the key words "formal" and

"coastal .")

(B) A listing of the complete MWX Data File index data is given in

Appendix 11 .14 for those entries which contain results for the

coastal interval .
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MULTI-WELL PETROGRAPHIC ANALYSIS

Petrologist : M. O. Eatough
Date : May 25, 1982

% Pore Space : 8
Sorting (est .) : Well Sorted
Angularity (est .) : A to SR

Rock Type : Calcareous Subarkose
Mean Grain Size (mm) : 0 .06
Grain Size Range (mm) : 0 .02 - 0 .15

GENERAL DESCRIPTION: Well indurated ; grain contacts are mostly concavo-convex
sutured ; no floating grains ; porosity is about 50/50 intergranular pore space
and pore throats which are mostly filled with clay . Blue epoxy also penetrated
along cleavages in altered feldspars and carbonates ; quartz overgrowths are not
readily distinguishable.

COMPOSITION % COMMENTS

Quartz 50 Mostly monocrystalline ; few polycrystalline grains;
overgrowths common

K-feldspar tr Microcline

Plagioclase 7 Nearly fresh to almost totally altered

Chert 1 Many grains are squashed

Lithics 6 Mostly sedimentary rock fragments and fewer plutonic
and volcanic rock fragments

Authigenic Minerals

Silica O . gr . 2 Could possibly be more abundant ; calcite and clay
under some

Calcite 7 Some twinning ; few could be clasts; many irregular
grains

Dolomite 14 Twinned ; rhombs and irregular grains

Muscovite tr Few shredded and contorted flakes

Biotite tr Shredded flakes

Opaques tr Few detrital grains ; some could be alteration product

Accessory Minerals

Zircon tr Some fairly large 0 .05 mm

Tourmaline tr

Unknown tr Brown globular grains; could be altered mafics

Voids w/o Clay 1

Voids w/Clay 7 Contain matted illite

Clay Minerals 1 Not included in pore space

Mixed Layer Dom Illite/montmorillonite (mostly illite)
(By XRD)

SAMPLE NO : MWX-6345 .6
INTERVAL : Coastal
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6346 .4

	

Petrologist : M. O . Eatough
INTERVAL: Coastal

	

Date : May 26, 1982

Rock Type : Calcareous Subarkose

	

% Pore Space : 8
Mean Grain Size (mm) : 0.07

	

Sorting (est .) : Well Sorted
Grain Size Range: 0 .02 - 0.15

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Similar to Sample MWX-6345 .6 ; porosity is about 50/50 clay
filled pores and pore throats . Some micritic blobs of carbonate were impregnated
by blue epoxy.

COMPOSITION

	

%

Quartz

	

53

K-feldspar

	

1

Plagioclase

	

7

Chert

	

2

Lithics

	

5

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Tourmaline

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Mixed Layer

COMMENTS

2

7 Some twinned

14 Twinned

tr

tr

tr

tr

tr

tr

1

7

tr Not included in pore space

Should be similar to previous sample
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6355 .5

	

Petrologist : M. O . Eatough

INTERVAL : Coastal

	

Date : May 26, 1982

Rock Type : Calc . Feldspathic Litharenite

	

% Pore Sapce: 10

Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Moderately Sorted
Grain Size Range (mm) : 0 .05 - 0 .25

	

0 Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically similar to previous smaples with distinct
increase in grain size . Well indurated ; grain contacts are mostly concavo-convex
or sutured ; very few floating grains . Floating grains occur in pockets dominated
by clay, carbonate and silt-sized grains . Pore space is dominated by clay-filled
pores ; some pore throats ; some microporosity in altered feldspars.

COMPOSITION X COMMENTS

Quartz 47 Mostly monocrystalline; few metamorphic ; rutilated
grains common

K-feldspar 1 Microcline and orthoclase

Plagioclase 5 Nearly fresh to totally altered

Chert 4 Few squashed grains

Lithics 9 Mostly sedimentary few possibly volcanic

Authigenic Minerals

Silica O . gr . 3 Some clay and carbonate under the overgrowths

Calcite 13 Twinned ; irregular grains and rhombs; some poikilo-
topic cement

Dolomite 6 Twinned; rhombs and irregular grains

Muscovite tr

Biotite tr

Opaques tr Very few detrital grains ; some could be alteration
product

Accessory Minerals

Tourmaline tr

Zircon tr

Unknown tr Brown globular masses ; could be altered mafics

Voids w/o Clay 1

Voids w/Clay 9 Contain illite

Clay Minerals 2 Not included in clay filled voids (Illite and kaolinite)

Kaolinite tr Authigenic in pore space
(Optically)

Mixed Layer Dom Illite/montmorillonite (dominated by illite)
(By XRD)
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MULTI WELL PETROGRAPHIC ANALYSIS

Petrologist : M. O. Eatough
Date : May 27, 1982

Rock Type : Sublitharenite

	

2 Pore Space : 12
Mean Grain Size (mm) : 0.12

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .04 to 0 .36

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically and texturally similar to MWX-6355 .5.
Pore space is also similar, but this sample appear to have more pore throats.
This sample also contains some poikilotopic carbonate cement.

SAMPLE NO : MWX-6357 .6
INTERVAL : Coastal

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Kaolinite
(Optically)

Chlorite
(Optically)

Mixed Layer

COMMENTS

51

1

7

3

10 Also contains few plutonic rock fragments

3

5 Few twinned

5 Commonly twinned

tr

tr

tr

tr

tr

tr Detrital chalcedony

tr

2

10 Mostly filled with illite possibly some kaolinite

1 Not included in pore space

tr

tr One area seen in thin section

Dom Should be similar to previous sample (MWX-6355 .5)

27.
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6360 .5

	

Petrologist : M. O . Eatough

INTERVAL :

	

Coastal

	

Date : May 25, 1982

Rock Type: Feldspathic Litharenite

	

% Pore Space : 12

Mean Grain Size (mm) : 0 .18

	

Sorting (est .) : Moderate

Grain Size Range (mm) : 0.04 - 0.40

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Mineralogically and texturally similar to previous samples;
pore space is dominated by clay-filled voids in about a 3 :1 ratio over open voids.
Clay-filled pore throats and microporosity in altered feldspars and carbonate is
also common.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

53

K-feldspar

	

2

Plagioclase

	

7

Chert

	

6

Lithics

	

9

Authigenic Minerals

Silica O . gr .

	

3

Calcite

	

3 Few twinned

Dolomite

	

3 Commonly twinned ; contain some dolomite rhombs

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Other

	

tr Detrital chalcedony

Unknown

	

tr Possible zeolites in pores . No zeolite found in XRD.

Voids w/o Clay

	

3

Voids w/Clay

	

9

Clay Minerals

	

2 Not included in pore space

Kaolinite

	

tr Lines voids
(Optically)

Mixed Layer

	

Dom Should be similar to previous samples
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MULTI WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6362 .5

	

Petrologist : M. O . Eatough
INTERVAL : Coastal

	

Date : May 27, 1982

Rock Type : Feldspathic Litharenite

	

% Pore Space : 11
Mean Grain Size (mm) : 0 .17

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0.03 - 0 .35

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically and texturally similar to previous samples;
porosity is dominated by clay-filled pores ; a few open pores and clay-filled
pore throats were also observed ; blue epoxy also penetrated altered feldspars.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

58

K-feldspar

	

1

Plagioclase

	

9

Chert

	

4

Lithics

	

9

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

2

	

Few twinned

Dolomite

	

2

	

Commonly twinned

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Other

	

tr

	

Detrital chalcedony

Unknown

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

10

Clay Minerals

	

1

	

Not included in pore space

Mixed Layer

	

Dom

	

Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6363 .5

	

Petrologist : M. O . Eatough

INTERVAL : Coastal

	

Date : May 27, 1982

Rock Type : Feldspathic Litharenite

	

% Pore Space : 13
Mean Grain Size (mm) : 0.14

	

Sorting (est .) : Moderate to Well
Grain Size Range (mm) : 0 .04 - 0 .35

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Mineralogically and texturally similar to previous samples;
porosity is dominated by clay-filled pores ; a few open voids and clay-filled pore
throats were als' observed.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

54

K-feldspar

	

1

Plagioclase

	

8

Chert

	

3

Lithics

	

9

Authigenic Minerals

Silica O . gr .

	

3

Calcite

	

3

	

Some twinned

Dolomite

	

5

	

Commonly twinned

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Other

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

12

Clay Minerals

	

1

	

Not included in pore space

Kaolinite

	

tr
(Optically)

Mixed Layer

	

Dom

	

Illite/montmorillonite (illite dominant)
(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6380 .4

	

Petrologist : M. O. Eatough
INTERVAL : Coastal

	

Date : May 27, 1982

Rock Type: Calcareous Sublitharenite

	

9. Pore Space : 15
Mean Grain Size (mm) : 0 .09

	

Sorting (est .) : Well
Grain Size Range (mm) : 0.02 - 0 .18

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Mineralogically similar to previous samples with a distinct
decrease in grain size . Porosity is dominated by small clay-filled pores and, to
a lesser degree, clay-filled pore throats ; a few open voids are also present.

COMPOSITION Z COMMENTS

Quartz 49 Mostly monocrystalline, few polycrystalline

K-feldspar 1 Microcline

Plagioclase 4 Nearly fresh to almost totally altered

Chert 3 Microcrystalline ; squashed grains common

Lithics 7 Sedimentary and volcanic

Authigenic Minerals

Silica O. gr . 4 Sometimes difficult to distinguish from detrital quartz

Calcite 5 Some twinned

Dolomite 12 Many twinned

Muscovite tr Squashed flakes

Biotite tr Bleached

Opaques tr Few detrital grains ; some globular masses

Accessory Minerals

Tourmaline tr

Zircon tr

Other tr Detrital chalcedony

Unknown tr Brown nearly amorphous

Voids w/o Clay 1

Voids w/Clay 14

Clay Minerals tr Not included in pore space

Kaolinite tr Lines pores
(Optically)

Mixed Layer Dom Illite/montmorillonite (illite dominant)
(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6382 .5
INTERVAL: Coastal

Rock Type : Calcareous Sublitharenite
Mean Grain Size (mm) : 0 .10
Grain Size Range (mm) : 0 .02 to 0.20

Petrologist : M. O . Eatough
Date : May 28, 1982

% Pore Space : 13
Sorting (est .) : Well
Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically and texturally similar to previous samples.
Porosity is evenly divided between clay-filled pores and clay-filled pore throats
around many grains . A few open pores are also present .

COMMENTSCOMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Epidote

Hornblende

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Mixed Layer

6

3

4 Twinned

9 Twinned

tr

tr

tr

tr

tr

tr

tr

tr Could be zeolites in pore space

1

12

tr Not included in pore space

Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWR-6384 .5

	

Petrologist : M. O . E&tough
INTERVAL : Coastal

	

Date : May 28, 1982

Rock Type : Calcareous Sublitharenite

	

% Pore Sapce : 4
Mean Grain Size (mm) : 0 .07

	

Sorting (est .) : We
Grain Size Range (mm) : 0 .02 - 0 .15

	

Angularity (est .) : .

GENERAL DESCRIPTION: Well indurated ; finer grained than previous samples ; distinct
increase in carbonate . Porosity is dominated by clay-filled pores, few pore throats
were observed . Open pores more abundant than pore throats . A few pores not filled
by clay were filled with calcite and authigenic quartz.

COMPOSITION z COMMENTS

Quartz 51 Mostly monocrystalline; few polycrystalline

K-feldspar tr Microcline

Plagioclase 4 Nearly fresh to almost totally altered

Chert 1

Lithics 6 Mostly mudstone; few micritic fragments

Authigenic Minerals

Silica O . gr . 4

Calcite 10 Twinned

Dolomite 16 Twinned

Muscovite 1 Shredded and squashed grains

Biotite tr

Opaques tr Few detrital grains and globular masses

Accessory Minerals

Zircon 1

Tourmaline tr

Hornblende tr Brownish yellow

Other tr

Unknown tr

Voids w/o Clay 1

Voids w/Clay 3

Clay Minerals tr Not included in pore space

Kaolinite tr Kaolinite fills a few pores, but not detected with XRD

Mixed Layer Dom Illite/montmorillonite (illite dominant)
(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6400 .3

	

Petrologist : M. 0 . Eatough
INTERVAL : Coastal

	

Date: May 28, 1982

Rock Type : Calcareous Sublitharenite

	

% Pore Space : 15

Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well to Moderate
Grain Size Range (mm) : 0 .02 - 0 .26

	

Angularity (est .).: A to SR

GENERAL DESCRIPTION : Mineralogically and texturally similar to the previous
sample ; may be slightly less well sorted . Porosity is higher in this sample and
is dominated by clay-filled pores and pore throats . A few open pores were observed,
A small fracture is filled with calcite.

COMPOSITION

	

7

	

COMMENTS

Quartz

	

48

K-feldspar

	

tr

Plagioclase

	

4

Chert

	

2

Lithics

	

8

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

	

Dom Illite/montmorillonite (illite dominant)
(By XRD)

34.

2

7 Twinned

12 Twinned

1

tr

tr

tr

tr

tr

1

14

1 Not included in pore space

tr



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6431.5

	

Petrologist : M. O. Eatough
INTERVAL: Coastal

	

Date : April 12, 1982

Rock Type : Calcareous Lithic Arenite

	

Z Pore Space : 8
Mean Grain Size (mm) : 0 .08

	

Sorting (est .) : Very well
Grain Size Range (mm) : 0 .04 to 0.12

	

Angularity (est) : A to SR

-GENERAL DESCRIPTION: Well indurated ; grain contacts are mostly concavo-convex
or sutured ; porosity is dominated by ^lay-filled pores and lesser by open pores;
pore throats are common.

COMPOSITION

	

%

	

C0MMENTS

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Orthoclase

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Tourmaline

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer
(By XRD)

37 Mostly monocrystalline ; few strongly undulose poly-
crystalline

tr Perthite

8 Few fresh; most are moderately to very strongly altered

5 Many squashed grains

2 Mostly sedimentary rock fragments (mudstone and clay-
stone . Few volcanic rock fragments (plagioclase
phenocrysts in aphanitic groundmass).

8 Many indistinguishable from detrital grains

20 Cement and pore fillings ; commonly replaces feldspars;
twinned

7 Rhombs and interlocking anhedra

tr Free standing euhedra

tr Squashed between detrital grains

tr

tr Few detrital ; mostly aggregates in interstices

tr Most nearly as large as other detrital grains

tr

tr Cloudy nearly opaque; amorphous ; possibly altered mafic

1 Mostly equidimensional pores with little or no clay

7

4 Did not pick up blue epoxy impregnation

tr

Dom Illite/montmorillonite (dominantly illite)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6433 .5

	

Petrologist : M . O . Eatough

INTERVAL :

	

Coastal

	

Date : April 12, 1982

Rock Type : Calc . Feldspathic Litharenite

	

% Pore Space : 5

Mean Grain Size (mm) : 0.07

	

Sorting (est .) : Well Sorted

Grain Size Range (mm) : 0.03 - 0.14

	

Angularity (est .) : Subangular

GENERAL DESCRIPTION : Well indurated ; grain contacts are concavo-convex or sutured;
porosity is dominated by equidimensional pores ; some are lined by clay ; very few

pore throats observed ; this sample was not impregnated by the Gardner method.

COMPOSITION , I COMMENTS

Quartz 34 Mostly monocrystalline ; few polycrystalline

K-feldspar tr

Plagioclase 6 Nearly fresh to extensive alteration to clay and
sericite

Chart 6 Some ferruginous stain

Lithics 2 Squashed

Authigenic Minerals

Silica O . gr . 12 Frequently indistinguishable from detrital grains

Calcite 12 Twinned ; commonly surrounds detritus and dolomite

Dolomite 10 Rhombs ; round blebs, and fine interlocking anhedra;
twinned

Muscovite tr Contorted books

Opaques tr

Accessory Minerals

Tourmaline tr

Zircon tr

Other tr Aggregates of light brown spheres ; phosphatic pellets?

Unknown tr Cloudy; dark brown to nearly opaque

Voids w/o Clay 5

Voids w/Clay tr

Clay Minerals 12 Fills interstices

Chlorite tr Authigenic patches
(Optically)

Mixed Layer Dom Illite/montmorillonite (dominated by illite)
(By XRD)
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- MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6435 .7

	

Petrologist : M . O. Eatough
INTERVAL : Coastal

	

Date: April 12, 1982

Rock Type : Calcareous Subarkose

	

% Pore Space : 7
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well Sorted
Grain Size Range (mm) : 0 .05 - 0.17

	

Angularity (est .) : SR to SA

GENERAL DESCRIPTION : Mineralogically and texturally similar to MWX-6433 .5, but
slightly coarser grained.

COMPOSITION

	

%

Quartz

	

47

K-feldspar

	

tr

Plagioclase

	

7

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

4

3

7

7 Twinned

6 Some twinned

tr

tr

tr

tr

tr

3

4

9 Not included in voids with clay

tr

Dom Should be similar to MWX-6433 .5
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MULTI-WELL PETROGRAPHIC ANALYSIS

Petrologist : M . O . Eazough
Date : April 13, 1982

Rock Type: Calc . Feldspathic Litharenite

	

Z Pore Space : 9
Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Well Sorted
Grain Size Range (mm) : 0 .05 to 0.24

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Well indurated ; mineralogically similar to previous samples;
distinct increase in grain size and porosity . Porosity is dominated by pore space
without clays . Gardner method of impregnation not used with this sample.

SAMPLE NO: MWX-6437 .4
INTERVAL : Coastal

COMMENTSCOMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Silica Cement

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

10

8 Some twinning

5 Some twinning

tr

tr

tr

tr

tr

tr

9

tr

16 Not included in voids

tr

Dom Should be similar to previous samples
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MULTI WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MW%6438 .5

	

Petrologist : M. G . Eatough
INTERVAL : Coastal

	

Date: April 13, 1982

Rock Type : Cale . Feldspathic Litharenite
Mean Grain Size (mm) : 0 .11
Grain Size Range (mm) : 0 .02 - 0.19

% Pore Space: 5
Sorting (est .) : Well Sorted
Angularity (est .) : SA to SR

GENERAL DESCRIPTION : Mineralogically and texturally similar to previous samples;
porosity is dominated by irregular pore space . Gardner method not used on this
sample.

COMPOSITION

	

Z

Quartz

	

43

K-feldspar

	

1

	

Orthoclase and perthite

Plagioclase

	

8

Chert

	

10

Lithics

	

3

Authigenic Minerals

Silica O. gr.

Calcite

Dolomite

Silica Cement

Muscovite

Opaques

Accessory Minerals

Zircon

Tourmaline

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

COMMENTS ,

7

5 Twinned; surrounds dolomite and detritus

3 Some twinned ; broken down micrite is common

tr Microcrystalline

tr

tr

tr

tr

1 Patches of limonitized/bleached biotite? or clays

tr Brown isotropic clay? patches

5

tr

13 Some represent remnant clay clasts

tr

Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: . MWX-6440 .5

	

Petrologist : M. O . Eatough

INTERVAL :

	

Coastal

	

Date : April 13, 1982

Rock Type: Calc . Feldspathic Litharenite

	

% Pore Space : 5

Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Well Sorted

Grain Size Range (mm) : 0 .06 - 0 .28

	

Angularity (est .) : SA to SR

GENERAL DESCRIPTION : Mineralogically and texturally similar to previous samples;
porosity is dominated by equidimensional pores . Gardner method not used on this

sample.

COMPOSITION

Quartz

	

38

K-feldspar

	

1

Plagioclase

		

6

6

3

tr

tr Carbonaceous material(?)

tr

tr

tr

5

tr

14 Not included in voids with clays

tr

Dom Illite/montmorillonite (illite dominant)

40 .

COMMENTS

Chert

Lithics

Authigenic Minerals

Silica O. gr.

Calcite

Dolomite

Silica Cement(?)

Muscovite

Opaques

Accessory Minerals

Zircon

Tourmaline

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer
(By XRD)

10

8 Commonly twinned

7 Commonly twinned

2 Microcrystalline ; could represent chert ; no grain
boundaries



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6445 .5

	

Petrologist : M. O . Eatough
INTERVAL : Coastal

	

Date : April 14, 1982

Rock Type : Feldspathic Litharenite

	

% Pore Space: 6
Mean Grain Size (m .) : 0.12

	

Sorting (est .) : Very Well Sorted
Grain Size Range (mm) : 0.05 - 0 .17

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Well indurated ; grain contacts are concavo-convex and lesser
sutured contacts ; calcite and dolomite are rarely found together . Very similar to
previous samples . Porosity is dominated by equidimensional pores . Gardner method
not used on this sample.

COMPOSITION

	

% COMMENTS

Quartz 43 Mostly monocrystalline ; few polycrystalline

K-feldspar 1 Perthite .

	

Fresh to slight argillic alteration

Plagioclase 5 Nearly fresh to almost totally altered

Chert 13

Lithics 5 Mostly clay clasts and micritic clasts ; few volcanic
rock fragments

Authigenic Minerals

Silica O . gr . 7 Difficult to distinguish from detrital quartz

Calcite 4 Few twinned

Dolomite 3 Commonly twinned

Muscovite tr

Biotite tr Limonitized

Opaques tr

Accessory Minerals

Tourmaline tr

Zircon tr Prismatic shapes

Other tr Detrital chalcedon; with silica overgrowths

Voids w/o Clay 6

Voids w/Clay tr

Clay Minerals 12

Chlorite tr Associated with volcanic rock fragments
(Optically)

Mixed Layer Dom Illite/montmorillonite (illite dominant)
(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6447 .5
INTERVAL : Coastal

Rock Type: Cale . Feldspathic Litharenite
Mean Grain Size (mm) : 0 .11
Grain Size Range (mm) : 0 .03 - 0 .22

Petrologist : M. O . Eatough
Date : April 14, 1982

% Pore Space : 4
Sorting (est .) : Well Sorted
Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically and texturally similar to the previous sample.

Porosity is dominated by pore space.

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Tourmaline

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

%

	

COMMENTS

41

1

7

7

4

7

8 Commonly twinned

7 Commonly twinned

tr

tr

tr

tr

tr

tr

4

tr

14 Not included in pore space

tr

Dom Should be similar to previous samples
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MULTI WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MW% 6451 .5

	

Petrologist : M. O. Eatough
INTERVAL: Coastal

	

Date : April 14, 1982

Rock Type : Cale . Feldspathic Litharenite

	

Z Pore Space : 8
Mean Grain Size (mm) : 0.13

	

Sorting (est .) : Moderately Sorted
Grain Size Range (mm) : 0 .02 to 0 .22

	

Angularity (est .) : SA to SR

GENERAL DESCRIPTION: Well indurated ; discontinuous lenses of silt and clay with
floating sand-sized elastics ; most grain contacts are concavo-convex . Carbonaceous
material(?) along mud lenses . Porosity is dominated by open pores . Gardner method
not used on this sample .

COMPOSITION 7 COMMENTS

Quartz 41 Mostly monocrystalline ; few polycrystalline

K-feldspar 1 Slightly argillic perthite

Plagioclase 5 Nearly fresh to almost totally altered

Chert 6 Some contain fine-grained dolomite rhombs

Lithics 4 Clay and micrite clasts

Authigenic Minerals

Silica O . gr . 6

Calcite 6 Few twinned

Dolomite 5 Few twinned

Muscovite tr

Biotite tr Bleached flakes

Opaques tr

Accessory Minerals

Zircon tr

Other tr Contorted carbonaceous? stringers associated with clay

lenses

Other tr Detrital chalcedony

Voids w/o Clay 8

Voids w/Clay tr

Clay Minerals 17

Chlorite tr
(Optically)

Mixed Layer Dom Illite/montmorilloni te (illite dominant)

(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: NWX-6455 .2

	

Petrologist : M. O . Eatough

INTERVAL : Coastal

	

Date : April 13, 1982

Rock Type : Cale . Feldspathic Litharenite

	

% Pore Space : 7

Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0.03 - 0.25

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically and texturally similar to previous sample;
carbonaceous stringers are not always along mud lenses ; porosity is dominated by
open pore space . Gardner method not used on this sample.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

34

K-feldspar

	

2

Plagioclase

	

6

Chert

	

9

Lithics

	

3

Authigenic Minerals

Silica O. gr .

	

7

!'alcite

	

6 Twinned

Dolomite

	

4 Twinned

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Tourmaline

	

tr

Unknown

	

1

Voids w/o Clay

	

7

Voids w/Clay

	

tr

Clay Minerals

	

21 Not included in pore space

Mixed Layer

	

Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6458 .0

	

Petrologist : M. O . Eatough
INTERVAL: Coastal

	

Date: April 14, 1982

Rock Type: Calc . Feldspathic Litharenite

	

% Pore Space: 8
Mean Grain Size (mm) : 0 .12

	

Sorting (est .) : Well Sorted
Grain Size Range (um) : 0 .05 - 0 .18

	

Angularity (est .) : SA to SR

GENERAL DESCRIPTION : Very similar to the previous sample . Mudstone lenses are
not as predominant . Porosity is predominated by clay-filled voids with pore
throats readily visible . Large pores are common.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

48

K-feldspar

	

2

Plagioclase

	

5

Chert

	

9

Lithics

	

4

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Tourmaline

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

	

Dom Should be similar to previous samples

5

5 Twinned

4 Twinned

tr

tr Bleached

tr

tr

tr

tr Detrital chalcedony

tr Patches of carbonaceous material

1

7

9 Not included in voids with clay

tr Round patches
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MULTI-WELL PETROGRAPRIC ANALYSIS

SAMPLE NO : MWX-6463 .5

	

Petrologist : M . O . Eatough

INTERVAL :

	

Coastal

	

Date : April 14, 1982

Rock Type : Calc . Feldspathic Litharenite

	

% Pore Space : 7

Mean Grain Size (mm) : 0 .12

	

Sorting (est .) : Moderately

Grain Size Range (mm) : 0 .03 - 0 .30

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Very similar to previous samples ; elongate patches of micrite

and microsparite mixed with limonitic clay are also common ; porosity is dominated

by irregular shaped pore space.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

36

K-feldspar

	

1

Plagioclase

	

6

Chart

	

9

Lithics

	

4

Authigenic Minerals

Silica O . gr .

	

7

Calcite

	

5

Dolomite

	

7

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Other

	

tr Carbonaceous material(?)

Unknown

	

tr

Voids w/o Clay

	

7

Voids w/Clay

	

tr

Clay Minerals

	

17 Not included in pore space

Chlorite

	

tr
(Optically)

Mixed Layer

	

Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6477 .5

	

Petrologist : M. O . Eatough
INTERVAL: Coastal

	

Date: April 14, 1982

Rock Type : Mudstone

	

Z Pore Space : Microporosity in
MEAN GRAIN SIZE (mm) : 0 .06 of sand-sized

	

Clays
grains

	

SORTING (est .) : Poor
GRAIN SIZE RANGE (arm) : 0 .01 - 0.21

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : This sample is basically a claystone with muddy and sandy
lenses and horizons . These layers and lenses show strong deformation due to
compaction . Long stringers of carbonaceous material are common ; floating grains
common; lesser point, long and cancavo-convex contacts . Porosity is due to
microporosity in clays.

COMPOSITTDN 9: COMMENTS

Quartz 17 Mostly monocrystalline ; few overgrowths

K-feldspar tr Perthite ; fresh to moderate argillic alteration

Plagiocalse 1 Cores replaced by calcite ; moderate to strong seri-
citic alteration

Chert 1 In=lusions of pyrite and dolomite rhombs

Lithics 2 Cloudy claystones and carbonate clasts predomiante

Authigenic Minerals

Silica O. gr . tr In some sandy lenses

Calcite 2 Feldspar replacement and finely disseminated patches

Dolomite 2 Scattered rhombs and interlocking anhedra

Muscovite tr

Biotite tr

Opaques tr

Accessory Minerals

Zircon tr

Tourmaline tr

Other tr Detrital chalcedony

Unknown 1 Carbonaceous material(?)

Clay Minerals 74

Chlorite tr
(Optically)

Mixed Layer Dom Illite/montmorillonite (illite dominant)
(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6481 .0 Petrologist : M. O . Eatough

INTERVAL : Coastal Date: April 14, 1982

Rock Type : Calc . Feldspathic Litharenite % Pore Space: Tr + Micro-
Mean Grain Size (mm) :

	

0 .13 porosity
Grain Size Range (mm) :

	

0 .02 - 0 .24 Sorting (est .) :

	

Moderate
Angularity (est .) : A to SR

GENERAL DESCRIPTION : Well indurated sandstone with large lenses and horizons of
sand-sized elastics partially floating in a clay/silt matrix . Stringers of car-
bonaceous material common in these lenses . Grain contacts are mostly concavo-
convex. Porosity is assumed to be microporosity in clays . Gardner method not
used on this sample. One small fracture obaserved was filled with calcite.

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Other

Voids w/o Clay

Clay Minerals

Mixed Layer
(By XRD)

I

	

COMMENTS

39 Mostly monocrystalline ; few polycrystalline

2 Microcline and perthite

5 Fairly fresh to extremely altered or replaced

5 Usually deformed

7 Mudstones, volcanics and plutonic

2

9 Some twinned ; commonly replaces feldspars

8 Some twinned ; many random rhombs

tr Scattered flakes

tr Few flakes

tr Irregular masses around grain

tr Some fairly large (0 .10 mm)

tr Detrital chalcedony

tr Very few observed

21

Dom Illite/montmorillonite (illite dominant)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6487 .5 Petrologist :

	

M. L . Dixon
INTERVAL : Coastal Date :

	

April 15, 1982

Rock Type: Cale . Feldspathic Litharenite y Pore Space : Tr + Micro-
Mean Grain Size (mm) :

	

0 .10 porosity
Grain Size Range (mm) :

	

0 .02 - 0 .17 Sorting (est .) : Moderate
Angularity (est .) : A to SR

GENERAL DESCRIPTION: Very fine sand-sized ; lenses of ferruginous clay are
common and show abundant floating and point detrital grain contacts . Portion
of rock with clean matrix has long and concavo-convex contacts common . Much
of the porosity is present as micropores in clay matrix.

,COMPOSITION % COMMENTS

Quartz 39 Mostly monocrystalline; few polycrystalline

K-feldspar 1 Fresh to moderate argillic alteration

Plagioclase 3 Partial replacement by calcite .

	

Minor replacement
by limonite in ferruginous areas

Chert 5 Inclusions of dolomite rhombs

Lithics 6 Largely ferruginous claystones and carbonate clasts

Authigenic Minerals

Silica O. gr . 2 Not as common in areas rich in ferruginous clay

Calcite 4 Fine anhedra, occasionally twinned

Dolomite 8 Rhombs and interlocking anhedra; few twinned

Muscovite tr

Opaques tr

Accessory Minerals

Zircon tr

Tourmaline tr

Other 2 Carbonaceous material

Voids w/o Clay tr

Clay Minerals 29 As matrix in some areas

Chlorite tr
(Optically)

Mixed Layer Dom Illite/montmorillonite (illite dominant)
(By XRD)
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MULTI WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: 1 TX-6502 .5

	

Petrologist : M. O. Eatough

INTEP.VAL : Coastal

	

Date : April 13, 1982

Rock Type: Cale . Sublithic Arenite

	

Z Pore Space: 14

Mean Grain Size (mm) : 0 .08

	

Sorting (est .) : Moderate

Grain Size Range (mm) : 0 .02 - 0 .15

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Very fine sand with concavo-convex and sutured grain

boundaries; pore space is partially to totally filled with clay and carbonate.
Subparallel stringers of carbonaceous material along bedding(?) . Porosity is
dominated in clay patches and to a lesser degree pore throats are small open pores.

%

	

COMMENTS

43 Mostly monocrystalline; few polycrystalline

2 Microcline

3 Fresh to totally altered

4 Generally squashed

3 Mostly sedimentary (claystone) few metamorphic

3

12 Commonly twinned

10 Many individual rhombs ; commonly twinned

tr

tr

tr

tr

tr May be broken out of altered feldspars

tr

tr

3 Carbonaceous material ; subparallel stringers

tr

2

12

1 Not included in pore space with clays

tr

Dom Illite/montmorillonite (illite dominant)
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COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

. Epidote

Tourmaline

Hornblende

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer
(By XRD)



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6507 .3

	

Petrologist : M. O. Eatough
INTERVAL : Coastal

	

Date : April 15, 1982

Rock Type . Cale . Feldspathic Litharenite

	

% Pore Space : 4
Mean Grain Size (mm) : 0 .09

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0.03 to 0.20

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Very similar mineralogically and texturally to earlier samples
(Na-6433 .5, etc .) . Gardner method was not used on this sample.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

37

K-feldspar

	

1

Plagioclase

	

5

Chert

	

6

Lithics

	

5

Authigenic Minerals

Silica O. gr .

	

4

Calcite

	

16 Few twinned

Dolomite

	

9 Mostly twinned

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

	

tr

Zircon

	

tr

Epidote

	

tr

Tourmaline

	

tr

Other

	

tr

Unknown

	

tr

Voids w/o Clay

	

4

Voids w/Clay

	

tr

Clay Minerals

	

13 Not included in pore space

Chlorite

	

tr
(Optically)

Mixed Layer

	

Dom Montmorillonite/illite (illite dominant)

(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6508 .3
INTERVAL : Coastal

Rock Type : Calc . Feldspathic Litharenite
Mean Grain Size (mm) : 0 .10
Grain Size Range (mm) : 0 .03 - 0 .20

Petrologist : M. L . Dixon
Date: April 15, 1982

Z Pore Space : 7
Sorting (est .) : Moderately
Angularity (est .) : A to SR

GENERAL DESCRIPTION : Very fine sand-sized; concavo-convex grain contacts predominate

with lesser sutured contacts ; clay occurs in patches which could represent broken-

down rock fragments . Very similar to previous sample . Porosity dominated by open

pores . Gardner method not used on this sample.

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Opaques

Accessory Minerals

Tourmaline

Zircon

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

%

	

COMM

44

2

5

7

6 Clay and carbonate clasts . Broken down in place

tr

tr

7

tr

11 Not included in pore space

tr Authigenic patches

Dom Should be similar to MWX-6507 .3
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6514 .7

	

Petrologist : M. O . Eatough
INTERVAL : Coastal

	

Date : April 15, 1982

Rock Type : Caic . Feldspathic Litharenite

	

% Pore Space : 8
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .05 to 0 .24

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Mineralogically and texturally similar to previous samples.
A very small amount of a zeolite could be present in some pores . Pososity is
dominated by clays over open pores and pore throats.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

41

K-f eldsar

	

2

Plagioclase

	

4

Chert

	

5

Lithics

	

8

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Apatite

Other

Unknown

Voids w/o Clay

Voids w/Clay

	

5

Clay Minerals

	

7 Not included in pore space

Mixed Layer

	

Dom Should be similar to previous samples

4

10 Some twinned

9 Commonly twinned

tr

tr

1

tr

tr

tr

tr Could possibly be zeolite in pore spaces

3 Some partially filled with carbonate, and quartz over-
growths
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MULTI WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6517 .5

	

Petrologist : M. L. Dixon

INTERVAL : Coastal

	

Date : April 15, 1982

Rock Type : Cale . Feldspathic Litharenite

	

% Pore Space : 5

Mean Grain Size (mm) : 0.09

	

Sorting (est .) : Moderate

Grain Size Range (mm) : 0 .02 - 0 .17

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Very fine sand-sized ; concavo-convex grain contacts common,

lesser sutured . Possible carbonaceous stringers present . Fairly clean matrix

Very similar to previous samples . Could possibly have a trace of zeolite in pore

space . Porosity dominated by open pores . Gardner method not used on this sample.

COMPOSITION x COMMENTS ,

Quartz 41 Some rutilated grains

K-feldspar 1

Plagioclase 6

Chert 7

Lithics 7 Claystone and carbonate clasts

Authigenic Minerals

Silica O . gr . 3

Calcite 7 Twinned

Dolomite 10 Twinned

Muscovite tr

Biotite tr Bleached contorted books

Opaques tr

Accessory Minerals

Tourmaline tr

Zircon tr

Other tr Carbonaceous(?) material, long stringers

Voids w/o Clay 5

Voids w/Clay tr

Clay Minerals 12 Not included in pore space

Mixed Layer Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6522 .5

	

Petrologist : M. O . Eatough
INTERVAL :

	

Coastal

	

Date : April 15, 1982

Rock Type : Cale . Feldspathic Litharenite

	

% Pore Space : 6
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .03 - 0.19

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Very fine sand with concavo-convex and sutured grain boundaries.
Porosity dominated by intergranular pore space, some of which is partially filled
with clay .

	

Gardner method not used on this sample.

COMPOSITION, % COMMENTS

Quartz 46 Mostly monocrystalline; few polycrystalline

K-felsdpar 2 Microcline

Plagioclase 5 Fresh to extensively altered

Chert 5 Many squashed grains

Lithics 9 Mostly sedimentary (claystones) few volcanics

Authigenic Minerals

Silica O . gr . 4 Not easily distinguished from detrital quartz

Calcite 7 Mostly twinned

Dolomite 6 Mostly twinned

Muscovite tr

Biotite tr

Opaques tr

Accessory Minerals tr

Zircon tr

Epidote tr May be derived from altered feldspars

Unknown tr

Voids w/o Clay 6 Some partially filled with clay

Voids w/Clay tr Totally filled

Clay Minerals 7

Chlorite tr
(Optically)

Mixed Layer Dom Illite/montmorillonite (illite dominant)

(By %RD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6540 .5

	

Petrologist :

	

. L . Dixon
INTERVAL : Coastal

	

Date
: April 16, 1982

Rock Type : Calcareous Sublitharenite

	

% Pore Sapce : 6

Mean Grain Size (mm) : 0 .15

	

Sorting (est .)
; Well Sorted

Grain Size Range (mm) : 0 .05 - 0.21

	

Angularity (est .) . A to SR

GENERAL DESCRIPTION: Fine sand-sized ; concavo-convex and sutured grain contacts;
quartz overgrowths are very abundant and not always easily disti

nguished from
detrital quartz grains. Porosity is domianted by open pores . Gardner method
not used on this sample.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

44 Some rutilated grains

K-feldspar

	

1

Plagioclase

	

4 Bent twinning lamellae

Chert

	

3

Lithics

	

6 Clay and carbonate clasts . Squashed and broken-down
Authigenic Minerals

Silica O . gr .

	

8

Calcite

	

5 Twinned . Fine granular calcite coskonly surrounds
dolomite rhombs.

Dolomite

	

10 Twinned

Muscovite

	

tr

Biotite

	

tr Bleached and limonitized

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Tourmaline

	

tr

Apatite

	

tr

Other

	

tr Detrital chalcedony

Other

	

tr Limonite and thin stringers of carbonaceous material
Voids w/o clay

	

6

Voids w/Clay

	

tr

Clay Minerals

	

12

Mixed Layer

	

Dom Illite/montmorillonite (illite dominant)
(By XRD)
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1

MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MJX-6541 .3

	

Petrologist : M. O. Eatough
INTERVAL : Coastal

	

Date : April 16, 1982

Rock Type: Calc . Feldspathic Litharenite

	

% Pore Space : 3
Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .05 - 0 .25

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : Very similar to previous sample . Porosity dominated by open
pores . Gardner method not used on this sample.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

43

K-feldspar

	

1

Plagioclase

	

8

Chert

	

8

Lithics

	

8

Authigenic Minerals

Silica O . gr .

	

4

Calcite

	

7 Commonly twinned

Dolomite

	

6 Commonly twinned

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

	

tr

Zircon

	

tr

Tourmaline

	

tr

Other

	

tr

Unknown

	

tr

Voids w/o Clay

	

3

Voids w/Clay

	

tr

Clay Minerals

	

12 Not included in pore space

Mixed Layer

	

Dom Should be similar to previous samples

r
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MULTI WELL PETROGRAPHIC ANANYSIS
SAMPLE NO :

	

MWX-6544 .4
INTERVAL :

	

Coastal

Petrologist :

	

M. O . Eatough
Date :

	

April 16, 1982

Rock Type :

	

Cale . Feldspathic Litharenite % Pore Space : 3 (microporosity
Mean Grain Size (m) :

	

0 .13
Grain Size Range (mm) :

	

0 .04 - 0 .19 Sorting (est .) :
in clay)
Well Sorted

Angularity (est .) :

	

A to SR

GENERAL, DESCRIPTION : Fine sand-sized; concavo-convex and sutured grain contacts.Similar to MWX-6540 .5 . Porosity is dominated by open pore space . Gardner method
not used on this sample.

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

46

1

5 Bent twinning lamellae

7

5 Carbonate and clay clasts . Possible altered volcanic

rock fragments

% COMMENTS ,

Authigenic Minerals

Silica O . gr .

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Tourmaline

Apatite

Voids w/o Clay

Voids w/Clay

Clay Minerals

Mixed Layer

7

5 Twinned

7 Twinned . Some are bent

tr

tr Bleached and limonitized

tr

tr

tr

tr

3

tr

13 Not included in pore space

Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6546 .3
INTERVAL: Coastal

Rock Type : Calc . Feldspathic Litharenite
Mean Grain Size (mm) : 0.11
Grain Size Range (mm) : 0 .04 - 0 .25

Petrologist : M. O . Eatough
Date : April 16, 1982

Z Pore Space : 2
Sorting (est .) : Well
Angularity (est .) : A to SR

GENERAL DESCRIPTION : Very similar to previous samples . Porosity is dominated by
open pore space . Gardner method not used on this sample.

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O. gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Epidote

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

COMMENTS

36

1

5

6

6

9

10 Commonly twinned

11 Commonly twinned

tr

tr

tr

tr

tr

2

tr

14 Not included in pore space

tr

Dom Should be similar to previous samples
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MULTI WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6548 :8
INTERVAL: Coastal

Rock Type: Calc . Feldspathic Litharenite
Mean Grain Size (mm) : 0 .15
Grain Size Range (mm) : 0.05 - 0.30

Petrologist : M . O. Eatough
Date: April 16, 1982

Pore Space : 5
Sorting (est .) : Well
Angularity (est .) : A to SR

GENERAL DESCRIPTION: Very similar to previous samples . Pore space is dominated
by open pores . Gardner method not used in this sample.

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Other

Unknown

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer

%

	

COMMENTS

37

2

4

8

15

4

4 Commonly twinned

6 Commonly twinned

tr

tr

tr

tr

tr

tr

.5

tr

14 Not included in pore space

tr

Dom Should be similar to previous samples
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MULTI-WELL PETROGRAPHIC ANALYSIS

Petrologist : M. O . Eatough
Date : April 19, 1982

Rock Type : Calcareous Litharenite

	

% Pore Space: Trace
Mean Grain Size (mm) : 0 .12

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .05 - 0 .38

	

Angularity (est .) : A to SR

.GENERAL DESCRIPTION: Mineralogically and texturally similar to previous samples
with the addition of chalcedony, organic debri, and irregular lenses of clay mixed
with carbonate. Distinct lack of pore space . The few pores observed are filled
with clay . Gardner method not used in this sample.

SAMPLE NO : MWX-6551 .5
INTERVAL : Coastal

COMPOSITION

Quartz

K-feldspar

Plagioclase

Chert

Lithics

Authigenic Minerals

Silica O . gr.

Calcite

Dolomite

Chalcedony(?)

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Epidote(?)

Other

Voids w/o Clay

Voids w/Clay

Clay Minerals

Chlorite
(Optically)

Mixed Layer
(By XRD)

%

	

COMMENTS

52

1

4

5

12 Sedimentary, volcanic and plutonic

2

6 Commonly twinned

9 Commonly twinned

tr Radiating from quartz grain

tr

tr

tr

tr

tr

tr Organics

tr

tr ..

7

tr

Dom Illite/montmorillonite (illite dominant)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6574 .1

	

Petrologist : M . 0, Eatough

INTERVAL : Coastal

	

Date : April 19, 1982

Rock Type: Mudstone

	

% Pore Space : Microporosity

GENERAL DESCRIPTION: Mudstone with scattered silt-sized clastics and siltstone
lenses . Carbonate is mixed throughout the clay and is very fine-grained ; thin

stringers of organics and limonitic material ; some sedimentary deformation

around silty lenses . Poor impregnation of microporous clays . Gardner method not

used on this sample.

COMPOSITION

	

%

	

COMMENTS

Clay Miierals
Raolinite

	

Minor
(By %RD)

Montmorillonite

	

tr
(By XRD)

Mixed Layer

	

Dom Illite/montmorillonite (illite dominant)
(By XRD)

62 .



4

MULTI-WELL PETROGRAPHIC ANALYSIS

;AMPLE NO : $JX-6582 .5

	

Petrologist : M. O. Eatough
INTERVAL : Coastal

	

Date . April 19, 1982

Rock Type : Calcareous Subarkose

	

% Pore Space : 5
Mean Grain Size (mm) : 0 .07

	

Sorting (est .) : Very Well
Grain Size Range (mm) : 0 .03 - 0 .15

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION: Mineralogically and texturally similar to earlier samples
(i.e ., 6431 .5) . Kaolinite and montmorillonite content showed distinct increase.
Porosity is dominated by clay-filled voids and pore throats.

COMPOSITION

	

%

	

COMMENTS

Quartz

	

48

IC-feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

2

Authigenic Minerals

Silica O . gr.

	

4

Calcite

	

17 Commonly twinned

Dolomite

	

11 Commonly twinned

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr Framboidal pyrite in altered grains

Accessory Minerals

Zircon

	

tr

Tourmaline

	

tr

Apatite

	

tr

Unknown

	

tr

Voids w/o Clay

	

tr Very few in the thin section

Voids w/Clay

	

5

Clay Minerals

	

3

Raolinite

	

Moderate
(By XRD)

Chlorite

	

tr
(By XRD)

Montmorillonite Minor
(By XRD)

Mixed Layer

	

Dom Illite/montmorillonite (illite dominant

(By XRD)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6425 .8

	

Petrologist : M. J . Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 6, 1983

Rock Type : Feldspathic

	

Litharenite

	

% Pore Space : 13

Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Well

Grain Size Range (a) : 0 .04 to 0.27

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

35

K-Feldspar

	

tr

Plagioclase

	

6

Chert

	

4

Lithics

	

8

Authigenic Minerals

Silica O . gr.

	

5

Calcite

	

10

Dolomite

	

4

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

1

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

12

Clay Minerals

	

13

Mite (X ray)

	

D

	

With illite/montmorillonite

14



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6427 .8

	

Petrologist : M . J . Eatough
INTERVAL : Coastal (MWX-2)

	

Date: January 6, 1983

	

Rock Type: Litharenite

	

% Pore Space: 4
Mean Grain Size (mm) : 0 .16

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .04 to 0 .33

	

Angularity (est .) : A to SR

GENERAL DESCRIPTION : The sample is either a contact between a sandstone and
shale or contains a large mudstone (shale) clast.

COMPOSITION

	

Z

	

COMMENTS

Quartz

	

38

K-Feldspar

	

tr

Plagioclase

	

4

Chert

	

2

Lithics

	

10

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

9

Dolomite

	

7

Siderite

	

1

Muscovite

	

1

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

4

Clay Minerals

	

21

Illite (X-ray)

	

D

	

With illite/montmorillonite

Chlorite

	

tr
(Optically)

15



MULTI-WELL PETROGRAPHIC ANALYSIS

Rock Type: Calcareous Litharenite
Mean Grai Size (mm) : 0 .13
Grain Size Range (mm) : 0 .04 to 0 .33

SAMPLE NO: MWX 6429 .2
INTERVAL : Coastal (MWX-2)

Petrologist: M. O . Eatough
Date : January 10, 1983

GENERAL DESCRIPTION :

% Pore Space: 2
Sorting (est.) : Moderate to Well
Angularity (est .) : A to SR

Detritus is supported by patchy sparitic cement . Carbonates
extensively replaces detrital grains . All pore space is secondary.

COMPOSITION

	

Z
Quartz

	

43

K-Feldspar

	

tr

Plagioclase

	

5

Chert

	

4

Lithics

	

12

Authigenic Minerals

Silica O . gr .

	

1

Calcite

	

25

Dolomite

	

6

Siderite

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

2

Clay Minerals

	

2

Illite (X-ray)

	

D

COMMENTS.

With illite/montmorillonite

16



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6432 .5

	

Petrologist :

	

M. O . Eatough
INTERVAL :

	

Coastal MWX-2

	

Date :

	

January 10, 1983

Rock Type :

	

Calcareous Litharenite

	

% Pore Space:

	

9
Mean Grain Size (mm) : 0 .14

	

Sorting (est.) :

	

Well
Grain Size Range (mm) : 0 .04 to 0 .24

	

Angularity (est .) :

	

A to SR

COMPOSITION 2 COMMENTS

Quartz 38

R-Feldspar 1

Plagioclase 7

Chert 4

Lithics 17

Authigenic Minerals

Silica O . gr . 3

Calcite 15

Dolomite 4

Siderite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Voids w/o Clay

Voids w/Clay

tr

tr

tr

tr

tr

tr

9

Clay Minerals 2

Illite D With illite/montmorillonite
(Assumed)



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6434 .5

	

Petrologist : M. O . Eatough

INTERVAL : Coastal (MWX-2)

	

Date: January 10, 1983

Rock Type : Sublitharenite

	

% Pore Space: 12

Mean Grain Size (mm) : 0 .13

	

Sorting (est.) : Well

Grain Size Range (mm) : 0 .04 to 0 .30

	

Angularity (est .) : A to SR

COMPOSITION

	

E

	

COMMENTS

Quartz

	

58

K-Feldspar

	

tr

Plag''clase

	

5

Cheri

	

3

Lithics

	

6

Authigenic Minerals

Silica O. gr .

	

3

Calcite

	

3

Dolomite

	

7

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

11

Clay Minerals

	

3

Illite

	

D

	

With illite/montmotillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANY`' .YSIS

SAMPLE NO : MWX-6436 .5

	

Petrologist : M . O . Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 10, 1983

	

Rock Type : Litharenite

	

% Pore Space : 10

Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Well

Grain Size Range (mm) : 0 .04 to 0 .33

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

51

K-Feldspar

	

tr

Plagioclase

	

6

Chert

	

2

Lithics

	

16

Authigenic Minerals

Silica O. gr .

	

2

Calcite

	

7

Dolomite

	

3

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

10

Clay Minerals

	

2

Illite

	

D

	

With illite/montmorillonite

(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6437 .5
INTERVAL: Coastal (MWX-2)

Petrologist : M . O . Eatough
Date : January 10, 1983

% Pore Space: 10
Sorting (est .) : Moderate
Angularity (est .) : A to SR

COMMENTS

Rock Type: Feldspathic Litharenite
Mean Grain Size (mm) : 0 .13
Grain Size Range (mm) : 0.04 to 0 .36

COMPOSITION

	

R

Quartz

	

52

K-Feldspar

	

tr

Plagioclase

	

9

Chert

	

4

Lithics

	

14

Authigenic Minerals

Silica O . gr .

	

3

Calcite

	

3

Dolomite

	

2

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

9

Clay Minerals

	

2

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6438 .5

	

Petrologist : M . O . Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 10, 1983

Rock Type: Sublitharenite

	

% Pore Space : 11

Mean Grain Size (n) : 0 .15

	

Sorting (est .) : Moderate to Well

Grain Size Range (mm) : 0 .04 to 0 .33

	

Angularity (est .) : A to SR

COMPOSITION

	

2

	

COMMENTS

Quartz

	

56

R-Feldspar

	

tr

Plagioclase

	

4

Chert

	

3

Lithics

	

11

Authigenic Minerals

Silica O . gr.

	

3

Calcite

	

7

	

Some is poikilotopic

Dolomite

	

3

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

10

Clay Minerals

	

2

Illite

	

D

	

With illite/montmorillonite

(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6439 .5
INTERVAL : Coastal (MWX--2)

Petrologist : M . O. Eatough
Date : January 10, 1923

Rock Type : Calcareous Litharenite

	

% Pore Space : 8
Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Moderate to Well
Grain Size Range (mm) : 0 .04 to 0 .30

	

Angularity (est .) : A to R

COMPOSITION

	

COMMENTS

Quartz

	

49

IC-Feldspar

	

tr

Plagioclase

	

3

Chert

	

4

Lithics

	

14

Authigenic Minerals

Silica O . gr . .

	

3

Calcite

	

14

Dolomite

	

3

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Epidote

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

7

Clay Minerals

	

2

IllIte

	

D

	

With illite/montmorillonite
(Assumed)



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6440 .5 Petrologist :

	

M. O . Eatough
INTERVAL :

	

Coastal (MWX-2) Date :

	

January 10, 1983

Rock Type :

	

Sublitharenite % Pore Space :

	

13
Mean Grain Size (mm) :

	

0 .18 Sorting (est .) :

	

Moderate
Grain Size Range (mm) :

	

0 .04 to 0.45 Angularity (est .) :

	

A to SR

COMPOSITION % COMMENTS

Quartz 59

K-Feldspar

Plagioclase

tr

4

Chert 3

Lithics 13

Authigenic Minerals

Silica O . gr . 2

Calcite 3

Dolomite 2

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

tr

tr

tr

tr

Voids w/o Clay

	

" 1

Voids w/Clay 12

Clay Minerals 1

Mite (Y ray) D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6443 .5

	

Petrologist : M. O . Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 10, 1983

Rock Type : Feldspathic

	

Litharenite

	

% Pore Space: 11

Mean Grain Size (mm) : 0 .08

	

Sorting (est .) : Well

Grain Size Range (mm) : 0 .02 to 0.12

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

CONSENTS

Quartz

	

42

K-Feldspar

	

tr

Plagioclase

	

5

Chart

	

1

Lithics

	

7

Authigenic Minerals

Silica O . gr .

	

1

Calcite

	

6

Dolomite

	

5

Siderite

	

6

	

In stringers

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Unknown

	

2

	

Organic-rich clay? ; ferruginous clay? in stringers

Voids w/o Clay

	

tr

Voids w/Clay

	

11

Clay Minerals

	

14

Illite (R-ray)

	

D

	

With illite/montmorillonite



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6444 .5
INTERVAL :

	

Coastal (MX--2)

Rock Type :

	

Litharenite

Petrologist :

	

M. O . Eatough
Date:

	

January 10, 1983

Z Pore Space :

	

8
Mean Grain Size (mm) : 0 .17 Sorting (est .) :

	

Moderate
Grain Size Range (mm) : 0 .04 to 0 .42 Angularity (est .) :

	

A to SR

COMPOSITION COMMENTS

Quartz 48

K-Feldspar 1

Plagioclase 8

Chert 5

Lithics 16

Authigenic Minerals

Sili~.a O . gr . 3

Calcite 4

Dolomite 2

(

r

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

tr

tr

tr

tr

Voids w/o Clay

	

1

Voids w/Clay

	

7

Clay Minerals

	

5

Illite (X-ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWR-6446 .5

	

Petrologist : M. O . Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 10, 1983

Rock Type : Sublitharenite

	

% Pore Space : 6
Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .04 to 0 .30

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

59

R-Feldspar

	

tr

Plagioclase

	

6

Chert

	

2

Lithics

	

11

Authigenic Minerals

Silica O . gr.

	

2

Calcite

	

8

Dolomite

	

3

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

c°essory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

6

Clay Minerals

	

2

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6449 .5

	

Petrologist : M. O . Eatough
INTERVAL : Coastal (MWX-2)

	

Date : January 11, 1983

	

Rock Type: Litharenite

	

% Pore Space : 12
Mean Grain Size (mm) : 0 .17

	

Sorting (est .) : Moderate to Well
Grain Size Range (mm) : 0 .04 to 0 .30

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

44

K-Feldspar

	

1

Plagioclase

	

7

Chert

	

4

Lithics

	

19

Authigenic Minerals

Silica O. gr .

	

3

Calcite

	

3

Dolomite

	

1

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

11

Clay Minerals

	

6

Illite

	

D

	

With illite/montmorillonite
(Assumed)



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6450 .5 Petrologist :

	

M. O . Eatough
INTERVAL :

	

Coastal (MWX-2) Date:

	

January 11, 1983

Rock Type :

	

Litharenite % Pore Space :

	

14
Mean Grain Size (mm) :

	

0 .16 Sorting (est .) :

	

Moderate
Grain Size Range (mm) :

	

0 .04 to 0 .33 Angularity (est .) :

	

A to SR

COMPOSITION A.. COMMENTS

Quartz 45

K-Feldspar

Plagioclase

tr

7

Chert 3

Lithics 19

Authigenic Minerals

Silica O . gr. 4

Calcite 3

Dolomite 1

Siderite 1

Muscovite

Biotite

Opaqueg

Accessory Minerals

Zircon

tr

tr

tr

tr

Voids w/o Clay 1

Voids w/Clay 13

Clay Minerals 3

Illite
(Assumed)

D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6452 .5

	

Petrologist : M . O . Eatough
INTERVAL : Coastal (MO-2)

	

Date : January 11, 1983

Rock Type : Litharenite

	

% Pore Space : 3
Mean Grain Size (mm) : 0 .18

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .04 to 0.42

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz 36

K-Feldspar 1

Plagioclase 4

Chert 8

Lithics 20

Authigenic Minerals

Silica O . gr.

Calcite

tr

17

Dolomite 5

Siderite

Muscovite

tr

1

Biotite

Opaques

Accessory Minerals

Zircon

Voids w/o Clay

Voids w/Clay

tr

tr

tr

tr

3

^lay Minerals 5

Illite D With illite/montmorillonite
(Assumed)



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6455 .5

	

Petrologist : M. O . Eatough
INTERVAL: Coastal (MWX-2)

	

Date: January 11, 1983

	

Rock Type: Litharenite

	

% Pore Space : 8
Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .04 to 0.36

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

51

K.-Feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

17

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

5

Dolomite

	

4

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opacities

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

8

Clay Minerals

	

4

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6457 .5

	

Petrologist : M . O . Eatough
INTERVAL : Coastal (MWX-2)

	

Date : January 11, 1983

	

Rock Type: Litharenite

	

% Pore Space : 9
Mean Grain Size (mm) : 0.16

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0.04 to 0 .36

	

Angularity (est .) : A to SR

COMPOSITION

	

X

	

COMMENTS

Quartz

	

46

K-Feldspar

	

tr

Plagioclase

	

5

Chert

	

5

Lithics

	

19

Authigenic Minerals

Silica O. gr .

	

2

Calcite

	

6

Dolomite

	

2

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

8

Clay Minerals

	

6

Illite

	

D

	

With illite/montmorillonite

(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6459 .5

	

Petrologist : M . O. Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 11, 1983

Rock Type : Litharenite

	

% Pore Space : 7

Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Moderate to Well

Grain Size Range (mm) : 0 .04 to 0.30

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

54

K-Feldspar

	

tr

Plagioclase

	

4

Chert

	

3

Lithics

	

18

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

6

Dolomite

	

2

Muscovite

	

tr

Biotite

	

tr

Opacities

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

6

Clay Minerals

	

4

Illite (X-ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6467 .5

	

Petrologist : M . O . Eatough
INTERVAL: Coastal (MWX-2)

	

Date : January 11, 198'

	

Rock Type: Litharenite

	

% Pore Space : 10
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well
Grain Size Range (nm) : 0 .02 to 0 .18

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

46

R-Feldspar

	

tr

Plagioclase

	

4

Chert

	

3

Lithics

	

8

Authigenic Minerals

Silica O . gr .

	

7

Calcite

	

11

Dolomite

	

7

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Tourmaline

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

10

Clay Minerals

	

3

Illite (X-ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6472 .0

	

Petrologist : M. O. Eatough

INTERVAL: Coastal MX--2)

	

Date : January 11, 1983

	

Rock Type : Litharenite

	

Z Pore Space : 4
Mean Grain Size (mm) : 0.09

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .02 to 0 .18

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

52

K-Feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

14

Authigenic Minerals

Silica O . gr .

	

3

Calcite

	

4

Dolomite

	

7

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

4

Clay Minerals

	

8

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MW-6474 .0

	

Petrologist : M. O . Eatough
INTERVAL : Coastal (MWR--2)

	

Date: January 11, 1983

	

Rock Type: Litharenite

	

7. Pore Space : 7
Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Moderate to Well
Grain Size Range (mm) : 0 .04 to 0 .33

	

Angularity (est .) : A to SR

COMPOSITION

	

7

	

COMMENTS

Quartz

	

52

K-Feldspar

	

tr

Plagioclase

	

3

Chert

	

4

Lithics

	

18

Authigenic Minerals

Silica O . gr .

	

5

Calcite

	

4

Dolomite

	

4

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

7

Clay Minerals

	

3

Illite (X-ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6476 .0

	

Petrologist : M. O . Eatough

INTERVAL: Coastal (MWX--2)

	

Date: January 11, 1983

Rock Type : Sandy Siltstone

	

% Pore Space : tr
Mean Grain Size (mm) : Silt (<0 .06)

	

Sorting (est .) : Very Well

Grain Size Range (mm) : Clay to 0.12

	

Angularity (est .) : A to R

GENERAL DESCRIPTION : Detrital mineralogy is very similar to other samples;
dolomite is dominant over calcite ; some siderite along bedding planes . Only
clay minerals identified are illite and mixed layer illite/montmorillonite.

.COMPOSITION

	

7,

	

COMMENTS

Clay Minerals

Illite (X-ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6485 .5

	

Petrologist : M. O. Eatough
INTERVAL: Coastal (MWR--2)

	

Date: January 11, 1983

Rock Type : Litharenite

	

% Pore Space : 11
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .03 to 0 .33

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS ,

Quartz

	

46

R-Feldspar

	

tr

Plagioclase

	

8

Chert

	

5

Lithics

	

13

Authigenic Minerals

Silica O . gr .

	

1

Calcite

Dolomite

Siderite

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

U.

Clay Minerals

	

8

Illite (%ray)

	

D

	

With illite/montmorillonite.

2

6

tr

tr



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6488 .0 Petrologist :

	

M. O . Eatough

INTERVAL :

	

Coastal (MWX-2) Date :

	

January 11, 1983

Rock Type :

	

Litharenite % Pore Space :

	

2

Mean Grain Size (min) : 0 .13 Sorting (est .) :

	

Poor to Moderate

Grain Size Range (mm) : 0 .03 to 0 .36 Angularity (est .)

	

A to SR

COMPOSITION % COMMENTS

Quartz 51

K-Feldspar

Plagioclase

tr

4

Chert 5

Lithics 15

Authigenic Minerals

Silica O . gr . 1

Calcite 1

Dolomite 4

Siderite

Muscovite

Biotite

Opacities

Accessory Minerals

Zircon

tr

tr

tr

tr

tr

Voids w/Clay 2

Clay Minerals 17

Illite
(Assumed)

D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6491.5

	

Petrologist : M. O . Eatough
INTERVAL: Coastal (MWX--2)

	

Date : January 11, 1983

	

Rock Type : Litharenite

	

% Pore Space : 5
Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Poor to Moderate
Grain Size Range (mm) : 0 .03 to 0.36

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

51

R-Feldspar

	

tr

Plagioclase

	

3

Chert

	

7

Lithics

	

17

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

1

Dolomite

	

10

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opacities

	

tr

Accessory Miner^ls

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

5

Clay Minerals

	

3

Illita

	

D

	

With illite/montmorillonite

(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MR-6500 .9

	

Petrologist : M . O . Eatough

INTERVAL : Coastal (MWX-2)

	

Date : January 11, 1983

	

Rock Type: Litharenite

	

% Pore Space : 18
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .03 to 0 .30

	

Angularity (est .) A to SR

COMPOSITION

	

X

	

COMMENTS

Quartz

	

38

R-Feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

14

Authigenic Minerals

Silica O. gr .

	

1

Calcite

	

8

Dolomite

	

10

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

•tr

Accessory Minerals

Zircon

Voids w/o Clay

Voids w/Clay

Clay Minerals

Illite (Y ray)

	

D

	

With illite/montmorillonite

tr

tr

18

3
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6504 .4

	

Petrologist : M . O. Eatough
INTERVAL: Coastal (:'1WX-2)

	

Date : January 11, 1983

	

Rock Type: Litharenite

	

% Pore Space : 17
Mean Grain Size (mm) : 0.09

	

Sorting (est .) : Moderate to Well
Grain Size Range (mm) : 0 .03 to 0 .21

	

Angularity (est .) : A to SR

COMPOSITION

	

7.

	

COMMENTS

Quartz

	

44

K-Feldspar

	

tr

Plagioclase

	

4

Chert

	

3

Lithics

	

16

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

3

Dolomite

	

8

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

17

Clay Minerals

	

3

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6508 .3

	

Petrologist: M. O . Eatough
INTERVAL: Coastal (MWX--2)

	

Date : January 11, 1983

Rock Type : Litharenite

	

% Pore Space: 7
Mean Grain Size (mm) : 0.12

	

Sorting (est .) : Well
Grain Size Range (mm) : 0.03 to 0 .18

	

Angularity (est .) : A to SR

COMPOSITION

Quartz

	

46

K-Feldspar

	

tr

Plagioclase

	

8

Chert

	

4

Lithics

	

13

Authigenic Minerals

Silica O . gr .

	

5

Calcite

	

4

Dolomite

	

7

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

Voids w/o Clay

Voids w/Clay

Clay Minerals

Illite
(Assumed)

COMMENTS

With illite/montmorillonite

tr

1

6

6
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6509 .4

	

Petrologist : M. O . Eatough
INTERVAL: Coastal (MWX-2)

	

Date : January 11, 1983

	

Rock Type : Litharenite

	

% Pore Space : 10
Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .03 to 0 .18

	

Angularity (est .) : A to SR

	

COMPOSITION Z

	

COMMENTS

Quartz

	

46

K-Feldspar

	

tr

Plagioclase

	

4

Chert

	

1

Lithics

	

13

Silica O . gr .

	

4

Calcite

	

2

Dolomite

	

10

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Unknown

	

tr

	

High relief low birefringence

Voids w/o Clay

	

tr

Voids w/Clay

	

10

Clay Minerals

	

9

Kaolinite

	

tr
(Optically)

Mite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6511 .1
INTERVAL: Coastal (MX-2)

Petrologist : M. O . Eatough
Date : January 11, 1983

	

Rock Type : Litharenite

	

Z Pore Space : 6

Mean Grain Size (mm) : 0 .11

	

Sorting (est .) : Well

Grain Size Range (mm) : 0 .03 to 0.30

	

Angularity (est .) : A to SR

COMPOSITION

	

9.

	

COMMENTS

Quartz

	

47

K-Feldspar

	

tr

Plagioclase

	

7

Chert

	

4

Lithics

	

16

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

4

Dolomite

	

9

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Unknown

	

tr

	

High relief low birefringence

Voids w/o Clay

	

tr

Voids w/Clay

	

6

Clay Minerals

	

5

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6512 .9

	

Petrologist : M . O . Eatough
INTERVAL : Coastal (Mid :--2)

	

Date : January 11, 1983

	

Rock Type: Litharenite

	

% Pore Space : 5
Mean Grain Size (mm) : 0 .11

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .03 to 0 .18

	

Angularity (est .) : A to SR

!COMPOSITION

	

%

	

COMMENTS

Quartz

	

52

R-Feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

13

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

6

Dolomite

	

7

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

5

Clay Minerals

	

7

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO:

	

MWX-6515 .1
INTERVAL :

	

Coastal (MWX--2)

Rock Type :

	

Litharenite

Petrologist :

	

M . O. Eatough
Date :

	

January 11, 1983

Z Pore Space:

	

6
Sorting (est .) :

	

Well
Angularity (est .) :

	

A to SR
Mean Grain Size (mm) :

	

0 .10
Grain Size Range (mm) :

	

0.03 to 0 .21

GENERAL DESCRIPTION:

COMPOSITION

Thin tedding

COINTS

Quartz 42

K-Feldspar

Plagioclase

tr

5

Chert 3

Lithics 16

Authigenic Minerals

Silica O . gr. 1

Calcite 4

Dolomite 9

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Unknown

tr

tr

tr

tr

3 Ferruginous clay/with organics? along bedding planes

Voids w/o Clay

Voids w/Clay

tr

6

Clay Minerals 10

Illite (X-ray) D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

INTERVAL: Coastal (MWX-2)

Rock Type: Litharenite
Mean Grain Size (mm) : 0 .12
Grain Size Range (mm) : 0 .03

COMPOSITION

	

Z

Quartz

	

45

K-Feldspar

	

tr

Plagioclase

	

5

Chert

	

1

Lithics

	

24

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

5

Dolomite

	

5

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Other

	

tr

	

Carbonaceous material

Voids w/o Clay

	

tr

Voids w/Clay

	

3

Clay Minerals

	

9

Illite

	

D

	

With illite/montmxril lonite

(Assumed)

SAMPLE NO : MWX-6517 .9

	

Petrologist : M. O . Eatough
Date : January 12, 1983

% Pore Space : 3
Sorting (est .) : Moderate to Well
Angularity (est .) : A to SR

COMMENTS

to 0 .42



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6519 .9

	

Petrologist : M . O . Eatough

INTERVAL: Coastal (MWX--2)

	

Date : January 12, 1983

	

Rock Type : Litharenite

	

2 Pore Space : 8
Mean Grain Size (mm) : 0.14

	

Sorting (est .) : Moderate

Grain Size Range (mm) : 0 .03 to 0 .45

	

Angularity (est .) : A to SR

COMPOSITION

	

7

	

COMMENTS

Quartz

	

40

R-Feldspar

	

tr

Plagioclase

	

6

Chert

	

4

Lithics

	

21

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

5

Dolomite

	

3

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Other

	

4

	

Mudstone fragments

Other

	

tr

	

Carbonaceous Material

Voids w/o Clay

	

tr

Voids w/Clay

	

8

Clay Minerals

	

7

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWY-6521 .9

	

Petrologist : M. O . Eatough
INTERVAL : Coastal (MWX-2)

	

Date : January 12, 1983

	

Rock Type : Litharenite

	

% Pore Space : 8
Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .04 to 0 .39

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

49

K-Feldspar

	

1

Plagioclase

	

7

Chart

	

5

Lithics

	

14

Authigenic Minerals

Silica O . gr .

	

2

Calcite

	

6

Dolomite

	

4

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

8

Clay Minerals

	

4

Illite

	

D

	

With illite/montmorillonite

(Assumed)

49



(

MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6524 .9

	

Petrologist : M . O . Eatough

INTERVAL: Coastal (MWX-2)

	

Date : January 12, 1983

	

Rock Type: Litharenite

	

% Pore Space : 21

Mean Grain Size (mm) : 0 .10

	

Sorting (est .) : Well

Grain Size Range (mm) : 0 .03 to 0 .18

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

37

K-Feldspar

	

1

Plagioclase

	

7

Chert

	

2

Lithics

	

14

Authigenic Minerals

Silica O. gr .

	

4

Calcite

	

6

Dolomite

	

4

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

21

Clay Minerals

	

4

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: NWR-6525 .9

	

Petrologist : M. O. Eatough
INTERVAL: Coastal (MWX-2)

	

Date : January 12, 1983

	

Rock Type: Litharenite

	

Z Pore Space : 12
Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Moderate to Poor
Grain Size Range (mm) : 0 .03 to 0 .45

	

Angularity (est .) : A to SR

COMPOSITION

	

T

	

COMMENTS

Quartz

	

46

R Feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

20

Authigenic Minerals

Silica O . gr .

	

3

Calcite

	

4

Dolomite

	

4

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

12

Clay Minerals

	

3

Illite

	

D

	

With illite/montmorillonite
(Assumed)

5'



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MX -6528 .9

	

Petrologist : M. O . Eatough
INTERVAL: Coastal (MWY-2)

	

Date : January 12, 1983

	

Rock Type : Litharenite

	

% Pore Space : 5
Mean Grain Size (mm) : 0 .11

	

Sorting (est .) : Well
Grain Size Range (mm) : 0 .03 to 0.24

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

42

K-Feldspar

	

tr

Plagioclase

	

4

Chert

	

2

Lithics

	

21

Authigenic Minerals

Silica O . gr .

	

1

Calcite

	

8

Dolomite

	

9

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Other

	

tr

	

Mudstone clasts

Voids w/o Clay

	

tr

Voids w/Clay

	

6

Clay Minerals

	

6

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6531 .9 Petrologist :

	

M. O . Eatough
INTERVAL :

	

Cogstal (MWX--2) Date :

	

January 12, 1983

Rock Type:

	

LAtharenite % Pore Space :

	

11
Mean Grain Size (mm) :

	

0 .18

	

Sorting (est .) :

	

Moderate
Grain Size Range (mm) :

	

0 .03 to 0 .45

	

Angularity (est .) :

	

A to R

COMPOSITION % CONTENTS,

Quartz 41

R-Feldspar tr

Plagioclase 4

Chert 6

Litr ics 20

Authigenic Minerals

Silica O . gr. 3

Calcite 8

Dolomite 4

Siderite tr

Muscovite tr

Biotite tr

Opaques tr

Accessory Minerals

Zircon tr

Other tr Mudstone clasts

Voids w/o Clay 1

Voids w/Clay 10

Clay Minerals 3

Illite D With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MW3-6535 .3

	

Petrologist : M. O . Eatough

INTERVAL : Coastal (MWX--2)

	

Date: January 12, 1983

	

Rock Type : Litharenite

	

Z Pore Space: 9

Mean Grain Size (mm) : 0 .14

	

Sorting (est .) : Well

Grain Size Range (mm) : 0 .03 to 0 .30

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

48

K-Feldspar

	

tr

Plagioclase

	

5

Chert

	

3

Lithics

	

23

Authigeaic Minerals

Silica O . gr .

	

1

Calcite

	

6

Dolomite

	

3

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

1

Voids w/Clay

	

8

Clay Minerals

	

1

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWR-6539 .2

	

Petrologist : M . O . Eatough
INTERVAL : Coastal (MWX-2)

	

Date : January 12, 1983

Rock Type : Calcareous Litharenite

	

2 Pore Space : 13
Mean Grain Size (mm) : 0 .16

	

Sorting (est .) : Moderate to Well
Grain Size Range (mm) : 0 .03 to 0 .33

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

36

K-Feldspar

	

tr

Plagioclase

	

5

Chert

	

7

Lithics

	

15

Authigenic Minerals

Silica O . gr .

	

1

Calcite

	

16

Dolomite

	

4

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

13

Clay Minerals

	

3

Illite

	

D

	

With illite/montmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO: MWX-6540 .7

	

Petrologist : M . O. Eatough

INTERVAL : Coastal (MWX--2)

	

Date : January 12, 1983

	

Rock Type : Litharenite

	

X Pore Space : 8

Mean Grain Size (mm) : 0 .11

	

Sorting (est .) : Moderate to Well

Grain Size Range (mm) : 0 .03 to 0.33

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

49

K-Feldspar

	

tr

Plagioclase

	

4

Chart

	

5

Lithics

	

17

Authigenic Minerals

Silica O . gr .

	

1

Calcite

	

6

Dolomite

	

6

Siderite

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

8

Clay Minerals

	

4

Illite (R ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6542 .6

	

Petrologist : M . O . Eatough
INTERVAL: Coastal (MWX-2)

	

Date : January 12, 1983

	

Rock Type : Litharenite

	

% Pore Space : 17
Mean Grain Size (mm) : 0 .13

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0 .03 to 0 .36

	

Angularity (est .) : A to SR

COMPOSITION

	

%

	

COMMENTS

Quartz

	

36

R-Feldspar

	

tr

Plagioclase

	

4

Chert

	

3

Lithics

	

21

Authigenic Minerals

Silica O. gr .

	

2

Calcite

	

8

Dolomite

	

5

Siderite

	

1

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

17

Clay Minerals

	

2

. Illite (X-ray)

	

D

	

With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6545 .8

	

Petrologist : M. O . Eatough

INTERVAL : Coastal (MW%-2)

	

Date : January 12, 1983

	

Rock Type : Litharenite

	

R Pore Space : 4
Mean Grain Size (mm) : 0.18

	

Sorting (est .) : Moderate
Grain Size Range (mm) : 0.03 to 0 .42

	

Angularity (est .) : A to SR

COMPOSITION

	

COMMENTS

Quartz

	

42

R-Feldspar

	

tr

Plagioclase

	

7

Chert

	

7

Lithics

	

25

Authigenic Minerals

Silica O . gr .

	

1

Calcite

	

5

Dolomite

	

4

Siderite

	

tr

Muscovite

	

tr

Biotite

	

tr

Opaques

	

tr

Accessory Minerals

Zircon

	

tr

Voids w/o Clay

	

tr

Voids w/Clay

	

tr

Clay Minerals

	

4

Illite

	

D

	

With illite/ctontmorillonite
(Assumed)
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWR-6547 .8
INTERVAL :

	

Coastal (MWX-2)

Rock Type :

	

Litharenite

Petrologist :

	

M. O . Eatough
Date :

	

January 12, 1983

I Pore Space :

	

9
Mean Grain Size (nm) :

	

0.16 Sorting (est .) :

	

Well
Grain Size Range Om) :

	

0 .03 to 0 .30

	

Angularity (est .) : A to SR

COMPOSITION 7 , COMMENTS

Quartz 47

R-Feldspar

Plagioclase

tr

3

Chert 5

Lithics 19

Authigenic Minerals

Silica O . gr . 1

Calcite 9

Dolomite 4

Siderite 1

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Voids w/o Clay

Voids w/Clay

tr

tr

tr

tr

tr

9

Clay Minerals 2

Illite
(Assumed)

D With illite/montmorillonite

59



MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

NWX-6549 .7
INTERVAL :

	

Coastal (MWX-2)

Rock Type :

	

Litharenite

Petrologist :

	

M . O . Eatough
Date :

	

January 12, 1983

% Pore Space :

	

2

Mean Grain Size (mm) :

	

0 .13

	

Sorting (est .) :

	

Moderate to Well

Grain Size Range (mm) :

	

0 .03 to 0.23

	

Angularity (est .) :

	

A to SR

COMPOSITION % COMMENTS

Quartz 43

K.-Feldspar

Plagioclase

tr

4

Chert 2

Lithics 23

Authigenic Minerals

Silica O. gr . 3

Calcite 7

Dolomite 6

Siderite 1

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Voids w/o :lay

Voids w/Clay

tr

tr

tr

tr

tr

2

Clay Minerals 9

Illite (.Y--ray) D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO:

	

MWX-6551.2 Petrologist : M. O. Eatough
INTERVAL :

	

Coastal (MWX-2) Date: January 12, 1983

Rock Type:

	

Litharenite X Pore Space : 13
Mean Grain Size (nu) :

	

0 .15

	

Sorting (est .) :

	

Moderate
Grain Size Range (mm) :

	

0.03 to 0 .36

	

Angularity (est .) :

	

A to SR

COMPOSITION COMMENTS

Quartz 46

K-Feldspar

Plagioclase

tr

6

Chert 3

Lithics 19

Authigenic Minerals

1Silica 0 . gr.

Calcite 5

Dolomite 3

Siderite 1

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Voids w/o Clay

Voids v/Clay

tr

tr

tr

tr

tr

13

Clay Minerals 3

Illite (X-ray) D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO :

	

MWX-6556 .9 Petrologist :

	

M. O . Eatough
INTERVAL :

	

Coastal (MWX--2) Date:

	

January 12, 1983

Rock Type :

	

Litharenite Z Pore Space :

	

9
Mean Grain Size (mm) :

	

0 .14

	

Sorting (est .) :

	

Moderate
Grain Size Range (mm) :

	

0 .03 to 0 .45

	

Angularity (est .) :

	

A to SR

COMPOSITION % COMMITS

Quartz 42

R-Feldspar

Plagioclase

tr

5

Chert 5

Lithics 21

Authigenic Minerals

Silica O . gr . 2

Calcite 5

Dolomite 3

Siderite 2

Muscovite

Biotite

Opaques

Accessory Minerals

Zircon

Voids w/o Clay

Voids w/Clay

tr

tr

tr

tr

tr

9

Clay Minerals 5

Illite
(Assumed)

D With illite/montmorillonite
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MULTI-WELL PETROGRAPHIC ANALYSIS

SAMPLE NO : MWX-6559 .9

	

Petrologist : M. O . Eatough
INTERVAL : Coastal (MiX-2)

	

Date : January 12, 1983

Rock Type : Micrite

	

% Pore Sapce: tr

GENERAL DESCRIPTION : This limestone consists primarily of micritic carbonate
(calcite :dolomite a 8 :1) . Minor siderite was also detected by XRD . X:-ray
diffraction analysis indicates significant quartz and feldspar which are
probably clay size and were not observed in thin section . The only clay
minerals identified were illite and mixed layer illite/montmorillonite, but
clays are a very minor constinuent . Fractures in the limestone are healed
with microsparite.

COMPOSITION 7 COKMENTS

Clay Minerals

Illite (X ray) D With illite/montmorillonite
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APPENDIX 11 .2

LOG ANALYSIS TECHNIQUES AND VERIFICATION OF RESULTS

G . C . Kukal
CER Corporation

Analysis of the coastal interval was performed using TITEGAS, a

sandstone log analysis model developed by CER Corporation which is

documented in detail elsewhere . 1 . 2 Great effort has gone into utilizing all

of the extensive log data available . The log data was first corrected for

environmental influences and then used to determine lithologic and critical

reservoir characteristics . The calculated model results include : water

saturation (S e) ; absolute permeability (corrected for net stress), referred

to as log calculated permeability (k) ; total porosity (q) ; clay volume

(vcl ) ; carbonate volume (VCO 3 ) ; matrix density (pma) ; shallow zone

saturation (Sxo) ; and formation water resistivity (R w).

Clay constants and matrix constants were systematically determined using

crossplot techniques as described by recent CER publications . 3 . 4 The

results of the TITEGAS program are graphically displayed in traceplots and

crossplots as well as in tabular form.

(1) Porosity

Whenever possible, log model outputs are verified directly by comparison

to an independent measurement, such as core and petrographic data . Log

calculations are generally plotted on the x-axis versus core data on the y-

axis .

TITEGAS model (log) porosity is compared to core porosity in Figures 1,

2, and 3 for MWX-1, MWX-2 and MWX-3, respectively . Correlation coefficients

are 0 .763, 0 .846 and 0 .640 . Log and core means are within 0 .003 for all

plots . There is good one-to-one agreement (slope and intercept) . Standard



error for log model results to simulate core data for the three wells is

0 .0094 . This is an unusually small error since the precision of the core

data itself accounts for 0 .005 to 0 .007 of this error . 5 .6

(2) Matrix Calculations and Their Impact Upon Porosity Analysis

A three-component system is used to compute matrix density . The model

uses three equations and three unknowns to solve for sand (quartz) volume,

clay volume and carbonate volume . Two measurements are required : gamma ray

and photoelectric absorption cross section index (P e ) . Using a procedure

outlined elsewhere, 4 clay volume is solved using the gamma ray log and then

clay effects are stripped from the Pe response . This leads to a volume

percent for three components--quartz, clay and a specified third component.

In the case of the coastal interval, petrographic data establishes that the

principal accessory component is a 50/50 mixture of the carbonate minerals

calcite and dolomite . Once volumes are established, the neutron log matrix

is corrected and matrix density is computed using material balance and

assumed density of 2 .64 for quartz, 2 .73 for clay and 2 .77 for carbonate.

It is possible to analyze the success of the matrix model as a

predictive tool . The standard deviation of matrix density is 0 .033 . For

the multidimensional case (matrix density vs . grain density), the standard

error is comparable, at the mean of the data, to the standard deviation in

the one-dimensional case (grain density) . The success of the model is thus

determined from the difference of 0 .033 and the various standard errors for

the MWX-1, MWX-2 and MWX-3 matrix density results (0 .014, 0 .007 and 0 .011,

respectively) . The effectiveness of the matrix model is best verified by

determining its influence upon the porosity results . The MWX-2 well is used

to make this comparison because the MWX-2 core data represents selected

sampling from what principally could be considered potential reservoir rock.

In contrast, the MWX-1 data consists of all lithologies, including

muds tones .
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The coastal interval was analyzed with the three-componeice matrix model

described above and compared with an analysis .ere matrix density was held

constant at 2 .673, the mean of the interval's core grain density.

Histograms were constructed of the difference between core porosity and log

interpreted porosity :

AP = ( 0 core - 0 log I

The mean difference between core and log porosities using the three-

component model is 0 .006 whereas the mean porosity difference using a

constant matrix density is 0 .009 . For the three-component matrix model, 50

percent of the distribution has a difference of 0 .004 or less and 67 percent

has a difference of 0 .006 or less . For the constant matrix, 50 percent of

the distribution has a difference of 0 .008 or less and 67 percent has a

difference of 0 .0115 or less . Porosity analysis is thus significantly

improved using a variable matrix.

(3) Clay Volume

It is important to determine accurate clay volume because clays affect

the response of all logging tools . There is a need to properly account for

the presence of clay to achieve accuracy in interpreting parameters such as

porosity and water saturation . Also, clays generally contribute to

permeability reduction . Sandstones having high clay content generally have

high irreducible water saturation and poor flow ,haracteristics . Clay

quantification therefore enables better inference of reservoir quality.

The MWX database provides an unusual opportunity to verify some of the

assumptions used in the log analysis of clay volume . Because of this

unusual data set and the sensitivity of accurate clay volumes to the TITECAS

log analysis system, a considerable research effort was geared to the study

of these assumptions .
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One of the complications' of clay analysis is the variability of clay

type, Common clays in sand-shale sequences include the minerals illite,

smectite, mixed-layer illite-smectite, chlorite and kaolinite . Within the

coastal interval of MWX, both scanning electron microscopy (SEM) and

quantitative x-ray diffraction (XRD) data suggest that smectite and also

perhaps kaolinite have been illitized. Illitization is a normal diagenetic

process that is quite prevalent within tight gas sands . Illitization is

dependent upon temperature, time and potassium availability . ? The almost

total absence of potassium feldspars in XRD patterns and the presence of

relict feldspars, as observed petrographically by Bendix and the USGS,

suggest that potassium feldspars have provided a large portion of the

potassium needed to form illite . It is interesting to note that while

chlorite is common throughout the MWX Mesaverde Group, it is not abundant

within the coastal interval . This may be related to the source and

specifically may indicate limited original volcanic lithic fragments within

this interval.

An additional complicating factor in clay analysis is the similarity

between clay minerals and other phyllosilicates such as micas . Spencer has

noted that sericite (fine grained muscovite) is a frequently observed

alteration product within the coastal interval . 8 . 9 Since sericite and

illite have a similar chemical composition and crystal structure, it is

generally difficult to distinguish between the two.

There are four basic assumptions used for the log analysis of clay

volume in the MWX coastal interval . A variety of MWX data including x-ray

diffraction, chemical and cation exchange capacity data are available and

are used to verify these assumptions.

First, there is the assumption that clay volume is related directly to

the intensity of natural gamma radiation . Since illite and highly ordered

illite-smectite are the dominant clays within the coastal interval, and

since illites contain approximately 8 to 9 percent Ky0 on average, with K 40

being a naturally radioactive isotope of potassium, the first assumption
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seems valid . Heinze provides data to support the correlation of natural

gamma radiation with clay . 10 In a study of clay within eight samples taken

from the MWX wells over a several thousand foot interval of the Mesaverde

Gr9up, he found that K, U and Th core data each have a strong correlation

(correlation coefficients 0 .92 to 0 .95) with clay weight percent as

interpreted from XRD patterns . His data also shows a good correlation

between K, U and Th and both particle size and cation exchange capacity

(CEC), which is an indirect indicator of clay volume.

The second and third clay assumptions used within the coastal analysis

relate to the use of shale to calibrate neutron and gamma ray clay response.

The second assumes that there are "typical" shales within the section being

analyzed and this shale has a "clay constant" which is defined as the

fraction of clay within the shale . At MWX, this is uniformly assumed to be

60 percent . Potter et al . (1980) in their discussion of the sedimentology

of shale give a worldwide average of 58 percent clay minerals within

shale . 11 Yaalon gives a worldwide average of 59 percent clay within shale

using 10,000 analysee . 12 The assumption is supported by Pollastro of the

USGS who used XRD to analyze the clay content of eight shale samples

throughout the Mesaverde section of MWX . 13 The samples averaged

59 .6 percent clay.

The third assumption is that clay minerals remain similar in both sands

and shales . Pollastro observed this to be the case at MWX . 13 He noted that

when chlorite is found in a sandstone, it is always found in a nearby shale.

Likewise, when only illite and illite-smectite (I/S) are within a sandstone,

then only these clay minerals are found in a nearby shale . Although not

published in his MWX report, Pollastro used XRD to measure the percent of

illite within mixed-layer I/S . He found that the degree of illitization is

identical (± 3 percent) in sandstones and nearby shales . 14 The percent of

illite within mixed-layer I/S is extremely critical to the third assumption.

This is because potassium content varies directly with increasing illite

whereas hydrogen index varies inversely with increasing illite . Therefore,

an alternative method was applied to interpret the percent illite within
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mixed-layer I/S . Using Heinze's whole rock chemical data, 10 K20 and Al203

was first corrected for XRD quantified plagioclase and potassium feldspar.

Then the ratio K20/Al203 of the remaining portion of each of the eight sand

and shale samples was calculated . This should be a good technique to

determine variation of I/S in the mixed-layer clay because aluminum remains

fairly constant, regardless of clay type, whereas potassium varies

dramatically . It was found that the ratio remains very constant between

0 .205 and 0 .231 for seven of the samples and at 0 .145 for the one sandstone

within the upper fluvial interval which is rich in chlorite (45 percent).

The constancy of the ratio verifies Pollastor's results and provides

additional support to the third assumption.

The fourth clay assumption relates to determining the minimum clay

volume in sandstone . It is unreasonable to assume that every interval

analyzed contains a perfectly clean or clay-free zone . The technique

adopted to determine the minimum clay volume involves using the computed

density-neutron clay volume to refine the gamma ray constants . For

consistency flushed zone water saturation is made to equal 100 percent.

However, when a flushed zone water saturation of 100 percent is used, a

problem arises as shown in Figure 4 . Some sandstones contain unflushed gas

thus making the clay volumes anomalously low . Gamma ray constants can't be

chosen using density and neutron data unless the zones containing gas are

removed . The technique used to do this is straightforward . Only points

having greater than 20 percent clay are used such as presented in Figure 5.

With the exclusion of cleaner rocks, the gas effect is removed . This is

because rocks having greater than 20 percent clay have very high irreducible

water saturations and therefore do not contain gas.

Attempts were made to verify log calculated clay volumes using chemical

data as provided by Heinze . 10 Although the data is limited, there is a good

agreement between clay volumes calculated from log data and clay volumes

calculated from chemical data and cation exchange capacity data.
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(4) Water Saturation

Figures 6, 7, and 8 compare log interpreted water saturation to core

water saturations for the three wells . There are several factors that

affect core water saturations, including coring conditions, sampling

procedures, core preservation and laboratory analytical techniques . For

MX-1 and MWX-2, it is probable that reported core water saturations are

generally too low, whereas for MWX-3 they are probably too high . This is

due in part to drilling fluid : MX-1 and MWX-2 were drilled with oil-base

mud; MWX-3 was drilled with water-base mud.

For MWX-1 and MWX-2, there are several reasons why core water saturation

may be too low:

Partial flushing of core with diesel during coring, plugging and

storage (plugs were stored immersed in diesel) . It is not known if

the diesel displaced a fraction of the water present or only gas;

however, some oil saturations are greater than 75 percent and the

original oil saturation was probably zero.

When the core was brought to surface, the gas within the pore space

expanded and forced some water out of the core . Small bubbles were

frequently noted coming from a core laid out for examination.

Within the laboratory, core is at lower net stress than in situ and

pores expand . The resulting water saturation is less . As a typi-

cal example, assume that porosity in situ is 8 percent, while in

the laboratory, it is measured 8 .3 percent . If water saturation is

measured 67 .5 percent in the lab, it would actually be 70 percent

with the smaller in situ pore volume.

- Sattler et al . presented data15 which points out a substantial

discrepancy between Dean-Stark saturations and saturations measured

by vacuum drying for tight sand core . Figure 9 summarizes this
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discrepancy . An equation of the best fit RMA line transforms Dean-

Stark analysis into total water saturation:

Swds
+ 0 .1186

	

Swt –

	

0 .9685

where : Swt – total water fraction within pore space ; and

Swag – water fraction of pore space resulting from Dean-

Stark analysis

It is assumed that the above transform, which was developed using data

from the MWX-2 lower fluvial interval, is typical of tight sands in

general . The transform was applied to MWX-1 and MWX-2 coastal interval

saturation data, which were analyzed using the Dean-Stark method, resulting

in Figures 10 and 11 . Since the summation of fluids method was used for

MWX-3, the transform is not required and Figure 8 shows the relationship

between core water saturation and log calculated water saturation . The

plots indicate that a reasonably good estimate of water saturation is being

obtained from logs.

Water resistivity (Rw) used in the saturation analysis has been

explained in previous discussions . 16 . 17 Interpreted R. through the interval

averages 0 .11 0-m and remains fairly constant . It should be pointed out

that the technique used to determine R. results in an s. which is

independent of anomalous variation of saturation exponent and cementation

exponent except in fractured intervals . In a fractured interval, log

interpreted water saturations are likely to be too high.

(5) Permeability

An equation developed for log interpretation of net stress corrected

absolute permeability in low permeability sandstone reservoirs 18 was

utilized in the coastal interval . The results are illustrated in

Figures 12, 13, and 14 . Good one-to-one relationships were achieved for

MX-1 and MWX-2 . The poorer correlation for MWX-3 appears to be due to two

anomalous points and less data .
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Two and three-dimensional crossplots offer an excellent opportunity to

observe pertinent petrophysical relationships in the coastal interval . Lag,

core and petrographic data are crossplotted and the resultant trends are are

significant descriptors of the reservoirs . A way to measure the relatedness

of the two crossplotted parameters is by a numerical correlation coefficient

ranging from -1 .0 to 1 .0 . A value of zero indicates no correlation

whatsoever, while a value of 1 .0 or -1 .0 indicates perfect correlation

between the two parameters . Negative coefficients indicate inverse

relationships, i .e ., as one parameter increases, the other decreases.

Since hundreds of two-dimensional crossplots of log, core and thin

section data can be constructed, a data reduction effort termed a crossplot

matrix is presented here . This matrix consists of the correlation

coefficients of various crossplots with shading intensity representing

degree of correlation between the two parameters . The correlation matrix

for the coastal interval in MWX-1 is given in Figure 1 . An explanation of

crossplot variable names is given as Figure 1-A.

In addition to noting relationships (or the lack of) between reservoir

parameters measured directly on core or thin section, the matrix is useful

to determine which log responses are best suited to model certain reservoir

characteristics.

Several observations on the nature of the reservoir rock can be made

from Figure 1 . In particular :



Gamma Ray (GRRUN) has a high correlation with compensated neutron

(PHINC) . This indicates that the gamma ray log is a good clay

indicator in this section . Furthermore, total gamma correlates

better to PHINC than the potassium curve (POTAR) alone, implying that

the total gamma is measuring more than just the potassium-dominant

clays . It appears that thorium or uranium components are

contributing positively as clay indicators.

Correlation of sonic travel time (DLT) and core porosity (CORPHI) is

minimal . Indeed, cation exchange capacity (CEC), gamma ray (GRRUN)

and the neutron logs (PHINC, SNPR) are the only parameters which

relate well to DLT, implying that in these rocks, clays restrict the

use of DLT as a porosity indicator.

As expected, core porosity (CORPHI) varies inversely with bulk

density (RHOBRC) and directly with density-calculated porosity . Core

porosity relates inversely to neutron porosity (PHINC) because the

neutron is more responsive to clay than it is to porosity . It is

interesting to note that although the correlation coefficients of

bulk density and neutron porosity to core porosity are -0 .59 and

-0 .05, respectively, through careful modeling of log response for

clay, matrix and fluids, it is possible to achieve high correlations

between calculated porosity and core porosity (Figure 1,

Appendix 11 .2).

Core saturations (CORESW, CORESO) correlate best to the log

parameters gamma ray (GRRUN) and resistivity (RT) . RT varies

inversely with increasing CORESW . GRRUN varies directly with CORESW:

with higher clay content in the rock, water saturation increases for

a variety of reasons . Clay-bound water increases and capillary

pressure increases, causing more water to be immobile . The same

relationship is observed when comparing CORESW to CEC, which is also

clay-related .
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Matrix permeability (KPFM) correlates well with log parameters bulk

density (RHOBRC) and gamma ray (GRRUN), and both are inverse

relationships . The lower densities correspond to rocks with more

porosity and less clay . KPFM is seen to have a strong dependence on

core porosity (CORPHI) and quartz percentage (QUARTZ) . Gamma ray

responds primarily to clays and higher clay volumes reduce matrix

permeability.

Matrix permeability (KPFM) is also dependent on grain size (XGRSZE).

The larger the grain size, the better the matrix permeability . Rocks

with larger grain size also tend to consist of a higher percentage of

quartz.

Core porosity (CORPHI) increases as quartz percentage (QUARTZ)

increases and decreases as carbonate volume (CO3) increases.

Presumably, the carbonate is an authigenic mineral that fills a

portion of the porosity.

Core saturation (CORESW) is controlled by (among other things) grain

size and carbonate volume . As grain size increases, capillary size

increases and water is more mobile.

With a correlation matrix, relationships between two variables are seen.

By plotting a third variable an the z-axis of the plot, much can be learned

about what controls or affects the relationship between x and y . The

following interpretations are made from such z-plots:

Figure 2 shows the influence of clay on the sonic travel time-core

porosity relationship . In general, the relationship is seen to hold;

however, it breaks down as clay content increases.

- Figure 3 illustrates the typical porosity-saturation relationship

that exists in the Coastal Mesaverde reservoirs . Permeability is
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plotted on the z-axis and it is apparent that the lower

permeabilities have higher water saturations and vice versa.

- Figure 4 illustrates the adverse effect carbonate has on perme-

ability . Carbonate is plotted on the z-axis of a permeability-

porosity crossplot . A trend is detected whereby increased carbonate

implies less permeability and porosity.

- Figure 5, a plot of carbonate vs core porosity, further illustrates

the effects of carbonate minerals . A trend relating higher carbonate

to lower porosities is seen . Adding grain size on the z-axis reveals

some explanation : overall, the rocks with more carbonate are finer

grained (and vice versa) . Finer grained rocks generally are

associated with less porosity.

- Figure 6 emphasizes another aspect of the reservoirs . Grain density

versus grain size shows that the larger the grain size, the less the

density of the grain. Quartz, one of the least dense materials in

these reservoirs, maintains a larger grain size than clays,

precipitated minerals and lithic fragments . Carbonate plotted on the

z-axis supports this argument : the least dense material has very

little carbonate and larger grain size . The rocks with the most

carbonate are not only more dense, but also have smaller grain sizes.
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Figure 1A. Explanation of C,'rissplot Variables

CARS

	

carbonaceous material, fraction
CEC

	

: cation exchange capacity, meq/100 gm
CO3

	

: dolomite + calcite (thin-section), fraction

CORESO

	

: core oil saturation, fraction
CORESW

	

core water saturation, fraction
CORPH I

	

: core porosity, fraction
DLT

	

: sonic interval transit time, microseconds/ft

DOLO

	

dolomite (thin-section), fraction
G R RUN

	

: gamma ray, borehole corrected, API units
KI

	

: calculated gas permeability, not corrected for water saturation, and
KMAX

	

dry core permeability, uncorrected, and
KPFM

	

: dry core Klinkenberg permeability, corrected to in situ net stress, and
LITHIC

	

rock fragments (thin-section), fraction
PEFR

	

: photoelectric effect, bams/electron
PHI

	

: calculated porosity, corrected for variable fluid and matrix density, fraction
PH INC

	

neutron porosity, borehole corrected, fraction
POTAR

	

: spectral gamma ray potassium, fraction
QUARTZ

	

: quartz (thin-section), fraction
RHOBRC

	

: bulk density, borehole corrected, gm/cc
RHOGD

	

: core grain density, gm/cc
RHOMA

	

: calculated matrix density, gm/cc
RT

	

: formation resistivity (deep), ohm-m
SANDSZ

	

visual estimate of grain size from core, dimensionless
SNPR

	

: sidewall neutron porosity, uncorrected, fraction

SWTOSH

	

: calculated water saturation, deep formation, fraction
TKRAT

	

thorium/potassium ratio
VCAL

	

: computed volume carbonate, fraction
VCLDN

	

: volume clay from density-neutron logs, fraction

VCLGR

	

: volume clay from gamma ray log, fraction
VPVSRA

	

: compressional wave velocity/shear wave velocity, dimensionless
XGRSZE

	

: mean grain size (thin-section), mm
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APPENDIX 11.4

CORE LABORATORIES DATA

Core Laboratories, Inc. conducted a number of conventional and special

measurements and analyses on MVVX core . Copies of all coastal results are

included in the appendix in the order Conventional Dean Stark and Boyle's Law

analyses, permeability to air and water, Klinkenberg permeability measurements

as a function of overburden pressure, capillary pressure tests, cation exchange

capacity measurements, formation resistivity factor and indeT° measurements,

caprock analysis, rock-eval pyrolysis, nitrate analysis, and hydrocarbon analysis

of fluid and gas samples.' Test and analysis procedures and sample descriptions

are provided in the MWX data file references listed below.

Conventional Analyses : 1.2 .11.001 1.3 .001

1.2.11.004 1.3.003

1.2 .11.018

Special Analysis : 1.2 .11.003 1.2.11.014 1.2.11.025

1.2.11.004 1.2.11.017 1.2.11.026

1.2.11.006 1.2 .11.020 1.2.11.027

1.2.11.008 1.2.11.021 1.2.11.029

1.2.11.010 1.2.11.022 1.2.11.033

1.2.11.013 1.2.11.023 1.2.11.034

Hydrocarbon Analyses : 1.2.35.003 1.2.35.010

1.2.35.005 1.2.35.011

Care Data Summary : 1 .2.11.030
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PALLAS . TnrtA*

SANDIA LABORATORIES DATE i

	

3-1-82 FILE NO

	

: RP-2-6806

MWX-2 FORMATION ! ANALYSTS

	

:

	

ATIDNiCWifTtlTt

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN

	

DESCRIPTION
------------

113 6423 .7-00 .0 <0 .01 3 .5 14 .3 74 .3 2 .69

114 6425 .8-00 .0 0 .02 5 .5 41 .8 45 .5 2 .66

115 6427 .8-00 .0 <0 .01 5 .9 50 .8 42 .4 2 .67

116 6429 .2-00 .0 <0 .01 3 .6 22 .2 72 .2 2 .68

This analyses. •pb sous or Mar/ntesleaa era based is obsrrtrtbp ad tin nkds aopplMd bp Om ollartt le whom, ad for whose exclusive and confldsntbl use, this ripen is made
. The interpretation. w opinionsexpressed mpnMnt the his Judmeat of Cora Laboratories, inc . (al *toes and audnoaa ensepted*; bet Coro Wonbslse, Inc. and It. Milan and emrepreseenatbns, as to the productlNlr, proper operation, a

	

thablener of an

	

Pbe . of

	

no retponslbiliry and make no *attains, nrpo

	

y o/, pa or other mural wW m mad to connection with which such report b used a felled upon.
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FILE NO

	

2 RP-2-6806

O A l l A a . T t X A a

SANDIA LABORATORIES

	

DATE

	

: 3-1-82
MWX-2

	

FORMATION ANALYSTS : AT D RN i CW I FD i TB

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN

	

DESCRIPTION
------ ------------ -------- ---- ----- ----- -----

117 6430 .5-00 .0 0 .02 4 .7 51 .1 42 .6 2 .66
118 6431 .5-00 .0 0 .03 5 .6 53 .6 37 .5 2 .66
119 6432 .5-00 .0 0 .02 5 .8 56 .9 34 .5 2 .67
120 6433 .5-00 .0 0 .02 7 .0 57 .1 37 .1 2 .66
121 6434 .5-00 .0 0 .03 6 .7 61 .2 29 .9 2 .65
122 6436 .5-00 .0 0 .04 6 .4 59 .4 31 .3 2 .65
123 6437 .5-00 .0 0 .05 7 .0 62 .9 28 .6 2 .65
124 6438 .5-00 .0 0 .09 7 .1 66 .2 28 .2 2 .65
125 6439 .5-00 .0 0 .06 6 .4 64 .1 31 .3 2 .66
126 6440 .5-00 .0 0 .07 7 .1 57 .7 36 .6 2 .65
127 6441 .5-00 .0 0 .01 5 .6 57 .1 37 .5 2 .67
128 6443 .5-00 .0 0 .01 5 .3 41 .5 49 .1 2 .68
129 6444 .5-00 .0 0 .09 8 .1 54 .3 32 .1 2 .64
130 6445 .5-00 .0 0 .09 8 .4 64 .3 25 .0 2 .65
131 6446 .5-00 .0 0 .05 7 .7 50 .6 33 .8 2 .66
132 6447 .5-00 .0 0 .09 8 .2 52 .4 36 .6 2 .65
133 6449 .5-00 .0 0 .09 8 .3 51 .8 37 .3 2 .65
134 6450 .5-00 .0 0 .11 8 .4 52 .4 36 .9 2 .65
135 6451 .5-00 .0 0 .08 8 .1 56 .8 32 .1 2 .66
136 6452 .5-00 .0 0 .03 5 .0 40 .0 52 .0 2 .66
137 6453 .5-00 .0 0 .04 5 .8 48 .3 43 .1 2 .66
138 6455 .5-00 .0 0 .06 7 .9 53 .2 32 .9 2 .66
139 6456 .5-00 .0 0 .05 7 .6 65 .8 26 .3 2 .66
140 6457 .5-00 .0 0 .08 8 .0 60 .0 31 .3 2 .66
141 6458 .5-00 .0 0 .09 7 .7 59 .7 32 .5 2 .66
142 6459 .5-00 .0 0 .05 6 .8 64 .7 29 .4 2 .66
143 6461 .7-00 .0 <0 .01 4 .0 17 .5 75 .0 2 .76
144 6463 .9-00 .0 <0 .01 3 .0 3 .3 83 .3 2 .68
145 6465 .8-00 .0 <0 .01 2 .4 0 .0 83 .3 2 .67
146 6467 .5-00 .0 <0 .01 4 .0 12 .5 77 .5 2 .69

These amlysss. opioions or interpretatbeu are based on obsuations and inatedsb supphsd by the dbat to whtrm,and for what saclusia and confidential use, this report is made . The mrcrpret.oions or opinions
eeorpsed rosresewt the hest iuduneal of Coro L .boratories, inc. (sil errors and minion sassptsd); but Coq Laborstodw, Inc, sad its offices and employees, assume no respunsibilOy and make no warr- .ouy or
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FILE NO :

	

RP-2--680A ..

DALLAS . TSXAS

DATE

	

: 3-1-82
FORMATION

	

: ANALYSTS AT ;Bk

	

rl :T1

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN

------------

147 6469 .6-00 .0 <0 .01 5 .3 50 .9 39 .6 2 .68
148 6497 .6-00 .0 <0 .01 2 .0 0 .0 80 .0 2 .69
149 6498 .6-00 .0 <0 .Q1 2 .2 0 .0 81 .8 2 .68
150 6500 .9-00 .0 <0 .01 3 .6 2 .8 93 .3 2 .67
151 6501 .8-00 .0 0 .01 4 .1 14 .6 73 .2 2 .68
152 6504 .4-00 .0 0 .02 6 .1 52 .5 41 .0 2 .67
153 6506 .5-00 .0 0 .02 6 .4 43 .8 46 .9 2 .66
154 6508 .3-00 .0 0 .02 8 .3 57 .8 30 .1 2 .66
155 6509 .4-00 .0 0 .01 8 .3 55 .4 30 .1 2 .66
156 6511 .1-00 .0 0 .05 9 .1 61 .5 27 .5 2 .66
157 6512 .9-00 .0 0 .04 7 .6 52 .6 34 .2 2 .66
158 6515 .1-00 .0 0 .01 6 .3 50 .8 39 .7 2 .65
159 6516 .3-00 .0 0 .02 7 .7 58 .4 32 .5 2 .66
160 6517 .9-00 .0 0 .03 7 .6 53 .9 31 .6 2 .66
161 651909-00 .0 0 .06 7 .3 56 .2 34 .2 2 .66
162 6521 .9-00 .0 0 .05 7 .8 60 .3 33 .3 2 .66
163 6524 .9-00 .0 0 .04 7 .8 60 .3 33 .3 2 .66
164 6525 .9-0000 0 .05 7 .5 46 .7 40 .0 2 .66
165 6527 .2-00 .0 0 .04 7 .3 63 .0 27 .4 2 .66
166 6528 .9-00 .0 0 .03 7 .7 57 .1 32 .5 2 .66
167 6529 .9-00 .0 0 .03 7 .3 56 .2 35 .6 2 .66
168 6531 .9-00 .0 0 .05 7 .3 57 .5 32 .9 2 .66
169 6534 .2-00 .0 0 .05 7 .1 64 .8 28 .2 2 .65
170 6.535 .3-00 .0 0 .06 7 .6 59 .2 32 .9 2 .65
171 6536 .9-00 .0 0 .07 7 .7 54 .5 33 .8 2 .66
172 6539 .2-00 .0 0 .02 5 .0 40 .0 50 .0 2 .66
173 6540 .7-00 .0 0 .02 6 .4 51 .6 39 .1 2 .67
174 6542. .6-00 .0 0 .01 6 .0 51 .7 41 .7 2 .67
175 6544 .3-00 .0 0 .03 7 .7 44 .2 39 .0 2 .67
176 6545 .8-00 .0 0 .05 7 .1 50 .7 35 .2 2 .65

Thin analyses, (vomits or inurprelstione see baud on observations end matuials supplied by the slut to wham, sod fat whoa endudva and tonfidsntbi on, this report ix made . The naerpr.ratnm. ur npms . n
expsased rspasent the bm Iudsmem of Cots Lebontotls, Inc, (ell errors sod omhdone tamped) ; lout Cato Libenbebs Inc. Wks olllosn sad employ..., assume no tesponsibibty and melee vat warranty tit

./
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DESCRIPTION
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FADE
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Petroleum Reservoir Engineering

DALLAS, T E X A S

DATE

	

: 3-1-82

	

FILE NO : RF-2-6806
FORMATION :

	

ANALYSTS : ATiFANiCWiFDsTE
M.G . FLUID :

	

ELEVATION:
LOCATION

	

:

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

FOR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN

	

DESCRIPTION
------------

177 6547 .8-00 .0 0 .03 6 .0 51 .7 33 .3 2 .66
178 6549 .7-00 .0 0 .02 6 .5 49 .2 40 .0 2 .68
179 6551 .2-00 .0 0 .03 7 .6 51 .3 32 .9 2 .67
180 6552 .8-00 .0 0 .03 7 .0 50 .0 35 .7 2 .67
181 6556 .9-00 .0 0 .05 6 .7 59 .7 37 .3 2 .66
182 6558 .1-00 .0 0 .05 6 .1 419 .2 41 .0 2 .66
183 6559 .9-00 .0 <0 .01 5 .7 50 .9 43 .9 2 .89
184 6562 .8-00 .0 x.0 .01 2 .2 0 .0 95 .5 2 .67

fl ae aohyass, opitdota ar MtapteugmM ass based on observations and ttatsi la supplied by the client to whoa, and for whore exclusive and confidential use, this report is made . The interpretations or optnn.ns
sxpemed femora the best judging.* of Core laboratories, inc . (all anon and omlMons .n.ptad); but Cara laboratories. Inc. and itsofficers and employees, assume no responsibility And make no warranty or
teprese usUnna . a to the pwsluctivity, proper operations, or profitabknea of any oil, pear other allsatat well or and to eonmetion with wAich such report is used or relied upon.

SANDIA LABORATORIES
MIX-2



CORE LABORATORIES, INC.
Petroleum Reservoir Engineering

OALt.A :, Tttxws

SANDIA LABORATORIES

	

DATE

	

! 11-3-81
MWX-1

	

FORMATION S

DEAN STARK METHOD

SAMPLE

	

PERM Ka POR . FLUID SATS . GRAIN
NUMBER

	

DEPTH

	

MAXIMUM He

	

OIL WTR

	

DEN
------------

800

	

6009 .3-00 .0

	

0 .01

	

3 .6 16.7 72.2

	

2 .68
801

	

6010 .6-00 .0

	

0 .01

	

3 .4 11 .8 76 .5

	

2 .68
802

	

6027 .3-00 .0

	

0 .01

	

3 .1 12 .9 83 .9

	

2 .67

Thee s 5yNi, opinions or httorprttatlons tut based on observations and rmarrbh suppled by the client to whom, and be whose uttltulve and confidential use, this report is made . The interpretations or opinions
tupreaed repremol the beat *Apnea' of Con Laboratories, Inc. (all area and omhtioos soaped); but Cora Labosptosies Inc. and Its officers and employees, assume no responsibility and make no warranty or
rtpraetaibm. as to the productivity, proper operations, or prohubbnus of any oil, ps or other sdesml trW or mad In connection with which such report is used or relied upon.

DESCRIPTION

PAGE 28

FILE NO : RP-2-6714
ANALYSTS : RN,AT,CW,KS,FD

----------------------------------------------



CORE LABORATORIES, INC.
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OAI.r.A$ . ♦ sxAS

SANDIA LABORATORIES
MIX-1

PERM Ka

	

POR . FLUID SATS . GRAIN
MAXIMUM He

	

OIL

	

WTR

	

DEN
SAMPLE
NUMBER .

	

DEPTH
------------------

FILE NO : RP-2-6714
ANALYSTS 1 BNaATcCW,KS,FD

803 6028 .6-00'.0 0 .01 4 .7 42 .6 55 .3 2 .65
804 6029 .6-00 .0 0 .02 6 .0 55 .0 43 .3 2 .64
805 6030 .6-00 .0 0 .03 6 .4 50 .0 42 .2 2 .63
_806 6031 :6-00 .0 0 .04 7 .4 63 .5 35 .1 2 .63
807 6032 .7-00 .0 0 .04 7 .1 60 .6 38 .0 2 .63
808 . 6033 .9-00 .0 0 .01 7 .4 63 .5 35 .1 2 .76
809 6062 .2-00 .0 0 .01 2 .7 18 .5 96 .3 . 2 .67
810 6065 .5-00 .0 <0 .01 2 .1 0 .0 95 .2 2 .69
811 6069 .3-00 .0 0 .02 7 .1 62 .0 36 .6 2 .64
812 6070 .7-00 .0 0 .03 8 .6 59 .3 36 .0 2 .66
813 6071 .7-00 .0 0 .02 8 .3 66 .3 32 .5 2 .65

. 814 6072 .7-00 .0 0 .04 8 .7 65 .5 29 .9 2 .64
815 6073 .7-00 .0 0 .06 9 .3 61 .3 32 .3 2 .64

- 816 6074 .7-00 .0 0 .02 8 .2 .73 .2 25 .6 2 .65
817 6079 .7-00 .0 0 .08 6 .1 52 .5 42 .6 2 .65
818 •6081 .7-00 .0 0 .10 3 .8 23 .7 68 .4 2 .69
819 . 6084 .5-00 .0 0 .01 2 .1 0 .0 85 .7 2 .69
820 6141 .7-00 .0

	

. 0 .01 5 .6 50 .0 44 .6 2 .67
821 - .6142 .6-00.0 0 .01 6 .5 55 .4 40 .0 2 .66
822 6143 .5-PO .0 0 .01 6 .5 55 .4 ' 40 .0 2 .66
823 6144 .5-00 .0 0 .01 5 .9 50 .8 44 .1 2 .68
824 •6145 .5-00 .0 0 .01 6 .4 51 .6 40 .6 2 .66
825 6187 .6-00 .0 0 .01 1 .8 0 .0 88 .9 2 .69
826 6188 .6-00 .0 0 .01 3 .0 3 .3 86 .7 ;2 .71
827 6189 .3-00 .0 0 .01 6 .5 56 .9 38 .5 2 .65 FRACTURED PERMEABILITY PLUG
828 6190 .6-00 .0 0 .01 3 .7 21 .6 70 .3 2 .68
829 6191 .4-00 .0 0 .02 4 .6 37 .0 56 .5 2 .67
830 6192 .6-00 .0 0 .01 5 .6 •46 .4 46 .4 2 .66
831 6193 .2-00 .0 0 .03 5 .1 39 .2 51 .0 2 .66
832 6194 .5-00 .0 0 .01 5 .0 50 .0 42 .0 2 .69

Toes andyss. apinkne ar inte,pnhlimu e a based on observtions and materieb aappNCd by the ewat to wbom, and far whcaa udueiee and oonfldentW use, rids report is o gre . The intapretat itms ur opmtons
tersest xpraent the bat Jut mad et C as 1+6e.atorie., ittc (alt a Tors and amidou. a:eaptad) hot Caro LlotnarN.. Inc.and Ha oflieer~ and employee., assume no rauponsibility and make no warranty or
sepeaiatdotts.aa to tbapredaetbrHy. proper op..atbtr, oe p.ofHa6iatt of any o11, Pssee ot#tr glintedwa1s and U eoewdionwith wfdch sort rapoit isused orCelled apon.
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SANDIA LABORATORIES DATE :

	

11-3-81 FILE NO

	

: RP-2-6714
MYX-1 FORMATION I ANALYSTS : BN :AT .CW,KSsED

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN DESCRIPTION

------------ ----------------------------------------------

833 6195 .5-00 .0 0 .01 3 .0 6 .7 86 .7 2 .69
83i 6196 .5-00 .0 0 .01 5 .2 25 .0 40 .4 2 .71
835 6238 .5-00 .0 0 .01 3 .0 6 .7 86 .7 2 .69
836 6239 .5-00 .0 0 .01 4 .5 33 .3 57 .8 2 .68
937 6240 .7-00 .0 <0 .01 4 .8 31 .3 64 .6 2 .67
838 6241 .6-00 .0 <0 .01 4 .4 25 .0 70 .5 2 .67
839 6242 .7-00 .0 0 .49 2 .6 7 .7 80 .8 2 .71 FRACTURED PERMEABILITY PLUS
840 6244 .3-00 .0 <0 .01 1 .9 000 89 .5 2 .69
841 6246 .6-00 .0 <0 .01 4 .8 29 .2 64 .6 2 .67
842 6247 .5-00 .0 0 .01 6 .2 53 .2 40 .3 2 .65
843 6248 .3-00 .0 <0 .01 2 .3 0 .0 87 .0 2 .69
844 6249 .8-00 .0 <0 .01 7 .2 59 .7 36 .1 2 .66
945 6250 .7-00 .0 0 .01 8 .0 57 .5 38 .8 2064
846 6251 .5-00 .0 0 .01 8 .0 52 .5 40 .0 2 .65
847 6252 .5-00 .0 0 .05 8 .0 60 .0 32 .5 2 .75
848 6253 .5-00 .0 0 .04 7 .7 59 .7 33 .8 2 .64
849 6254 .5-00 .0 0 .04 7 .5 56 .0 34 .7 2 .64
850 6255 .3-00 .0 0 .02 6 .5 50 .8 41 .5 2 .66
851 6256 .5-00 .0 0 .01 5 .6 41 .1 48 .2 2 .65
852 6259 .5-00 .0 0 .08 3 .5 14 .3 71 .4 2 .80 FRACTURED PERMEABILITY PLUG
853 6260 .8-00 .0 0 .49 11 .6 68 .1 27 .6 2 .77 FRACTURED PERMEABILITY PLUG
854 6263 .1-00 .0 0 .02 2 .3 0 .0 82 .6 2 .67 FRACTURED PERMEABILITY PLUG
855 6265 .6-00 .0 <0 .01 1 .3 0 .0 69 .2 3 .19
856 6267 .5-00 .0 <0 .01 2 .0 0 .0 80 .0 2 .68
857 6272 .6-00 .0 <0 .01 1 .1 0 .0 54 .5 2 .70
858 6273 .9-00 .0 0 .04 3 .3 21 .2 66 .7 2 .61 FRACTURED PERMEABILITY PLUG
859 6276 .6-00 .0 <0 .01 2 .8 0 .0 82 .1 2 .64
860 6278 .2-00 .0 0 .20 2 .5 0 .0 84 .0 2 .66 FRACTURED PERMEABILITY PLUG
861 6280 .2-00 .0 0 .01 3 .2 0 .0 84 .4 2 .65

	

'
862 6281 .7-00 .0 0 .01 2 .8 3 .6 92 .9 2 .68

These analyses. opinions or interpautlons are bead on observations and matetin supplied by the cent to whom, and to whom attchidw and confidential use . this report is made. The interpretations or moutons
eapresoa represent tIw best Wpm* of Con laboratales, Inc . (all anon and omhsloos eaapW) ; bet Cant IabasatalN. bee. and Ms oaken and employees, ammo no saponslbibty and make no warranty or
repromtdatlons. as so the producthrNy, props operations. or profitableness of any oil, pas o ether snbnnl want o mad M oannaotion with which mob report is used or mind upon.

i



CORE LABORATORIES, INC.
Petroleum Reservoir Engineering

DALLAS . re*A$

SANDIA LABORATORIES DATE

	

:
MX-1 FORMATION

	

i
11-3-81

	

FILE NO : RP-2-6714
ANALYSTS : BNVATsCWrKSsFD

DEAN STARK METHOD

SAMPLE

	

PERM Ka POR . FLUID SATS . GRAIN
NUMBER

	

DEPTH

	

MAXIMUM He

	

OIL WTR

	

DEN
------------

863 6282 .4-00 .0 0 .07 3 .0 0 .0 90 .0 2 .68
864 6283 .5-00 .0 0 .01 3 .1 9 .7 83 .9 2 .67
865 6285 .6-00 .0 <0 .01 1 .5 0 .0 80 .0 2 .70
866 6288 .5-00 .0 2 .5 0 .0 96 .0 2 .65 UNSUITABLE FOR PERMEABILITY MEASUREMENT
867 6290 .1-00 .0 32 3 .4 11 .8 79 .4 2 .67 FRACTURED PERMEABILITY PLUG
868 6292 .1-00 .0 0 .01 2 .7 7 .4 77 .8 2 .68
869 6293 .5-00 .0 0 .01 3 .3 15 .2 78 .8 2 .67
870 6295 .7-00 .0 0 .01 2 .3 0 .0 91 .3 2 .69
871 6298 .3-00 .0 0 .02 2 .5 12 .0 84 .0 2 .67
872 6301 .4-00 .0 0 .01 2 .7 0 .0 88 .9 2 .65
873 6303 .8-00 .0 <0 .01 3 .2 6 .3 84 .4 2 .74
874 6303 .8-**** 0 .04 2 .4 0 .0 91 .7 2 .68 FRACTURED PERMEABILITY PLUG
'875 6307 .6-00 .0 <0 .01 1 .9 0 .0 94 .7 2 .70
- 876 6309 .3-00 .0 <0 .01 2 .2 0 .0 90 .9 2 .72
877 6310 .8-00 .0 2 .4 8 .3 79 .2 2 .69 UNSUITABLE FOR PERMEABILITY MEASUREMENT
878 631303-00 .0 <0 .01 1 .1 0 .0 81 .8 2 .70
879 -6315 .8-00 .0 0 .12 2 .4 0 .0 83 .3 2 .64 FRACTURED PERMEABILITY PLUG
880 6318 .5-00 .0 <0 .01 2 .7 0 .0 92 .6 2 .63
881 6320 .5-00 .0 0 .01 4 .0 12 .5 80 .0 2 .69
882 6322 .2-00 .0 0 .11 2 .2 9 .1 72 .7 2 .68 FRACTURED PERMEABILITY PLUG
883 6324 .3-00 .0 1 .10 2 .6 3 .9 80 .8 2 .68 FRACTURED PERMEABILITY PLUG
884 6326 .7-00 .0 0 .01 2 .9 0 .0 89 .7 2 .66 FRACTURED PERMEABILITY PLUG
885 6329 .5-00 .0 <0 .01 2 .9 0 .0 93 .1 2 .66
886 6331 .2-00 .0 0 .01 2 .8 10 .7 75 .0 2 .66
887 6333 .5-00 .0 <0 .01 1 .6 0 .0 62 .5 2 .70
888 6335 .7-00 .0 0 .01 2 .4 4 .2 66 .7 2 .70
889 6337 .5-00 .0 <0 .01 2 .7 0 .0 74 .1 2 .64
890 6338 .3-00 .0 <0 .01 2 .6 0 .0 69 .2 2 .66
891 6339 .5-00 .0 0 .01 2 .6 3 .8 61 .5 2 .67
892 6340 .8-00 .0 <0 .01 2 .5 4 .0 64 .0 2 .68

Thews aaalyaea, opinions or Misquotations are bawd a. obserwtbn and miodsis supplied by Ms dliii to whom, and for whoa excludes and confidentisl use . ads report is made . The interpretation or opinions
expand scrimps the beet jodgmeat of Core Isbomtorles, Inc . (all errors and amnions exaepie; but Co.. laboratories. Inc. and Its officersend employees. alums no responribiliiy and make no warranty or
repRSi ndlom. os to Ms prodadtulty. paper operations, or profitableness of any oil . gas or tubas minstat well or gaud in aonanction with which such report is used or retied upon.
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SANDIA LABORATORIES
MX-1

DATE

	

: 11-3-81

	

FILE NO : RP-2-6714
FORMATION :

	

ANALYSTS 1 BNeATsCW,KSsFI~

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN DESCRIPTION

------------ -----------------------------------------------

893 6341 .5-00 .0 0 .01 2 .6 11 .5 57 .7 2 .68
894 6342 .5-00 .0 0 .01 3 .4 14 .7 61 .8 2 .67
895 6343 .7-00 .0 0 .01 4 .1 14 .6 63 .4 2 .68
896 6344 .5-00 .0 0 .01 4 .4 22 .7 59 .1 2 .68
897 6345 .6-00 .0 <0 .01 4 .5 11 .1 68 .9 2 .68
898 6346 .4-00 .0 <0 .01 4 .9 18 .4 75 .5 2 .67
899 6349 .3-00 .0 <0 .01 2 .8 0 .0 71 .4 2 .70
900 6351 .6-00 .0 <0 .01 2 .7 0 .0 70 .4 2 .70
901 6354 .6-00 .0 <0 .01 2 .9 0 .0 72 .4 2 .65
902 6355 .5-00 .0 <0 .01 2 .9 0 .0 72 .4 2 .68
903 6356 .6-00 .0 <0 .01 5 .4 27 .8 68 .5 2 .68
904 6357 .6-00 .0 0 .01 5 .6 28 .6 55 .4 2 .66
905 6358 .5-00 .0 0 .02 4 .3 20 .9 60 .5 2 .67
906 6359 .6-00 .0 0 .03 8 .1 53 .1 32 .1 2 .64
907 6360 .5-00 .0 0 .04 7 .6 51 .3 34 .2 2 .64
908 6362 .5-00 .0 0 .03 7 .2 48 .6 36 .1 2 .64
909 6363 .5-00 .0 0 .03 7 .1 47 .9 36 .6 2 .65
910 6364 .3-00 .0 0 .02 6 .4 51 .6 32 .8 2 .68
911 6366 .4-00 .0 <0 .01 3 .0 3 .3 70 .0 2 .70
912 6369 .5-00 .0 <0 .01 3 .8 0 .0 78 .9 2 .70
913 6372 .5-00 .0 0 .10 3 .2 6 .3 65 .6 2 .68 FRACTURED PERMEABILITY PLUG
914 6376 .3-00 .0 <0 .01 2 .5 0 .0 56 .0 2 .69
915 6379 .5-00 .0 <0 .01 4 .7 27 .7 53 .2 2 .68
916 6380 .4-00 .0 <0 .01 5 .9 45 .8 35 .6 2 .69
917 6381 .7-00 .0 <0 .01 6 .3 47 .6 33 .3 2 .66
918 6382 .5-00 .0 <0 .01 8 .5 64 .7 24 .7 2 .67
919 6383 .5-00 .0 0 .01 7 .7 59 .7 27 .3 2 .67
920 6384 .5-00 .0 0 .01 7 .3 56 .2 28 .8 2 .68
921 6385 .7-00 .0 0 .01 6 .3 54 .0 31 .7 2 .67
922 6386 .5-00 .0 0002 6 .5 55 .4 40 .0 2 .68

Thew analyses. opinions or brterpsetbn s ere lased on observations and mated* tnpMN by the dent to elm. sad As whom andwtve and confidential we, tide report is made . The interptetetinnS nt opinnmt
**pissed topmast the best jadsmeM of Coro Labontotia, Inc. (ell wrote and otmitdose eawpteoi but Cow talowtedse, hoe. gad Molten std employees, moms no retponsbtbty and mate nn warranty nx
. .wr.. .e1./Mn. a. 16 the na .d114.1DOV. sonnet etantion , or monuments of env oil, rte or other st mstml tenor amil M saes sa with which sash report b used of tilled upon.
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'SANDIA LABORATORIES

	

DATE

	

: 11-3-81

	

FILE NO : RP-2-6714
MX-1

	

FORMATION

	

ANALYSTS : RN,ATrCWiKSrF

923 .6388 .4-00 .0 0 .01 4 .1 31 .7 63 .4 2 .68
924 6391 .6-00 .0 0 .01 3 .5 29 .0 91 .4 2 .61
925 : 6394 .6-00 .0 0 .01 5 .1 35 .3 60 .8 2 .75
926 6397 .5-00 .0 2 .9 10 .3 86 .2 2 .70
927 6399 .5-00 .0 0 .01 4 .7 40 .4 55 .3 2 .69
928- 6400 .3-00 .0 0 .01 5 .1 47 .1 51 .0 2 .68
929 -6403 .7-0000 0 .01 3 .2 18 .8 65 .6 2 .69
930' 6406 .3-00 .0 0 .17 3 .6 11 .1 86 .1 2 .70 FRACTURED PERMEABILITY PLUG
931 6409 .3-00 .0 0 .01 2 .8 0 .0 96 .4 2 .68
932 6412 .3-00 .0 0 .01 2 .4 4 .2 87 .5 2 .70
933 6415 .4-00 .0 0 .01 2 .6 11 .5 80 .8 2 .71
934 6420 .7-00 .0 0 .15 4 .2 31 .0 61 .9 2 .66 FRACTURED PERMEABILITY PLUG
935- 6424 .8-00 .0 1 .20 3 .5 5 .7 91 .4 2 .69 FRACTURED PERMEABILITY PLUG
936 . 6427 .7-00 .0 0 .02 3 .8 10 .5 81 .6 2 .57
937 6429 .4-00 .0 0 .03 4 .1 31 .7 63 .4 2 .73
938 6430 .7-00 .0 0 .02 3 .4 5 .9 76 .5 2 .71
939 6431 .5-00 .0 0 .01 3 .9 25 .6 69 .2 2 .68
940 6432 .2-00 .0 0 .02 5 .0 44 .0 52 .0 2 .68
941 6433 .5-00 .0 0 .02 5 .2 48 .1 50 .0 2 .68
942 6434 .4-00 .0 0 .01 5 .8 50 .0 44 .8 2 .66
943 6435 .9-00 .0 0 .04 7 .3 67 .1 28 .8 2 .66
944

	

. 6436 .7-00 .0 0 .03 6 .8 55 .9 38 .2 2 .67
945 6437 .4-00 .0 0 .02 7 .3 57 .5 35 .6 2 .66
946 6438 .2-00 .0 <0 .01 6 .3 60 .3 33 .3 2 .66
947 6438 .5-00 .0 0 .01 7 .9 68 .4 26 .6 2 .66
948 6439 .3-00 .0 0 .01 7 .6 60 .5 34 .2 2 .65
949 6440 .5-00 .0 0 .01 7 .2 56 .9 36 .1 2 .66
950 6441 .1-00 .0 <0 .01 4 .9 36 .7 53 .1 2 .66
951 6441 .5-00 .0 0 .02 6 .2 56 .5 33 .9 2 .66
952 6442 .8-00 .0 0 .01 2 .9 0 .0 86 .2 2 .65

TMs atehyaa. opinions or IMaptemlons an based of observations and ataerids mppI d by tM rdMatto vhottt,atd for whom eaebtiae and confidential ws, this toped is made . The interprela ions or opinions
eiyreard rep.saps the best jrdyneat of Cote Isbarsmiss, Inc. (iA errors and omhdan Otis/e.4: bit Con tahea/asia, fnm and its alms and employees, among no resporvsthihty and make no warranty or
tepreaertatbae,as N t ht productbity. proper operations. or profhnb1snc of any otl . poor Mkt nasal well or magi la comedian with which snit report Is used or relied upon.

CORE LABORATORIES, INC.
Petroleum Reservoir Engineering

OAIt.Af . TtXAt

SAMPLE

	

PERM Ka POR . FLUID SATS . GRAIN
NUMBER

	

DEPTH

	

MAXIMUM He

	

OIL WTR

	

DEN
------ ------------ --------
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SANDIA LABORATORIES
MIX-1

DATE

	

: 11-3-81
FORMATION Y

FILE NO 1 RP-2-6714-
ANALYSTS I B ,ATaCW,KS :FB

DEAN STARK METHOD

' SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
He

FLUID SATS.
OIL

	

WTR
GRAIN
DEN DESCRIPTION

------------

953 6445 .5-00 .0 0 .05 7 .1 54 .9 36 .6 2 .65
954 6446 .5-00 .0 0 .03 7 .0 62 .9 30 .0 2 .67
955 6447 .5-00 .0 0 .05 7 .0 55 .7 37 .1 2 .65
956 6448 .3-00 .0 0 .04 7 .0 61 .4 28 .6 2 .66
957 6449 .1-00 .0 0 .03 6 .9 60 .9 30 .4 2 .67
958 6451 .5-00 .0 0 .18 709 64 .6 27 .8 2 .65
959• 6452 .5-00 .0 0 .07 . 8 .7 59 .8 29 .9 2 .67
960 6455 .9-00 .0 0 .10 8 .7 62 .1 29 .9 2 .65
961 6456 .5-00 .0 0 .11 8 .6 61 .6 30 .2 2 .65
962 6458 .0-00 .0 0 .07 8 .3 60 .2 31 .3 2 .66
963 6460 .0-00 .0 0 .08 7 .1 52 .1 36 .6 2 .66
964 . 6461 .5-00 .0 0 .04 7 .4 47 .3 36 .5 2 .66
965 6463 .5-00 .0 0 .08 7 .8 28 .2 33 .3 2 .66
966 6470 .0-00 .0 <0 .01 3 .1 6 .5 51 .6 2 .69
967 6471 .8-00 .0 1 .00 3 .0 13 .3 70 .0 2 .51 FRACTURED PERMEABILITY PLUG
968 6473 .0-00 .0 <0001 2 .9 17 .2 51 .7 2 .69
969 6475 .6-00 .0 0 .02 3 .1 19 .4 51 .6 2 .69
970 6477 .5-00 .0 0 .04 3 .9 17 .9 53 .8 2 .68
971 '648100-00 .0 <0 .Ot 3 .0 23 .3 53 .3 2 .68
972 6482 .8-00 .0 0 .01 3 .3 6 .1 63 .6 2 .67
973 6486 .5-0000 <0 .01 4 .5 22 .2 5708 2 .67
974 4487 .5-00 .0 0 .01 5 .1 29 .4 51 .0 2 .66
975 6489 .8-00 .0 <0 .01 3 .1 6 .5 64 .5 2 .67
976 6491 .8-00 .0 <0 .01 3 .3 6 .1 63 .6 2 .61
977 6494 .5-00 .0 0 .01 2 .3 0 .0 60 .9 2 .65 FRACTURED PERMEABILITY PLUG
978 6497 .0-00 .0 . <0 .01 3 .4 8 .8 64 .7 2 .76
979 6500 .0-00 .0 <0 .01 4 .8 29 .2 54 .2 2 .76
980 650205-00 .0 0 .37 5 .4 27 .8 4801 2 .67
981 6503 .5-00 .0 0 .03 5 .0 26 .0 52 .0 2 .63
982 650501-00 .0 0 .03 6 .5 49 .2 40 .0 2 .66

Thea ettslysis. pNtlotn a MNrprsuthtn. en besN on abwwtiom sad m .tat.I. suppbs/ by tks cite.le tsisttbss>• to whoa sudusiw std ooafWMthi us.. thisreport ism.d. . the innerpretations of tens
expsssed npressnt the ben ►ud~atem of Con Leboruoths, Ins. (.b atop and animism ampseOt bW Ce. faboalsga, fn. . sod ka o fles's sod smploys.s, assrns no naponslibty aM maks no wenanly or
tpronnlsdons, a to ihs produstiWly. props' opaetlons, a profp sbisnsa of any ed, b. a tNltse sitlesral wil a and M twnnseMon with whisk oak sport I. said of tNW uMott,
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SANDIA LABORATORIES ' DATE

	

S 11-3-81 FILE Hf1

	

: RP-2-6714
MWX-1 FORMATION

	

: ANALYSTS : SNrATrCWrKS .FB

DEAN STARK METHOD

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR.
Ha

FLUID SATS.
OIL

	

WTR
GRAIN
DEN

	

DESCRIPTION
------------

'983 6507 .3-00 .0 0 .03 7 .4 54 .1 36 .5 2 .66
984 6508 .0-00 .0 0 .03 7 .4 56 .8 35 .1 2 .67
.985 6508 .1-00 .0 0 .03 7 .4 51 .4 35 .1 2 .66
986 6508 .3-00 .0 0 .04 7 .5 53 .3 37 .3 2 .66
987 6509 .3-00 .0 0 .03 8 .3 60 .2 31 .3 2 .67
988 6511 .2-00 .0 0 .04 8 .2 61 .0 31 .7 2 .67
989 6513 .0-00 .0 0 .05 7 .9 58 .2 34 .2 2 .66
990 6514 .7-00 .0 . 0 .05 8 .2 58 .5 31 .7 2 .67
991 6516 .5-00 .0 0 .03 7 .5 56 .0 34 .7 2 .68
992 6517 .5-00 .0 0 .03 7 .3 56 .2 35 .6 2 .67
993 6519 .5-00 .0 '0 .03 7 .2 55 .6 36 .1 2 .67
994 6522 .5-00 .0 0 .04 6 .9 52 .2 37 .7 2 .66
995 6524 .2-00 .0 0 .03 6 .0 43 .3 43 .3 2 .67
996 6528 .7-00 .0 0 .01 2 .9 3 .4 72 .4 2 .68
997 6530 .7-00 .0 0 .01 3 .4 5 .9 76 .5 2 .69
998 6531 .4-00 .0 <0 .01 3 .3 0 .0 78 .8 2 .69
999 . 6532 .4-00 .0 0 .01 4 .4 22 .7 59 .1 2 .68
1000 6533 .5-00 .0 0 .01 3 .5 2 .9 74 .3 2 .69
1001 6534 .4-00 .0 0 .01 3 .5 8 .6 74 .3 2 .67
1002 6535 .3-00 .0 0 .01 6 .1 45 .9 42 .6 2 .68
1003 6536 .7-00 .0 0 .03 6 .9 52 .2 37 .7 2 .67
1004 6537 .5-00 .0 0 .05 6 .8 50 .0 36 .8 2 .66
1005 6539 .2-00 .0 0 .02 3 .9 17 .9 66 .7 2 .68
1006 6540 .5-00 .0 0 .04 7 .3 53 .4 35 .6 2 .66
1007 6541 .3-00 .0 0 .09 7 .5 54 .7 34 .7 2 .65
1008 6542 .5-00 .0 0 .02 6 .6 48 .5 39 .4 2 .67
1009 6543 .7-00 .0 0 .05 7 .2 54 .2 36 .1 2 .66
1010 6544 .4-00 .0 0 .05 7 .3 53 .4 35 .6 2 .66
1011 6545 .5-00 .0 0 .04 8 .1 58 .0 30 .9 2 .67
1012 6546 .3-00 .0 0 .04 8 .0 55 .0 37 .5 2 .69

Thew sr an bead on obeereatbas and materials suppthd by the swat so .host, and for whose minis end confidential spa, this report is made. The imerpretalions or opinions
expressed eapreautt the bat **neat of Core Laboratories Inc . (sup atas tmd omission sussed); but Coss tabaatorisi, Inc and its officers and employees, assns no responsibility and make no wartanl y or
igwsfapoas. sets the productivity, proper operations, or profitableness of any oil. gas or athw nteas ai wed at send In comedian with which such report is used or relied upon.



SANDIA LABORATORIES
MIX-1

CORE LABORATORIES, INC.
Petroleum Reservoir Engineering

OALLAO . TIXAs

DATE

	

: 11-3-81

	

FILE NO : RP-2-6714
FORMATION

	

ANALYSTS : BN,AT,CW,KSsFD

DEAN STARK METHOD

PAGE 36

SAMPLE
NUMBER DEPTH

PERM Ka
MAXIMUM

POR .

	

FLUID SATS.
He

	

•

	

OIL

	

WTR
GRAIN
DEN DESCRIPTION

------------ ----------------------------------------------

1013 6547 .5-00 .0 0 .05 7 .9 53 .2 39 .2 2 .68
1014 6548 .8-00 .0 0 .08 7 .6 48 .7 40 .8 2 .66
1015 6549 .7-00 .0 0z07 7 .1 45 .1 43 .7 2 .66
1016 6550 .7-00 .0 0 .06 6 .6 50 .0 39 .4 2 .66
1017 6551 .5-00 .0 0 .04 6 .8 51 .5 36 .8 2 .67
1018 6552 .5-00 .0 0 .02 5 .9 42 .4 44 .1 2 .66
1019 6553 .5-00 .0 0 .02 4 .3 20 .9 60 .5 2 .67
1020 6563 .3-00 .0 0 .04 4 .0 17 .5 65 .0 2 .54
1021 6564 .2-00 .0 0 .02 4 .2 14 .3 6109 2 .67
1022 6566 .5-00 .0 0 .01 2 .8 0 .0 75 .0' 2 .70
1023 6568 .4-00 .0 0 .01 2 .7 0 .0 77 .8 2 .69
1024 6570 .5-00 .0 0 .81 1 .5 0 .0 66 .7 2 .67 FRACTURED PERMEABILITY PLUG
1025 6574 .1-00 .0 0 .04 4s0 17 .5 70 .0 2 .70
1026 6577 .4-00 .0 <0 .01 1 .7 0 .0 41 .2 2 .70
1027 6578 .8-00 .0 0 .01 2 .8 3 .6 17 .9 2 .68
1028 6579 .9-00 .0 0 .01 1 .5 0 .0 73 .3 2 .70
1029 6580 .7-00 .0 <0 .01 2 .1 9 .5 76 .2 2 .70
1030 6581 .2-00 .0 0 .01 1 .9 5 .3 84 .2 2 .69
1031 6582 .5-00 .0 0 .01 3 .8 7 .9 55 .3 2 .68
1032 6583 .5-00 .0 <0 .01 3 .3 0 .0 30 .3 2 .69
1033 6596 .8-00 .0 0 .03 2 .6 11 .5 80 .8 2 .66

This analyses, opinions or Interpretations we bead on observation' and matuisl sup,tlid by the allot to whoot, sad to whom *adobe and confidential um, this report is made, The metrication% or opinions
upraised repremnt the bat Judgment of Cora l eborstorls, Inc. (all snot. and minion. aarptd); but Cm Iaboatarlr, Inc. and Its Olken and employees, assume nocuponsibibty and make no mammy or
rspnsntatloe . as to the produstliby, proper op rations, or profitableness of any oil, pas our ache nrhterd rill or nmd M eomsetba with which such sport Is used or ceded upon.
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owt_LAS . Tterr*

SANDIA NATIONAL LABORATORIES

	

DATE UN

	

: 18-JUL-83

	

OFF : 06-OCT-83 FILE NO

	

: 3806-7199
MWX-3

	

FORMATION : MESA VERDE

	

LABORATORY : AURORA

CONVENTIONAL CORE ANALYSIS--BOYLE'S LAW POROSITY

SAMPLE

NUMBER
DEPTH
FEET

PERM MD
MAX Ka

He
POR

OILX WTRX
PORE PORE

GRAIN
DEN

------------

66 6432 .7-32 .9 :0 .01 16 .8 0 .0 86 .5 3 .08
67 6434 .4-34 .6 <0 .01 3 .5 0 .0 66 .5 2 .69
68 6435 .6-35 .8 :0 .01 5 .1 0 .0 51 .7 2 .68
69 6436 .6-36 .8 <0 .01 5 .4 0 .0 72 .6 2 .69
70 6437 .8-38 .0 <0 .01 5 .6 0 .0 71 .6 2 .69
71 6438 .9-39 .1 <0 .01 3 .2 0 .0 75 .7 2 .69
72 6440 .3-40 .5 <0 .01 2 .6 0 .0 73 .8 2 .68
73 6441 .8-42 .0 <0 .01 5 .8 0 .0 69 .4 2 .67
74 6443 .5-43 .7 <0 .01 6 .1 0 .0 57 .5 2 .67
75 6444 .8-45 .0 <0 .01 5 .9 0 .0 67 .5 2 .67
76 6445 .8-46 .0 0 .01 8 .2 0 .0 42 .0 2 .69
77 6447 .5-47 .7 0 .02 7 .0 0 .0 45 .0 2 .67
78 6448 .5-48 .7 <0 .01 5 .2 0 .0 56 . 2 .68
79 6450 .5-50 .7 0 .05 3 .0 0 .0 80 .3 2 .60
80 6452 .1-52 .3 ;0 .01 7 .1 0 .0 44 .7 2 .68
81 6453 .6-53 .8 0 .01 7 .1 0 .0 40 .7 2 .66
82 6454 .6-54 .8 0 .01 7 .5 0 .0 40 .b 2 .67
83 6456 .5-56 .8 0 .04 8 .7 0 .0 38 .2 2 .65
84 6457 .7-57 .9 0 .03 7 .1 0 .0 47 .5 2 .65
85 6460 .1-60 .3 0 .02 7 .9 0 .0 42 .5 2 .66
86 6461 .8-62 .0 0 .03 7 .5 0 .0 41 .8 2 .66
87 6463 .0-63 .2 0 .02 7 .1 0 .0 49 .9 2 .66
88 6464 .4-64 .5 0 .01 7 .6 0 .0 41 .0 2 .67

'hew Analyses. opinions w tatctpretatiuns are based urt ubser rations and materials supplied by the cheat to whom, and far whose eaclusire and euafidentiaa use . this report is made . The uuetpretativas ui optnraa
expressed sepresem taw best jwlgrneat of Core Lobotomies . Inc . (all errors and omissions eaaeptsd) ; but cam l boatottes, lac . sad its makers stall qupiuyees, swume tut impossibility sad male so w,utauly+r
teptesemattuns. as to the ptuductivity . proper uperatlot.r . at ptufitableaea of any oil . pss Of other nibismi well Of sand In coarx.Ylon with which such sepal is used M «bed upon.
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CORE LABORATORIES, INC.
Petroleum Reservoir Engineering

DALLAS . TEXAS

SANDIA NATIONAL LABORATORIES

	

DATE ON

	

: 18-JUL-83

	

OFF : 06-OCT-83 FILE NO

	

: 3806-7199
MWX-3

	

FORMATION : MESA VERDE

	

LABORATORY : AURORA

CONVENTIONAL CORE ANALYSIS--BOYLE'S LAW POROSITY

SAMPLE

	

DEPTH

	

PERM MD
NUMBER

	

FEET

	

MAX Ka
He
POR

OILY. WTRZ
PORE PORE

GRAIN
DEN

-------------------------- -----
89 646609-67 .1 0 .02 7 .4 0 .0 41 .1 2 .67
90 6468 .5-68 .7 0 .03 7 .7 0 .0 40 .0 2 .67
91 6470 .6-70 .8 <0 .01 1 .4 0 .0 81 .4 2 .68
92 6473 .4-73 .7 0 .01 5 .3 0 .0 61 .9 2 .67
93 6474 .6-74 .8 :0 .01 5 .2 0 .0 63 .2 2 .67
94 6475 .7-75 .9 0 .01 3 .7 0 .0 70 .4 2 .67
95 6501 .4 ... 1 .6 <0 .01 2 .4 0 .0 76 .5 2 .68
96 6502 .7- 2 .9 <0 .01 2 .6 0 .0 76 .4 2 .67
97 6504 .3- 4 .5 <0 .01 2 .7 0 .0 78 .8 2 .67
98 6506 .1- 6 .3 <0 .01 2 .1 0 .0 78 .5 2 .69
99 6507 .7- 7 .9 <0 .01 3 .4 0 .0 69 .7 2 .63

100 6509 .5- 9 .7 <0 .01 6 .2 * .6 63 .7 2 .67
101 6510 .8-10 .9 <0 .01 6 .3 3 .2 5; 1 .8 2 .67
102 6512 .3-12 .5 0 .01 6 .8 0 .0 5 1. .2 2 .67
103 6513 .8-14 .0 <0 .01 6 .9 0 .0 55 .8 2 .68
104 65.15 .4-15 .6 <0 .01 6 .1 0 .0 51 .1 2 .67
105 6516 .7-16 .9 <0 .01 6 .0 0 .0 58 .2 2 .68
106 6523 .7-23 .9 <0 .01 4 .1 0 .0 74 .3 2 .68

Huse Analyses, opinions w 'Mope lats u s ue based ua ub.rivations end 111ateiuls wpphad by the client to whom, and foe whose exclusive and sunfidealisi use . this upset is made. The Iolelplalassum N Ipnau.ov

expressed ammo' lb. best Ludiolen of Cote Laboratories, Inc . tall sows and omisdons es .a$sd) : but Core LabotlNNeiss, Mc . sad its uliwus and employees, MUMS ao sail uasibility and make its wates$y IM

laplasenIatwrns, as lu the pt .iluctivily, props. opal adults, m ptufitsbleness of any till, rss a cast miasmal well m rod M eoastecltoa with wiwch sub euwe a used et ,eked upon.
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File	 203-830024

SPECIFIC PERMEABILITY,TO WATER

Company :

	

Sandia National Laboratories

Formation :

	

Mesa Verde

County, State :

	

Garfield, Colorado

Water Identification :

	

18,000 ppm NaCl

Sample
I .D .

Depth,
feet

Porosity,
percent

Permeability
to Air,

millidarcys

Specific
Permeability

	

Permeability
to Water,

	

Ratio
millidarcys

	

water/oil

941

	

' 6433 .5 5 .3 0 .01
2000 O.B . 5 .3

	

X 10°5

3000 O.B . 3 .7

	

X 10°5

943 6435 .5 7 .8 0 .04
3000 O.B . 1 .38 X 10-4

lbws analyses . minims, ar interpretations are based en msmmstisms sd ssisrial implied by l s client ts wma . ad !sr whose mambo srd aentidar<tis:
rw * this rrisrrt is alas. i%s in arpntetias ar epiniss s PrabSed mown' s s best SANowls of OOs lrbontet+iss. inc . ieil ernes and minims
smoeirtedl : Out Gore la tariss, Le: . and its *thaws and employees . amiss no responsibility Ind mks so wtwrty S reprrrd+tatiais w 10 00 Rodmo-
*wow- ammo, sommstisu. sr wotis4P:urass st ati of y s ar ether admiral rail sr mad in samsetis: with MWid * srW !wort is used sr w:lisd glen.

Well : MX-1

Field : Rulison
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Special Core Analysis

	

. Page 3 of a

'File	 203-820088

PERMEABILITY, POROSITY, AND GRAIN DENSITY

Company :

	

SANDIA NATIONAL LABORATORIES	 Well : 	 MULTI-WELL EXPERIIENT-1 	

Formation :	 MESA VERDE -FLUVIAL

	

Field : 	 RULISON

County (Parish), State :	 GARFIELD,•COLORADO	

Sample
Identification Depth, feet

Permeability
to Air,

millidarcys
Porosity,
percent

Grain
Densityy,
gmlcros

93-S 6259 .0 * 2 .69

95-S 6260 .0 * 2 .62

97-S 6261 .0 * 2 .74

99-5 6267 .0 * 2.58

101-S 6263 .0 * 2 .76

103-S 6264 .0 * 2.71

105-S 6551 .0 7.0 2 .69

107-S 6552 .0 7.2 2 .68

109-S 6553.0 S.2 2 .67

•

	

111-S 6554 .0 4 .2 7

113-S 6555 .5 * 2 .86

115-S 6556.0 2 .3 2 .72

117-S 6557.0 * 2 .70

119-S ~-6558.0 2 .69

121-S 6559.0 3.4 2 .72

* SAMPLE FAILED

151$ report, bolted M obsNwtghs end sourish supplied by the elitist . Is plowed fee toe *etlus/re end c f1deet/el wee by the dim* . 10e Aria.

d►lolO0t. p /ntIA►etdtIMlt CMlt.IOM hereto Rpesont the judgement N C . lebsraterles . sec . ; mar, Core lMeretSMa . lac. . sad its U+o>s Srs~
M fe$NMMlblllty dM ask, M usr►Mtles e► fepross*tetlent a to the utility of this r ort to the client or as to the productivity, ~r efne
r01$ableaso N o N1 . pt. up Other Maisel fMoetloh or well la teoneetMM with which such report wry he used or relied epee.

$C• 011 • Cm Laboratories, tee.
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Page 3 of 3

File 203-82049

Company :	 SANDIA NATIONAL LABORATORIES 	 Well :	 MULTI-WELL EXPERIMENT #1 & 2

Formation :	 FLUVIAL MESAVERDE & CORCORAN** '	 Field :RULISON	

County (Parish), State :	 GARFIELD, COLORADO	

Sample
Identification De.th

	

feet

Permeability
to Air,

millidarc s

Grain
Density

MWX-2 WELL

6 6447

	

-

	

6448 0.10 2 .66

8 6506 .7-6507 .4 0.07 2 .68

** 10 6526

	

-

	

6527 0.07 2.68

MX-1 WELL

7 6455.3-6456 .2 0 .15 2.65

9 6511 .0-6511 .7 0 .06 2 .66

** 11 6543.3-6544 .4 0 .09 2 .67

This report. Weddle observations end materials supplied by the client . is prepared for the sickish. and confidential use by the client. The aealy$tt.
*pistons . Or interpretations contained herein represent the judgment of Core Laboratories . Inc . ; however . Core Laboratories . Inc . . and its e+nploytes sewn
no responsibility and neon as warranties er representations as to the utility of this report to the client or as to the productivity, proper operation . or
profitableness of say oil . tad . or other amoral formation or well in connection with which such report my be used or relied upon.

SC-$S21 • ten taboretorles . Inn.

.

	

t•

VERTICAL PERMEABILITY TO AIR AND GRAIN DENSITY
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Page
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File	 203-830024

SPECIFIC PERMEABILITY .T0 WATER

Company :

	

Sandia National Laboratories

Formation :

	

Mesa Verde

County, State :

	

Garfield, Colorado

Water Identification :

	

18,000 ppm NaCl

Permeability
Sample

	

Depth,

	

Porosity,

	

to Air,
I .D .	 feet	 percent

	

millidarcys

	

6 .1

	

0 .02
2000 O.B.

3000 O.B.

	

7 .1

	

0 .02
2000 O.B.

3000 O.B.

Well : MWX-1

Field : Rulison

Specific
Permeability

	

Permeability
to Water,

	

Ratio
millidarcys

	

water/oil

	
1 .28 X 10'4

9 .8 X 10'5

1 .05 X 10- 4

8 .8 X 10-5

981

	

6503 .5

1003

	

6536 .7 .

INN .stows, spiniww ar intaepwtiow a . WM u dwsv titer — .st clot applied ay tas clime to Mm. odd ller awes . , and aitiwd.
Mt . IMO newt is nas . The if

	

ratios W. *ohms .dsaasad stpa art IN Ws Iudswowt of ewe laesraeios . Ng. MI antra wd aia.ims
wstadt, is mss to asrs.s. kw. and its *Mows all a wasyw. own so taopmsildlity .Ad ado no rastenty ar s.ptmmtstiss as to Ow power
tivity . snow as.rstian, ar pntitalwa. . .t fir eda. s s is* odor Want witt asd io nisi a[* *id' soh sewer is mod ar sa1l .d am.



PERMEABILITY TO AIR AND POROSITY

Company :

	

Sandia National Laboratories

	

Well :

	

MX-1 & MWX-2

Formation :

	

Mesa Verde

	

Field :

	

Rulison

County, State :

	

Garfield, Colorado

Thew analysis . opinions or imsr pr nations are bawd m observations and material suppl iad by the blunt Imams . and for buss exclusive and es%fidareia

on. this report is made . The im u etataa$ or opinions expressed» the bas i "kwnt at _Ca taea inn .' (all errors and aadsaiau
pooped): but Core Laborutmau . inc . ad its grime, and employees . assn , responsibility and orbs no mrrnanty ar soieeaentatiars ss teas Foam.

tivity. moor epsratian. ar P ofitabl was of any x33 . W ar otlnr minimal miller sand in ecumenism via uhiah Oka mpaR is used or relied upon.

Permeability
to Air,

	

Porosity,
Depth, feet

	

millidarcys	 percent

	

6433 .5

	

0 .01

	

6435 .5

	

0 .04

	

6503 .5

	

0 .02

	

6536 .7

	

0 .02



PERMEABILITY TO AIR AND POROSITY

Company :

	

Sandia National Laboratories

Formation :

	

Mesa Verde

County, State:

	

Garfield, Colorado

CORE PLUGS WITH PERPENDICULAR FRACTURES

	

38-28M

	

6193 .0-93.4

	

38-28F

	

6193 .0-93 .4

Permeability
to Air,

	

Porosity,
millidarcys

	

percent

-The "M" Designation refers to Matrix Permeability.
-The "F" Designation refers to plug permeability across a fracture.
The fractures were generally mineral filled.

Itess anslyass,

	

r intawstatisns are bawd en absaystdsns ad atrial sopplisd by Oa raiser as Was. sae tar toss arelydaa and sandwich'

Ms. this Mart 8$ saes• The i$terwatatiuns r opinions alpneu reptessat the bast $uq/wat of hors 1a 'sta3as
. lee. loll snow and aadasims

easeptawlt but Carr La starise, Lc . ad its offiaets and aiplayass . assusa no tsypanaSa83.t Y and mks as emend, a• aspresantatims as too
pee.

.+..+w. .a.mrr nrmstien. or amfiigblaus s am oil . iss as ether mineral

	

orado fwd in era+ctia► with thigh ors sport is rasa r tolfsd slim



CORE LABORATORIES . INC .

File 203-820075

PERMEABILITY TO AIR AND POROSITY

Company :	 SANDIA NATIONAL LABORATORIES

	

r . . ;l :	 MULTI-WELL EXPERIMENT #2

'field :	 RULISONFormation: MESA VERDE-COASTAL

County (Parish), State :	 GARFIELD COUNTY, COI3 ADO

Sample
Identification Depth, feet

Permeability
to Air,

millidarcys
Porosity,

_percent

113 6423 .7 < 0.01 5.5

114 6425 .8 0 .02 5 .7

115 6427 .8 0 .01 7 .4

116 6429 .2 0 .01 3 .6

119 6432 .5 0 .03 5 .7

122 6436 .5 0 .06 7 .2

125

	

-- 6439 .5 0 .07 6.5

127 6441 .5 0 .03 5 .9

128 6443 .5 0 .03 5 .8

131 6446 .5 0 .10 7 .4

.

	

134• 6450.5 0 .18 8 .6

137 6453 .5 0 .04 5 .9

140 6457 .5 0 .10 7 .4

141 6458 .5 , 0 .14 7 .5

142 6459 .5 0.08 6 .8

143 6461 .7 0.02 4.5

144 6463 .9 0 .01 4 .0

145 6465 .8 0 .03 2 .3

146 6467 .5 0 .01 4 .0

147 6469 .6 0 .01 •

	

4 .9

Tots revert . based oa observation sad meteriols soopliod bp the client . Is prpai for tM eeclmsirt and confidential use by to, client . the amlyses.ptnle.s . er /nterpretetim eantNnd oereln roereeent the ,1WNment of tore laboraterlet, loe .i hererer, tore laboratories . lot . . and its employees assume
no responsibility end mote so so praniles or reproaeataetens as to too utility of this sport to the chant or as to toe pwdottlrltye paper peretloh . Sr
profitableness of 'soy o11, pose or other mineral feroat$se or well Io conorcthn with which soth visor' ea, be wad or roiled 0000.

$04521 • Coro Laboratories . IRO .

Special Core Analysis
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File	 203-720075

• PERMEABILITY TO AIR AND POROSITY

Company :	 SANDIA NATIONAL LABORATORIES 	 Well :	 MULTI-WELL EXPERIMENT a2

Formation :	 MESA VERDE-COASTAL	 Field :	 RULISON

County (Parish), State :	 GARFIELD COUNTY, COLORADO

Sample
Identification Depth, feet

Permeability
to Air,

millidarcys
Porosity,
percent

148 6497 .6 0 .01 1 .8

149 6498 .6 0 .01 4 .5

150 6500 .9 0 .02 3 .5

151 6501 .8 0 .02 4 .5

152 6504 .4 0.04 6 .1

154 6508 .3 0.05 7 .9

156 6511 .1 0.03 7 .3

159 6516 .3 0.09 9 .0

162 6521 .9 0.06 7 .7

165 6527 .2 0 .05 7 .8

167 6529 .9 0 .04 7.6

168 6531 .9 0 .06 7.6

170 6535 .3 0 .08 8 .0

171 6536 .9 0 .13 8 .0

g172 6539.2 0 .03

	

J 5 .6

174 6542 .6 0 .04 6 .5

176 6545 .8 0 .07 8 .7

177 6547 .8 0.05 7 .5

178 6549 .7 0.03 6.7.

179 6551 .2 0 .05 8.0

lids rtp► t . Mild M sMervatlons end materiels supplied hp the client . 1s prepared for the e,clwl .e and confidential use by the client . Ise wipes.
epinisat . or latorpretatlons contained herein reeraent the juSpwent of Core laboratories . Inc . ; however . Core Laboratories . Inc ., and its ealeren a+uee
so re►ponsib111tr end note MO warranties or reoresetat/ont as to the utility of this report to the client or is to the preductivity . proper speration . or
pefttagness of ep in, pas . or other admiral fonatten or well In connection with which wet report .,y be used or relied ryas.

104521 • Care LiWrstrrl.s . loc.
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File 203-820075

PERMEABILITY TO AIR AND POROSITY

Company :	 SANDIA NATIONAL LABORATORIES

Formation :	 MESA VERDE-COASTAL

Well : MULTI-WELL EXPERIMENT #2

Field : RULISON

County (Parish), State :	 GARFIELD COUNTY, COLORADO

Sample
Identification De .th

	

feet

Permeability
to Air,

millidarc s

Porosity,
'ercent

180• 6552 .8 0 .04 7 .6

181 6556 .9 0 .05 7 .0

182 6558 .1 0 .06 6.4

183 6559 .9 0 .02* 8 .1

184 6562 .8 0 .09* 3 .0

*FRACTURED PLUG

tilts report, asH on ebaer►attom tad materials ouptted b tM etto*t . is prepared for tM occlusive sod confidential use by tee ell's' . The analyses.
opinions . or interpretations contained Mrein rearesent the Meow' N Core Lear,tories, Im .i bweeer, Cere Laboratories, IN ., end its eeoloyeei so ws
no responsibility and maw no uorranties or fepresentottont as to tM eft11ty of Leis report to the client or of, to toe prebctlrity, proper operation, orprof itableness of any o11, pas, or other NMrel formation or wall to e000ectteo with o*lhh ouch report say be we. or re11N Neil.
SC-5521 • Coro Laboratories, lae.



Sandia National Laboratories
Mesa Verde ination
Garfield County, Colorado

1Aslti-*e11 Exporiaent No. 1
Rulison Field

Sample
Identification th. f "

Permeability
to Air,

an; ii i ; da,c,N
FDmsity,

11=60t

Grain
Density
gm/cc

819 6084 .5 <0.01 1.9 2 .70
829 6191.4 0 .02 5.0 2.69
833 6195.5 0.01 3.3 2.70
839 6242 .7 0 .24 2 .7 2.72
894 6342 .5 0.01 3 .9 2.69
938 6430.7 0.01 3 .6 2.72
958 6451 .5 0.11 8 .5 2.67
980 6502 .5 0.18 5.2 2.68

1021 6564 .2 0.01 4 .1 2.69
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Aurora, Colorado

	

File	 203-87005

PERMEABILITY TO AIR . POROSITY. AND GRAfl DIMITY

Sandia National Laboratories

	

Multi-Well Experiment No. 3
Mesa Verde Formation

	

Rulison Field
Garfield County, Colorado

Sample
Identification Depth.

Permeability
to Air,
llidarcvs

Porosity,
Grain

Density,
gm/cc

74 6443 .5-43 .7 0.02 6.6 2 .69

82 6454 .6-54 .8 0.04 8.2 2 .69



Company :

	

Sandia National Laboratories

	

Well : MWX-3

Formation :

	

Mesa Verde

	

Field: Rulison

County, State :

	

Garfield, Colorado

Sample
Identification Depth, feet

Permeability
to Air,

millidarcys
Porosity,
, percent

5 6443 .7—44 .0 0 .06 6 .5

6 6556.1—56 .66 0 .06 7 .8

7 6511 .1—11 .5 0.04 6 .4

lam an.ly.es . opkdons ar intarpres.tiais am bawl an ebs .tier. arW .~.s i .

	

.e b eA. dire to Wm. old *lc •u•• toolothe a.d ozdtid es.
we. this wort s .m.. I* intgntstiais ar apsr,$ans arprrta.tl mamma Ito Mot *Mom of a.. t.ess~.ca~. .. use. tail snore sod miss:k m

.Mm.ptada : IYt Ooh t enr saris, be. are its animas and implosions . down w.pamsi5Llity ad mama m. wamoty or s p•••I't iao as to Oa

r*viw, m• •r .ps.ti.r►, or p.tivlmar.. K •w oil. u or odor amrrarl .su or sand M aovnotioo with Aids awes sears is toed rallied ate.
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File	 203-840026

PERMEABILITY TO AIR, BOYLE'S LAW POROSITY AND KLINKENBERG PERMEABILITY

Oanpany :

	

Sandia National Laboratories

Formation :

	

Mesa Verde

County, State :

	

Garfield, Colorado

Well :

	

MIS-1

Field :

	

Rulison

Permeability Klinkenberg Permeability

Sample to Air Porosity, Effective Overburden Pressure, psi
Identification Depth, feet millidarcys percent 1000

	

2000

	

3000

4M 6002.5-6002 .8 0 .01 4 .8 0.00038

	

0 .00009

	

0 .00006

4F 6002.5-6002 .8 0 .01 6 .1 0 .00211

	

0 .00176

	

0 .00110

5M 6107 .6-6107 .9 0 .01 1 .3 0 .00014

	

0 .00007

	

0 .00004

5F 6107.6-6107 .9 0 .02 1.4 0 .00221

	

0 .00070

	

0 .00040

M m Matrix Permeability
F = Fracture Permeability

These analyses . opinion or interpretations are bawd on observations and material supplied by the Client to wham, and for whoa* exclusive and confidential use, this
report is made. The interpretations or opinions expressed represent the bat pudpemant of Con Laboratories . IOC. (all errors and omissions excepted) : but Core
Laboratories. Inc. and Its officers and employees, Mum* no responslbifity and make no warranty or represantet10ns es to the productivity, proper operation, Or

profitableness of any oil, gas or other mineral or send in connection with such report is used or relied upon.



CORE LABORATORIES, INC.
Special Core Analysis

SUMMARY OF ROUTINE PERMEABILITY, POROSITY & KLINRENBERG
PERMEABILITY AS A FUNCTION OF OVERBURDEN POROSITY

Company :

	

Sandia National Laboratories

	

Well : Multi-Weil Experiment No . 1

Formation:

	

Mesa Verde

	

Field: Rulison

County, State : Garfield, Colorado

Effective Overburden Pressure,psi

Sample
Identification , Depth, feet

Permeability to Air
Millidarcys

Porosity,
Percent

34-16 6032.3—: 1 .7 1 .5 i.9

35—9A 6079.0-79 .5 0.09 7.2

	 1000	 2000	 31010

Elin enberg Permeability
Millidarcys

0.00836 0.00560 0.0049

Thassaiayses,opiniallorInbrpntationsonMndonooemstionsand~Mrw«gpliedgrlhoMontso whom. sno orwhon «iewiv.aiaoonrdssaiMas.mis
most rands. The aporpnyMOns o opinions apNassd roprossnt ow Met (umpimont of Coo LMoa:aiss. Inc. (Of anon and omissions 0nopsea : ant Caro

L*bo,atorUS, Inc. and Ns officers and angloraee. assume no nsponsibif f and oaks no werranty at NpassmMions as in firs endue ryr. prop. ep.alion.
prolamine* of any oil. sm or other mime or sand in oonaolion with such noon Is used or NINA upon.



CORE LABORATORIES. INC.
.

Page 6 of 6

File	 203-830070	

Company	 SANDIA NATIONAL LABORATORIES 	 Formation	 MESA VERDE-UPPER COASTAL ZONE

Well	 MULTI-WELL EXPERIMENT NO. 1	 County	 GARFIELD	

Field	 RULISON	 State	 COLORADO

SUMMARY OF ROUTINE PERMEABILITY, POROSITY & KLINKENBERG PERMEABILITY
AS A FUNCTION OF OVERBURDEN PRESSURE

Effective Overburden Pressure, Psi

	

1000

	

2000 3000

Sample
Identification

Depth,
feet

Permeability to Air
Millidarcys

Porosity
Percent

Klinkenberg Permeability
Millidarcys

811 6069 .3 0.05 8.1 0.0056 0.0046 0.0036
813 6071.7 0 .06 9 .0 0.0100 0 .0062 0 .0058
815 6073 .7 0 .12 9.9 0.0198 0.0162 0 .0146
817 6079 .7 0.13 6 .8 0.0094 0 .0064 0.0061
818 6081 .7 0 .10 3 .6 0.0025 0.0011 0.0006

1 ss analysts. Caimans ar interpret sties» era bMad en absavadens .nd satarial supplid by tln chant to Om, and tar chess aaslusisa ad mnffdsnti
S . tl►is repent is sods. Ths int pestatiane sr *pinions arpersasd repes_ant ths . brit iudtrar ogee labarstsrirs. Ina (a31 amts rd eaiaaianr

sacteptadIt. but Cees W+zateriss. Ind . and its off Wits atii0layrw, assume no i spensibility and ode ro s

	

ar ssphssntstians as m tM peoluo-
tivity. plow apantioeN err profit bfsnsss ed abr ei1. pn sr ethos ~inasl .a1 or sad !nn eansetiat id* *di as* mast L used ea• adfsd upon.
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Aurora, Colorado

	

File	 203-87005

EMBBLEangiNaMaltejIMMIgnigatiggmum

Sandia National laboratories

	

Multi-Well Esperiment No . 1Mesa Verde Formation

	

Munson Field
Garfield County, Colorado

Sample
I .D.

Depth,
Permeability

to Air,
millidarcies

Porosity,_per
Kli

	

rg Permeability, millidarcies
at overburden pressures, psi
1000 2000 3000

819 6084 .5 <0 .01 1.9 0.00021 0 .00015 0.00008
829 6191.4 0.02 5.0 0.00108 0.00081 0.00022
833 6195.5 0.01 3 .3 0.00020 0.00014 0.00009
839 6242 .7 0.24 2 .7 0.01496 0.00492 0.00128
894 6342 .5 0.01 3 .9 0.00075 0.00056 0.00040
938 6430.7 0.01 3 .6 0.00089 0.00046 0.00027
958 6451.5 0.11 8.5 0 .00988 0.00241 0.00056
980 6502.5 0.18 5.2 0 .01853 0.00513 0.00112
1021 6564.2 0.01 4.1 0.00048 0.00027 0.00014



CORE LABORATORIES, INC.
Special Core Ana/pit

Page	 7 of__
File	 203-850062	

PERMEABILITY, POROSITY - RLINKENBERG PERMEABILITY

Company :

	

Sandia National laboratories
Formation :

	

Mesa Verde
County, State: Garfield, Colorado

	

Effective Overburden, psi :

	

1000

	

2000

	

3000

Pcmeability
Sample

	

Sample

	

to Air,

	

Porosity,

	

Klinkenberg Psrssability
Identification

	

Millidarova Irma_

	

Millidar+cvs

827 6189 .3 .

	

0.01 7.0 0.00346 0.00125 0 .00071

9VF 6365.5-66.2 <0.01 3.2 0.00026 0.00017 0 .00012

9VM 6365.5—66.2 <0.01 3.0 0 .00019 0.00017 0 .00013

91.R' 6365.5—66 .2 0.01 3.4 0.001P0 0.00059 0 .00039

6365.5—66.2 0.01 3.3 0.00153 0.00058 0 .00032

These analysts . opinions or interpretations are band on obanations and nraariel supplied by Me client to wham. and for wham eaduetq and eonf oential use . an,s
noon N mega Tne .nterpretsuona or opinions saprsssed represent the bast pidpament of Core Laboretorus, Inc . (all errors and omissions memo ) out Cora
Laboratena. Inc . and its onion and employees . mum* no raponstanty anti make no warranty or representations as to the productivity . prover operation, or
prohfabuneyt of any oil . pas or other minaret or nand in connection with such report is used or retNd uoon.

Well : P1Wx- I

Field: Rulison



CORE LABORATORIES. inc.
Petroleum Reseiwtr Entiutarinj

DALI.AO. TEXA;

2	 of	 23Page
no	 203-12023	

Company	 SANDIA NATIONAL

MULTIItELL
	 LABORATORIES

Well-	 	 EXPERIMENT-1
Field ItULI SON

Formation	 	 ltESAVERDE

County	 GARFIELD	

State	 COLORADO

Summary of Routine Permeability, Porosity and Klinkenberg
Permeability asaFunction of Overburden Pressure

Effective Overburden Pressure, psi	 	 1000

947

	

6438 .5

949

	

6440 .5

953

	

6445 .5

955

	

6447 .5

959

	

6452 .5

960

	

6455 .9

983

	

6505 .1

986

	

6508 .3

989

	

6513 .0

990

	

6514 .7

1007

	

6541 .3

1010

	

6544 .5

1012

	

6546 .3

1014

	

6548 .8

Permeability to Air
Millidarcys

Porosity
Percent

Klinkenberg Permeability *
Millidarcys

** 7 .9 .0109

. 05 7 .2 .0114

** 7 .1 .0095

. 05 7 .0 .0086

** 8 .7 .0158

.09 8 .7 .0192

** 7 .4 .0057

.04 7 .5 .0057

** 7 .9 .0112

. 07 8 .2 .0105

** 7 .5 .0173

.05 7 .3 .0090

** 8 .0 .0114

.07 7 .6 .0156

Permeability to Nitrogen
Permeability to Air Not Obtained

'Ms report . loosed M MserWttpns •M btertsts supplted by the client . IS prepared for the eaclvsl .e end confidential use by the client . toe enelyses.
*tosses, or interpretations tontetne4 hereto represent tM

'11S

!e of tore Laboratories . loc . : bower, core Leeorstortes . int . . see its .oboes pas
en ros4em ,1Nt to mop rap w ,u*4 Of t+epre►sni/ttont as to the utility of tell report %e the client or as to the productivity . preps► eper t%.m.

Or

prdNWlenetc of My ttlr Nt,
as
or mop oleerel fOrrrtlSn or dell to $moectloe n1t1i which such report any be used or welled upon.



CORE LABORATORIES. INC.
Parolernt Re,ersoir En(ineenns

DALLAS, TEXAS

Page „_ 1

	

of 2
File,	 203820022	

Company	 Sandia National Laboratories	 , Formation , 	 N/A

Well

	

No . 1

	

County	 Garfield

Field	 Multi-Well Experiment	 State	 	 Colorado

KLINKENBERG PERMEABILITY AS A FUNCTION OF OVERBURDEN PRESSURE

SAMPLE

	

DEPTH

	

POROSITY	 	 EFFECTIVE OVERBURDEN PRESSURE, PSIG 	
NUMBER

	

FEET

	

PERCENT

	

_1000	 2000	 3000	 4000	
PERMEABILITY, KLINKENBERG, MICRO-DARCY

Vertical Plug Samples, Drilled'By Core Laboratories, Inc.

6446 9 .3 12 .3 7 .4 3 .S
6456 9 .5 17 .0 7 .9 6 .6
6507 7 .6 4 .7 1 .3 0 .9
6511 9 .0 6 .S 4 .9 3 .7
6526 8 .6 7 .0 4 .4 2 .6
6543 8 .2 14 .0 6 .3 5 .5

1114$ re port, Wsee1 on observations end arterials supplied by the client, is prew* for the eaclus$et and tonfterntlit use by the client . 11* •Is ytet.
opinions, or In te rpretations contetnee herftr represent t,r 40090ment of Gore Laboretor$es . Inc . ; hoverer, Core laboratories, inc ., one its Naolo.ets ass.
h0 r NOOnst0114ty one art, he se rranties or represehtotlons as to the utility of this repor t to the client or as to the pro0uctlrit, . pr ope r 00eyt1On, Or
Profltoblenets of any oil . pas . or other mineral forrtlen or yell to connection with which such report ry be used Or re1M0 upon.



CORE LABORATORIES. laic.Parokwn Reservoir Engineering
DALLAS. TEXAS

2

	

of
203-82002

Page
File -

Company SANDIA NATIONAL LABORATORIES

	

MESAVERDE-Well

	

MULTI-WELL EXPERIMENT NO. 1 2
Formation

Field

	

RULISON

	

County GARFIELD

	

State

	

COLORADO

SUMMARY OF ROUTINE VERTICAL PERMEABILITY, POROSITY AND KLINKENBERG
VERTICAL P

ERMEABILITY AS A FUNCTION OF OVERBURDEN PRESSURE

	

Effective Overburden Pressure. Psi

	

1000

	

3000

	

4000

Number
Sample

Feet
Depth

	

Vertical Permeability to
Air Millidarc s

	

Porosity

	

Vertical Klinkenberg* GrainY

	

Percent Permeability Millidarcys DenteMWX-2 WELL

0.10
0 .07
0.07

8.3
7 .2
7.6

.0186

.0053

.0063

.0075

.0024

.0016

.0068

.0013

.0011

2.66
2 .6B
2.68

0 .15
0 .06 8 . 2 .0203 .0082 .0059 2.657 .0 .0075 .0024 .0014 2.660.09 7 .4 .0107 .0086 .0053 2.67

Permeability to Nitrogen
Corcoran Zone

this report . bowl on observations sod materials swwpl4N by the client . Is prepred for the exclusive cue tearirentisl use by the client . the aaelyses.
eothient, or thterpretatiae aontalMN herein rr ►►esent the JudNaeat of Core l.aaoratorlq . Int . ; honorer . Core taooratories . lat . . ale its a tleyees assn
M res$nt/pollty sod bete oo wnehties Sr rprosentattoos es so toe utility of this retort to the client or es to the p roductivity . pier operation. or

11ta01ss Of ap 111 . 006 N other elheral 'A7100 or Nell to beahectton with which such report any be used or relied upon.

	6

	

6447-6448

	

8

	

6506.7-07.4

	

* 10

	

6526-6527

MX-1 WELL

	

7

	

6455.3-56 .2

	

9

	

6511 .0-11 .7

	

* 11

	

6543.3-44 .4
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POROSITY AS A FUNCTION OF OVERBURDEN PRESSURE .

Company :

	

Sandia National Laboratories

	

Well: MWX-2

Formation :

	

Mesa Verde - Paludal Zone

	

Field : Rulison

County, State :

	

Garfield, Colorado

Overburden Pressure, psi

200 1000 2000 3000 200

Sample
I .D. Depth, feet Porosity, percent

38-28M 6193 .0-93 .4 4 .6 4 .5 4 .5 4 .4 4 .538-28F 6193 .0-93 .4 4 .7 4 .6 4 .4 4 .3 4 .5

?base analyses, minions sr interpretations we based we obsevatians and arterial supplied by the client to Maa. and tar Nrose =elusive and ssnlidantial
use. this mars is area . 11r unarpnetatiam ar opinlnns supraseed repo sa nt the best jukwant of Care Wessteriss. be. tall aims and salaam.
seoepadl : an Con Lsb war t=ries . inc . Mid its off iasna and employees, a+sms no responsibility animals, no warranty a' aaprw+tation as to Os pea4io-
.i .r: .w . armour easostian. Or solitebLnmess el any oil . sae or other mineral well . sad in damsatian with Mien Si*sa=pses is mood se railed span.
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Company :

	

Sandia National Laboratories

	

Well : MWX-2

Formation :

	

Mesa Verde

	

Field : Rulison

County, State :

	

Garfield, Colorado

SU"L*SARY OF ROUTINE PERMEABILITY, POROSITY AND KLINKENBERG
PERMtEABILITY AS A FUNCTION OF OVERBURDEN PRESSURE

Effective Overburden Pressure, psi

	

1000	 2000	 3000

Sample

	

Depth

	

Permeability to Air

	

Porosity

	

Klinkenberg Permeability
Number	 feet	 Millidarcys	 Percent	 Millidarcys

38-28M

	

6193 .0-93 .4

	

0 .03

	

4 .6 .

	

.0044

	

.0028

	

.0015
38-28F

	

6193 .0-93 .4

	

0 .02

	

4 .7

	

.0044

	

.0029

	

.0017

-The "M" Designation refers to Matrix Permeability.
-The "F" Designation refers to plug permeability across a fracture.
The fractures were generally mineral filled.

liras analyssi . opinions a interpretations an bared an ataarva ions and otrtseial imppliad by the allot to tism, and Sc, w ar m soolusiw and aadfidsoUa:
.rs, tasis report is moos . ¶ .t interpretation' or opiMas tntprssaad rsprsant the but $Aeuont of Coen laboratories . lso. Gall arms and a iMiana

the PmOwO•taiwtty .
armor acc,Pat~e woti ilia Mio my

Wigan goo a ooblop000, sums no
over

	

c l tall or band in
oo Ms

Vith
tenuity or rsiombintntitnt 48
WA a* upon to wood or rol d 1.
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File	 203-830019	
Special Core Analysis

PERMEABILITY TO AIR AND POROSITY AS A FUNCTION OF OVERBURDEN PRESSURE

Company :	 SANDIA NATIONAL LABORATORIES

	

well : MULTI-WELL EXPERIMENT 2

Formation :	 MESA VERDE-COASTAL ZONE	 Field :RULISON	

County (Parish), State :	 GARFIELD, COLORADO	

Overburden Pressure,

	

si

200 J 1000 1 2000j 3000 I
Sample
I .D . Depth, feet Porosity, percent

152 6504 .4

	

1 6 .1 6 .0 6 .0 5 .9

171 6536 .9 8 .2 8 .0 8.0 7.9

178 6549 .7 6.8 6.7 6.7 6.6

Tait mmoo
Opi0i011i . Or ihttrerttetioni COhttihtd herein represent the J1igadnt of Cori lOorttor os . Inc . ; Oewrrer . Coro l,por,toritt, loc . . and its 0001o0e1 utrur
00 re{pontipil$tr and ode Ne Nrrenties or repreit .tttioni is to the et11f0 of test report to tilt client or os to tMe pv d.Cti,it7 . preprr 5 v.11 U• Sr
11reit0010nett of sap oil, at . or other Oiherel torrtia or Nell to comitttioh OD pencil wit report ere 0e wed Or relied upon.
$C-5522 • Coo, 4Hent.M08. IOC .
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File 203-820075

	 SANDIA NATIONALLABORATORIES	 Formation	 MESA VERDE - COASTAL	

MULTI-WELL EXPERIMENT 02	 County

	

GARFIELD
RULISON	 State .	 COLORADO

SUMMARY OF ROUTINE PERMEABILITY, POROSITY AND KLINKENBERG

PERMEABILITY AS A FUNCTION OF OVERBURDEN PRESSURE

Effective Overburden Pressure, Psi 1000

	

3000

	

4000

Sample
Identification

Depth
Feet

Permeability to Air
Millidarcys

Porosity
, Percent

ilinkenberg Permeability *
Millidarcys

113 6423 .7 0 .01 5 .5 0 .0010 0 .0002 <0 .0001
114 6425 .8 0 .02 5 .7 0 .0050 0 .0002 0 .0002
115 6427 .8 0 .01 7 .4 0 .0100 0 .0031 <0 .0001
116 6429 .2 0 .01 3 .6 0 .0091 0 .0050 0 .0038
119 6432 .5 0 .03 5 .7 0 .0002 0 .0001 <0.0001
122 6436 .5 0 .06 7 .2 0 .0050 0 .0021 0 .0002
125 6439 .5 0 .07 6.5 0.0151 0 .0046 0 .0045
127 6441 .5 0 .03 5.9 0 .0040 0 .0020 0 .0009
128 6443 .5 0 .03 5.8 0 .0013 0 .0005 0 .0003
131 6446 .5 0 .10 7 .4 0 .0302 0 .0091 0 .0046
134 6450 .5 0 .18 8 .6 0 .0009 <0 .0001 <0 .0001
137 6453 .5 0 .04 5 .9 0 .0032 0 .0002 0 .0001
140 6457 .5 0 .10 7 .4 0 .0194 0 .0050 0 .0048
141 6458 .5 0 .14 7.5 0.0204 0 .0068 0.0050
142 6459.5 0 .08 6 .8 0 .0010 < 0 .0001 <0 .0001
143 6461 .7 0 .02 4 .5 0 .0007 0 .0003 0.0002
144 6463 .9 0 .01 4 .0 0 .0004 0 .0001 <0 .0001
145 6465 .8 0 .03 2.3 0 .0001 < 0 .0001 <0 .0001
146 6467 .5 0 .01 4 .0 0 .0006 0 .0002 0 .0002
147 6469 .6 0 .01 4 .9 0 .0031 0 .0009 0 .0006
148 6497 .6 0 .01 1 .8 0 .0006 0 .0003 0 .0001
149 6498 .6 0 .01 4 .5 0 .0005 0 .0001 0 .0001
150 6500 .9 0 .02 3.5 0 .0017 0 .0006 0.0004
151 6501 .8 0 .02 4.5 0 .0013 0 .0003 0.0001
152 6504 .4 0 .04 6.1 0 .0045 0 .0027 0 .0014
154 6508.3 0 .05 j .9 0 .0130 0 .0114 0 .0047
156 6511 .1 0 .03 7.3 0 .0051 0 .0036 0 .0025
159 6516.3 0.09 9.0 0.0132 0 .0064 0 .0056
162 6521 .9 0 .06 7.7 0 .0138 0 .O050 0 .O041
165 6527 .2 0 .05 7.8 0 .0099 0 .0051 0 .0036
167 6529 .9 0 .04 7.6 0 .0061 0 .0035 0 .0021

*PERMEABILITY TO NITROGEN

-fits reprt . msse am observation ani mrteilsis sspplieei by the dint, is proMrod for the sactushe sod cMMf*WTUff m gr Sy ter etwrmr. 'sr P.slerr.
opinions . or interpretations sont0000 bereft, 'moms me Joelomeot of Core Laboratories . Mc . ; hoofer . Core lsborstart s , lot . . ens its aeplsyeet eslwe
mo responsibility aid mete no wnantlso or repesemtstlam$ as to the utility of this report to tM client or as to the poewetivlty, ow/off operation . Nppfttsbteness of srp 01. ps, or other NMrst f%rmtion or well to eomteetSsm with web such report may be usN Sr relied eon.

Company
Well
Field
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File 203-820075

company SANDIA NATIONAL LABORATORIES 	 Formation	 MESA VERDE•CaASTAL
Wi11	 MULTI-WELL EXPERIMENT#2	 County	 GARFIELD	
Field	 RULISON	 State	 COLORADO

SUMMARY OF ROUTINE PERMEABILITY, POROSITY AND KLINICENBERG

PERMEABILITY AS A FUNCTION OF OVERBURDEN PRESSURE-

Effective Overburden Pressure, Psi 1000 3000 4000

Sample
Identification

Depth
Feet

Permeability to Air
Millidarcys

Porosity
Percent

Xlinkenberg Permeability
Millidarcys

168 6531 .9 0.06 7.6 0 .0118 0 .0057 0.0036
170 6535 .3 0.08 8.0 0 .0163 0 .0053 0.0039
171 6536 .9 0.13 8.0 '0 .119 0 .0076 0.0046
172 6539 .2 0.03 5.6 0 .0045 0 .0018 0.0010
174 6542 .6 0 .04 6.5 0 .0046 0 .0012 0.0004
176 6545.8 0 .07 8.7 0 .0127 0 .0087 0.0059
177 6547 .8 0 .05 7 .5 0 .0057 0 .0044 0.0033
178 6549.7 0 .03 6.7 0 .0048 0 .0034 0.0023
179 6551 .2 y .05 8 .0 0 .0138 0 .0055 0 .0051
180 6552.8 0 .04 7 .6 0 .0084 0 .0044 0 .0036
181 6556.9 0 .05 7 .0 0 .0153 0 .0058 0.0037
182 6558 .1 0 .06 6.4 0 .0141 0 .0044 0 .0037
183 6559 .9 0 .02** 8 .1 0.0013 0 .0006 0 .0003
184 6562 .8 0 .09** 3.0 0 .0029 0 .0018 0 .0011

*PERMEABILITY TO NITROGEN
**FRACTURED PERMEABILITY PLUG

'Ibis report . Msod en observations soil .rtori•1s wplid by the client, is OVUM/ for tM *schist ., sot conrtet.crit use y ehe e:e .e lbvan.syser.
NloiMS, h int.rpr.tstlens contained heroin abresent the j.epweot of Coro laboratories . Inc . ; bowers, . Core L .e.atorses . 1nc . . ahe Its amOlMees mum*
M rlUpnsibiiit eM U►t ho wrrSMi .L or repres.ntettens Si to the utility et this report to the client or as to the oroerctt•1b . Peer operation . or
profitablbness Of air eI1 . N . Sr other s local emotion or .ell to aMMCtioh with .hick such mart ry be used Sr relied open.
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PERMEABILITY TO AIR, BOYLE'S LAW POROSITY AND KLINKENBERG PERMEABILITY

Company :

	

Sandia National Laboratories

	

Well: MX-3

Formation:

	

Mesa Verde

	

Field : Rulison

County, State : Garfield, Colorado

Permeability

	

Klinkenberg Permeability
to Air

	

Porosity,

	

Effective Overburden Pressure, psi
millidarcys

	

percent

	

1000

	

2000

	

3000

66 6432 .7-6432.9 0 .05 5 .9

67 6434 .4-6434 .6 0 .03 4 .5

69 6436 .6-6436 .8 0 .05 6 .4

71 6438 .9-6439 .1 0 .03 4 .3

72 6440.3-6440 .5 0.02 3 .4

73 6441.8-6442 .0 0.06 7 .1

75 6444.8-6445 .0 0 .05 6 .9

76 6445.8-6446 .0 0.06 9 .0

77 6447 .5-6447 .7 0 .07 7 .8

0.00087 0 .00055 0 .00034

0.00303 0.00250 0 .00141

0.00015 0 .00009 0 .00005

0.00015 0 .00009 0.00005

0.00028 0 .00015 0.00010

0.00320 0 .00213 0.00109

0 .00128 0.00074 0 .00033

0 .00876 0.00408 0 .00350

0 .00963 0.00489 0.00358

Ttteae anatyas, opinions or interpretations am bated on observations and material supplied by the client to whom, and for whose exclusive and confidential use, this
report is made. The interpretations or opinions expressed represent the best judgement of Core Laboratories. Inc. (all errors and omissions excepted) : but coreLaboratories. Inc. and its officers and employees, assume no responsibility and make no warranty or representations as to the productivity, proper operation, or
profitableness of any oil, gas or other mineral or sand in connection with such report Is used or relied upon.



CORE LABORATORIES, INC.
Special Core Analysis

Page	 12 of 23

File 203-840026

PERMEABILITY TO AIR, BOYLE'S LAW POROSITY AND KLINKEQBERG PERN .ABILITY

Canpany :

	

Sandia National Laboratories

	

Well: MM--3

Formation :

	

Mesa Verde

	

Field: Rulison

County, State : Garfield, Colorado

Permeability
Sample

	

to Air

	

Porosity,
Identification	 Depth, feet

	

millidarcys

	

percent

Klinkenberg Permeability
Effective Overburden Pressure, psi
1000

	

2000

	

3000

	

79

	

6450 .5-6450 .7

	

0.10

	

0 .6

	

0 .00446

	

0 .00313

	

0.00134

	

80

	

6452.1-6452 .3

	

0 .04

	

7.9

	

0.00750

	

0 .00011

	

0.00008

	

81

	

6453 .6-6453 .8

	

0 .06

	

8 .6

	

0 .00026

	

0 .00018

	

0.00010

	

83

	

6456 .5-6456 .8

	

0 .13

	

10 .1

	

0.2134

	

0 .00919

	

0.00637

	

85

	

6460 .1-6460 .3

	

0 .07

	

9.1

	

0 .01047

	

0 .00619

	

0.00345

	

87

	

6463.0-6463 .2

	

0.06

	

8.1

	

0.00702

	

0 .00360

	

0.00127

	

88

	

6464 .4-6464 .5

	

0 .07

	

8 .7

	

0 .01314

	

0 .00507

	

0.00474

	

89

	

6466 .9-6467 .1

	

0.07

	

8.9

	

0.01020

	

0 .00281

	

0.00140

	

90

	

6468 .5-6468 .7

	

0 .08

	

8 .7

	

0 .01024

	

0 .00580

	

0.00512

	

92

	

6473 .4-6473 .7

	

0.03

	

6.4

	

0.00176

	

0 .00062

	

0.00026

	

94

	

6475 .7-6475 .9

	

0 .03

	

4.7

	

0.00251

	

0 .00102

	

0.00052

	

95

	

6501 .4-6501 .6

	

0.02

	

3.8

	

0.00033

	

0 .00017

	

0.00008

	

98

	

6506 .1-6506 .3

	

0 .01

	

3.5

	

0.00054

	

0 .00019

	

0.00011

	

99

	

6507 .7-6507 .9

	

0.02

	

4 .7

	

0.00030

	

0 .00011

	

0.00006

	

100

	

6509 .5–6509 .7

	

0 .03

	

7.5

	

0.00246

	

0 .00076

	

0.00034

	

102

	

6512 .3-6512 .5

	

0.05

	

8.2

	

0.00102

	

0 .00077

	

0.00030

	

103

	

6513 .8–6514 .0

	

0.04

	

7.7

	

0.00610

	

0.00510

	

0.00302

These analyses, opinions or interpretations ere based on observations and materiel supplied by the diem to whom . and for whose exclusive and comant N use . this

report is made. The interpretation or opinions expressed represent the best judgement of Core Laboratories . Inc. (alt errors and omissions excepted) : but Core

4eborstoria . Inc . and its officers and employees, assume no responsibility and make no werrenty or representations as to the productivity . Doper operation. or

profitableness of any oil. gas or other mineral or and in connection with such report is used or relied upon .
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PERMEABILITY 10 AIR, BOYLE'S LAW POROSITY AND KLINKENBERG PERMEABILITY

Company:

Formation:

County, State :

Sandia National Laboratories

Mesa Verde

Garfield, Colorado

Well:

	

Mho(-3

Field:

	

Rulison

Permeability Klinkenberg Permeability

Sample to Air Porosity, Effective Overburden Pressure, psi
Identification Depth, feet millidarcys percent 1000

	

2000

	

3000

104 6515 .4-6516 .6 0 .05 7 .1 0.00483

	

0.00363

	

0 .00127

105 6516 .7-6516 .9 0 .03 7 .2 0.00065

	

0.00024

	

0 .00012

106 6523 .7-6523 .9 <0 .01 5.4 0.00230

	

0.00113

	

0 .00079

These analyses. opinions or interpretations NO based on observations and material supplied by the silent to whom, owl for whose exclusive and confidential WIC this
repeal 4 made. The NNerpraatione or opinions **P ressed represent the best ludpenant of Core Laboratories, Inc. on errors end omissions esceptsd) . but Con
Laoonaories, Inc. and Its officers and emoloyass, assume no responsibility and make no warranty or represe ations as to the productivity. proper operation. or
profitshfanoss weeny oil. pie or other Mineral or sand in connection with such report is used or 'shed upon.
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Sp	 ria1 Qbre Analysis

	

Page U of_ 1
llama, Colorado

	

File	 203-87005

Sandia National laboratories
Mesa Verde Por astion
Garfield *minty, Colorado

llalti-Well Experiment M . 3
Mulison Fiala

Salvia Depth,
_1st_

Permeability
to Air,

Plillidarciee
Porosity,
l

Iainkenberg Permeability, millidarcies
at ova pressures, psi

I .D• 1000 2000 3000

74 6443.5-43.7 0.02 6.6 0.00354 0.00124 0.00067
82 6454.6-54.8 0.04 8.2 0.00970 0.00480 0.00185
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File 203-830055

Company:

Formation:

County, State :

Sandia National Laboratories

Mesa Verde

Garfield, Colorado

Well:

Field :

MX-3'

Rulison

SUMMARY OF ROUTINE VERTICAL PERMEABILITY, POROSITY AND KLINKENBERG
VERTICAL PERMEABILITY AS A FUNCTION OF OVERBURDEN PRESSURE

Effective Overburden Pressure, psi 1000	 2000	 3000 ,

Sample
Number

Depth
feet

Vertical Permeability to
Air Millidarcys

Porosity
Percent

Vertical Klinkenberg
Permeability Millidarcys

5(64-46) 6443 .7-44 .0 0 .06 7 .2 0.0064 0 .0027 0.0014

6(64-47) 6456 .1-56 .55 0 .06 7 .6 0 .0097 0 .0053 0.0023

7(65-20) 6511 .1-11 .5 0 .04 8 .2 0.0058 0 .0034 0.0017

Ibsen analyses . minims ar interpretations me homed an observations and stria% applied by the want to mle . . toreros* aedmoive and aomfidmciause, this report is aode . 7hr interpretations ar opinions cxperessed mpnsant t i at Su4ewnt at Gov ieharlterios . be. Idli at.

	

And a iNdee.eospt.d) : at core iaewt:L , Ire. and its efti.e. .ro uPleyeq . saw.. no ..r®ansih3lity 'adage no warranty ar rapeasrosttar as to Os pscativity . proper apavtisn, ar

	

await, gas ar otter aimed mrll ar sad in aosoetiam with Wah won repot is mood ar relied upon.
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SUMMARY OF CAPILLARY PRESSURE TEST RESULTS

Company :

	

Sandia National Laboratories
Well :

	

MX-1
Field :

	

Rultson
Formation :

	

Mesa Verde
County, State :

	

Garfield, Colorado

Pressure, psi : 10 30

	

70

	

150

	

300

	

600

	

1000 1300

Sample
I.D.

Depth,
feet

Permeability
to Air,

millidarcys
Porosity,
percent Brine Saturation, percent pore space

941 6433 .5 0 .01 5 .2 100 .0 100 .0

	

56 .0

	

54 .0

	

49 .0

	

43 .6

	

40 .6 40 .4

943 6435 .5 0.04 7 .2 100 .0 50 .0

	

47 .5 '

	

42 .7

	

39 .4

	

37 .1

	

35 .5 35 .3

1003 6536 .7 0 .02 6 .9 100 .0 66 .0

	

63 .2

	

57 .3

	

53 .0

	

50 .0

	

45 .8 45 .6

1hess analyses, inlnu or tnterynt.tius are Malden obeetWtioas and arterial supplied by the client to dmm, and Peruke* eubaive and omfidmtimi
use, this n part is wds . Ito irate potations or opinions *aliened npresrwt the bast dyieront of Core Marta, inc . tall mars ad missi ns
smeptsd)l but tbn Wlanteria, Inc . and its sinews and employees, assume no responsibility ate soh* no wnunty or rep resentations as to the poems
♦4 .11,.1 s.,,. . . w. . .wen4.. ww .ww1. .14	 11	 1 . . .J	 1 1	 1	 J\\ .,,t •1, w . . 1	 t

Fluid System : Air-Water

Test. Method : High-Speed Centrifuge
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CORE LABORATORIES . INC.
Pnrol.wn Lary*. JEegM.dy

DALLAS. TEXAS

Company	 Sandia National Laboratories 	 Formation	 Mesa Verde

Well	 MWX-1
	 County	 Garfi el d

Field

	

Rulison	 State .	 Colorado

Sample Number : 941
Permeability = 0 .01

Porosity = 5 .2

File
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Sample Number : 1003
Permeability = 0 .02

Porosity = 6 .9
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SUMMARY. OF MERCURY INJECTION TEST RESULTS

Company :	 SANDIA NATIONAL LABORATORIES	 Well :	 MULTI-WELL EXPERIMENT-1

Formation :	 MESAVERDE	 Field	 RULISON

County (Parish), State :	 GARFIELD, COLORADO

Sample Identification : 947 953 959 983 989 1007 1012

Depth, feet : 6438 .5 6445 .5 6452 .5 6505 .1 6513.0 6541 .3 5546 .3

Permeability to Air, md : * * * * * *
*

Porosity, percent : 7 .9 7 .1 8 .7 7 .4 7 .9 7 .5 8 .0

* PERMEABILITY TO AIR MEASUREMENTS NOT OBTAINED
Injection Pressure, psis Percent Pore Space Occupied by Mercury

3 0 .0 0 .0 0 .0 0 .0 0.0 0 .0
6 0 .0 0 .0 0 .0 0 0 _ 0.0 0.0

0 .0 0 .0 0 .0 0 .0 0.0 0 .0
12 0 .0 0 .0 0 .0 0.0 0.0 0 .0
15 0.0 0,„p , 0 .0 0.0 0.0 , 0 .0
18 0.0 0 .0 0.0 0.0 0.0 0 .0
21 01 0 0 .0, 0.0 0.0 0.0 0 .0
24 0.0 0 .0 0.0 0.0 0.0 0.0
27

	

, 0 .0 0 .0 0.0 0.0 0.0 0.0
30 0.0 0 .0 , 0.0 , 0.0 . . 0.0 0.0
40 0.0 0 .0 0.0 0.0 0.0 0.0
60 0.0 0.0 0.0 0 .0 . . 0 .0 0.0
80 0.0 0.0 0.0 0 .0 0 .0 0.0

100 0.0 0 .0 0.0 0 .0 .

	

_ 0 .0 0.0
200 0.0 0 .0 0.0 0 .0 SAMPLE 0 .0 0.0

300 7.0 6.4 11 .1 0 .0 FAILURE 22 .6 0 .0
500 33.5 32.0 36 .3 13.6 37 .4 22 .1
750 43.2 41 .4 46 .9 29 .7 45 .7 37.3

1000 47.6 47 .4 53.4 36 .6 ' 50 .6 42 .9

12 50.8 50 .1 57 .0 41 .4 54 .3 48 .2

1500 53 .4 53 .1 59 .9 44 .9 , 55 .5 49 .7

1750 55 .6 55 .5 62 .6, 47.E 56 .8 52 .6

2000 57 .1 58 .4 65.1 49.6 57 .1 54 .7

1500
1250
1000
750

ITI

300
200
100
80
60
4V
30

_
TMs report . based M observtlens sad asiulels supplied Iy the client. is prepared for the eulusive and confldenttal use y t*e cheat .	e was .

e04nleas, Or taterpretstlons contained herein represent the judgement of Core Laboratories, loc . : however . Core Labretories . inc . . mad its employees assume

•10 responsletfty old asks so wrrantles or rspresentattons em to the utility of this report tithe client or as to the productivity proper operation . or

profitableness of ooy ell . ps. Or ether mistral formation *twill to connection with which such report ery be used or relied upon.

$C41001 • PAP, LoorsteMas, Gee.
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Company	 SANDIA NATIONAL LABORATORIESFormation	 MESAVERDE

Well	 M111.TI-W'E1,1, EXPERIMENT-1	 County	 GARFIELD

Field	 RULISON	 State	 COLORADO

MERCURY INJECTION CAPILLARY PRESSURE CURVE
SAMPLE NUMBER :	 947
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PERCENT PORE SPACE OCCUPIED BY MERCURY
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MERCURY INJECTION CA PILLARY PRESSURE CURVE
SAMPLE NUMBER: 953

OOO
0:00005N ::ssea° N :O::000S:sr .00OOOOOO sm* :rrssasa.sars : n mums: nN:055::::::: :rN`NO:N:Ne0. r .a:err:
0NOf0H::U°e:::: :earl:°°qn s:00U::: :wSOWN
s:O::f:aM..UN:aaa .rampnr :/ae000OOOO :C . .i

rN iala
rr

rrasaa
• a .OrwOraS

	

aaasraaasiasrasaaMaar .NNiiNairsra.sar!
0OimamawMHNfflmaraH nmaMrNM:Han ar:Sm:safsral:IHN..araprmN:.UarN Ner:rpra rNrrrwr05
/sONOl:sSNMrOUNUONUOOOOOOOO :l::rlOOO amassesOOOOOOOOa :eO:a:rUUM•O::O•UarUrar :rHNr:e::aaa.ru

:O nOOOOO•HUr:ONnn OO::f/a/ nOeS:On OO nn s000OOOOOOi:sasfeee000::U:r
2222

0001OO OOO ONwaSra .aaaa
00O :0:eiU nWrwa00U:a!/frU:w\

nSr:Lal:lOOU:arsOU:Un On !/wafaaf/f/mars/ws

	

NisSwN!!i \a Ua/rraYYarl::a :r00UeU s:sH:O:N

	

N:.:rrN:rr.. i Nwrr n r:f:
N

	

aaaasrasrsaaraarasaa
newes :err:HU°H°°NNH: :UNN:saSH nN\:U::a\ts/\::afaaaN\aaaNirarasraaaaraa 00

w/mamas/ssaaaaiasaNiNe iNaariNa
:sOUNeOSU:isNNi 1°rNral:::::l0S0l iUUUN/H : ni :mSU0 :0n SrS:05 NSSS: n::5500 :::::

	

aim:w:
wrlaN \:NN N:N:f::l :Oa :0a0fsrsrSr:rs:::tar f n ass::::::: Sf00U05rs :05 :5

:05iNN:r.rNOaarN
/\lessN: n YMeH:°M5O00O ::::::::::::n /arm . n e:: :: ::: : :S:'0000"::::: n e:5M00sUgel apOr n :::050:a
WN:H00NUa00rlNir\rr::::::we::::::: : :: : :::wil :mama:/aw/ararwwwrrrr!laa/r/N 0aaaraNrrwfarii
wrN::::f:s: n swf0M0rsrs0 :0f5H:::: O : : :: : isf0:r::::::a0 :U00n s:t:/0Nlri0 n /On NSrN:e:OmaONOa n
lsr :U:::\\ \HUNG°0f OMH/l:\O0 nO°:rsMf el!\: n :s:n n ss0asrl :NOSS n n rU 0rSN05rNii:rr5afUn NSaNSa is
lm::f:N0:e:n° :H5i:sr :°OO:5SUl005O05U :::0:0::salrn MS:!0 05::UHrOUa 0::aslSaeas:::srsr::r:0:HHl::Na50lMNO:a:lbUrr :rr0r0a::0.a
5 s :Nl: me HWN:se::::Mawr:!
eY\Heirs/ :si\N°N\/Hle\:U°ear°°°ONO•N00asal:n:::::aOf\fsri0w:OI•l°

n\s:mr:5sr:a:::5n 00:°:e:N0s :Ua:iq:ssN00r O :rl0.rs a
mamma 5U:::0:a:::Hq:s:O:O=:rNNHraa5000 effi: :lO::: :::00:a°rU:::::O:UUa OOgHrNa 0800:::::

Oisea: : :: :\NasNN:eeagasIaessNMess
:N rss:es: OS::

::::::0: : :::: n a00 aea\f5f :0lS:ifi0agMNUNNWM:N000000
mir::rSO /w:NSarr Mar : :::: : ::r:::\Naas r:fLaw=: aM :aMraraiYr
err:armed!:H:i:NSiMr::: :::\:M::ii:a \a i: :ra :Yasii :rira li =a :sasma" awrww wears.:::
:aOO°r: :O°On :UO:HiO:0e:0: :::°°Uara°l::se:•::i:lr as00 n:r :UNUOMOSrn ss0U5U:Naw:flNeHr\aHSeNS.
:Opre:::550:H::see°°:°:UUOU:UH:s :O:UO °Oi1sN:: ::N MsH°ON:O:r0.00: : :00000arO :S:NOHa:aa
n5::5 :5OWUlf::e mmew.aH:H::ma :rHSO0s::::f::::sas :Ol:::!°00:::: :: :w:::50H:a:s:::Hrs.
:::ariaNSN°rr0s°mswr0 n:::::::: :O:::s:mNH:HNsasawmI :i /:aair:a:Hl:00::::::l::: :00:w:::a ::

::
S:: :a :S: :rwr!/mama

m::l:::rNagrw:\N:N:rie:rra n :rNSSO: :: :erOO::U:af:saO:a::::ma500 :l:sa::00 :/5055::O5massese m
:::U°:5:5° HfiH::f ia°r :::N° :YO:::::::0AWN::f \\a :

0000
°:°°°!::Oil:me::sa 0.°°°°°°°°°°°°°

:ra: :aaM:N
mace°seemaUUUO/O°f°° eU°°°:::::°°HO::°°:m°siiiew/r:riew° °°°°aMe°°° : a: isit: :NeaMNa ry
U nNfrU:ifMUSSN Or: :: ::::n :Oa :as::::::::ri::Heas

	

U NUNN:0Nr00a:0r:arseaf
s:rrUNUSO°°Oe\ : rs:::i:Ya00rs :la:aaasiYOaNMNSWU H

HMM0- asrNrNNNNMrrrsMr0'Nrir.
:OafOSSr°°

OO
gOeeOOOiOeMOOUOi :r:O/°OOOO / :e/ass!:i5a00NOrN 500°5000 SONN°:ramaw0 seOOO :.Nssess*

: :rSOOUO OOOOOO°U•N:UUOO:fO ODOOOOUasO0OOO00rse°gOOSi

	

OOOOO
OO°OOOO

OOOO000:0OOH°fN0 n°°l:°:S°OHO°/f°NOO :OO OOOOOO \wOUfq :g0:NlON::NO:w::r5aH0::easY:ea
OO:SUO:::O5S5°O°ssNN°ONNI O n°:O U OOOOODUOOO { n nO OOOOra :l/OOOHOe00OO000N 5sM0aea:s:N:raOO:
:OONOmw::N:eONON0)s O°OOOOOOOO°OO°°YS O:sOOOsSlfH aaO\a\OOOOO n OOOOO n H:0s000HNON N ONwesaa
:5f°05Uwll/1°°Ne°°O i°:er°ti:r::°ir:a:MwrNf:\ia,f°m0:\ra:Oi:Nr00:0O0 \OamMrOrs NNOfH0aO/ ::aNre•
:5m::rrrmlU :ae:UHHesOOUOOO°°°mrr°:H°HYi::i:eieNria )°°0:as:: n:N::ire:a:M:aer llra:e:r:5 alr:::: :NNe::r:NWN

::rN:qNN:r:a:Ua
:rrrrlarl°5ee°H°e:in i°rN:l°rnrNar:Sa: arigwf ::

	

n
r::005:::1::::: :r:l:r:wN::H:O::::: :a :U:50 n 5r =f :000 nNS00r00 r::::w:rONr.0arr U:0sessaaN:OYN
::::Ur: :00:iN::: :O

	

•

wwwa:ai :r::f:: :::r :: ::OS::S:::NS:rr°°a:emwf:::fee::5r5n :0::::::1::::M0 U:r°el::f :S::iN:rrmS~e•rr:rNN5rwr5rm•
qN0ew::Nr:ga r:U0HON0

: :5!\wUUa::U :OSNU:05:U:ia :er0:Ul0f::ea t: 0ssaaaass:rSO::U:0000:00°OS:S
0e:O:a::ea:me5Ua .a0 .00SMSNs-Ma0:

0
::
5sU

::::s/wUS\H:s/assUOU°00UU:::::::OlOIi °5!000::O::affUNla:sUei\1:00555:l0 ssflfwH°: r°w ::erNa0q :NS:a
erreraa/NNUHUSUeU:a°::s:US::::0::00U00USa:::::s ::ns5s::i° :00ODU0 :5:°HONSSMNMaN° sSrNr :00.
:O :s::5:0:.e..::aal°.00:U:mrr::rsr0N:

5:/
:::

:SO::::0:	s .::::: :: :SU::OUfUO05r:i0°lHO:rl::
:HU Ues.O\OSrasUrSs:::sYNSpapa:5:aN:O:::a:s::ar0U:.

	

m. wuU \r°f5NUO0:eeU°\ rONIS:sONU n NUUSM
:O:s:U:O:q:rae:rr::HNO:U:::::::°:::er° :UOM::::ss0:5 N 0SUODUSe0 ::::::: :U:rU°:NS:°si :0 n wlNNaU:
::::::::0a:5remaasa UN::05:0550aw 50sssreUH::aars arl:° n °U n N:SSNmaa :: US5a:S Ms :UOSU5UUNSNSSU

wN N:wrs...Nl0ff°5OODUMUSaw.• :0 :saa:0005:MNUaN:°lUO:arNlewrUOrn \Hr1f0\050::'S!f nN0 rs:UH°eNU.ap.H.n 0:UY0 n
UU
.Uas..:/Ul550 :O

aH
:NUU:: .._uu..::L,r7/00arNl10aslOUYU N00N U50U0N :r::Nm5sr/::0500 n •

:r.:e::ai000 n 5UOSN00SU° see n UO :s:°:leNUS500n ::i .4O0as::YO n000:!5 •ererOUSn ONH :SN n •aON
n :srs0a :0earsU5 :55UUSU~OU .Or .S .O... nl:.f: .Uf:massir55r nsO5:0555U5rs :5:°fa .IO.Hm.U5:N5/O!0U::
UUl: :/OS50 :SSS::Ui5000 :U://0::Oe55/5SSSweer5rs:50::ss:aa :wUe•:nn:::::::::

:a00:Ol:: /::r ::LOOnWn.:O:55 .00U:s0l500.u
.0N0°M°:feU U:USSOSMaU:

05°iesaasUeSS/:ea :°UOm:: ::N° :::.. .SUOHNSUSU SVVSSSOU
.a:SSUSaa:::::::5555555:50ss5 :5 n5::5/:: . .O: n

:: :5 :5sMM.MU.000\O\\SUSS :5S..H:0...05.0!:tali.rralisS:OU. S:/

	

wai0r ewi :N:NerNrwWssa n SSUUW n r:r05rsMa5NMN0
s:f::s:arSfOm::!/a: :es

	

8 N.N..U.M
wee.wa:::5UUN :00s::::::: : n:S n SS10:s\0 n

	

: ::\.:::::: :a'555:5s0rr/r:SOU :Se:N°:e• 55SS5/ ::OIOwMO551
: ::n 5° :U0 n :Me::ilrar°saw::erf:i::::: w\aeiw °° fa /°ea:!°eO°m0\a :far:as:Omes/N°gsN::00aafsasai
: :::::. OwsUOSS°5U5arw5a5N00 n 0555 : n n r0:as:: :U: ::::N\:::: :s::,0:s .WUUUSSss00susO ::::N:N55f5amas ::Ws:fA ::::resmO:Nrrr:mass:0arrarN:::::::• :OS:ls0005:00:!:°e0 n ae :SSUN::a:M0Ua5a n
SO:B:es: n.::: :: ::::::::::::a: n se :5Sra0:UOflaas55 ::1,0

a::: n:::a :::n ::: ::O :Ue :s:::: : :::0a: n : :S ::r n:::::: :1 : : :r0 nN°:aONe::::::si::0s:: :Ota:lNaa::
s5ral:ia:::nn : :UesU50 :00::UUSS::s0USS0lr : nn ::n rri`S : :senr:: serase//as:N: NOa::ale:aim5:waa :•m5U•r5:U5f5ssU5/t55e5f5r55U0sfs0waS55SUr :UUUSSa5i50\ : :m\.e\0 ::::050\i:wtr:ONasrr :ssON:l:: :rlnn :SS :esa::

aw: .S000 .::: nSUnn Oa:::::::5050:i0:asr:ss:S:a :O:Y:ra:rr::::Or5• sec :5:r:er:s7::me:O\sa ::::saes:ass.:s:..i .as:See...0.:/U:USUUUU S• :UU :SUma°:55SU!lUUUUYr fmaiaa5ffalvaerCual:ri:warairLOaa°fO:a:ws:
n:: :S5:::UUSO n:Nn:U5SSUS 000S:UU:/USUU:eU UU SeUSU5:°l:syi101fsn O.YISiU::::N sq.:5:a:rr:s l:OU•:: ON :a: :Nr:m:r n :
505U: USO :U::Ue :Owls ::O :U::0°UMODU n ° :sa•:N:f:N:::UU

	

n

	

NU Nag a n

eU5• . VSSS nUNUUr_UUNH55:als5UMars:NOU.5S!°Usa\5°rla5r:5

	

:5ea~ :a:r:ma :0class n SS0nSerra rra00aawn

UU.
.USlaUU5l50 n U :U/NU:UUUUUU::UUSSN :SUOU :SUSS :UU:0:SUS::U/U/ : :O:: :a°r:Hn::s00 :550:

n::::•.n:aU
n
l':/gar ON

:5rO:Oe0:rrrNN:MSS: rasOUN:::
:.°N: y q U.SU SS°5VWOa n SSVVUOUa0a
55w0an U .UUUSee .0f5nnn a5:5::::::WHSHNUSUUUU:s0.r0ONO\555555555\5 :•\wr:aerOaaOisf

:::SesaOa:asr:srNr0saa5:rr6a
.0005_U5U05a555aO0UU55 :5f::N n UWHHOSUNa0::Hr::: nUO::rtes:r:V:•NSSN0eU

:r :H/ess:siasr:
UUU .UOU SUUUUSUUSaUSU:USSS :O USU n SUS:sle5e000 :lw5sl5r5ar n : n a01500ws1r : 7issi0NMa:aO.ON NOSae.:r:
: .0U:: n.U:::5:::r:5UUU50Mass:nn :0lrOUraU : n.:N: n a/n:N WN n:::::UN: n ss::Uwe: ::::Nsss0 n 0 :ar :5:raNrrer .reaNa::Nr5aras:: NUi ass:::::
.a . Ua::.Umm0.n Oe0
aa_a..:::s nn ae5aar5es550r0::::r5::.55: :rU55m:055.:::::: n:nn:n::055555: n ass nnn:aUaOIU NU000NWDy5M:50arr rasa:ssar0seraaram
r:a0 :lama! rNUM:U::aUN 1r n::::U::a0 n Uq::::rss :.:rrrsr r:Hrimr :0050:e\5S:::::=;r:

	

N a1PYdlif r i ii
s::N: :e :U::::: nass ::::lira:/::: ::nHNa0a00!rail . rs a:i

w :::::w:0s:::
r.5.s./rs .w:r.U.:. :SOU/:.:w:s0:::::::.s.:mN00N5:: n :::0:000 n nq::::: :e nr:a:::5:0as0::s

	

N::S:N:r:ON0 : U:O:a:::r::::00HN: s:rN: mw::NrrrMasa
U.r0:awa. .US..:r•UaUaaa : :r5U0 :::s:50 : :msw0:t

	

rasa::N.:
rr..: n trace:.::a: n m:t•::l:a:aeamr:a5:55:raalr:faea:rr•srma\:eea:: :a n r5:srraraara,,'°.rrNN rerar:r•a:

:r :r
:NS:N.ai .es:r n :::w:OS:rrrm::::: :OSaer::r:arra

a: :U:eUSr : :U:::: :S:s: :e0::r::5::5:••:::•: : :trOn:areU :e: :e:00::::UaOUr55 :a:l:nwl :0:aw::ear Nersn arm

	

$"r®r5ieesara:
:::5ei: :amt f+~-'~'-aUe ra•

n
:::
..

:::
a.U s .arar :r0:05sa5 n:O555. :USn O :Maannn :a5U5000er 5rs0ss\SS :OSr0s/OUaerrata :a5aasaiar:SeroUr.,`a .S=°'

rhn::e.Ure :e_UO :r0s0UU:0UU:a/5555!SUUSass:nnn aU:: :::\U:sw::0:ss0: n r :Oe:rras :a::a°NUSa0aYU0UE0l:
.U .S:U... .US .S .U50555 ..:iHe.:/aHaea :5r0:::::::ass::::0:5:::5aii5s::::::a::0i ::aNNSN• Nsrr :0 .O n
• n s :s5•::era:::.nnas nn:l•nnUw5e5 n 55rrars0 n UU::a n••Orsn maaO• n fsn!!s•OSSSUn :rases• :MMM:NriUS•s i5ir•

S sa:Uyany:UUUU .SS.rr::.iw.0Saa00arrr :US U VS::raWO:::.arr:nn .5a:sr.:. .a..I :U:0r :U0ra0r:a:UU5US:MUUUSUea::::ar:n:::n M:r:::::: :
::::S:a

:::US :a :0::::: :s: :5e : :U::r :
: aNS0:Na•H::5r*U:ariaM55:

r. .n w .w.n r. .r .en ra.i : :m5/r50 .eaa5 :0a .SUSUUU55555550:faUH:es0:l/es sea : .0SaUfr0 n rra50SeaUUe
:eaa::IS.. :UU : :UU ... : .Sea n 055. .5.ns:::a: nn.. .U .S .0::Hans:: n:::•n :5°:: : :: : : :e : :::sire :.5Urf5a55:
.ewes::.:e::Ors:::N:5::n : :s:a::: n: n:i:: :::n :::Orr:::::::::a:rUN.55M •rare!. :same:: :w: : : n : : :w:
seUas•ra•N0sU000°nnn 0•n e00sa::000 :00atUe•a:ars0 SSU: nN.r:000:f .UU .S UNUU::i :e UUSSSSUSe••S U.000:
:errs : :U: n UU:05:ar:::::::::::r:0sr:Urraer:::: :•00:rrrrer :ale U SUUUsari : :e:::r n::\:nnUUS:r N:aw:.real:::::arr:r.re:n:rr/

Oar :ssiemwari:
:

:b
: :rem.•:re:5ww:: :fswsaUw/ :/a:rnSa:sr: neeUr0rar00rrr5::i:sr

r :: : :Ur:::: nN.0Sun:sruNp UUS : :SSa :::r: n r:H:::0:::5::5 :armo5::suti. :w•s:nnnn5ur:::::e:reSeNr ::aa::u.asesN:
:sNNpp°oor:a: u veu•:rasara:

rrror5.uaauwwN.maw:Neserwrw..oN:rrrus5::: :• . :rwa5er .:Neu:: :rr:: : :5er :saa:rerrar5:•rur:er:e:

80

	

70

	

60

	

SO

	

' 40

	

30

PERCENT PORE SPACE OCCUPIED BY MERCURY
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CORE LABORATORIES . INC.
Petroleum Reservoir Engineering

DALLAS . TEXAS

Page .	 13	 ,of	 23	

File	 203-82023	

Company	 SANDIA NATIONAL LABORATORIES	 Formation _	 MESAVERDE

Well	 MULTI-DELL EXPERIMENT-1	 County	 GARFIELD

Field	 RULISON	 	 State	 COLORADO

MERCURY INJECTION CAPILLARY PRESSURE CURVE
SAMPLE NUMBER : 959
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Company	 SANDIA NATIONAL LABORATORIES	 Formation	 	 MESAVFIMF

Well	 MULTI-WELL EXPERIMENT-1 	 County	 CARP TEI .I)

Field	 RUL I SON	 State	 CO IORADO

MERCURY INJECTION CAPILLARY PRESSURE CURVE
SAMPLE NUMBER: 983

MMMMM OOOOOOOMMSOSMOOOOOOOMMOMM MOOOSOMMOM OOOOOOOOOO MO MS OSM M S M MM SOOOOOOO MMMM MM1O00w MMMMMMM OMMaM M wvnOONOOOOOOOOOMMMOS MMM OOOOOOOOOOOOMOMS MOOOOOOMM MSS/ nOOOOO ass OOOOOMO SwSNM W M OwimaslMMaaNNMws OasOMMMMSSMOMMMMSOMmMmMMMSSMOwMMMmo/MMMMMMMMMM@ .ow000OOOO Ow000OOOOOMMOMOOOOOOOOOOOOOOOOOOOOOOMMMMMMSw MMMMMMOOO MMNMMMmNwMMMNMM nMMMSSMMOM .MmMMmMOSMOOS MO MMMosMMMMMMMMMM MMOMOSS a nM mMMMSNNMMMMMM/MMMMMMMMMMMNNMOMN NNMNOMONNOSSMMSSMM MMMMMM MN MMMMMMMMM O000000wM MMwswOO n a eMM MMMMMMSMMMMMMMMMOMMMMMMSM MMMMMMM MMMSMMMMMMMM & MMSSOMMM MMMMMMMMMM MMMSSMNM/ saswwMMMesswa MMMM aMMMMMM NMMMMMSnSSMMMMMMMMMMMMMNMMMMMMMMMMMMMM a/sMMMSMMSSMMMMMMMM woMMMMMMMM aMMSMMSMasMSSSSMMMaMMMMMMMMMMNMMMMNMM SMMMMMMMMMMMMMMMNSMMNMMMMMMMMMMMMMMM MMMMOMMOSOsOOSwwMSMMMMwMMMsMMMMMMMMMMMMMMM MMNMMMMMMMMMMMMMMMMOMMMMM MMOMMOMMMMM MMMMNSMMSMMMMMMMMMMMammo MMMMM MMMISSSasMSSasamMMMMMMMMOMMMOMSSMMMMMMMMMMMMMMMMMMMMOMNNMMi MOOOOOOMMNMMMNMMMMSMMMMN MNO00000 owsMS MaassMMMOOOOOOOOwNOwOmNmNMMMMOMNwOmMMMMMMMNMmsd iMMMSMMSSaMwMNMMMSMMONOOMSONMMMa MMMMM.MMOMMSSMMOMMMMMMMMMwOOOOOO MMM M S MSM MMOMSMMMMM Ma 1M MM M M MSOOOOOOOO SSS O MOMS MMMMMM OOO n Mwww M s M aMMMMMMMMMSOMMMOOOONMMMMMMMMMMMSMMMSMMMSMMMMMMH :IMMMMOOOOOOMOSSMSSMMMOSSMSSMSSSO OOOOOOaMMMMMSOOOOOONMMMSNSMMMMSNMWSSMMNNNSMMMSMOOOOO OOOOOOOOMMSSMMMMSSSNOOOOOOMMweamaessasOsOOOOOOMSMSMMMMMMMMSNMMSMMMMMNMSMNMMMMMSMMOMMMMMSSOMSMSOSMS WMMMMM MMMMMMMMMMMMMMMMamimeSMMMMNMNNMMMNMSMMSMSMNMS MMMMMMMMMMM MOO MMMMMM a6WOOMMMM MMMMSMSMSNMMMMMSMaMNOSMMMM •MMMM aweMMMOMMSMMOMMMMMMMMMMMMMMMMMMMOM /MMMMMMMMM Mw~ iwOOSSSMMMMMOMSM SMSSSMMmMSMOMSMOS ONSOOMMaMMSMNSMMMMOMMASMMMMMNSSM NMMMMMMM MMMMM MMMMMMM SMMMMMOONSMMMMMM OMMMMMMMMMMMMMMMMMM MMMMMMM MMMMMMMM NMMSSOSMMSMMMMMMMMMM MMSSOMMMMMMSMSMMMMMOOOwMMM MssssNOMMSMSMMwswMNMMSwwws OMMSOOSasMA MMMMMMMMMM MSMW MSMSNMMMMMMMMMNNMMMMMMMSMMASSMMSNSSSMMMSNMMMMMMMSMSMSSO SMMwSMwMWS MMMMMMMMMM MMMMOMMMrMMMMMMMMMMMMMOMOMMMNSNMSOOh NIMOMNMMSMMMMMMMMOMOMMMNOMMMm o Mawwwsisss
nMMMMMMM MMMMMSNSNNMNMMMMSSNSNNMMSMMMSOMa MMMMMM •01101IMOMOSSMOMOSOMMOOMOMPOOMOSOOMMOOO
nMMMMMMSMMMMMMMMMMMMMSMMMMM M WO MMMMMMMMNSMMMMMSMM MSMOMMMMOMMMSMMMMMMMNSMMMMM NSSMMSwsnMMMMMMMMMMMMNMnwMMSNOMMMMMMMSMSMMMMMMMMMMMOMOS OMMMMMNMMMMMMMMMMOMMMMNMSMMMMMMMOOMMOSOmMMMMM MMMMMM MSMNOSMMMNMMMMMMMMMSNMMMMMM MMMMMM: MMMMM WSW MMMMMMMMOMMMMMMMMSMMSMOOOOwMMMMn
MMMMMMMMMMMMMM NNSSMNNMMMMNSMMMMM MMMMMMMMMM MMOML aMOM W M MMMMSMM/ MMOSMM MMMMwsNNSSM MMMM_SMNMMMMMMMMSMMMMSOMMSMMMMMMMMMMMNSNSMMMMMMMMMMM MMMMMM nM sN mMwNmwwaMMNwOSONMMM nMMMwoos
SMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMSMMMMMMMMMMMNMMMMMM MMMMSMMMOSMMMMMSMMMMSMMSMMSOSMMSaMMSMMMaMMaMMMMMMMMMMMSMMMsmash MMMMMMMMMMMMsoma MMMMMMMMMMMMMMOW IM1sw NssNMMMMwSMSMSSMNSSMMMMasMMSwaswsMMMMMMMMMM MMMw

	

MMMMSOMMMMMNMMSSSMSSSMSMMMMwMoommomMMMMM/ssNSSNEwsswMMSNNMMMMMMOMONMOOaswoon MMMMM MSMNNMMMMSwMMMMMMSMMMMMso MMMMMMMMMMMMMMwa aM M a N MMMMMM awmMaswMMMaMMMMMMM meamoosomMMMMMMMnMMMMMMMMMMOMSMSMMMMMMMMMMMMMMMMNOOOMMwwOMN 1MMSSOMN MMMMMM MMMMMwOMOMMMMMMM MMOMOOaanMMMMMMMMMMMNSMMMMMSMMMNMMMMMMMMMMMMM/MMMMMMMMMM Mites M wSNNMMMM Mw Ma MMMNmMMMMMMMMMMMMO.MMMMMSMMMMMMMMMMwNMSSMNMMMMMMMMMMMMSMSSMMMMMMMMMMa MMMMMM MMMMMMsMMOMMSMMOOwooSOMMMMMMMMMMMwaSMMMMMMMMMMMMM/SYSSMMMMMSMN MMMMM NSSMMMMMMMMMMMMMMMO MMMMMMMMMMMMMMM NMOODMSSMSMMMMMM NMMOwsMM/MMMMMMMMMMMMSMMMSMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM :IMMMMMnMMMMMMMMMMMMMMMMMmoons MMMMMMMMMM woosMMMMMMMMMMMMMMMMMMMMMNMMMMMMMMMMMMMMMMMMMMMNMMSMMMMMMLOOMsMMMMMMMMMMMMMMMMMM*sum MMMMMMMMmossesMMMMMMMMMMMMMMM MMMMMSMMMMMMM SSMMMMMMMSMMMMMNMSMSNNMS ',MMNMMOMSMNOMOSMOMONMMOMMMMSMMsamosa
MMMMMMMMMM MMMNMMMMMMMMMMMMMMNNMNSws MMMMMMMMMMMMMMMM'/wsMNNaSssNMMMSSwNSSMMMMNSS wwwoommeMMMMMMMMMMMMMMMMMMSO/SmSMMMMMM MMMMMMMMNMSNSNwss NMMOOMOOONNMSM MMMNOMMMMMMSNMMNS MSS/sNM n
MMMMM MMMMMMMMMMMMMMMMMSOO MMMMMMMMWO MMMMMMMMMMMMM M MMMMMNS• .\ NMMS nwMMMMmoo nMOMMOMSoosoomSMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM/MMMMMMMMM MMMMMMMMMtSMMMSwMMOMMMMMMMMMMMMSMMMMwOaMOsMMMOMMMMMMMMMOMMMM MMMMMM /MMMMMMMMMMMMMMMMMMMMMM MMMMMMMMM MMMMMMM MMMMM MMMMMM SSMMwMNMMSMOMOSM MSMMN/.MMMMMMMMMMMMMMMMMMMMM wMMMM .MOSMSMOSNN omMMMMSMM nIMMMwoea N oomosoMMMMMM WOO MMMMMMMMMMMMS MMMMMMMMMMMMOMMMOMO'Isom MMMMMMMMMM MM/NSMMOMMOMOMMSNNOMM /MMMMMMMOOMMMwMMMNMMSOMNSMMMMMMMMMMMMM nsMMOSMMMMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMMMSMMO no loom nMOwMMMMSMSMOSSOMM MMMMOMMMMMMMMsMMMMMMMMMMMMMMMMMMMMMMMMMMNMMOSMMMSMMMMMMoMMMMM mss nm wsosMm MMMMMMMMyOSSMNONMMMMMMMSOMMMMMMMMMMM MMMMMMMSS MMSMMMMSMSMMMMMMMM /MMM nMMMMSOMS MMaO MM aM MMMMMMMMMM/wMSMMONM MMMMMMMMMSMMMMMMMMMMMMMMMMM MMMMMMMMMMMMMM M MMMMMMMMMnMMw OMMMMMMI iMOMOMMwwONMMMMwYMMSS MMMMMMMMMMMMMM MMSMMMMMMMSOOMO MMMMMMMSSMMMMMMMSNMwMMMMMMwsMMMSwf . iMMa sooma wMSMMMMMa NSMMMSwe
nMSMNMMMM MMMMMMM/MM MMMMMMMMMMMMMMMMMMMSMMMMMMMMNYMMMM MMMOW MMMMM MMMOMMM MsSMSMOMMMNMMMMMMMMMM MMMM MMMMMMMMM MMMMMMMMMM MMMMMMMMMMMMMMMMMN MMMMMMMMM OMs MSOMMMMSMMMNSMMSMMOMOOMSMMMMSOSOMMMMMMMMMM MMMMMMSMMMMMMMMMMMMM MMMMMMMMOS MMMMMMMMMMMMMMMMNMS OR0000MMMMMONMSMNMMMOMwMmssMNMMMwaMMMOSNON MMMMMMMMMMMMMMMMMSMM MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM NMSMSMMMMSMSMMSNSMMS MMMMMNMMSMW MMMMMM M M /MMMMSMM MMMMMMMMM MMMMMMMMMMMSMMMwsM wMMNSMMMMMMMM'OOS MMMMMMMMM/MMMMMMMMM/ omMMNMMMaMMMMMMMMMM mamma MMMMM MMMMMMMM nMMMMMMMMMMMMMOMMM MMMMMMMMMM MMOMSNMS MMMSMMMMMMMMwoWoom mNMOMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMSMMMMMMMM MMMOMMMMMM OMMOMO MMMMMMMMMMMMMMMMNMMMMM NMMNMMSNO MMMMMmoons MMMMM MSS MMMMMMMOM MMMMMMSM MMMMMMMMMM MMMMMMMMM sMMNMMMMMMMSM MOOMSMMMONMOSMMMMMNM MMSSOMMsMMMMMOMMMMMMMM mom MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMM MMMMM MMM soowMONOMMNN OMMMSOMMMONMM
nmmo MMMMMM MMMMMMMMMOMMMMMMMMM MMMMMMMOMMMOMOMMMf MmMNSmm M oMMSMMMSM MMMMM MMMMMMSwNwwo SMMM MMMMMMMMMSSMMMMMMMMMMMMMMNMMMMMMis MMMMMMMMMMM nMMMMMMMMMMMMMMMU MMMOSMMMWOOMMMMMMMM MwMMMMOMMMMMMMMMMMMMMMMMMMMM MMMMMSMMMMMMMMMMMMMMMMMOMMMss/MMMMMMMMMMMMMMMMMMMMMMMMMMMMSf iS MMMMMMMMMMMMMMMMMMOOMMSMMMMMMMMM MMMMMMMMMMMMMMMSSMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMon MMOMMMMMMMMMMMMMMMMMMMnoses . MMMMMMMMMMMMMM
MMMMMMMMMMMMMMMMMMMMMSMMMMMMMMMMMMMMMMMMM/MMMMMMMMMMMMMSMMMMMMOSoMMMMMl7MMMMMMMMMMMMMMMMMMMMMMMM n
MMMMMMMMMMMMMMMMMMMMMMM MMMMMMMMMM OW MMMMMM OWMMMMMMMMMMMMMMMMMMMM/MMMMMMM ► sMMMM/MMSMMMMMMMMMMM souse
MMMMMMMMSMMMMMMMMMMMMMMMMMMMMMMM OW SMMMMMMMMSMMMMMMMMMMMMMMMMSMMMMMMMMMcssMMMMMMM MMMMMMMMMMMMMMMMMM nMMMMMMMMMMMMMMMMMMMMMMMMMMM/M nMMMMMMMnMMMMMMMMMMMMMM SMMMMMMMMMMMSSMM ►'MMMSMMMMMMMMSwwsMMMMMM me
nM nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMSMMMMOMMMMMMMMMMW nMMMR®M/MMMM MMMsoomosMSMwss
MMMMMMMSO MM MMMMMMMMOMwSMMMMMMMMMMMMM MMMMOMN MM MMMMMMMMMM N MMMMMM swsmoo . aMOMOMmMMSta ON nOOOOa
MMMMMMMMMM MMMMM MMMMMMMMMMMMMM MMMMMMMMM MMMMMMMMM MMMMMMMMM M M MMMMMMMMM MMMMSMM V wwMSNMM*w OwMM MMMMM
nM nMMMMMM nMMMMMMMMMMMMMMMMMMMMMMMSMMM MMMMMMMMMM sommomMMMMMMMMMMMMMMwsMwsiss .^swwMSaswwavinamMMM
nMNMMMMMMMMMMMMMN/MMMMMMMMMMMMMMM MMMMMMMMMMMMMMMMMMMMMMM MwosaMMMm smoMMMMMMM e:MMMSaNMMMMMMMM seMMMMMMMMMMMMMMmoms MMMMMM MMMMMM MMMMMMM MMMMMMammoMMM MMM MMMM M MiMNSw famNNM MO UAMMMMMww MOON MM n
noos MMMMMMMMMMMMMMMMMMwNMMMMMMMMMMMNM MMMMMMMMMM MMMMMMMMMM MMMMMMMMMM MMMMMMMMM MMMM .:IwNMMSM000VO
MMMMMMMso MMMMMMMMMMMMMMMMMMMM//MMMMMMMMMMMMMMMMmoose MMMMMMMMMMMMMMMMMMwoos MMMMMMMMww-oMaMMMasommomMMMMM MMMMMM so MMMMMM MM MMMMMM so MMMMMSMOMMSMMOMMMMMMMMMMOMmM NMNSawMS MMMMMMMMM MMmowmw:MSMMMMMMMMMwMNMMMSa MMMMMMMMMMOOOOOOOOOOO nOOOOOO M OOSOMMOOMOONMm ma MMMMMMMMM MMMMMM MMMmNwMNSMMAOwMM \MMMMMMMOOOOOOaaww OOOOOOOOOOOOOOO M MMMM nMOMOMOMOO MMMMMMMMMM MMw a Mss MMM e nsmwommam MMwMMMMMw s MsNaasw MSc wawa s
MM MMMMMMMMOMMMMMMMMMsoMMMMwomaMMMMMM MMMMMMM nu M OOOOOOO MMMSaSNm m MwMMNNwMNwM MMMM MMoMai–woa
nMOOOOOOOOMOOMMMMOMMMSMOOOOM MMMMMMMMM wMMSOm MM nMMMMMMMMMM/Ow ySSNMMMM NMOOOO000 oMMMS nNM MMMwssMMs
owns OOOOOOOOOMOOOOOOOOMOO /MOMS MMOMOOMOOOOOOOOOOOOO OO OMO00MMM MM M MMMMMM os MMMOOOOO MMMOMMMSMM mMOMONB
nOOOOOOOMOMOOOOOOOOOOMMOOOOOOOSOOOOOOOOMOMMMMMM nOOOOOOOOOOOMMMMwawawMOOOOOOOOOMmmMMNMMMMMMMwsaOOOO
nsOOO SOMOOOOMaMOOOMOMOOOOOOOOOOOO nMONMOMMMMMMMSMMOM m M MMMMMM womommMawsawnwws MMMwMaMMMMOOOO MmswsasmOOMMOMMOMMOOOMOOSOONMNMOOOOOOOOOOOOOOOOOOOM a nOOOMOOaNamommas OOOSOMMNMmNSMNMMSMOs
nOOOOOOOOMMOSMMMOOMMOMMMOSMSMSOOOOOOOOMMOOOOOOOOOOOOOOOOO O OOOO0000MOOOMSMwSMMMOOMOOOsomMOOOOOOO
nOOOOOOOOMMMOOSSMMMM+/MMMMMM MMMMMMM SOMMwMMMMSMMOOOOOOMaw naOOOOOOOO MMMMMMMNMMwMSNwNMMMMMsOOOOOOOOOOOOOOOOOOOOOMMMMMOMMMMMMMaMMMMes MMMM MOOMOMMMMSaa MSSM,OMSasOO O OOOOOOOMOS mammas OOOOOOSsMMMSOMOOOOOOOOOOOOOMOMMMMMMOSOSOOOOOSSMMMMMMMMOMOOOOOOOOO OOMMOOOOOOOMMOMOOOOOOOOMMMwMMMmMMOOOOOOs
M M m a w wOOOO Mwawa s OOOOOOOOOOOMMOOOOOOOOOOOOOOOOOOOOOOOOOM OOOOO n OOOMMOwwM NMSSOS OOO oNMMSwNmassoomewaMaOOOOOOawMMOOOO000m M OOOMMMOS NMMSwSOMMw000OOOOOOOOOOOOOOOOOMMwOSMOSMmOOMMOOOOOOOO SMMMMMSmos OOOOOOwwMMMNNwMMMMMMMMUNMMMNMMMMMMMMMMMMMMMMMMMMOOOOOSMaimows wwmwauMMNSwuuuMMMMuUMMmsauMMMMOOOOOOOOOOOOOMMMMMMMMMMMMMMMMOOOOMSMOOO/OMOMnMOMMOOOOOMNOOOOOO MM/MOOmmm wmMOwsssOasNwsmwMM
OO0000s0OOOOnOMMMMOOOMM OOOOOOOOOOOM/MMSMMOMOOMMM O nMmOOOOOOOOOOOOOOO MM nSMMM M MMOOOOO NMM MMMSamwMs
nOOOOOOOOOOOOOOMOOOOMOOMMSOMOMMMOMMOMOOMOMOOOOS MMOOOOMOOOO MMOMSOOOOOOOUu .BOOOOOOOOOMOMM mwsMNMSmsassess m OOSOMMOOOOOOOOOOOOOOOOOOMMMONMMwws OMMOOM OOOOOOOOOOOMMOOOOaa MOM OOOOOOOOOM MOSOMOOMOM M OMOOMMwsOOOOOOOOOOOOOOOMOOOOMMOOSMOMOOMOSOMOMOMOMMOMOOOOOOOOOMMM aMOOMMMMMMMMMOMSMMIMMOMOOSN MMOOOO MOOMNMMOe 000000 M MM MO0000OOOMOOOOOOOOOOOOOOOws//MM MMMMMMM MOOMOO O M O OOOOOOS NOOOOO MM M M M/ MOOn /000 O MN OM OOOO MMOOOOOM M M
MOMOOOOOOOOOMOOOO0000OOMOOOOMOOOOO swim nnM MOOOMMOOO O OOMMMMOOOOOOOOOOOOOOOOOOOMMOMOM so OOOOOO0000OMs.O a OOOOOS000SMSOOOMO ON 00000oOOOOSOOMMMOOOOMOOOOOOSOO N OOOMMOMMOOOOOOOOOSMMOMOMM wswswwOSMMM OOSOOOO

PERCENT PORE SPACE OCCUPIED BY MERCURY



CORE LABORATORIES . INC.
Petroleum Reservoir Engineering

CAMAS. TEXAS

Page IS __ -22—

Filele	 203-82023	

Company	 SANDIA NATIONAL LABORATORIES	 Formation

	

MESAVERDE

Well	 MULTI-WELL EXPERIMENT-1	 County	 GARFIELD

Field	 RULISON	 State	 COLORADO

MERCURY INJECTION CAPILLARY PRESSURE CURVE

SAMPLE NUMBER :	 1007

\OO nnNNnnMnnnnnn IMMMSS n MMMMMMMMM nn M\\/\/\\\\/\\\!// n O nnnM nnnnnMM/n/N/MN WOO 111

	

OS NUS
0SO MMn Mn MNMOORIMS /OOf 111 M pnnn MOMnN71On MMMOMMNOMMM nInNMSOON nMN nnn /MM n M/Ogle !//MIMI
n MOMMMM n•MOON\\\\IMMMMMHMMMMMM!//!// /\/\//!//!\/\//!/N\/\/\!/\!\\\!/\/!/M

	

11110 /!/\\\/\SOS M\\\\/ \\!///!\//N/!/H\ /!!!!//\!!. //\\!//!//\!!!!!\ \\/!/\//\\ nose\/\/\\/MN//N/MI/\\\\
n sMMMMM\\n HMSn MOON/an OnoOMM/ nn1 nn MM nn M n IINOMMM MMMMS n NMO nnnnn NMM nnMNMss

	

sassammeamsees//MI OS MMnOMManqMOOONM nnnn MOn NN/MOMasiMMMONM n I1 nONNMM nn MO n On /MMNSSNONM/Naq\/!!//\moss
\\/N\//\//O/NOMMMM/MINMMM\MONNMSMMSHI wenmN/•1Hs MMnnnnO n Mnnn MMsirs suss Sarms Osuss aMO/n O nn

nMM\\•se Nsal s nno!/MInMMMseNNMI IOSM/OMMM/MM//O\\\//\\\/\!\///f/NNAIN!!1\\\/\/!/
naMn mlMO/MM nnnnn M n IMOMnnn /Ma n NMMMN1InnM\an MMn MMNOSS111ss

	

M nMMMOSn MMn !/On MMNSMn seM nnnMam a
nMM1n MMO n/Msass same nose/!/\\/H//!\!\MM//!\/\\/!M\N/s assMM\\/ N\/Nsons \/MM!\/\M// nq\
aN nMMMMa/!\sass sass N\M\\n!/n /n/n!/nMMMM N\/~~/•!!M!n !MMMMMM!/nnsirs \/a\\moms / n\N\NN\H
sesi0SOOM/MOSS/MO \!N\M\\/n!\!!/ \n /!1 . moms /\\//////!//!!\\//\\/ /\\///\/NMM/\///\M n

n NSIMSMMNMno\ nNse/agMM M nnMOMNOMN/O MMnnnnn Mn nnnn MM nn NMMnn MnnnMN nasSS/M1 n MSSNHM nnnn no n MOMMaNMSOSaSS 1NOnMMOM1 nMNONN nnnM/ n/MO O/sM n MMMMNNNON n BIRO MMMMMM n \aN/N\soma /\/\N\NH/nN/\NAN
nnn /sessss smama sums MMMMMMnnnt qn//\nnn/DON nMMMMMMMMMMMMMMMMM MMMMMMN/MNOSO OOases assesOnnn /SnNMMMNNMNMNMMnN nn MMMMMML IMO II n/!nnnn /nn M nnnnnn \nNM/NnN!/N/!/n/n!Nn/N•Mnn/n /qnnNS !! nNNN!nn! Nn!nn!Nn DOOM MMMMMMMMMMM n \Nnn MMMMMMnnn1nn/N\n M!/!MnnnnnnnOMSSMN nW\MOMMSn MM11M1aMSO•SO III MMOIOM n MNM/NONO/n nose nn a nMO nMM nINNOM1seO1OM nIMO* OSBOn

n IM nMSSO/ n OMBOnosn111ONMSONOSSNN n SIN INS\ n /sOS nnMSN MM nnnM nnnM\N1n elf n/M1nn/n\aassOOOOOOMN/M\\/nr/M/\N\ nnNnn 1n N Nmamas sums !\sum sn MsOOOOO/\WnNM/nM\N1same McOOOOO nn
nNseSOON nMn 1MNMIMOOOOOOMOOnnnn!ntl nM nnMN/OOSONN nnnnnnnM nNOIIISO lMN/NM/l1amass nMOMOO nOMMSMM nOO1NO nMno nntOOOO nMn MNNnnnMM/M Nn NOON IOMSSOMMOIMOseNp\n ! SO NNOOOOOOOOOOO IN WOO Ole WWII SO SO0\OM000OOOOammo s amSIHOM\ nOMOMMNOOOOOOOOOOOOHOMOn\SOMOS nnNH\\MMus ass. n MMOS\ nn nMMSO n\n OM n MNa nONMONNMnO/1/nnONO/\NMNMN/ n// -se ass nNnnn\ n!n/nMnnnnnn !nnnnnnnA /NNMnnn/n!Mnnn
nO//n O n M nnnnNn Oa n On OOMn MOOO MMONno nn n/N nn M1MO! n OOOOOO nnNMOMM n OBIMOn /O n 00 M/MSa nn M nnH1NNnnn ONO nn On Mq n1sm .nssswams

	

nnnnnn OMMNN n MMOO nnnnnnnnN nnn MOq•MNnnn MO nnMMMSm nnnnnn swamsus nnMOOn MN n\a n1Ono n a MMMNnn !M nnNMno nn n /0111n ! nnnnnn Ono/NnnnnnnnMOON se nMMMM1N nn MMnn MM nn n !nN n 1/! n01000 N1!!nnn!nN1 nnnn /!n1I 1 nn! n/ nnnNn n M nnnnn //\nnnMMMMMM npn N nnM MNnn /as MMn MMNn MO•111O qse NOS NM MOMS M /NNM nnn \nSONMMOMM\Osomas Mnnnose nnn M nnOONsasrsm MMMMMMMMM nn MSI MSO nM nnn MngMes1a1 n SE nnn11n!/!nn000OOOnnassaaasassn//n/1011 nnMnn!\nnnNMnN/MNn1/\nn/n /MnnOOOOOO nnnOOMa001OS nOOOOOO nnnOOOOOO nnnnNnnnOOOOOOass sassnnMNn1 nnNn1\Nn OOOOOOMM nnO nM nMOMOes n \IMO n OM/nSRNs\\nnn 1nnn/nnnn!n\nnnn O vsOO n/nnnnN/nnnnn1nonnn1!nM/N/\1 Mssa OO/n\1nnN1 nM nn sn O nOOn nMn/11 n 1 n NMMMMMM!MISS nnnnn n /1H11q!!!nn!n\//!nnn 11n!!nnnN1n1se nMN/n MMMM amass s saws
nnIN\Nn\n1! nnNnn /mums/NNMMMMMM nM nnNMM 11!n!/n 1 nn /nnnnnn/n\nn!/!n\ n N! nNnno! nnnn/nnnnn /es n MS/NOMMMMMMMn MtMSSMMM nOOnn !MONO nnN n MSO•NSn•/!/MM n MMMMMMM n!Nn Ononn M1MnaHOM/Mn sass yaa OMMOMnnn MM//M n OMseMMM nnn MONO/MONOM n NMMM\Muses nnnnnn /! n!nnn\///pnn\nN/!MnNNn /MMMMM n
nnn MM nnS MS n M/nMM nn MMMM/NO n00 IINMNnnnn O WOMB MM1n//!/nnn! n!!\nnnn111nn//M1n oasMMM nnn //nnnOMM nM\MMSMISM n /n/n OseNMNO n NM nM nOMMn MMMMM Naas asauna N nM nMMNMNM/n NNMMMM\Mn s1a0OManNMn \
nnn MMMMMOOMN/NMM MMMM narson aN1MMN n MMMOS11nMa MMMM n ass nSMMMOMOOMsassMaM HnMswam NNM\M nn MMMMn Mn MOMMMMOM/sNM1Mn Ma MSnnnMMOMMMM n nMnes1 n ampnnnsMSSMMMa ass sen NesM massn ess0MMn MMMMn OnNNnn MMMM MM n MnNMM n M MM\ n /NOM n MMMMMMMMM n NNNOON\ MMMMOO/MMMM!\n M/MMNOON nnn MM1mammasMMM\MMMMMMse nnMM/M\MOMMNMMIMMOM OO nMMMMMMsusn M nn /MNnnN/MM nMMMM\n M/ np/MMNIM~~`l~~~~Oe11 n M/M1MNn1iNn OMMi*M
n MM n MMMMse nn MOMMIIMMMIMOSN n M OS 0I gOMN MM nnnMMIINNO n MID• MMOMM n ONMMMOO MMMMMMgIMMMMM MMMMMM nn M nnn MMIMMSse es saws IMMMMNNaas /O as ssa n Nsoma visa nMN nNNM n/1NNM nMMMmoss nMnn NMM/M11!MONO\ n /MM nM n\/n//NMM nMnn M n MMMM nn NS n M/MM\nn sassn OSn SMMM NN0MOnoOMO nnoMMOMOOMMnnMMM1 nn snpNMNn Mn NMM n NMMM nMM nM nMMn MM/MMMMn {MtIllSO

	

OM\MMMMMMMMMMMMMM n MMMMMMMSOOMMMMMMMMMMMNMMMMMMIMMMMMNNNNMOMaSN/M\MM nMMMMMMMn \Mn MMMM n MMNOMN nnMMMMMMMMas a ssi M/ n MNNOS. MMONBans MMMMMM n Mssmas MnnnMMMOMMn!n M nM nMMn/nM nM/ n1M n OSM nn/NM\MONO\n MnnM .OMM .M 6OI IMMMMN NNMMMMMMn MMMMM nMM\MM Nn MM nn \NMMn mumM nMMMMMMMOMMMMMMMMNNMM n MMO nNMMnnn MM 00O 00 nr9 n\NMOOS N\ n1Mn INsass Mn M1\\M nNMMMNM/ nnN nsass M nMMMM/MMMMMma MMMMusn MMseON/s~nnMMMMMM nnnnn M\M nMLMMMMMMN nOONawens s a smoss MMsNse/!\ nn OMasass nnn Muses/ MM MMMnn MMMM/ nnnn NOSMOMM nONNgMMMMM n MOON\ nM\+NO nMOMMM nn MMMMM nnnnMMMOMMMM/soma awasm mass MMMMM nMM nnnI n MNn aMMMM/ nn NMMnn/Mnn MMMMM nn MMMMMa .M.nnMMOMOMseM nnMMMMMn 1NM nnnNMM/ n NNMOOMmisses s MMnnN nMM nMMMMMMMM nn MMMMMMMM\OM/nn MMOM\MNSM n MMMMOMMOMOMM MMM n MMMMMMMM nM nM n /NM\NnopMn ONO n /NNM n MM nM n MMMMMM\Mama n OMOMM\ n NMM\an1sOM n MMN n MOn OM nn MMONNO\Ovisa MMMMM M\n MMMMMMMOMn a nn NOM/ ngMMMMMMMMM1sNSMMMN n MM nNMM n MM n esMMMMMMMnM nNMMMM n MM/MM nMMn MMMMMMMNN NM1N n MMn \NMM/MONO\\NgN1N1M n/n muss smaMM MMn MM nMMMMMM\ n MMnnM nM n NMM/MMMMMMMMMM/MMMSSmaws rat soMS MOMMMO nMMM n imam MMM\1n MMnoMgMMMMMMNMOM MM/M n NMMn MM nnMMOMMMMM n M nMM n M nM/MM n M/NMMMM nMMM n Mnnn rim n M/MMNn MMMMMMSSIllS IM/nNSNsirs /MONO/MM nnMn MM/MMMM nnn /n\MM\MMMn MMMMM nn Mnn MMMMMMnM nn as MMMMM n ias MMMOMMn an NOONnSMM\\O nnoYMM/ nNS/MWMMOnn MMMM n MM nMMMMMM MMM IOM\OMMMMMMMMMMMMOM n 0 nM nnMM1MOm naLWMMMOM nM n MMMMN/ nps.SS nOSM nNaM/aM n se n MM\*M/MMMMMMNM n M MM M MNMMMM MMMMMM\/MMMMMMNMMMMMMMMMMseas se M n Mowes nMMMM/MH1M\ Nelms M\/NMM nMuses*MMMMMMMMMMMMM nnnnnOM n VM nI /Nn nMMn M nn 0n \/MMMMM nNMnn MnM.`~MN\MMnn M nnn MM/MMMMMM/MOMS/\nn1M n MMIMNIM nMMMMMMMMMMM N/NMM MMMM MMNMMMMMMMMMMM n MMMMMM nMMMMMMMMMMI , 11M00 /MMMMMMMMMMMMMMMM\MMMMMNpMOM nMO/\seMMMMMMMMMMMMMMMMMMMM\NMM n MM n M\MMM MMM MMMMMM\ M MMMMMMMMMMMMMNMM/OMMMMMMn M n MM//MMMMMn MMesMO nMMn MMMMMMMMMMn M n MMMMn MMMM\ n MMMM/MMMWO MMM MMM/ nnM nMM/M nMMMMMnnnnnnMMM• nn MMM nMMMMMMMMMMM nNMM nMM n MNMMMMM/MSOMMMMMM/NMM nMM n N MMn MMMMO nNnMMMMM\ n M\ n MMMMMn MM\ n M nnnn MMAll • n \NMM/MMMMMMn MMMMMOS NnOnn /MMMMMM nMM/M n a/MMMMMM n MMMMMMMONO MM/MM nMMMMMMM/OM/OMMI nn MMMOOSOM n MMMse aOWO Of MO ROn MMOONO10 00 n OMMMMMMMMMMMMMMMMMMMM am MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM nvie Fa as MMMMMMMMMM •SOS 00 1101I WO MMn MMNNSSSInn MMMMMMMMMMMMM\ nnM n MMMMNn nMMMM M nM n MO nMMOMN\MMusnNn INONM n MNNMMINMM/MM n MMM/Nl not/\MOONMMMMMMM n MM NMMMMMMMM MMno nasMMMMMMMMMMMMM\MMn MMMMMMM\1n \MM17M MIMMNMNs nHN/NNMMSSMgssassN\N/nMMMMMMMMMMMMMMMMMMMMMMN Mes/MMMMMMMMn NMMn MMM1s a a seMamason MOO n MOON NMaN MM MNNNM OS Ball IMMMMMMn MMMMMMMIM aMM MO nnMMOMMOMMMMMMM n\MOH//NMM1a nnn NO SI S MMMMMMIM\N!//NMMMMMMnoNM 11O BOONNSSM/OMMMMMMMMMMMMMMMM n MMMMMMOMMn M MM nnnnn as MMn MM nnMMM nnMM n a/MMa\O n IOMn NMMNn MMOMOSSS nN M nNn MnOnMn MMMMMMMMMMMMMMMMMMMMMNMMMMMMesMMMn MMn MMMMMMM nMMn MMMMMMMMMM/NMMMMn MMMN1 n M MNM1NS11 n1I nMMNO WMNMM nMMMM n MMMMMMMM n MMMMMMMMMMM M\!n MMMMMMMMM\!M nMMMMn OMM nMMM~.y/ n MM nOMsaMnnMO\nnNOSM1!/MOOMMMMMMnMMMMMMMMMMMMMMMMMMMMMMMMMMMSMMMMMM nn sea MMMMMMMMNpass oss-assts\nM/NMMMNMNONSSNMONMS/ nn MMMMMMMMMMMMMNMMMMMOO nM MMMMM MM nMMMMMMn MMMMMMM nnn SnMMMM00 MMMMMMMMMMMMMMMMH/aMMIN\ nNNM nMM nMMMMMMesMMMMMMMMMMMMiMIssesMMM M n 1s nMMMMM Mn Mn MnMMMM MMus nseam nO \MMM,~MMIn MSNSM n essass nMiosirs am MM\MnMMMMMMMMMMMMM n MMMM MMMMMMMMMMnnMMMMMMMMn MMMM MMMMMsm lug n RV MMM\MMMMg1 nn M111101O

	

a\/SOON/Mn NM MM \MMMNMOM\M\ nassass N M M n M nnn /MMMMMMOM\MOMMMMMM n •OSII MMMMMM1MIIOMOOSOO alass wooaaa MMMMMMO MNM nn \MM•NMa n NMMMMMMMVMVMM nNO Mass MMMMOMMMesMa ammo as ft tl ammMSp n /s WMpn1anN aMMNsM n Mn MMMMMMMMMMOMM n 0MNMMM/NMM\NMMOMMMMM n NMMma MMMMM n/MqNO nn O/OOMOM nn MMMMMIME seMHMMOS.MMMMOOOMMOO\ONO n O OOOOO n OM n MOOOOOM1 n sn DOOM nn NMM\n M nnmOOOOOMOnn es n OOOOO OOOOOOOMN/MMW ONO nse a nn 1MOOOOOOOOOOOOOOOOMOOOOMMMMMM sm OOOMM/OOMOMO OO nn O++a MN M a s as OO/ n DOOM nI ►~NSN\NNNnNMMes1IOOOO000 00OOOOOOOOOMMMM••MMaMn OOOOO/1 n OOOOOawayOO OOOOOM n MMMMOOOO nMMV u.	1MNMMMNN011In SMNMOsn aMa n nMnnn OO nM 0a n mOMSano/MOMOMMn sn M/MMaaa nnN OOOOOOnn IOOOOOOOOOMMM n MO .M n L-_ sMNMMMsews amMM n MM00MMO nn MOOMMO nnNOM/ MMOMNO n 1M\M/MaOMMOOOOOOOM nnM/NMMMMOOOOOOOOOMMO nM nOA-

	

ONn /MO nOOOOOOOOOOO n00 n1MMOMMMm000MMONM n MMn M nn O n OOOOO OOOO n OOOOMOO/a nn O nn !On MM n MO nn \OOnn lN.--~s~MOSSn MOnp10n OOOOOO/n OM/\MOM nn Snn OMMOOO O OOO OM nOO\O nn OOnnOO nM n\nn OMaOM/OM n OONMSa nNO\OMMO nNN/MIMA-sn IMn /OOOMOOOOOOOOOOOOO0000OOOOOM n ONO n MOOIMMMnDOOMn \MOOn Mn \aaM nnnnOOOOOOOMM n !M n ONO n NMOINMNaa~~'~--w.OMm/OOOOOOOMOOMOO nMOO O OMSMIO M MM OOOOONMMnn OOMIOOOOMOO nnOOOOOO n an OOOOOOONMm/OMO\MNMMn a ONaaolossOMMMVOMOOOOMMMn OMON as OMOMOM M OO OO On /M n MOO nn seOOOOOOMI nnn MO n\nnO n MM nON n O nn /M n OMMNO nnn MOO\ n OOessan•I n O n n MOn MOOOO nDOOMn ONMMM/n Oa MOOMMIO n OOOOOOOOOM n ONO\/MO/NONOO\O//MMNOSS OOO1s n MOOseaNMMNMM\NaNsMOM\ .00OOOOOOOMONO\\ n O n an m n M MMM MS n DIM nnM nnnnsaes n /O nM\Mn M nn \MOO n OOOOOOI\MMMMOMONM/NMM n OOOOMNmassO n MMOOOOOOMM00n MOODO OOOSO OM n MOOn MON nn/n MOOOOOOOuse . n OOMO n/nn MOO n /O n/NOOOOOOOOO n \/MO nMO n MOOnnOOnOMOMOSOMMMNMNOM\\OMM nSL M nnMOOm/ n M\SOS naMOMMn rO nn OMS nnM n /O n MMMO n Mn/n O/a nMM\//MOO nn O nOMesnn MesNmMM
n OaOOOO n OMOOOSMaM *n OMOOOOOOO nn OOOOOOMIOO OOOOO nnn IMO nn O n Mnnnnn MMMnn /OOOOOOOONMM n OOOOOO/M n\/MOa~MMMn MO M OO O O aOOOOOOMOMVO n sOO nnn mp,Mn Mes aOOOOOOOOOOM! MHNMMVNNNMNMMN Masome MNMMNn NMOOOOOOMOO N OOOOMOOOO\\\saes !a

	

OOOOOO nOOOOMM nOOMOMOOOOOOOMa/MOOOIOMSM OOOOOOOMOOMM

70

	

60

	

50

	

40

	

30

	

20

	

10

PERCENT PORE SPACE OCCUPIED BY MERCURY

0



CORE LABORATORIES. INC.
Petroleum Reservoir Enjinettiag

DALLAS . TEXAS

Page	 16	 cg .	 23	
File	 203-82023

Company	 SANDIA NATIONAL t .AROR\Tf1RTFS	 Formation

	

_	 MFSA1'FRt1F

Well	 MULTI-WELL EXPERIMENT-1	 County	 GARFIELD

Field	 RULISON	 State	 COLORADO

MERCURY INJECTION CAPILLARY PRESSURE CURVE
SAMPLE NUMBER : 1012
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• File	 203-82023

SUMMARY OF PORE SIZE DISTRIBUTION 	

Company :	 SANDIA NATIONAL LABORATORIES 	 Well :	 MULTI-WELL EXPERIMENT-1

Formation :	 MESAVERDE	 Field :	 RULISON

County (Parish), State :	 GARFIELD, COLORADO

Sample Identification : 947 953 959 983 989 1007 1012

Depth, feet : 6438 .5 6445 .5 6452 .5 6505 .1 5513 .0 6541 .3 6546 .3

Permeabilit

	

to Air

	

md : * * * * * * *

Porosity, percent : 7 .9 7 .1 8 .7 7 .4 7..9 7 .5 8 .0

* PERMEABILITY TO AIR MEASURE*LENTS NOT OBTAINED

,Pore Aperture Radius CUMULATIVE PERCENT PORE SPACE
(Microns)

35 . 100 .0 100 .0 100 .0 100 .0 100 .0 100 .0
30 . 100 .0 100 .0 100 .0 100 .0 100 .0 . 100 .0
25 . 100 .0• 100 .0 100 .0 100 .0

100 .0
100.0 100 .0

20 . 100 .0 r

	

100 .0 100 .0 100 .0 100 .0
15 . 100 .0 100 .' 100 .0 100 .0 100 .0 100 .0
10 . 100 .0 100 .1 100 .0 100 .05AMPLE 100 .0 100 .0^
8. 100 .0_ 100 .' 100 .0 100 .OFAILURE 100 .0 100 .0
6 . 100 .0 100 .1 100 .0 100 .0 100 .0 100 .0
4 . 100 .0 100 .1 100 .0 100 .0 100 .0 100 .0
3. 100 .0 100 .' 100 .0 100 .0 100 .0 100 .0
2. 100 .0 100 .1 100 .0 100 .0 100 .0 100 .0
1 . _

	

100 .0 100 .1 100 .0 100 .0 100 .0 100 .0
.8 100 .0 1Q O .1 100 .0 100 .0 100 .0 100 .0
.6 100 .0 , 100 .1 100 .0 100 .0 100 .0 100 .0
.4 100 .0 100 .1 100 .0 1000 100 .0 100 .0
.3 81 .7 82 .• 78 .7 100 .0 71 .8 100 .0
• 2 64 7 66 . 61 .7 83 .2 61 .1 74 .8
.10 51 .5 51 . 45 .5 62 .0 48 .3 55 .6
.09 50 .0 50 .• 43:8 59 .8 46 .4 52 .9
.08 4R4R_ 4'

	

, 57 .4 45 .2 51 .2
.07 46 .4 4h_, X4 .9 S4 .9 44 .4 50 .0
.06 44 .2 44 . 37 .1 52 .1 43 .1 47.2
.055 43 .2 42. 35 .5 50.5 42 .9 45 .8
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File	 203-82023	

Company	 SANDIA NATIONAL LABORATORIES	 Formation	 	 MESA VFRnF

Well	 MULTI-IcELL EXPERIMENT-1	 County	 ( ;ARFTF1 .11

Field	 RULISON	 State	 COLORADO

PORE SIZE DISTRIBUTION
SAMPLE NUMBER :	 953

PORE ENTRY SIZE (MICRONS)
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File	 203-82023

Company .	 SANDIA NATIONAL LABORATORIES	 .Formation	 	 MESAVERDE

Well	 MULTI-WELL EXPERIMENT-1	 .County .	 GARFIELD

Field .	 RULISON	 State	 COLORADO

PORE SIZE DISTRIBUTION
SAMPLE NUMBER : 1007
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File	 203-82023

Company	 SANDIA NATIONAL LABORATORIES	 Formation	 MESAVERDE

Well	 MULTI-1tiELL EXPERIMENT-1	 County	 CARFIELD

Field	 RULISON	 . State	 COLORADO

PORE SIZE DISTRIBUTION
SAMPLE NUMBER :	 1012
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File	 203-820088

Company	 SANDIA NATIONAL LABORATORIES 	 Formation ;,ESA VERDE-

	

/COASTAL/
%Von	 MULTI-WELL EXPERIMENT-1	 County	 GARFIELD
Field	 RULISON '	 State,	 COLORADO

DEPTH FEET CEC ; ADSORBED WATER METHOD

93-S 6259 .0 9 .9

95-S 6260 .0 12 .5

97-S 6261 .0 8 .,8

99-S 6262 .0 11 .0

101-S 6263 .0 7.3

103-S 6264 .0 9.5

105-S 6551 .0 0.69

107-S 6552 .0 1 .2

109-S 6553 .0 1 .6

111-S 6554 .0 1 .1

113-S 6555 .5 4 .8

115-S 6556.0 2 .0

117-S 6557.0 3.8

119-S 6558.0 4.0

121-S . 6559 .0 2.9

~1NS reports lased if OMlrsOtION eM trte►tsls $100100 My tM olleat Is prepared for tae essisslar God c aflieattal moo or tae cheat . tM aawtyses.

*$mobs . Sr loter►retetts $ $010.01000 Muth ger,MM* the johpoont Of Coro LaMretoHes . lat . : owner . Coro Laboratories . Mc . . aaa Its aaNryers ass,re

rowost0t11ty ow sale so 1onttes sr rO►gMentatioos es to tht 01111ty Of tils report to too tlleat or es to thr Oresattiiity . proper soorattea . sr

pefitoblptss Of Osyr 011, sit . or ether oisoral fliiatlen sown I . seaaettle with un{th Nth report wry be uses or re1110 whoa.
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File	 203-820027

Company_ SANDIA NATIONAL LABORATORIES Formation MESAVERDE-.
GARFIELDCountyWell MULTI-WELL EXPERIMENT NO . 1

Slate COLORADOField RULISON

Depth
Feet

Sample
Number

Humidity
Weight

Adsorbed Water Cation
Exchange Capacity

Dry
Weight

Tare
Weight

6403 .7 929 41 .578 41 .539 26 .256 3 .0
6409 .3 931 44 .621 44 .545 29.284 6 .0
6415 .4 933 38 .489 38 .436 23 .114 4 .1
6424 .8 935 50 .535 50 .425 35.231 8 .4
6442 .8 952 48 .828 48 .755 33 .466 5 .8
6473 .0 968 49 .294 49 .230 33 .958 5 .1
6475 .6 969 49 .358 49 .284 34 .047 5 .8

This report, based s observations and arterials sopplied by tar client, 1$ prepared for T he eatlwNre and COnfidPMtal off Or the Oleo . TM ena1yses,
opinions, or interpretations contained hereto Noreen' tha guillemot of tore Laboratories, loc . ; honorer, tore laboratories, Inc ., ear Its u+olapnc aes
no responsibility and site no wrrsnsles or represenIgtlens n to the utility of this report to the cItoM or av to the proeucthtty, proper operanon, o
profitab)enass of au bit, lea, or other mineral fermetion or well In connection with which such report ary be used Or nU open.
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File	 203-87050	

any:

	

Sandia National Laboratories

	

Well: As Noted
Formation:

	

Mesa Verde

	

Field: l.ison
County, State: Garfield, Colorado

949
955
960
986
990

1010
1014

Meet Cation
q

Capacity

6440 .5 2.2
6447.5 2 .7
6455.9 2 .5
6508.3 3 .3
6514 .7 2 .3
6544 .5 2 .3
6548 .8 2.8
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Page	 1	 of	 2	

File	 203-8400!6	

CATION EXCHANGE CAPACITY MEASUREMENTS
=====================================

Company:

	

Sandia National Laboratories

	

Well : MWX-1

Formation :

	

Mesa Verde

County, State : Garfield, Colorado

Field : Rulison

	

,SAMPLE IDENTIFICATION

	

CATION EXCHANGE CAPACITY

Number

	

Depth, feet

	

sseq/lO0 g*

	

** 3

	

6546 .3

	

4 .74

	

4

	

6556.1-6556 .3

	

6 .99

*meq - milliequivalents

**NOTE: Samples No. 2 and No. 3 were very finely crushed when received,
much finer then the 60 mesh which we use as standard.

These analyses, opinions or interpretations are based on obsen*tiom -sd material supplied by the client to whom, and for whoa exclusive and confidential um, this
Mort is Weds. The iAlwpntations or opinions exprussed represent the best judoament of Core Laboratories . Inc . (all errors and omissions excepted), but Cora4aborataiss, sera . owl oft dons and ainptoyuas, assume no responslbility and make no warranty a representations as to the productivity, proper operation, or
Ororltibleness of ow oil. gas or other mineral or sand in connection with such moon Is used or relied upon .
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File 203-820075

Company	 SANDIA NATIONAL LABORATORIES	 Formation	 MESA VERDE-COASTAL

	

Well	 MULTI-WELL EXPERIMENT#2	 County	 GARFIELD

	

Field	 RUL I SON.	
State	 COLORADO

Depth

	

Sample

	

Humidity

	

Dry

	

Tare

	

Adsorbed Water Cation

	

Feet

	

Number

	

Weight

	

Weight

	

Weight

	

Exchange Capacity

	

6423.7

	

133

	

49 .340

	

49.334

	

33 .957

	

0.38

	

6425.8

	

114

	

49 .343

	

49 .338

	

34 .047

	

0.30

	

6427 .8

	

115

	

52 .409

	

52 .401

	

37 .138

	

0.54

	

6429.2

	

116

	

56.473

	

56 .469

	

40 .820

	

0.22

	

6432 .5

	

119

	

58 .694

	

58 .698

	

43 .246

	

0 .03

	

6436.5

	

122

	

59 .347

	

59 .334

	

43.874

	

0 .96

	

6439 .5

	

125

	

53 .634

	

53 .625

	

38 .203

	

0 .58

	

6441 .5

	

127

	

47 .898

	

42 .896

	

33 .357

	

0 .12

	

6443 .5

	

128

	

54 .738

	

54 .713

	

39 .350

	

3 .4

	

6446 .5

	

131

	

53 .335

	

53.324

	

38 .085

	

0 .79

	

6450.5

	

134

	

52 .397

	

52 .380

	

36 .931

	

1 .4

	

6453.5

	

137

	

57 .864

	

57 .848

	

42 .536

	

1 .3

	

6457.5

	

140

	

51 .356

	

5- .333

	

36 .036

	

2 .2

	

6458 .5

	

141

	

57 .723

	

57.708

	

43 .209

	

1 .3

	

6459 .5

	

142

	

48 .397

	

48 .380

	

32 .968

	

0.86

	

6461 .7

	

143

	

53 .351

	

53 .336

	

38 .115

	

1 .2

	

6463 .9

	

144

	

46 .679

	

46 .675

	

31 .102

	

0 .22

	

6465 .8

	

145

	

45 .245

	

45 .222

	

29.795

	

2 .1

	

6467 .5

	

146

	

45 .532

	

45 .52R

	

30.215

	

0 .22

	

6469 .6

	

147

	

49 .279

	

49 .273

	

34 .184

	

0 .39

	

6497 .6

	

148

	

43 .563

	

43 .549

	

28.519

	

1 .1

	

6498.6

	

149

	

43 .942

	

43.934

	

28 .481

	

0 .54

	

6500.9

	

150

	

47 .531

	

47 .519

	

31 .965

	

0 .85

	

6501 .8

	

151

	

42 .247

	

42 .229

	

27 .027

	

1 .6

	

.6504 .4

	

152

	

54 .565

	

54 .554

	

39 .175

	

0 .78

	

6508 .3

	

154

	

48 .225

	

48 .210

	

32 .804

	

1 .2

	

6511 .1

	

156

	

43.687

	

43 .679

	

28 .375

	

0 .54

	

6516 .3

	

159

	

45 .112

	

45 .100

	

29 .805

	

0 .86

	

6521 .9

	

162

	

49 .032

	

49 .020

	

33.882

	

0.87

	

6527 .2

	

165

	

46 .884

	

46 .682

	

.31 .398

	

0.11

	

6529.9

	

167

	

42 .484

	

42 .478

	

27.031

	

0.38

	

6531 .9

	

168

	

42 .176

	

42 .166

	

26.908

	

0.69

	

6535 .3

	

170

	

48 .386

	

48 .375

	

33.070

	

0.79

	

6536.9

	

171

	

42 .219

	

42 .209

	

26.748

	

0.69

	

6539.2

	

172

	

49 .111

	

49 .091

	

33.582

	

1 .8

	

6542 .6

	

174

	

45 .659

	

45 .658

	

30 .402

	

3.04

	

6545 .8

	

176

	

45.479

	

45 .456

	

30.340

	

2.2

	

6547 .8

	

177

	

46.399

	

46.392

	

29 .817

	

0.41

	

6549 .7

	

178

	

40.862

	

40 .854

	

25 .434

	

0.58

TMs report . MLN on observations aed mteMels svp11N by toe client . 1s prepared for tot exclusive and confidential me by tae client- Tar 060100$•
O01010es• or laterpretutions csntalne0 oerela possums the Jr/ywrht of Core Laboratorl0so loc . ; however . Core laboratories . lac . . W its e01407ees 00000
so responsibility aM mkt e0 MrrohMea Sr u p eaeetatfeu N to the sanity of tNs report to the client or es to IN breewctvly• roser eperatsee. ear
Of0fti0blMeSt Si 0q 011 0 pos, or ether otters' 00,011$00 0r 0011 is cswuectlon with which such report bay be used or rotted upon.

DALLAS. TEXAS
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File	 20.3-820075

SANDIA NATIONAL LABORATORIES 	 Formation	 MESA VERDE ;COASTAL	

MULTI-WELL EXPERIMENT #2	 County	
GARFIELD

RULISON
	 State	

COLORADO

Depth
Feet

Sample
Number

Humidity
Weight

Dry
Weight

Tare
Weight

Adsorbed Water Cation
Exchange Capacity

6551 .2 179 51 .774 51 .766 36 .713 0 .59

6552 .8 180 45 .962 45 .958 32 .626 0 .25

6556 .9 181 43 .241 43 .235 28 .203 0 .47

6558 .1 182 55 .168 55 .159 39 .639 0 .60

6559 .2 183 52 .500 52 .484 37 .068 1 .3
6562.8 184 49 .416 49 .405 34 .139 0 .79

teas report . based on oiserwttoos and 0oterlals sorooltoe it the et,eot . It neared for toe o eletl .e end eonfloent$t nest q the client . ter ooe leeet.
Heaton► . or tneeroretattons eontalnee hereto rep resent vs j m sent of Co' . L boratortot, Inca to.ertr, Can L .bOPetsrles . int ., and Its eooleyees 6110
00 rete.nst►ltttj see mete hO eoffootfet or reoressotettsns as so Slit otltlty of tell ►oeort to the tltfnt or at to tow oroevett .ltp . row geratlon, or
orofttaillnets of sop oft, ii, or 0%ber mineral fonutton or well in tonnoetlon MItl Melee sock repen try be owe or et11N VIM.
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File	 203-830055

Company :

	

Sandia National Laboratories

	

Well : MWX-3

Formation :

	

Mesa Verde

County, State : Garfield, Colorado

Field : Rulison

CATION EXCHANGE CAPACITY ANALYSIS
(Wet Chemistry Method)

Cation Exchange Capacity
Sample Number	 Depth, feet

	

Milliequivalents/100 grams

	

64-55

	

6449 .0-49 .1

	

12 .4

	

64-50

	

6470 .8

	

.45

	

65-22

	

6518 .7

	

17 .0

	

65-27

	

6527 .3

	

21 .6

7base anvyaaa . oPbt trs ar inhepatasians as brand an ob .tionri aad sstaial stspliad by the clam to Wham. and Swabia' a dlusb a and einfidencLi
Im., this rapart is NO, The i
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CORE LABORATORIES, INC . .

Special Core Analysis
Page 3 of	 23	

File	 203-82023	

FORMATION RESISTIVITY FACTOR AND RESISTIVITY INDEX

Company :r	SANDIA NATIONAL LABORATORIES 	 Well :	 MULTI-WELL EXPERIMENT-1	

Formation :	 MESAVERDE	 Field :, RULISON

County (Parish), State :	 GARFIELD, COLORADO

Saturant :	 20 .000 ppm NaCl	

Resistivity of Saturant :

	

. 324	 ohm-meters at	 72 .4

	

(C)

Sample
I .D .

Depth,
feet

Permeability
to Air,

millidarc s
Porosity,

'ercent

Formation
Resistivity

Factor
Brine Saturation,
'ercent

	

pore s .ace
Resistivity

Index

949 6440 .5 .05 8 .0 83 .5 100 .0 1 .0

98 .8 1 .13

94 .4 1 .36

73.7 1 .85

955 6447 .5 .05 7 .6 77 .8 100 .0 1 .0

97 .4 1 .18

92 .1 1 .41

73 .8 1 .86

960 6455 .9 .09 8 .6 69 .7 100 .0 1 .0

97.2 1 .14

92.1 1 .39

69.7 1 .83

986 6508 .3 .04 8 .0 84 .5 100 .0 1 .0

96 .1 1 .16

92 .1 1 .35

	

1

76.2 1 .71

990 6514 .7 .07 8 .6 76 .2 100.0 1 .0

89 .2 1 .09

84 .6 1 .33

75.8 1 .61

	

j
Trait report, . besot on obseraatlons and materials supplied by the client, 1s prepared . for the mini,* and confidential use by the client . The •Mlyset.
Opfnio t, or lnterpreLetlonf contained herein feeresent the 'udyement of Core Laboratories, loc . ; hore.er, Core taboratoriet . Inc . . she 1ts 1110loy001 •ssWn
rte responsibility and mast no rarrantfet or reprtaentations as to the utility of Olt report to 00 : Client or as to the oroduct1v1ty . proper operation, 0,profIssolene a of any o11, pas, or other *Moral loroatten or rlflf In connection with smith such report soy be used of I I/N sport.



CORE LABORATORIES, INC .
Page 4

	

of	 - 23	
Special Core Analysis

File	 203-82023

FORMATION RESISTIVITY FACTOR AND RESISTIVITY INDEX

Company :	 SANDIA NATIONAL LABORATORIES 	 Well :	 MULTI-WELL EXPERIMENT-1	

Formation :	 	 A>ESAVERDE 	 Field : 	RULISON

County (Parish), State :	 GARFIELD . COLORADO	

Saturant :	 20,000 ppm NaCl

Resistivity of Saturant :	 .324	 ohm-meters at	 72 .4	 °F (C)

Sample
I .D .

Depth,
feet

Permeability
to Air,

millidarcys
Porosity,
percent

Formation
Resistivity

Factor
Brine Saturation,
percent pore space

Resistivity
Index

1010 6544 .5 .05 7 .3 93.7 100.0 1 .0

94 .3 1 .18

88.6 1 .50

67.6 2 .09

1014 6548 .8 .07 8 .0 76 .2 100 .0 1 .0

94 .8 1 .06

89 .6 1 .34

69 .3 1 .95

TMs retort, based On observations end arterials supplied by the client, is prepared for the exclusive and confidential use by the client . The analyses.
epinien$, or Interpretations canteined herein represent the judgement of Core Laboratories . inc . ; however, Coro Laboratories, Inc ., and its employees assa
b responsibility end Mao no warranties Or rprgMtellOot es to the utility of this report to the client or as to the productivity. proper operation, tn
profitableness of ell+ 011, lobe Or Other a>+neral formation or well in connection with aMth such report wry be used or relied upon.



Company	 SANDIA NATIONAL LABORATORIES 	 Formation	 MESAVERDE

Well	 MULTI-YELL EXPERIMENT-1	 County ,	GARFIELD

Field	 RULISON	 State	 COLORADO

FOR`IATION RESISTIVITY INDEX
VERSUS

BRINE SATURATION (Room Conditions, Composite Plot)

CORE LABORATORIES . INC.
Petroleum Rae vo . EwgiMennj

DALLAS . TEXAS
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File

FORMATION RESISTIVITY FACTORAS A FUNCTION OF OVERBURDEN PRESSURE

Company : SANDIA NATIONAL LABORATORIES 	 Well :	 MULTI-WELL . ENOvAimrNT-1	

Formation :	 MESAVERDE	 Field :	 RULISON	

County (Parish), State :	 GARFIELD, COLORADO

72	 °F (C)

Sample
I .D.

Depth,
feet

Permeability
to Air,

millidarcys
Porosity,
percent

Effective Overburden Pressure, Psi

0.0 200 3200

	

l i .l
Formation Resistivit Factor

949 6440 .5 .05 8 .0 83 .5 86 .5 116

955 6447 .5 .05 7 .6 77 .8 81 .5 110

960 6455 .9 .09 8 .6 69 .7 70 .9 94 .8

936 6508 .3 .04 ' 8 .0 84 .5 88 .9 119

990 6514 .7 .07 8 .6 76 .2 77 .9 104

1010 6544 .5 .05 7 .3 93 .7 101 137

1014 6548 .8 .07 8 .0 76 .2 110 110

This report, Dow en Msarvatlona end materials swoplid by the client . is prepared for the exclusive and confidential use by the client . The eaalyses.

eptnlons, Dr lnterpretatlons contained herein represent the 3odpeneetel Gore LNoretortes . Inc . ; however, Core Laboratories . Inc . . and its a*olsyees moor

110 r010OMII llty 00 400 no warranties or ropreaenationa as to tee utility of this noon to the silent or .: to the erodectt .ity . tre.er 'Peritl0n.0'
tltdOl

	

t of a X11 . , , t er Other • eeral tomatto+ or roll to carnecttoe with which such report Noy be used or relied upon.



CORE LABORATORIES . INC.

Pelrokwrn Ramon, Engiee,nq

DALLAS. TEXAS

Company	 SANDIA NATIONAL LABORATORIES	 Formation	 MESAVERDE

Well	 MULTI-{FELL EXPERIMENT-1 	 County	 GARFIELD

field	 RULISON	 State	 COLORADO

FORMATION RESISTIVITY FACTOR

VERSUS

POROSITY (Effective Overburden Pressure : 0 .0 Psi)
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Company	 S.kNPIA NATIONAL LABORATORIES	 Formation	 MESAVERDE	

Well	 MULTI-WELL EXPERIMENT-1	 County	 GARFIELD	

Field	 RULISON	 State	 COLORADO	

FORMATION RESISTIVITY FACTOR
VERSUS

POROSITY (Effective Overburden Pressure : 200 Psi). ..
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CORE LABORATORIES. INC.
Petvolevs Besmear Engineering

DALLAS. TEXAS

Company	 SANDIA NATIONAL LABORATORIES	 Formation__	 MESAVERDE
Well .	MULTI-Iti'ELL EXPERIMENT-1	 . County	 GARFIELD
Field	 RULISON	 . State	 COLORADO

FORMATION RESISTIVITY FACTOR
VERSUS

POROSITY (Effective Overburden Pressure : 3200 Psil



Page 8 of	 19	
File	 2033-87050	

FORMATION RESISTTVITSt FACTOR AS A VUNCTICII OF
	 Correctedfor Cla	

Company:

	

Sandia Naticial laboratories

	

Well: MT-I (Coastal)
Formation:

	

Mesa Verde

	

Field: Rulison
county, State : Garfield, Colorado

Saturant : 20,000 ppn NaCl
Resistivity of Saturant: 0.324 ohm-meters at 770F

oygri=IgJ1 . osi

ample
I .D .

Depth,
feet

Permeability
to Air,

Millidarcvs
Porosity,
Percent

0.0

	

200 320Q

Forn~ation Resistivity

949 6440 .5 0.05 8 .0 139 160
8 .0* 193

955 6447 .5 0 .05 7 .6 144 151
7 .6* 204

960 6455.9 0.09 8.6 118 120
8.6* 160

986 6508.3 0.04 8.0 168 177
8 .0* 237

990 6514.7 0.07 8 .6 125 128
86* 171

1010 6544 .5 0 .05 7.3 165 178
7 .3* 241

1014 6548.8 0.07 8 .0 140 149
8.0* 203

Porosity values are gat adjusted for overburden reduction.
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CORE LABORATORIES . INC.
Petroleum Rosman Engineering

DALLAS. TEXAS

Company	 Sandia NationalLaboratories	 Formation	 Mesa Verde

Well	 MWX-I(Coastal)	 County	 Garfield

Field	 Rulison	 State .	 Colorado	

0 .0 psi Effective Overburden
Clay-Corrected

Porosity, Fraction
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F40,	 203—87p00

Company	 Sandia National Laboratories	 Format n	 MessVerde

Well	 MWX-I(Coastal)	 ,County	 Garfield

Field	 Rulison	 Stele .	 Colorado

200 psi Effective Overburden
Clay-Corrected
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CORE LABORATORIES . INC .
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Pendleton Ramon Engincennt

DALLAS . TEXAS

	

File

Company	 SandiaNationalLaboratories	 Formation	 Mesa Verde

Well	 MWX-I (Coastal)	 County	 Garfield

Field	 Rulison	 State	 Colorado

3200 psi Effective Overburden
Clay-Corrected
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8 ;" ,	, RESI13TXVI'Tf

Company :

	

Sandia National Laboratories

	

Well: MX-I (Coastal)
Formation:

	

Mesa Verde

	

Field: Rulison
County, State : Garfield, Colorado

Saturant: 20,000 rtmi NaC1
Resistivity of Saturant: 0 .324 ohm-meters at 77°F

Sanple Depth,
Permeability

to Air Porosity,
1,D, feet Mialklarm a=gnt

949 6440.5 0 .05 8 .0

955 6447.5 0.05 7.6

960 6455.9 0.09 8.6

986 6508.3 0.04 8.0

990 6514 .7 0.07 8 .6

1010 6544 .5 0 .05 7 .3

1014 6548 .8 0.07 8 .0

Brine Saturation Resistivity
Indexpercent sore aae

98 .8 1.14
94 .4 1.39
73 .7 2.11

97.4 1.19
92 .1 1.47
73 .8 2 .16



CORE LABORATORIES, INC.
Peiiokwn Reservoir Etyieeeving

DALLAS. TEXAS

13 of ,	 19	

203-87050	

Page

File

100

Company	 Sandia National Laboratories	 Formation	 Mesa Verde

Wen	 MWX-I (Coastal)	 . County	 Garfield

Field	 Rulison	 Stale

	

Colorado

Composite Plot (Clay-Corrected)

_=—_

ca

yy

	

msaywr my ...ayymyw way,.

	

yo
Wrap.

	

aywwwwww
•N•*Nn =I•0= 11.111W.1/1.1w oalwras way. o ow

	

ma may ways MWOIII DOOM W111111•10 •1 .

	

I

	

/I MWIW•WIWWW ••IYIYII
OWMw W OM ss MIWIB well. slwm MIMI al MSMSw swWOW= MSM NISI MwY

	

.YM.OmwY~w
~ww /NL.•oB4~YY~M.1=8 .Y lYY' yyy My.. WO/1W ..Y.a.~ww.YY...MY Ste..wwWwwwayw almNyn•W YwwwW	Www my mummy. Yaw. way any ...yaw ...am soyM.Y Yi BY01MYW D W~0® I.k
~~At1

.

(

s.~se

	

valeY.ai®.
W_i sl~maaY nsw ps1.WWII/11M Ys. . su.www swmw =MI M.M ww. wow l~~r_M

	

~l} .Ya/~AO py~fMW~ MOB ®IY. .OW
~s~1l MMUSBRIMs slsisseei tale UMW RIMS

	

rulasi =q=_flee~~~~a' 110I
•foam•.-t1laY MsIMSM tgOm s1Mt tttI~/ t{~if •80•1/YlY II= EAU

	

1~
YY+ °r 	 °Y=rYmyr.

®S.saY®YSm.Y.sr

	

no°.vY

	

MY. MnY

Y

	

®~.YYYA~~~~iA

	

soyY~r~pa oral

	

ee~~sr ~ .s~rwV~~AIYw...YYMwwmw. .w.Y Mww wsrwwYr. .. .away ww

	

w..~aYYwYY .Y.aYYwr.~wrY~Maoo.wr~ ~wrw.w YY..w Y1 ... Y.Y ~ w
w}

	

pomp w.w~wYY M .MYw.www.m~MMM~ww sw =MIN KWO/NM wsww.w. .www lw/.wo m.~.ssmsl .mw10M

	

wM O~vY. Ylwww rw~rY.®Ow.Y.

ININEIISIMM11=111•111WIMIll

	

=MO MOM WWI	MI= WIWI NMI

w .mrwia wONNI1W

	

WOIY .~ ..Ynww sy ws ..ws~Ywli1.~.~~ wMY

wl O~Mw

wwYY ..way, mawYaw. awwwwww Y. ay.

=UMW

	

1=11IWMW

° i a~OMNI= = ®~lA aUMW.rsnlis_sseMal lese~
~1eMre~s~s®sle

	

eellIll WM NM

	

SlaedeeMrs

	

=

	

Ose\_IIIII

	

MEN\®N~r

~Ials>IV•oaINNO E

	

NMMIYrNMwINII wlynMr

	

MsrI•l lluIIM e•NMINMI M

IMAM MUM Min WM MI WOOS NMI NM MM.= MEN MI= NM MAIM MI

MM

	

N•M1~M1Y~ie~lMlfN~i ISMINlol

	

MT

	

•112111111•111

ielYfe~ieliiEMlMdewrMr1INM•eM

	

MN=•eiue>~nowe~\IImI ENNA e=1•twi

MIMSerrIMNMI Slarlrrl~~INIMINI E~DENIM

alvBlrRUmYNMfRrltRwtmunllIIllO~rw rarer ~~lp~011~®tally

r=mrMRIM

	

1111 1M

	

ray Vl111111rMN

WWII MIRWMHIMMNNMItl{r

MR

l•IM

	

AI/1.111111\ ®®IN rr

Wym1~1~WMMINU8n8M 1 MI110BtiN=O MIN MIMIIiSU ®MUM

•• oli~Y.p

... _~YI/Y Y.~® MY

w w=.. Y~ n.aw.®~o.Y~rr my
. ==

UMMYY.
Yv.~w.~mrYYYa~ww~~m..Y S...www rYll Ya sa. ®r.w~Y~~

	

wYY.w ./w.Y~=..~~
.e wwr ® Y~.

YYYY
Ye~~

	

eeYYY.~w . wwwwlMawiwww.Y.w..Yw . .rm.w.Yrmrw.es..r~ws.YY.wYYw

	

YY .w_~ww..
~i1i®®mmwwWws.rry

s
i~ar1woulwY.

	

w .ww. ..YMY.I ww~YwpY.~ WOw•Y.rrY

	

aw wm.wwasn.wM War a.MMM.wawo sswwo wrY www ww .er1 ~~~MY

	

ear wow.. rower row mwwww ma wl wY .w YYOINYWI r.MMM=ON= sww .w. .M Y MOWN= wsww . wwr MwY WM . wY 11111

	

aINImmma~ mwwO 1111n mr WY Mww 0 w. wm WM=BY. Y.YY
nnWWWNWNM

	

Mw WENS M= .ssMwwMMSlwtgsw MOW PM= MmmllMasMI=iINIOI

	

MM

	

MOW Mow rMwwwMS WIN Mow MAN=
a1yl= sst.MMMMMas alias MIM .=NW= M. WINO= 111.10 WWI=Ws1

	

IMILIM

	

aMM lli MOM WWINremmentw earn. taps mew satMet maven swayswag. w sme sett=~~i nm=us Y~Y~~7ere

	

wwtelslAt10 ettlttr
®aNw NWM~s/sell sea Sr SAME MOM riMel OEMIOW pe1WEMa

	

psesY//ee=WIN

	

teM►aMee®YtttMl

ss~~̂YY~Y..wY.YYw.aYI YwwY ..la. YYl .. .YY ..1.0 .w~ .w.N ~..~w. ..w . o.wwwWwol.

	

YY.YYI .Y . .Ri~~ . .YY. ..0 yIIIMMY

	

•0.1=Y Yom.n..
YYIMYW11.11 YYYwYY.. YY.

	

iY.weYYY~.Yw.~ww~ .l

	

YYY

	

Y..Y.—

	

YYYYY Ypa... ma.
Y—YYY AY.IMilo. YMMnn• YY.

	

YeY1.~~~

	

=

	

wawa

	

Y.Y

	

r•.am.YyyYYYw YYYIYwn100Y

	

Y..we .Y.Y Y~.~}Y.wY rw.

	

w. . wY~ wle. YY. ...www~s. Yam..r1Ylw.pYY..wYYYww .YY~.Y. .. .YY.OY.Y. w.ww. .~Y Y.Y .I.w YIYYwwY~~w.YYY

	

.wwO.YY~ww .MAO mammy my •YYYYMOYY.w.Y.. MY . . WYO. YYY WY.®wYw Y0...Y.MY. wYYww111.1 .wm Y.Yaw

	

mYMY/.

	

.YY mY NIYY ..YM.Y1•001•1= iMS . ..wtw.wYmm MwY wwY lwwY11110_=WO=MU=sM .~YMwwwwMl 1111111 wW•wmwm w.Mrwws® limo w® wwa
wMiwwww•m wswol w amammy ww lNI Mow MM/ wsaw= wswws 11110 www ww. Imosly

	

sssm~M

	

=Ws maim wsMMsumm.• 111111 {Yw®m.lN®IWIW

	

IMY =MOW MIMS=OW MIN peYwMINm msO qMsmM~ eMl mu sMlslsnasl memR\mansw

	

asses ~wwYSSl n•In

	

wlw Mwlw.w
amMrNmel M1NMM MMMSswwssMr MM. annrvm rm. momltsslMwl alt.

	

MsMS

	

sawso me moms mom MSi0-nine ea
sMIIslrM twtseMM =MY MIMS ssi11=1tMYMwM OW EMI MSM Se/FS

	

ISM/DM

	

st•=NMI IMO= sus =IOW ' MB ale
01MSN=WM=•MMS SSSIMSSS/ IMO MUM SrYOt =MI ass s/s

	

M I.

	

MM~sess ssp .p spas wO ♦si. -WNW
e

	

~n OM mums esememene sealeNMmueMsi

	

ENeMeCI=~pstwor' ew1n1~I~sel IIIIerw MOM
NI /SIAeiMISMIIMAM WltLailMilMARUM INN NMINI

	

a

	

ytllrll

	

ile~l r IIUJ
MX VIM n•en t/MAi~110MItlN/I~MNiNWeNWIOWMU

	

~•0IURIltlIIEMYW ~ YIM MIXilr D
MIAIMO

	

1=1111rUMMIMIMIU pMNMIMIIgI

	

/1• MIMI MUNIBrIMOISME1IMI NUN rBaA1_ 11
M110lM8eri>y\fSNMIgMIMIMIIIMM MIBMMINBr

	

~~rSMSSISMMROMNMI

	

r° i

ai rnniw~u~minl uuni t~m ~H

	

wuuw ' 18Na Mal li ®~

irintiuuss ii UN Mlil MI UMnis inn iuuuinINR'umawn~iul~~lv~munnmm um 1umumgungnml a►.~

1 .0

CL 847/SCAL 4006

0.1

Brine Saturation. Fraction



Page	 6	 of 6

File	 203-830055

CORE LABORATORIES. INC.

Company :

	

Sandia National Laboratories

	

Well : MWX-3

Formation:

	

Mesa Verde

	

Field : Rulison

County, State :

	

Garfield, Colorado

Permeability

	

Threshold
Sample

	

to Liquid,

	

Pressure,
	 Identification	 Depth,feet

	

millidarcys	 psi

------------- >1000 psi
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Table 1

	

FILE NO . 84137

MWX-1

ROCK-ML PYROLYSIS

Depth
(FT) TOC

Mg/Gm Rock
Si

	

S2 S3
Hydrogen
Index

Oxygen
Index

Oil or Gas

	

Trans
Shows

	

Potential

	

Ratio
TMAX:

(Deg C)-

6006 .0 2 .36 0 .92 2 .05 0 .25 86 .9 10 .6 0 .92 2 .97 0 .31 472
6041 .0 1 .58 0 .38 0 .46 0 .56 29 .1 35 .4 0 .38 0 .84 0 .45 478
6059 .7 4 .43 1 .97 10 .74 0 .35 242 .4 7 .9 1 .97 12 .71 0 .15 468
6060 .0 5 .21 1 .49 6 .99 0 .60 134 .2 11 .5 1 .49 8 .48 0 .18 472
6099 .0 1 .01 0 .22 0 .10 0 .45 9 .9 44 .6 0 .22 0 .32 0 .69 479
6134 .0 0 .78 0 .09 - 0 .37 - 47 .4 0 .09 0 .09 - -
6200 .0 0 .33 0 .03 - 0 .40 - 121 .2 0 .03 0 .03 - -
6231 .0 7 .93 1 .71 10 .39 0 .33 131 .0 4 .2 1 .71 12 .10 0 .14 477
6259 .0 1 .02 0 .17 0 .19 0 .46 18 .6 45 .1 0 .17 0 .36 0 .47 481
6294 .7 23.76 13 .15 93 .86 2 .85 395 .0 12 .0 13 .15 107 .01 0 .12 416
6294 .8 14 .90 3 .45 20 .50 1 .39 137 .6 9 .3 3 .45 23 .95 0 .14 478
6324 .0 1 .56 0 .28 0 .30 0 .69 19 .2 44 .2 0 .28 0 .58 0 .48 489
6395 .0 0 .91 0 .68 0 .74 0 .34 81 .3 37 .4 0 .68 1 .42 0 .48 364
6398 .0 0 .60 0 .29 - 1 .87 - 311 .7 0 .29 0 .29 - -
6443 .0 1 .35 0 .86 0 .90 0 .35 66 .7 25 .9 0 .86 1 .76 0 .49 480
6478 .0 0 .42 0 .36 - 0 .52 - 123 .8 0 .36 0 .36 - -
6562 .0 0 .60 0 .59 - 1 .31 - 218 .3 0 .59 0 .59 - -
6645 .0 7 .89 2 .20 7 .33 0 .57 92 .9 7 .2 2 .20 9 .53 0 .23 486
6653 .0 0 .58 0 .18 - 1 .51 - 260 .3 0 .18 0 .18 - -

TOC = Total Organic Carbon Oxygen

	

Index

	

=

	

(S3/TOC} x

	

100 Oil

	

or Gas

	

Potential SI+S2
Hydrogen

	

Index =

	

(S2/TOC)xlOO Oil

	

or Gas Shows

	

= SI Transformation Ratio S1/(S1+S2)



Table 2

MWX-1

Concentration (Vol PPM of Total Solids) of C 1-05+ Hydrocarbons

%
Depth
(ft)

Cl
Methane

C2
Ethane

C3
Propane

iC4
Isobutane

nC4
Butane

Total
C5+

Total
C1-C4

Total
C2-C4

Gas
Wetness

iC4
nC4

6059.7 3672 3454 2751 871 444 220 10192 7520 73 .4 1 .96

6060.0 2116 3565 2843 922 480 279 9926 7810 78.7 1 .92

6294 .8 156 15 693 258 87 89 1209 1053 87 .1 2.97

6398.0 2438 383 116 32 32 243 3001 563 18 .8 1 .00



Table 1

	

FILE NO . 84137

MWX-2

ROCK-EVAL PYROLYSIS

Depth
(FT) TOC

Mg/Gm Rock
S1

	

S2

	

S3
Hydrogen
Index

Oxygen
Index

Oil or Gas

	

Trans
Shows

	

Potential

	

Ratio
TMAX

(Deg C)

6390 .0 0 .35 0 .22 0 .06 0 .41 17 .1 117 .1 0 .22 0 .28 0 .79 3546401 .0 0 .97 0 .16 0 .35 0 .25 36 .1 25 .8 0 .16 0 .51 0 .31 4766408 .0 4 .32 1 .03 2 .90 0 .38 67 .1 8 .8 1 .03 3 .93 0 .26 477
6492 .0 0 .33 1 .03 0 .12 0 .33 36 .4 100 .0 1 .03 1 .15 0 .90 3616570 .0 5 .59 1 .88 9 .98 0 .46 178 .5 8 .2 1 .88 11 .86 0 .16 480

TOC = Total Organic Carbon

	

Oxygen Index = (S3/TOC) x 100

	

Oil or Gas Potential = S1+S2
Hydrogen Index = (S2/TOC)xlOO

	

Oil or Gas Shows = Si

	

Transformation Ratio = S1/(S1+S2)



F ILE NO . 84012

Table 1

ROCK-EVAL PYROLYSIS Mwx-3

Sample
Number

	

TOC Si
Mg/Gm Rock

52

	

_S3
Hydrogen

Index
Oxygen
Index

Oil or Gas

	

Trans
Shows

	

Potential

	

Ratio
TMAX
(Deg C)

7 , 3, .s' 3-5 ,«.•ss+ 2 .10 0 .37 1 .30 0 .15 61 .9 7 .1 0 .37

	

1 .67

	

0 .22 476
p,go. . 3-6 .-.4'

	

1 .10 0 .25 0 .39 0 .35 35 .5 31 .8 0 .25

	

0 .64

	

0 .39 486

(Vi?3.1 3-8

	

'y

	

0 .93 0 .38 0 .37 0 .42 39 .8 45 .2 0 .38

	

0 .75

	

0 .51 485
ca v m 3-94i ' -J 0 .99 0 .46 0 .48 0 .39 48 .5 39 .4 0 .46

	

0 .94

	

0 .49 484
64i3•x- 3-106 s."+ 0 .73 0 .38 0 .36 0 .25 49 .3 34 .2 0 .38

	

0 .74

	

0 .51 485
OA,- 3-11""67

	

1 .38 0 .44 0 .64 1 .30 46 .4 94 .2 0 .44

	

1 .08

	

0 .41 490
6sa••s' 3-12

	

3 .40 0 .79 2 .83 0 .16 83 .2 4 .7 0 .79

	

3 .62

	

0 .22 473
twt3 3-13 b` . "

	

2 .91 0 .64 2 .04 0 .10 70 .1 3 .4 0 .64

	

2 .68

	

0 .24 476

TOC = Total Organic Carbon

	

Oxygen Index = (S3/TOC) x 100

	

Oil or Gas Potential = S1+S2
Hydrogen Index = (S2/TOC)xIOO

	

Oil or Gas Shows = Si

	

Transformation Ratio = S1/(S1+S2)

*Tmax values considered unreliable due to low concentration of S 2 .



File	 84012

Table 2 , ►-tWx- .

Concentration (Vol PPM of Gas in Rock) of C 1 -0 5+ Hydrocarbons

%
Sample

	

Cl

	

C2

	

C3

	

iC4

	

nC4

	

Total

	

Total

	

Total

	

Gas

	

iC4
No .

	

Methane

	

Ethane

	

Propane

	

Isobutane

	

Butane

	

C5+

	

C1-C4	C 2-C4	Wetness

	

nC4

‘414 r 3-5 _TMw's' 672

	

2260

	

1364

	

250

	

176

	

106

	

4722

	

4050

	

85 .8

	

1 .42

c cju.c 3-12 ...-4.4 1367

	

6084

	

4621

	

780

	

676

	

468

	

13528

	

12161

	

89 .9

	

1 .15



CORE LABORATORIES, INC.
2001 COMMERCE DRIVE

MIDLAND, TEXAS
(915) 694 .7761

Company : Sandia National Laboratories

Well

	

: MWX-3
Field : Rulison

Formation : Mesa Verde
County : Garfield
State

	

: Colorado

Sample

	

Sample
Number

	

Type

NITRATES

Depth, feet Nitrate, mg/1
-------------

9 Plug 6436 .8-37 .0 158 .6
Donut 117 .9

10 Plug 6448 .7-49 .0 152 .6
Donut 176 .5

11 Plug 6457 .5-57 .7 129 .5
Donut 66 .5

12 Plug 6464 .1-64 .4 66 .3
Donut 130 .4

13 Plug 6514 .0-14 .3 152 .2
Donut 123 .9

this upon, based on sbssfvalbns and anatorNN supplied by the client . is prepared lot Ibe seclusive and conIIdMNaI use by the cUanl The analyses, opinions . or Inlerp',lstlons Containedhpsln ',present IM fudpsmonl of Co,. Laboratories, Inc . however. Co . . Labo',lod.s . Inc ., and Its amployses assume no responsibility and mane no warranHNe or ',presentations ae to the
YNtlly of this ',par' to the CNenl of as la IM productivity, proper operation. or p',Nlabienoss of any oil. pas, of other miners' lormallon or well in connection with which such r sport may beused 01 relied upon



CORE LABORATORIES, INC .

	

Page 2 of 13
2001 COMMERCE DRIVE

MIDLAND, TEXAS

	

File P83012(915) 694.7761

VERTICAL PLUG AND DONUT DATA

Sample
Number

Sample
Type

-------- ---- --- -----

Vertical
Depth, feet

	

Perm ., and

----

Porosity,
Percent

Water Saturation
Percent Pore Vol.

------ ------ 	 --------- -----------------

9 Plug 6436 .8-37 .0

	

L .T . 0 .01 6 .6 55 .3
Donut 6 .4 57 .8

10 Plug 6448 .7-49 .0

	

L .T . 0 .01 5 .3 34 .6
Donut 5 .1 54 .2

11 Plug 6457 .5-57 .7

	

0.03 8 .2 47 .6
Donut 8 .9 51 .2

12 Plug 6464 .1-64 .4

	

L .T . 0 .01 7 .6 58 .0
Donut 7.9 55 .6

13 Plug 6514 .0-14 .3

	

L .T . 0 .01 7 .0 40.9
Donut 7 .0 51 .7

This npoh, bseed on DbooNfole sn0 matenel. euppNed by the client. Is mewed tot the inclusive end coaIMsntir use by the client . The snslyws, opinions . or Marpretotions contained
herein repesenl the judgement 01 Con lsbotserlss, Inc . ; however . Core lsborsto,Ns . Inc , end Its employees assume no responsbIIlty and mNS no war's"flee or repeaenatlons ss Io me
utility et this report to the chord or as to the productivity . pops' operation, or profitableness of any oil . pas. or whet mineral formation or wolf In Connection with which such repon may be
seed or rolled upon.



CORE LABORATORIES, INC.
2001 COMMERCE DRIVE

MIDLAND, TEXAS
(915) 6947761

FILTRATE INVASION DATA
---------------- - - -

Sample
Number

Sample
Type Depth, feet

Filtrate Percent
Of

	

Total

	

Water
Filtrate Percent
Of

	

Pore

	

Volume

------ ------ ----------- ---------------- ----------------

9 Plug 6436 .8-37 .0 20 .6 11 .4
Donut 15 .3 8 .8

10 Plug 6448 .7-49 .0 19 .8 6 .9
Donut 22 .9 12 .4

11 Plug 6457 .5-57 .7 16 .8 8 .0
Donut 8 .6 4.4

12 Plug 6464 .1-64 .4 8 .6 5.0
Donut 16 .9 9 .4

13 Plug 6514 .0-14 .3 17 .3 7 .1
Donut 14 .1 7 .3

TMs reboil . booed en obsanallone snd meen.N supplied by the client es preluded tot the exclusive and confidential use by the client . Tbe enelyses, opinions. 01 Mletprelallons Conlsinedheroin repreasnt IM ~udyemenl Weer* Llborelwiss, Inc ; however . Core Laboratories. Inc., end Its employees assume no naponsiblItly and me4 no wwranlles or repreeenlellons es to the
0t1110y of lhla ripen to the client or as 10 IM productivity, pr et operallon, or p .oflleblenees of any WI9pas, or other mMeral lormetlon or well In commie lion ollh which such report mey D.used w Riled won
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CORE LABORATORIES, INC.
Reservoir Fluid Analysis

	

Page-	 1 .	 of

	

1

File

	

ARFL-850129

Company	 Sandia National Laboratories	 Formation	 Mesa Verde

Well	 MWX-1 r6450ft (yellow coastal)  County

	

Garfield

Field	 State	 Colorado

HYDROCARBON ANALYSIS OF FLUID SAMPLE

Component
Mol

Percent
Weight
Percent

Density,
Gm/Cc @ 60°F .

	

@
°API
60°F.

Molecular
Weight

Hydrogen Sulfide 0 .00 0 .00
Carbon Dioxide 0 .00 0 .00
Nitrogen 0 .00 0 .00
Methane trace 0 .00
Ethane 0 .10 0 .03
Propane 0 .29 0 .12
iso-Butane 0 .24 0 .13
n-Butane 0.22 0 .12
iso-Pentane 0 .34 0 .23
n-Pentane 0 .44 0 .30
Hexanes 4 .55 3 .58
Heptanes 22 .37 20 .13
Octanes 61 .99 62 .23
Nonanes 5 .71 6 .48
Decanes 0 .52 0 .66
Undecanes plus 3 .23 5 .99 0 .8277 39 .3 198

100 .00 100 .00

Properties of Heptanes plus

Density gm/cc @ 60°F .

	

0 .7462
°API @ 60°F .

	

57 .9
Molecular Weight

	

109

Sampled on 8/12/85 at 15 :30 hours.

Sample Number : 101

these analyses, opts or interpretations are based on observations and a. :mial supplied by the client to whom, and for whose exclusive and confidential
use, this report is made . lit interpretations or opinions expressed represent the best jud

	

t of Core IAboratories, inc . (all errors and =assizes
excepted) ; but Colt Laboratories, inc . and its officers and aployess, assure no responsibility and sake no rsrrinty or re pr'e. motions as to the proluo-
tiviry, proper operation . or profitableness ()fah' oil . µs or other simnel well or sand in connection with which such report is used or relied upon.



1.2 .3C:011
CORE LABORATORIES. INC.

Reservoir Fluid Analysis

Page	 1	 of	 1
File	 ARFIr860115

Company.	Sandia National Laboratories  Formation 	 Mesa Verde-Coastal (Red & Yellaa

Well	 MX-1	 County	 Garfield	

Field	 Rulison	 State	 Colorado	

HYDROCARBON ANALYSIS OF METER RUN GAS SAMPLE

pamponent Mol Percent

	

_GPI

Hydrogen Sulfide

	

0 .00
Carbon Dioxide

	

4 .17
Nitrogen

	

1 .19
Methaane

	

86 .99
Ethane

	

5 .51

	

1 .503
Propane

	

1 .22

	

0 .343
iso-Butane

	

0 .30

	

0 .100
n-Butane

	

0 .23

	

0 .074
iso-Pentane

	

0 .11

	

0 .041
n-Pentane

	

0 .08

	

0 .030
Hexanes

	

0 .09

	

0 .036
Heptanes plus	 	 0 .11

	

0 .049

	

100 .00

	

2 .176

Calculated gas gravity (air = 1 .000) = 0 .654

Calculated gross heating value = 1065 B1V per
cubic foot of dry gas at 15 .025 psia and 60°F.

Collected at 250 psig on 6/2/86 at 10 :00 hours.

CORE LABORATORIES, Inc.

Matthew W. Ostrand
Reservoir Fluid Supervisor

MWO/sso
distribution

help ansly.es, opiniae Q interpeetatiatt are based on obasrwtians end artartial applied by err aired to wham, and for whose e prlusive and mnfica+tSal
use, this capon is pace . The interpretati.ns

	

opinions =pressed peplums the but ytdp ant of Care laboratories, Lie . fall mars and commune
saarptaef ; bmt Car, Laboratories, Inc . and its *Morn and employees, ammo t responsibility and aha no r rtemy er repevaMatiae as to the ptaoe-
tivity, proper opantam. ar peofitablaress of any oil, ha p or other amend sell or Gard in connection with With such rapat is mood or mist 'para.



Special Core Ana/pis

Page	 21	 of	 40

6480 .0

a,

6450 .0

6470 .0

6480.0

0.0

	

CORE LABORATORIES . INC.

i

i	i
--I— 4+---!-- t

li+

+r

DEPTH vs . WATER SATURATION
MWX—i

6440 .0

6430 .0

6420 .0

	

20.00

	

40 .00

	

60.00

	

80.00

	

100 .00

WATER SATURATION (percent)

Sandie Notional Laboratories
Mess Verde Formation
Mullion Field
Coastal Yellow Sand Zone (8424 .8 - 6471 .81

Thast anaysN, opinions or rnterpratations are bead on ottewvatwns and matanal supplied by the client to whom. and for whose e nelwne and confidential use. this

upon is made The Mterpraatrons'or opinions expressed represent the beat iudpamant of Con Labotatonee . Inc (all errors and omissions escooted) . but Co•e

Laioraonas. Inc. and its officers and employees, MUM* no naponnbility and make no warranty or representations as to the productivity . proper operation . or

prohfaierrns o/ any oil. pas or other mineral or sand in connection with such sport is used or nlred upon .



CORE LABORATORIES, INC.
Special Core Analysis

Page	 22	 of	 40

0

6480 .0

6470 .0

6460.0

6460 .0

6440 .0

6430 .0

6420 .0
0

DEPTH vs . ROUTINE POROSITY

-- —

~

(—

	

! ► 1i— + — t—

	

1—

	

—~

I

1

	

!

	

+

-~ -_4---t--

_

- -T-

+

i I'

±— - - -h-- —

41: +

+ I i

2 .000

	

4.00

	

6.00

	

8.00

	

10 .1

!MX-i

ROUTINE POROSITY (percent)

Sandia Notional Laboratories
Noss Verde Formation
Ruiison Field
Coastal Yellow Sand ions (6424 .8 - 6471 .8)

Tmoes analyses, opinions or interpretations are band on observations and material Supplied by Ma client to whom, and for whose *Wows and confidential we, Inds
report is made Tao interpretations or opinions e nprnsed roprasent the best ludpeinsnt of Core Laboratories, Inc . (all errors and omissions excepted! . but Core
L$beratones, Inc . and Its officers and employees . assume no responsibility and make no warranty or reptseentattons as to the productivity, proper opsratuOn, orp►obfabionars of any ed . gas or other immoral or sand in connection with such report is used or retied upon.



CORE LABORATORIES, INC.
Special Core Ana/pis

Page	 23	 of	 40

6480 .0

6470 .0

6460 .0

m

re-
6450 .0

t1,
W
iZ

6440 .0

6430 .0

6420 .0

DEPTH vs . KLINKENBERG PERMEABILITY

0 .006

	

0 .008

	

0 .010

MWX-i

0 .002
	 L
0.004

KLINKENBER6 PERMEABILITY (millidarcies)

Sandia Notional Laboratories
Mesa 'lords Foroation
Mulison Field
Coastal Yellow Sand Zone 16424 .1 - 6471 .10

Those analyses, opinions or rnterpmtattons are based on observations and material supplied by the chant to whom . and for whoa inclusive and confidential use . tn,s
moon a made The interpretations or opinions espresssd represent the bast judgement of Core Laborstona . Inc pie errors and omissions eacepmdl . but Core
Laboratories. Inc and its officers and employes assume no reponaibrhy and mass no warranty or representations to the productrvey . proper operauon . or
prohtablsnss of any oil . PM or other mineral or nano rn connection with such ripen is used or mime upon
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Special Core Analysis
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6 .00

	

8 .00

MNX-i

ROUTINE POROSITY (percent)

Sandia National Laboratories
Noss Verdi Formation
Rulison Field
Coastal Yellow Sand Zone (6424 .8 - 8471.0)

These analyses . opinions or interpretations are based on obarvatwns and material supplied by the client to whom, and for whose exchNrve and confidential use . this
regions mace The interpretations or opinions expressed represent the best ju gemwnt of Core Leboratorise . Inc (ail errors and omissions excepted!, but Core
Laboratories . Ins. and its officers and employees. assume no rsepOneibrlity ono make no warranty or representations as to the productivity, proper operation, or
M0fdaedanalm of any oil, gas or other mineral or Send in connection with such report is used or robed upon
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Special Core Andy(is
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Sandia Notional Laboratories
Noss Verde Formation
Neilson Field
Coastal Yellow Sand Zone (6424.8 - 6471 .81

These analyses, opinions or Interpretations are based On observations and maanal supWad Oy the clam to whgh, and fOr whose exclusive and COnfidental use . this
moon a made The Interpretations or oosnans expressed represent the best lodgement of Core Laboratories . Inc fall errors and omissions encashed) . but Cor e

Laboratores . Mc. and its officers and etlnPONOes . assume no responsibhry and make no warranty or Nprasentatrons as to Ole productivity, proper operation . or
prehtablerws Of Shy Od gas Or other mineral or sand on connection with such won is used Or rela0 YOOO
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APPENDIX 11.S

INSTITUTE OF GAS TECHNOLOGY (IGT) DATA



APPENDIX 11.5

INSTITUTE OF GAS TECHNOLOGY (IGT) DATA

This appendix includes data resulting from IGT's permeability analyses.
The analysis procedures and results are discussed in the following MWX Data
File references:

	

1 .2.12 .002

	

1 .2.12.006

	

1 .2 .12 .003

	

1 .2 .12.011

	

1.2 .12.004

	

1 .2 .12.013

	

1.2.12.005

	

1.2.12.019

Results are presented in the following order:

Well

	

Sample Number

	

Core Depth (ft)

MWX-1

	

40-11C

	

6421.0-6421.8

	

40-14B

	

6433.7-6434.7

	

41-01A

	

6441

	

41-05

	

6453.5-6454 .0

	

41-10

	

6501.4-6502 .2

	

42-11

	

6567.3-6567 .7

	

42-20

	

6537.2-6538 .3

	

42-32

	

6546

	

50-05

	

6428.5-6429.3

	

51-09

	

6503.1-6504.0

	

51-20

	

6537.8-6538.4

	

51-26

	

6548.5-6548.9

	

64-13

	

6446

	

65-11

	

6514

MWX-2

MWX-3



~IGT

	
i~UV1~•+ .+LV rttuda:v n •

	

j

.000.r4,.MMMC.

A. SAMPLE INFORMATION: MWX #	 I

	

RUN # 7 O

	

CODE	 l I c_

DEPTH : TOP	 (.qa / .0	 tY BASE	 65107/ .8	 Fr

LITHOLOGY	 S/tTS roNE ANA BIACKS/trYSHALE,

TWINYCA/f/NATEDTo TN/NBEDDED.	 ELoNGATE

CoALY ,~RAGn(NTS CoffoNtYoccuR/N7-He

SNAIYZOit/5,	 OR EN TO, RIM UPR/Gfir.	

B. PERMEABILITY TESTS: DATE CORE WAS TRIMMED 	 S -	 1 '	 2

TRIMMED CORE DIAMETER :	 10. Q	 cm LENGTH :	 /7.6	 cm

STATION IN MULTIPLE CORE TESTER :	 /a	 BATCH #	 /	

DATE RUN WAS STARTED : 6 -gC ' - p	 DURATION OF RUN	 Hrs.

CONFINING PRESSURE : /000	 PSIG DIFFERENTIAL PRESSURE : 7a0 /°s/o

FLOW RATE :	 /O
-y
Cr/ai PERMEABILITY TO WATER : < /. /&X/O-':At D

C . THRESHOLD PRESSURE MEASUREMENT : CONFINING PRESSURE :

	

/000 Ps/G

INITIAL GAS PRESSURE :	 SOD/15/e; STABILIATION TIME :

	

y/ HovRs

STABLE GAS PRESSURE :	 750 P5 /G= THRESHOLD PRESSURE

D. EFFECTIVE POROSITY : WEIGHT OF GLASS DISH:	 &~ ./ 7 /Q	
CHIP DIMENSIONS : THICKNESS : ,3,aGQcM DIAM : p~. 5/9Cti VOLUME : 1/O.253 CC

DRIED AT	 50° C AND	 -7a % RELATIVE HUMIDITY FOR 	 3 1R_ HOURS

CHIP + DISH CHIP DATE TIME

68 6la y/R17 8-5 /5 :30

(,7, Co 93 511.55 8 -6 O? :oo

67. G 97 yl• 5G 8-9 /woo

67.68'8 Y/. 55 8- to // 30

67.77; '71.63 8-/8 15 :3o

WATER CONTENT : 0.92'1 g x 1g/cc =

PORE VOLUME :

	

0.92V cc

PORE VOL.
CHIP VOL .

100 =
5'68

% POROSITY
.

* SATURATED WEIGHT

I N S T I T U T E

	

O F

	

G A S

	

T E C H N O L O G Y



6113T
iri«w .~rit .

	

t/
SAMPLE INFORMATION : MHX/,-,	RUNE	 I0	 C .E.R . CODE	 I/O	 /7B
RUTH : TOP	 6'133 .7it )ASE	 6T3'/.7ft Lam	 1.0	 tt

LITIIOLOGY :

	

N

	

OA. .

	

ii i W /T

O

	

O

	

e .M 4

	

055 1 C oS

LAM,NRTIonl ).	 TMIY ColfLl (?) FRaa/N,Arr	 ARE a/SP[R.S(l)

THROUGi1o(1T 7HF MgrR~r. ORIENTED .	

S-RECEIVED W

DATE TIME

	

pllP WEIGHT (t)

!o-6 /s :oo 5a?.52
(,-8 1/ : 10 52735

(-ll 12 : Z5 525. 4/5 my

!o -,?2 16 :3o ' 525. 7 f/NRt

'RAG INFORMATION : DIAMETER	 a-5110	 F. LENGTH	 5. X 32	

DEPTH	 6434.1	 ft ORIENTATION	 9o' W of PRIME	 Al22'W	

DATE CDT	 4'6'Sep DRIED ATc AND	 4/5	 2 RELATIVE HHlIIDrn.

WET WEIGHT _ J05 .5g5 t DRY WEIGHT	 655.4/97 mum	 476 . V58	 cc

GAS POROSITY UNDER NET CONFINING STRESS	 5.55Z TESTING COMET;	 7-47-82	

,WEIGHT HISTORY OF PLUQ: 1 WE?GNf AfreR T(mi A;

GNI

	

DAIF

	

TIME

	

WEIGHT

8 11:4/0 (05.5/q , -23 ~9:a3 65.510

&-l0 / :05 657-- 23 :35 65.524/

6-// 65- 1/97
-17 1

	

. 4 .5's
-2/ 10 :00 X05.525

4-24 0c. 65.50v

I N S T I T U T E

	

O F

	

GA S

	

T E C H N O L O G Y

MULTIWELL PROJECT : SANDSTONE SCREENING TESTS

Initial eitht ,

DRIED AT,	 !o O °C AND	 4/5

RELATIVE HUMIDITY.

WATER CONTORT OF CHIP :	 y07 $

PORE VOLUME OCCUPIED SY WATER ;	 3Y. QOi ,



CER -- MWX-1 GARF I ELD COUNTY. CO.
CER CORE # 40-14B (6434 .1 FT.)

7
5

6
N

0
5

0
ce0
D 4

3

00
0 0

24 .0 6 .72

2—

	

168 .0 6 .30
265 .0 6 4 7

1

	

485 .0 6 . 3
945 .8 5 .9A

1625 .0 5 .88
2325 .8 5 .71
3340 .8 5 . 3
4418 .8 5 .55

0

	

1000

	

2000

	

3000

	

4000

	

5000
' NET CONFINING STRESS (psi) .



0

is*r*sssef

	

WELL NAME :CER – 1111X–1 GARFIELD COUNTY, CO.

PLUG: CER CORE 0 40 – 148 46434 .1 FT .)

	

PLUG LENTH: 5.182 CM

TEST BEGIN OUR-

	

CONFINING

	

MEAN

	

DIFFERENTIAL FLOW

	

TEMPERATURE
DATE TIME

	

ATION PRESSURE

	

FORE P

	

PRESSURE

	

RATE
tN-D) IH:M)

	

tN :M)

	

tPSIA)

	

(P51A)

	

(PSI)

	

ISCC/S)

	

(DEG. F)
-------------------------------------------------------------
06-30 07:57 02 :08

	

4281

	

50 .64

	

19.64

	

5.61E–004

	

90 .00
06-30 10:12

	

04 :08

	

4251

	

50 .35

	

9.97

	

2.90E-004

	

90 .01
06-30 16:48

	

02:21

	

4452

	

100 .72

	

19.51

	

7.42E-804

	

90 .01
06-31 19:02

	

00101

	

4440

	

100 .81

	

19.65

	

6.53E-004

	

90 .08
06-30 19 :31

	

02 :52

	

4425

	

110 .41

	

9 .99

	

3.71E-004

	

90 .01
06-30 22:33

	

16 :88

	

4375

	

100 .30

	

4.46

	

1 .67E–004

	

90 .01
07-01 08 :30

	

11 :51

	

4599

	

200 .09

	

9 .39

	

5.17E-884

	

90.00
07-01 13 :09 02:57

	

4563

	

199.93

	

4 .74

	

2.56E–104

	

90.01
07-81 17 :06

	

05:13

	

4415

	

50 .23

	

9.45

	

2.69E-014

	

90 .00
87-41 22:20

	

17:01

	

4374

	

58 .11

	

4 .66

	

1 .31E-014

	

90 .00
07-02 18 :25

	

05:25

	

4323

	

25.19

	

4.74

	

1 .11E–004

	

90 .00

----------

PLUG AREA: 5.067 CM"2

	

VISCOSI1Y

	

COMMIES–

	

PERMEABILITY NO.

	

SIBILITY

	

ISTD.DEV .1

	

OF

	

(C POISE)

	

(Z)

	

IMICRODARCY) MEAS
------------------------------ --

	

0 .01814

	

0 .9994

	

2 .13 18.101 24

	

8 .01814

	

0 .9994

	

2.18 10.16) 24

	

0 .01810

	

0 .9989

	

1 .41 10 .141 29

	

0 .81818

	

0 .9989

	

1 .25 [0 .001

	

1

	

0 .01818

	

0 .9989

	

1 .42 *0.111 19

	

0 .01818

	

0 .9989

	

1 .42 10 .151 27

	

0 .01826

	

0 .9979

	

1 .05 10 .161 14

	

0 .81826

	

0 .9979

	

1 .03 10.141 II

	

0 .01814

	

8 .9994

	

2 .15 10 .071 27

	

0.81814

	

0 .9994

	

2 .13 18 .071 19

	

0 .01812

	

8 .9996

	

3 .52 18 .131 13



10000
MWX-1, RULISON FIELD . CO

	

.
CORE # 41-01A (6441 FT .)

0

0

0

0 0
0

0
0

SAMPLE POPOSITYP 5 76%
AT NET STRESS= 4000 pss

DAIA POINTS

W

U)
CI)

a_

(__)

..

----------

	

100 0

	

1

	

100 0

	

1

	

100 0

	

2

	

100 0

	

4
	9* 1

	

5
9* 1

	

98 1

	

8

	

9* I

	

9
	98,1

	

18
98 I

	

97 8

	

16

	

9E 7

	

86
	94 7

	

211

	

$5 4

	

311

	

77 6

	

361

	

65 0

	

461

	

56 5

	

561

	

50 6

	

661

	

45 6

	

811
	38 .8

	

1011

	

31 2

	

1511

	

24 3

	

2011

	

12 4

	

4011
	5 8

	

6011

	

.6

	

8011
— 8 10011

	

-4 .1

	

15011

0

	

41 —81 Pd NP

	

. 246 8
Pd WATER (rows) P 58 5

	,	 i	 ,	 1	 t	 (	 ,	 ,	 1	 ,	 ,	 4	 ,	 ,

0 10 20 30 40 50 60 70 80 90 100
PERCENT WETTING FLUID SATURATION

A-3



+: :Ea

	

WELL NAME : MWX-1 . RUL.ISON FIELD . LU.

PLUG ; 41-OlA (6441 FT .) Sw-50X

	

PLUG LENGTH : 3 .970 Cis

	

PLUG AREA : 5 .057 CM"2

TEST
DATE
(M-D)

BEGIN
TIME
(HIM)

OUR-
ATION
(HIM)

CONFINING
PRESSURE
(PSIA)

MEAN
PURE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DL-G .

	

F)

VISCOSITY

(C POISE)

COMPRFS-
SIBILIFY

(Z)

PERMEABILITY
VALUE

	

STD . DFV.
(MICRODARCY)

	

( X )
-------------------------------------------------- ------ --------- --------- ------------ ---
04-15 17 :15 15 .00 2094 101 .73 21 .21 8 .3HE-005 94 .00 0 .01852 0 .9992 1 .30E-001 (

	

3 .4)
04-16 17 :12 14 :00 2214 200 .51 20 .63 1 .21E-004 94 .00 0 .01857 0 .9987 9 .85E-002 (

	

3 .7)
04-18 10 :20 08 :00 2497 500 .94 20 .76 2 .51E-004 94 .00 0 .01880 0 .9'I82 8 .21E-002 (

	

4 .3)
04-19 11 :22 07 :00 3400 1399 .96 19 .37 5 .541-004 94 .00 0 .02010 1 .0083 7 .41E-002 (

	

6 .9)
04-19 21 :15 15 :00 4296 1400 .21 19 .89 2 .77E-004 94 .00 0 .02010 1 .00114 3 .61E-002 (

	

8 .3)
04-20 18 :00 42 :00 5207 1399 .77 19 .72 9 .961.-005 94 .00 0 .02009 1 .00113 1 .31E-002 (

	

9 .5)
04-23 19 :40 37 :00 4300 500 .75 21 .05 5 .131-005 94 .00 0 .01880 0 .9982 1 .65E-002 (15 .4)
U4-27 21 :30 32 :00 4000 201 .59 21 .37 2 .61E-005 94 .00 0 .01857 0 .9986 2 .03E-002 (

	

6 .1)
US-01 20 :40 36 :00 3895 101 .39 21 .87 1 .86L-U05 94 .00 0 .01852 0 .9992 2 .81E-002 (

	

6 .2)



MWX-1, RULISON FIELD, CO.

41-01A (6441 FT .) Sw=50%

O DP = 20

® DP 10

o DP=5

q OP=2.5

NET Pc = 2000 PSI

NET Pc = 3800 PSI

0 0~t J _ f

	

I , f	 1	 f	 f	 1	 1	 1	 I	 1

0.000

	

.005

	

.010
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



WELL NAME : MX-1, RULISON FIELD, CO.

PLUG: 41-01A (6441') Sw .,40X

	

PLUG LENGTH: 3 .970 CM

	

PLUG AREA: 5.057 CM'2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

OUR-
ATION
(N :N)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
VALUE

	

STD . DEV.
(MICRODARCY)

	

( X )
----- --------------------------------------------------- --------- --------- ------------ ----
05-04 19 :37 08 :15 2095 100 .14 10 .65 1 .54E-004 94 .00 0 .01052 0 .9992 4 .84E-001 (

	

3 .2)
05-05 14 :54 06 :00 2191 200 .41 10 .58 2 .31E-004 94 .00 0 .0i857 0 .9987 3 .65E-001 (

	

2 .7)
05-06 14 :00 05 :45 2517 499 .56 10 .82 4 .58E-004 94 .00 0 .01880 0 .9982 2.88E-001 (

	

3 .1)
05-07 09 :31 03 ;30 3397 1400 .44 11 .28 1 .18E-003 94 .00 0 .0.'e l0 1 .0084 2 .7.2.E-001 (

	

2 .6)
05-07 15 :48 05 :06 4398 1400 .45 10 .85 5 .07E-004 94 .00 0 .02010 1 .0084 1 .21E-001 (

	

9 .0)
05-08 00 :00 14 :03 5407 1400 .21 10 .56 2 .62E-004 94 .00 0 .02010 1 .0004 6 .45E-002 (

	

8 .1)
05-09 03 :15 14 :50 5477 1450 .73 11 .60 2 .81E-004 94 .00 0 .02019 1 .0094 6 .09E-002 (10 .3)
05-10 15 :07 05 :30 4515 501 .45 20 .88 2 .26E-004 94 .00 0 .01080 0 .9982 7 .35E-002 (

	

6 .9)
05-11 13 :50 22 :33 4199 201 .31 21 .41 1 .30E-004 94 .00 0 .01857 0 .9986 1 .01E-001 (

	

3 .9)
05-14 12 :15 20 :15 4097 100 .57 19 .71 8 .24E-005 94 .00 0 .01852 0 .9992 1 .39E-001 (

	

4 .2)
05-15 21 :00 17 :45 4049 50 .51 19 .73 6 .54E-005 94 .00 0 .01851 0 .9996 2 .19E-001 ( 2 .9)

. .... ......



MWX-1, RUL I SON FIELD, CO.
41-01A (6441') Sw=40%

0.0
0.000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )

A-7



********r*

	

WELL NAME : MX-1, RUL.ISON FIELD, CU.

PLUG: 41-01A (6441') S8=30X

	

PLUG LENGTH : 3 .970 CM

	

PLUG AREA : 5 .057 CM"2

TEST
DATE
(M-D)

BEGIN
TIME
(HIM)

DUR-
ATION
(HIM)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(G POISE)

COMPRES-
SIBILITY

(Z)

PERMEAOILITY
VALUE

	

STD . DEV.
(MICRODARCY)

	

( X )
----- ----- ----- --------- -------- ----------- ------- ----------- --------- --------- ------------ ----

05-18 88:35 04 :35 2095 101 .55 10 .18 3 .84E-004 94 .00 0 .01852 0 .9992 1 .24E+080

	

( 1 .0)
05-18 15 :32 02 :32 2199 200 .53 10 .31 5 .74E-004 94 .00 0 .01857 0 .9987 9 .32E-001

	

l 1 .1)
05-19 13 :57 02821 2500 499 .52 10 .07 1 .11E-003 94 .00 0 .01880 0 .9982 7 .48E-001

	

( .8)
05-21 15 :24 03842 3398 1398 .64 9 .34 2 .32E-003 94.00 0 .02009 1 .0083 6 .44E-001

	

( 1 .0)
05-21 20 :04 12 :19 4398 1399 .17 9 .26 1 .16E-003 94 .00 0 .02009 1 .0083 3 .26E-081

	

( 2 .3)
05-22 09 :30 05 :48 5400 1399 .62 9 .68 6 .99E-004 94 .00 0 .02009 1 .0083 1 .87E-001

	

( 5 .5)
05-23 18848 13 :30 5443 1449 .66 9 .31 6 .70E-004 94 .00 0 .02019 1 .0094 1 .81E-001

	

( 5 .7)
05-25 10 :22 08 :38 4497 500 .58 9 .65 3 .25E-004 94 .00 0 .01880 0 .9982 2 .29E-001

	

( 9 .7)
05-28 13:30 19 :10 4197 200 .66 9 .82 1 .78E-004 94 .00 0 .01857 0 .9987 3 .03E-001

	

( 2 .9)
05-38 17 :36 14 :12 4091 100 .08 9 .65 1 .24E-004 94 .00 0 .01852 0 .9992 4 .30E-081

	

t 2 .0)
05-31 18:30 14 :01 4053 50 .46 9 .60 9 .77E-005 94 .00 0 .01851 0 .9956 6 .75E-001

	

( 1 .5)



2 . 10
MWX-1 . RULISON FIELD . CO.

41-01A (6441') Sw= 30%
1 .8

1 .6

O DP=20
• OP = 10
o DP=5
o DP 2.5

1 .4

1 .2
NET Pc = 2000 PSI

1 .0

NET Pc = 4000 PSI

0.0
0.000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE (1/PSI )

A-9



.: A AA A*MALE*

	

WELL NAME : MWX-1 . RUL .I :iUN FIELD, CO.

PLUG : 41-OIA (6441') Sw ISX

	

PLUG LENGTH : 3 .970 CM

	

PLUG AREA : 5 .057 CM"2

TEST
DATE
(M-D)

BL(:IN
TIME
(H :M)

DUR-
ATIUN
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DLG .

	

F)

VISCOSITY

(C POISE)

CUMPRES-
SIBILITY

(Z)

PERMEABILITY
VALUE

	

STD . DEW.
(MICRODARCY)

	

( Z )
----- -- --- ----- ----------------------------------- - - - -------- --------- --------- ------------ ----
06-04 30 :40 03 ;25 2097 100 .59 5 .04 3 .65E-004 94 .00 0 .01852 0 .9992 2 .41E+000

	

( 1 .S)
06-05 09 :20 04 :40 2199 199 .92 5 .05 5 .60E-004 94 .00 0 .01857 0 .9987 1 .86E+000

	

( .9)
06-06 09 :1 .a 03 :27 2499 500 .40 4 .90 1 .06E-003 94 .00 0 .01880 0 .9982 1 .47E+000

	

( 1 .3)
06-07 15 :10 02 :14 3400 1399 .78 4 .64 2 .23E-003 94 .00 0 .02009 1 .0083 1 .25E+000

	

( 2 .6)
06-08 09 :00 02 :48 4400 1400 .22 5 .20 1 .48E-003 94 .00 0 .02010 1 .0084 7 .36E-001

	

( 3 .0)
06-08 12 :54 05 :00 5395 1400 .11 4 .76 8 .22E-004 94 .00 0 .02010 1 .0083 4 .48E-001

	

( 3 .9)
06-09 22 :27 03 :05 5392 1399 .10 10 .14 1 .80E-003 94 .00 0 .02009 1 .0083 4 .80E-001

	

( 3 .1)
06-11 09 .21 03 :51 4499 500 .87 9 .90 7 .79E-004 94 .00 0 .01880 0 .9982 5 .33E-001

	

( 1 .5)
06-12 09 :24 04 :14 4199 200 .49 9 .92 4 .23E-004 94 .00 0 .01857 0 .9987 7 .12E-001

	

( 1 .1)
06-13 09 :30 04 :25 4100 100 .47 9 .79 2 .90E-004 94 .00 0 .01852 0 .9992 9 .87E-001

	

( 1 .5)
06-14 09 :42 05 :00 4050 50 .22 10 .12 2 .30E-004 94 .00 0 .01851 0 .9996 1 .51E+000

	

( 2 .1)



4 .0
MWX-1 . RULISON FIELD. CO.

41-01A (6441') Sw=15%

..O OP=20
e DP = 10
0DP=5

- 0 DP=2.53.0

2.0

1 .0

NET Pc = 4000 PSI

0. 0'	 1	 J	 1	 I	 1	 j	 1	 I	 1	 k	 t	 I	 1	 ,	 I

	

0.000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )

A-11



WILL U.ulI : MWX I . RUL 1! :UN F lI L b, 1 .0 .

	

x1xxxxxxx g

PE .Ut . :

	

41-01A

	

(6441')

	

Sw I'l lIC

	

LI Nl :III : 3 .970 CM PLIII . AkI A : 5 .057 L'M * 2

TEST BLGIN DUO- CUNFININC Ml AN L IFFI RI OI IAL 1111W TEMI'I .RAIURL V15LIP5ll f C11riPRCS- PFRMEAI/II. Ill
DATE. TIM) ATION PRESSURE PORE P PI(t SSURI . NAIL SINILIIY VAll*

	

SID .

	

DIV.
(M D) (11 :M) (M :M) (PSIA) (PS1A) (I'S)) (bCC/S) (DIG .

	

F) (C Pl11SE) (1) (MICRUDARCY)

	

(

	

:C

013-19 F0 :03 01 :15 21011 101 .94 10 .711 1 .571 -003 94 .110 11 .011152 0 .9992 5 .02E+000

	

(

	

1 .9)
06- 19 14 :26 81 :23 2203 200 .40 9 .97 2 .351 -0113 94 .110 0 .011157 0 .9907 3 .951 .+000

	

(

	

1 .6)
06-20 08 :59 01 :49 2502 500 .06 0 .16 3 .921 -003 94 .00 0 .0111110 0 .9902 3 .2611000

	

(

	

1 .4)
06-28 16 :45 01 :24 3398 1399 .45 4 .49 4 .961'-003 94 .00 0 .02009 1 .0003 ? .1371+000

	

(

	

1 .0)
06-21 09 :15 01 :21 3407 1399 .66 4 .8? 5 .341 -003 94 .110 0 .02009 1 .0003 2 .8710000

	

(

	

1 .4)
06-21 11 :04 02 :26 439H 1399 .137 4 .6 A .071-003 94 .1111 0 .02010 1 .0001 1 .731+000

	

(

	

1 .0)
06-21 14 :12 02 :00 5404 1402 .34 H .93 3 .971-003 94 .00 0 .0:010 1 .00114 1 .15E+1100

	

(

	

.9)
06-22 17 :12 01 :13 5451 1449 .39 9 .99 4 .411-003 94 .00 11 .021)19 1 .0094 1 .11E+1100

	

(

	

1 .1)
06-23 10 : .57 02 :37 4500 501 .91 10 .04 1 .96E-003 94 .00 0 .111080 11 .99112 1 .32E+000

	

(

	

1 .2)
06--45 09 :14 01 :4? 4202 200 .40 10 .49 1 .071

	

-00 .( 94 .00 0 . 01 f)' i7 0 .9987 1 .701.+0011

	

(

	

1 .3)
06-25 15 :51 Ot :04 4101 100 .44 19 .53 1 .341-003 94 .110 0 .011157 0 .9992 2 .291+000

	

(

	

1 .3)
06-26 09 :07 01 :28 4049 50 .62 19 .69 1 .011-003 94 .110 0 .01851 0 .9996 3 .391+000

	

(

	

1 .4)



- MWX-1, RULISON FIELD, CO.

-

	

41-01A (6441') Sw=0%

- o OP = 20
- Dr = 10

0 flP=5
- q DP '= 2 .5

7 .0

6. 0

3 .0

i

	

2.0

NET Pc = 4000 PSI

1 .0

0. 0
0.000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



f

sw

613T MULTIWELL PROJECT t SANDSTONE SCREENING TESTS

SAMPLE INFORMATION; NWX/RUN/	 -i 1	 C .E .R . CODE	 -	 0 5
term Tor 	6' x/53.5ft mu	 M54.0ft max	 0.5	 ft

=moo:	 /`1E0,IMCo9RSE S RND SToi1E, TN/N1Y LAM/MAre/ To
CO

77/t , Co/11 /5 PYRITIC .	 OR/EA/TEA

AS-RECEIVED WATER SATURATION:

DATE

	

TIME CHIP WEIGHT (a)

6 . 3o /1, : /5 705 .5
7-4 /2 t oo !0 98.5
7-8 15 t5o 698.(0
7-/a l5 : oo 698.2 FINAL

PLUG INFORMATION ,: DIAMETER ,	 2. 555	 Fa LENGTH	 S.y9 S/	

DEPTH,	 to ' M153 .7 ft WtIENTATioMj	 70°wof /)/?/Ml' 	// 82' E	

DATE CUB	 6' 30-14;2 DRIED AT	 [DO °c AND,	 4/5E RELATIVE HUMIDITY.

WET WEIGHT	 6 . 31,E DRY WEIGHT	 641 .357D Polak	 27.7429	 et

GAS POROSITY UNDER NET CONFINING STRESS 	 7.09	 x TESTING CONPLET&	 7-/0-82

,WEIGHT HISTORY OF PLUG ;

	

f WEIGHT AfT(R rams
W

7-/ /a :oo !08.373
7 .2 /8'00 68.368

7-/n Ob : la r.:

I N S T I T U T E

	

O F

	

G A S

	

T E C H N O L O G Y

Initial veiaht

DRIED AT	 5 o°C AND ,	 'la	 s
RELATIVE HUMIDITY.

WATER CONTENT OF CHIP ;	 7.3	 g

PORE VOLUME OCCUPIED SY WATERI	 3(D.3 St

'WY



CER - MX-1 GARF I ELLS COUNTY. CO.

CER CORE # 41-05 (6453.7 FT.)

00
0

	

0 0

	

0

DATA POINTS

X

	

Y

-27 .0 8 .27
182 .9 ? .88
442 .0 7 .72
550 .9 7 .64
987 .0 7 .55

1660 .9 7 .44
2630 .0 7 .29
4209 .0 7 .09

0

	

1000

	

2000

	

3000

	

4000

	

5000
NET CONFINING STRESS (psi)



Z
M

C

.4

0

w

0

Wt

I

WELL MANE:CER - MUD-1 GARFIELD COUNTY, CO.

PLUG : CEO CORE 0 41-05 16453 .7 F1.)

	

PLUG LENIN: 5.494 CM

fESt KEGIN OUR-

	

CONFINING

	

MEAN

	

DIFFERENTIAL FLOW

	

TEMPERATURE VISCOSITY COMPRFS-

	

PFRMEA$lLIrY )RI.
DATC LIME

	

A11ON PRESSURE

	

PORE P

	

PRESSURE

	

RATE

	

SIBILITY

	

(STD.DIV.I OF
lM-D) tN :M)

	

1N:M)

	

(PSIA)

	

(PSIA)

	

(PSI)

	

tSCC/S)

	

1DLG. F)

	

tC POISE)

	

t7)

	

tMICRODARCY) 'WAS
	
07-08 88:05 09155

	

4464

	

99.91

	

5 .08

	

2.63E-004

	

90 .00

	

0 .81819

	

0 .9989

	

2.09 10 .121 I0
87-08 10:22

	

03:16

	

4396

	

50.37

	

9 .59

	

3.40E-004

	

90 .00

	

0 .01814

	

0 .9994

	

2.84 10 .081 20
07-08 13 :45

	

84 :15

	

4365

	

58 .15

	

4 .69

	

1 .71E-004

	

90 .01

	

0 .01814

	

0 .9994

	

2.92 18 .121 13
87-09 18 :50

	

81122

	

4339

	

199.83

	

9 .83

	

8 .271:-004

	

98 .00

	

0 .81826

	

0 .9979

	

1 .70 18 .071 17
07-08 20138

	

01 :22

	

4484

	

199.64

	

10 .14

	

8.31E-004

	

90 .00

	

8 .01826

	

0 .9979

	

1 .66 10 .881 14
07-88 22:12

	

88156

	

4514

	

198.87

	

5 .71

	

5.16E-004

	

90 .00

	

0 .01926

	

0.9979

	

1 .85 18 .181 60
87-89 87 :24

	

04152

	

4471

	

180.30

	

9 .89

	

5 .04E-•804

	

98 .01

	

8 .01818

	

0 .9989

	

2.05 18 .171 39
87-09 12:32

	

04 :36

	

4444

	

100 .08

	

4 .96

	

2 .72E-004

	

90 .00

	

8 .01818

	

0 .9989

	

2 .22 (5.11) 20

**********

PLUG AREA: 5.047 CM'2



CER - MWX-1 . GARF I ELD COUNTY, CO.

CER CORE # 41-05 (6453 .7 FT)

SW 1. 40%

. 12

.10

.08

.06

.04

.02

0.00
0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/psi)



WELL NAMES CER — MX—1, GARFIELD COUNTY, CO.

PLUG: CER CORE 0 41 —05 (6453 .7 FT)

	

PLUG LENTH : 5 .494 CM

	

PLUG AREA : 5 .047 CN"2

TEST
DATE
(M—D)

BEGIN
TIME 1

(H :M)

OUR—
ATION
(HsM)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG . F)

VISCOSITY

tC POISE)

COHERES—
SIBILITY

(Z)

PERMEABILITY
ISTD .DEV .3

(HICRODARCY)

NO.
OF

SEAS
----- ----- ----- --------- -------- ----------- ------- ----------- --------- --------- ------------ ----
09—11 09 :35 31 :05 4347 50 .17 9 .61 7 .14E—006 90 .00 0 .01814 0 .9994 .06

	

(0 .012 14
09—13 08 :40 09 :50 4565 199 .92 20 .01 2 .43E—005 89 .99 0 .01826 0 .9979 .02

	

(0 .013 13
09—14 13 :45 22 :30 4397 102 .17 15 .83 1 .22E—005 90 .00 0 .01818 0 .9989 .03

	

10 .002 7

Sw ,. 40%



2.00

1.80

1 .60

1 .40

1 .20

1 .00

.80

CER - MWX-1 . GARF I ELD COUNTY, CO
CER CORE # 41-05 (6453.7 FT)

s" - 30%

.80

.40

.20

0.00
0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/psi)



WELL NAME : CER - MX-1, GARFIELD COUNTY, CO.

PLUG: CER CORE 0 41-05 (6453 .7 F1)

	

PLUG LENTH : 5 .194 CM

	

PLUG AREA : 5 .047 CM'2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

OUR-
ATION
(H:M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
ISTD .DEV .)

(MICRODARCY)

NO.
OF

!WAS
----- ----- ----- ------------------------ ----------- --------- --------- ------------ ----
09-17 13 :55 23 :50 4316 50 .11 9 .35 3 .31E-005 70 .00 0 .01814 0 .9994 .28 10 .021 1?
09-18 22 :50 14 :30 4436 100 .29 9 .94 4 .11E-005 90 .00 0 .01818 0 .9989 .17

	

10 .021 11
09-19 14 :50 18 :00 4571 200 .18 9 .67 5 .17E-005 90 .00 0 .01826 0 .9979 .11

	

10 .021 16

S w = Sox



CER - MWX-1 . GARFIELO COUNTY.' CO
CER CORE # 41-05 (6453.7 FT)

Sw 15X

O. 00	 1	 t t t t t l t t	 t t t t 1 A JtJIt t t t I t t t I

0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/psi)



**********

	

WELL. NAME : CER - MX-1, GARFIELD COUNTY, CO .

	

**le*	 *

PLUG : CER CORE 0 41-05 (6453 .7 FT)

	

PLUG LENTH : 5 .494 CM

	

PLUG AREA : 5 .047 CM"2

I TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

DUR-
4TION
(H :M)

CONFINING
PRESSUKE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFE'L.NTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
(STD .DEV .I

(MICRODARCY)

NO.
OF
MEAS

	

09-21 15 :85 16 :45 4353 50 .38 9 .51 1 .19E-004 90 .00 0 .01814 0 .9994 1 .00 10 .041 36
09-22 17 :24 14 :26 4343 100 .77 9 .31 1 .49E-004 90 .00 0 .01818 0 .9909 .64 10 .051 3
09-23 10 :35 02 :55 4284 200 .61 19 .08 4 .78E-004 90 .00 0 .01826 0 .9979 .51 (0 .031 20

n 09-23 13 :40 03 :10 4268 200 .60 18 .89 4 .58E-004 90 .00 0 .01826 0 .9979 .49 (0 .021 20
09-23 18 :37 15 :00 4309 50 .28 10 .01 1 .32E-004 90 .00 0 .01814 0 .9994 1 .06 (0 .04] 38

3

w

Sw a 15%



5.00

4.00

CER - MX-1 . GARFIELD COUNTY. CO
CER CORE # 41-05 (6453.7 FT)

E

wa

1 .00 V

Sw • OX

0.00	 II	 l	 ~	 III 	 j	 I	 I	 I 	J	 l	 l	 l	 l	 1

0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/psi)



**********

	

WELL NAME : CER - MX-1, GARFIELD COUNTY, CO.

PLUG : CER CORE 0 41-05 (6453 .7 FT)

	

PLUG LENTH : 5 .494 CM

**********

PLUG AREA : 5 .047 CM'2

TEST BEGIN BUR-

	

CONFINING
DATE TIME

	

ATION PRESSURE
(M-D) (H :M)

	

(H :M)

	

(PSIA)
----- ----- ----- ---------

	

MEAN

	

DIFFERENTIAL FLOW

	

TEMPERATURE

	

PORE P

	

PRESSURE

	

RATE

	

(PSIA)

	

(PSI)

	

(SCC/S)

	

(DEG . F)
-------------------------------------

VISCOSITY COMPRES-

	

PERMEABILITY NO.
SIBILITY

	

(STD .DEV .1

	

OF
(C POISE)

	

(2)

	

(MICRODARCY) MEAS
------------------------------ - - - -

	

09-27 18 :22

	

14 :20

	

4323

	

51 .37

	

09-28 16 :35

	

11 :55

	

4276

	

101 .37

	

09-29 10 :30

	

04 :25

	

4301

	

200 .24

	

09-29 18 :15

	

13 :22

	

4295

	

50 .95

	

09-30 . 23 :05

	

16 :88

	

4405

	

100 .28

	

10-01 08 :07

	

03 :58

	

4527

	

199 .95

	

10 .45

	

3 .64E-004

	

90 .00

	

9 .08

	

4 .19E-004

	

90 .00

	

20 .17

	

1 .40E-003

	

90 .00

	

10 .21

	

3 .57E-004

	

90 .00

	

9 .76

	

4 . .15E-004

	

90 .01

	

9 .78

	

6 .57E-004

	

90 .01

	

0 .01814

	

0 .9994

	

0 .01818

	

0 .9989

	

0 .01826

	

0 .9979

	

0 .01814

	

0 .9994

	

0 .01818

	

0 .9989

	

0 .01826

	

0 .9979

2 .73 (0 .061 63
1 .84 10 .061 69
1 .40 (0 .047 51
2 .76 10 .071 50
1 .79 (0 .061 50
1 .36 10 .051 33

Sw=0%



CER-MWX-1 GARFIELD COUNTY CO

CER CORE 41-05 (6453.7 FT)
0

0
0

0

0

0
0

0

0

0
SAMPLE POROSITY=

	

7 .55:AT NET STRESS=

	

987 ►si
0

DATA POINTS 0
X Y__ 0

188
8 1`9 0

1ee .8 2 .998 .6 4 .198 .6 5 .497 .3
66°5 .9 495 .9 9 .9 095 .9 10 .895 .9 11 .2

95 .4 21 .295 .1 31 .294 .6 46 .294 .1 61 .293 6 86 .2
93 .3 111 .2 U
88 .8 211 .3
68 .3 411 .3 0
61 .2 611 .4 o56 .5 1011 .4
46 .8 2011 .5 038 .2 4011 .5
30 .6 6011 .526 .3 8011 .6 0
23 .9 18011 .622 .1 15011 .6 0

10 20 30 40 50 60 70 80 90 100

PERCENT WETTING FLUID SATURATION

10000



MULTIWELL PROJECT s SANDSTONE SCREENING TESTS

'AMPLE INFORMATION! MINX.	 /	 , MINI	
~f C

.LR. CODE	 y/	 -	 /0 	

DEP111 : TOP	 605o1,/ ft SASE	 tS Oa. Zit LENGTH	 O.	 tt

LITHOLOCT :

	

5.5 T /Ck L [

	

TNIa

	

i

A,~y CoRIY LAM/A1~4E ~ #JL CLRST; OCCuR TNRoo(H~

C

SMAu[

PYRrrcNOovtE3 RAE ASSOC. wall THE l'oAL .	 A Fes,/	

SHAIy jENSES Ai O C&AST. MEA15oPRE,JNr. ORIE~G.

-RECEIVED WATER SATURATION:

~, .

	

~t . IP W I

WIMMI• /5 : o
F /a : vo

PLUG INFORMATION!: DIAMETER ,	 a.5 3 9	 an LENGTH	 5.it 2 0	 es

DEPTIt,,,'SOa .	 fl it ORIENTATIONS	 90° EOfPR/ME	 1J 5°F	

DATE CUT	 6-22-
52

DRIED AT	 6 0	 °C MD	 4/5	 E RELATIVE HUMIDITY.

WET WEIGHT	 67.?io	 R DRY WEIGHT	 67.267S VOLUME	 2&.'2 97Fc

GAS POROSITY {RIDER NET CONFINING STRESS 	 y.832x TESTING COMPLETE 7-2-1R

HISTORY 91 PLUG :

	

MOW /ff rrt 7ESr,MC

23 //:30 !07.9/0
, 6-RV /5 : o'o 607.267 ___

(-a$ /I :28 67.27Q -
a_7- 23 : 33 67.352

I N S T I T U T E

	

O F

	

G A S

	

T E C H N O L O G Y

Initial vaiaht

DRIED AT,	5O °C AND

RELATIVE HUMIDITY.

WATER CONTENT OF CHIP :,	/0	S

PORE VOLUME OCCUPIED SY WATER ;	 9S. q/

10 z



CER -- MWX—1 GARF I ELD COUNTY. CO.
CER CORE ii 41 — 10 (6502.0 FT.)

DATA POINTS

x

	

Y
---------

24 .0
-

5 .50
168 .8 5 .21
265 .8 5 .17
485 .8 5 .15
945 .8 5 .10

1625 .0 5 .03
2325 .0 4 .95
3340 .0 4 .87
4418 .0 4 .83

r

0

	

1000

	

2000

	

3000

	

4000

	

5020
NET CONFINING STRESS (psi)

7

a

3

2

1

OO
O 0 0



Z

69

C

WELL NAME :CER - MX-1 GARFIELD COUNTY, CO .

	

s*rarity*u ...

PLUG: CER CORE 141-10 (6582 .0 FT.)

	

PLUG LENIN :

	

5.220 CM PLUC AREA :

	

3.063 CM•2

TEST
DATE

DEGIN
TIME

OUR-
ATION

CONFINING
PRESSURE

MEAN
PORE P

DIFFERENTIAL
PRESSURE

FLOW
RATE

TEMPERATURE VISCOSITY COMPRES-
SIDILITY

PERMEABILITY
[STD.DEV .)

NO.
OF

M-0/ (NM) (NsN) (PSIA) MIA) (PSI) (SCC/S) MEG . F) (C P0ISE) (2) (NICRODARCY) MEASO ----- ------------
86-30 07157 12:19 4281 50 .62 19.69 2 .82E-111 98.8• 0 .11811 0 .9994 1 .88 10 .141 13
06-38 10112 14 :02 4251 50 .32 10.12 1 .11E-114 98.01 8.11014 • .9991 1 .87 18.141 1206-30 16140 02:32 4451 180 .70 19.64 3.32E-081 90.08 1 .01818 0 .9989 .62 10 .131 15
•6-30 19 :30 12:52 4424 111 .45 9.82 1 .65E-184 98.01 0 .01818 8.9989 .64

	

18.131 9
86-38 22133 16x88 4374 101 .27 4.51 7 .86E-005 98 .01 8 .01818 0 .9989 .60

	

(0 .031 1287-81 18138 04124 4598 280 .88 9.34 1 .56E-104 90 .04 8 .81826 1.9979 .32 11 .163 12
0 /7-81 13189 02157 4562 199.83 4 .93 5.79E-015 98.01 • .018:!6 • .9979 .23

	

10 .831 3
07-81 17106 /'s :83 4414 50 .23 9.44 1 .13E-804 91.80 8 .81814 8 .9994 1 .15

	

[0 .171 IS87-81 22 :20 19121 4368 58 .07 4.73 7 .16E-105 91 .00 0 .01814 8 .9994 1 .28

	

10 .171 II
17-02 18x25 15 :25 4322 25.26 4.60 7 .46E-805 98 .01 1 .81812 0 .9996 2.45 10 .101 II

M
1



10000

CER-MWX-1 GARFIELD COUNTY CO
CER CORE 41-10 (6502.0 FT)

0

0

0

r
0

j-1000

100

10

0

0

SAMPLE POROSITY= 5 .10:
AT NET STRESS= 945 rsi

DATA POINTS

X

	

Y

	

100 .0

	

""" 1 .5

	

188 .8

	

1 .9

	

180 .0

	

2 .9

	

180 .8

	

4 .1

	

100 .0

	

5 .4

	

180 .0

	

6 .9

	

98 .3

	

6 .4
98 .3
98 .3
98 .3
98 .3
97 .9
97 .6
97 .6
97 .3
97 .3
96 .8
95 .9
92 .3
86 .3
80 .6
61 .8
48 .4
48 .8
32 .5
31 .8
28 .8

10 20 30 40 50 60 70 80 90 100
PERCENT WETTING FLUID SATURATION

0

0

0

0

0

9 .9
18 .8
11 .2
21 .2
31 .2
46 .2
61 .2
86 .2

111 .2
211 .2
411 .2
611 .2
811 .3
1811 .3
2011 .4
4011 .4
6811 .5
8011 .5

18011 .5
15811 .5

0

0

0

0

0

	

0

	

0 0 0



•OUc.', . . U& -

A. SAMPLE INFORMATION : MWX # /

	

RUN # / o?

	

CODE	 7~ —//	

DEPTH: TOP	 6567.3	 Pr BASE	 6567.7Fr

LITHOLOGY	 &A C /K S 11Ty 5//ILE ) VI/NL y LAM-
/MATED .	 CoALY PLANT PR'9CLENTS ANDCOALy

LAM/MAE ARE ABUNDANT.	 ORIENTED,RUN	

B . PERMEABILITY TESTS : DATE CORE WAS TRIMMED 5- a it- 82
TRIMMED CORE DIAMETER :	 /O ./	 cm LENGTH :	 Fj.L	 cm

STATION IN MULTIPLE CORE TESTER :	 /3	 BATCH 4l_	 /	

DATE RUN WAS STARTED : 5 -(26- 3,2 DURATION OF RUN	 3/(	 Hrs.

CONFINING PRESSURE :	 / 00 0	 PSIG DIFFERENTIAL PRESSURE : 7a'CP5/4O

FLOW RATE: </0 -4'CC/HR PERMEABILITY TO WATER : 5. 5 5 xJQ - 5 A Q

C. THRESHOLD PRESSURE MEASUREMENT : CONFINING PRESSURE :

	

/000PS/G
INITIAL GAS PRESSURE : .	 775Ps/0 STABILIATION TIME :	 Hov/t5

STABLE GAS PRESSURE :

	

76 0 PS/Cs = THRESHOLD PRESSURE

D. EFFECTIVE POROSITY : WEIGHT OF GLASS DISH :	 3 /.	 9 7,	

CHIP DIMENSIONS : THICKNESS : 50.0/ qC, DIAM : R. 5a4CM VOLUME : a5, /25 cc

DRIED AT	 50c
C AND	 ya% RELATIVE HUMIDITY FOR	 3/(2	 HOURS

CHIP + DISH

9 R 071/j 65.

CHIP

777 8-

DATE

5 /5=

TIME

3o ,

95 . 855 G6Y. 558 $ -~ 09 :00

95.783 !

	

y8G 6- 9 10 : o0

9 5.7x9 013a $ -W / i3!

95. Sa y (y52S S -/8 /5 :3o

WATER CONTENT:	 /.315 g x 1g/cc

PORE VOLUME :

	

/ . 3'/5 cc

PORE VOL. x 100 =	 5.35x POROSITY
CHIP VOL .

* SATURATED WEIGHT

N S T I T U T E

	

O F

	

G A S

	

T E C H N O L O G Y



6IGT
..... .. ... ...

MULTIWELL PROJECT : SANDSTONE SCREENING TESTS

SoRTED RIM RiIIJIRR. ORi&JTEG.

AS-RECEIVED WATER SA

DATE

	

TIME CHIP WEIGHT (e)

€-2 /$t3a 9y 3
-~y /Y y5 g 92.8

6-30 /5 :y0 a9a.S
7-6 , /2 : 00 93 I
7-3 l5 : 3o a ?a

.
. 7 F/NAt

PLUG INFORMATION,: DIAMETER	 2. 539	 fe LENGTH	 5. /66	

DEPTH,	 6537.3	 At ORIENTATIO(	 90'&J Of PRIME	

DATE CUT~p-aa•62, DRIED AS,	 (00	 °c AND,	 y5E RELATIVE HUMIDITY.

WET WEIGHT	 6'I.	 Q	 DRY WEIGHT	 ty.78y	 $ VOLUME	 26./56	 et

GAS POROSITY UNDER NET CONFINING STRESS 	 6. 121A TESTING COMPLETE	 7-a? -Ea?	

gAMPLE INFORMATION : MWXI~„~ ,	RUNS	 7a	 C.E.R. CODE	 7a	 ,0

DEPTH : Tor	 (0537.Z is RAW	 6538.3At mm	 J . /0

Initial welaht ,

DRIED AT	 50°C AND	 7 0(	 z

RELATIVE HUMIDITY.

WATER CONTENT OF CHIP ;	 LiO	 $

DRY PORE VOLUME OCCUPIED BY WATER

I N S T I T U T E

	

O F

	

G A S

	

T E C H N O L O G Y

WEIGHT HISTORY OF PLUG, : E AMT ow 'Irma
ME

	

CAT

423	 (( :30 641. 9so

G .78

IGHT



10 CER - MW'X-1 GARF I ELD COUNTY. CO.
CER CORE # 42-20 (6537 .8 FT.)

9

8

7

O O O O

3

2

1

DATA POINTS

X

	

Y
▪ ----------

24 .8 6 .87
168 .8 6 .66
265 .8 6 .61
485 .8 6 .56
945 .8 6 .47
1625 .8 6 .35

▪ 2325 .8 6 .26
33 48 .8 6 .17
4418 .8 6 .12

	1000

	

2000

	

3000

	

4000
NET CONFINING STRESS (psi)

5000



C

0A

Z

ssssst ::ss*

	

WELL NAME :CER - MIX-1 GARFIELD :OUNTY . CO.

PLUG: CEP CORE 0 42-20 (6537 .8 FT .)

	

PLUG LENTN :

	

5.166 CM PLUG AREA :

	

5.063 CM'2

0

TEST
DATE
(M-i))

OEGIN
TIME
(N :M)

OUR-
ATION
(N:M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FlOI
RATE
1%C/S)

TEMPERATURE

(DEG. F)

VISCOSITY

tC POISE)

COMPRES-
SINILTTY

CZ)

PERMEAPILITY
(STD.DEV .1

MN).
OF

(NICRODARCY) MEAS
---------------------------- ----

06-30 07157 12:09 4281 50 .65 19 .61 8 .89E-004 90 .01 0 .01814 0 .9994 3.38 10 .181 34
06-30 10 :12 04 :02 4251 50 .37 9 .93 4 .57E-004 90 .01 0 .01814 0 .9994 3.45 10 .081 31
06-38 16 :40 02:32 4451 100 .74 19 .78 1 .26E-003 90 .01 0.01818 0 .9989 2.38 10 .051 52
06-30 19 :30 02:52 4425 100 .43 9 .86 6 .42E-004 90 .00 0 .01818 0.9989 2.45 10.041 30
06-30 22 :33 16:88 4375 100 .29 4 .48 2 .94E-004 90 .00 0 .01818 0.9989 2.48 10 .101 3R

0 07-01 08 :30 04:24 4591 200 .11 9.29 9 .26E-004 90 .00 0 .01826 0.9979 1 .89

	

10 .111 53
07-81 13:09 02:57 4563 199 .94 4 .71 4 .19E-004 90 .01 0 .01826 0.9979 1 .93 10 .091 21
07-01 17 :86 05:03 4416 50 .22 9 .47 4 .37E-004 90 .00 0 .01814 0 .9994 3 .47 18 .091 35
07-81 22 :20 09:20 3930 45 .09 4 .20 2 .502.498 35 .00 0 .01814 0.9994 .25 10 .001 40

N 07-01 22,21 09;20 4366 50 .11 4 .66 2 .21E-004 90 .00 0 .81814 0 .9994 3 .58 10 .121 40



o CER-MWX-1 GARFIELD COUNTY CO

10000

	

o CER CORE 42-20 (6537 .8 FT)
0

0

O

O

SAMPLE POROSITY= 6 .47:
AT NET STRESS= 945 Psi

O

0

0

0 0

DATA POINTS

X

	

Y
----------

	

100 .0

	

1 .5

	

100 .0

	

1 .9

	

97 .8

	

2 .9

	

97 .8

	

4 .1

	

95 .6

	

5 .4

	

95 .6

	

6 .9

	

93 .4

	

8 .4

	

91 .1

	

9 .9

	

91 .1

	

1E .8

	

91 .1

	

11 .2

	

90 7

	

21 .2

	

89 .9

	

31 .2

	

89 .4

	

46 .2

	

88 6

	

61 2

	

87 .7

	

86 .2

	

87 .3

	

111 .2

	

83 .1

	

211 .3

	

59 .9

	

411 .3

	

47 .4

	

611 .4

	

41 .1

	

811 .4

	

37 .9

	

1011 .4

	

27 .6

	

2011 .4

	

17 .7

	

4011 .5

	

15 .3

	

6011 .5
12 .5 8011 .5
12 .3 10011 .5
11 .9 15011 .5

O

1 .	 I	 I	 t	 I .	 1	 1	 i	 I1	 1 .	 I	 L	 l	 1,

0 10 20 30 40 50 60 70 80 90 100
PERCENT WETTING FLUID SATURATION

O

O

O

O

O

O

80
O

O

O

O

100



MWX-1, RULISON FIELD. CO.

CORE # 42-32 (6546 FT .)10000 a-
- o
• 0

0

0

0

1000

	

0

SAMPLE POPOSITY= 7 33'.
AT NET STRESS . 4088 .s1

DATA POINTS

X

	

Y

	

100 8

	

3 0

	

100 0

	

3 3

	

100 0

	

3 8

	

100 0

	

4 c_o

	

99 1

	

5

	

99 1

	

6

	

99 1

	

8 ?

	

99 1

	

9

	

99 1

	

10 3

	

99 1

	

11 3

	

98 9

	

16 3

	

9? 3

	

211 3

	

94 4

	

311

	

61 5

	

411 4

	

74 7

	

461 4

	

66 1

	

511 5

	

68 4

	

561 5

	

56 8

	

611 6

	

51 4

	

711 6

	

47 6

	

211 .6

	

41 4

	

1011
	37 5

	

1511 7

	

28 1

	

2011

	

14 7

	

4811 9

	

7 4

	

6011 9

	

3 7

	

8011 9
8 10012 8

-3 2 15812 8

42-32 Pd H• ( .?1a) = 33€ 1
Pd WATER (Pita) = 79 6

1
	 1	 1	 1	 1	 1	 1	 1 1 	I	 1	 1	 f	 I	 t	 I	 1'	 1	

0 10 20 30 40 50 60 70 80 90 100
PERCENT WETTING FLUID SATURATION

0
O

C

100

10

0

0
C
Q



WELL NAIfE : MWX-1 . RUI ..ISUN FIELD, CO.

PLUG : 42-32 (6546 FT .) Sw-50X

	

PLUG LENGTH : 3 .950 CM

A'XXXX*X**X

PLUG AREA : 5 .057 CM"2

TEST
DALE
(M-D)

BEGIN
TIME
(HIM)

OUR-
ATION
(HIM)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL

	

FLOW

	

1EMPERATURE
PRESSURE

	

RAlL
(PSI)

	

(SCC/S)

	

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
VALUE

	

STD . LEV.
(MICRODARCY)

	

( X )
----- ----- ----- --------- -------- ----------------------- ---------------------
04-1 :i 17 :15 13 :15 2098 101 .73 21 .00 9 .30E-005 94 .00 0 .01052 0,9992 1 .44E-001 (

	

2 .0)
04-16 16 :48 14 :36 2213 200 .52 20 .62 1 .37E-004 94 .00 0 .01057 0 .9907 1 .11E-001 (

	

4 .6)
04-18 10 :20 09 :50 2497 500 .95 20 .73 2 .86F-004 94 .00 0 .01880 0 .9982 9 .32E-002 (

	

5 .1)
04-19 11 :2.2 08 :07 3401 1399 .95 19 .35 6 .831-004 94 .00 0 .0 .010 1 .0083 9 .11E-002 I

	

5 .2)
04-19 21 :00 16 :45 4294 1400 .22 19 .86 3 .35E-0114 94 .00 0 .0:'010 1 .0004 4 .35E-002 (11 .0)
04-20 17 :00 44 :00 5208 1399 .80 19 .72 1 .711-004 94 .00 0 .02009 1 .0083 2 .23E-0U2 (

	

8 .5)
04-23 19 :20 37 :02 4300 500 .76 21 .03 7 .OHE.-UU5 94 .00 U .01880 0 .9902 2 .27E-002 (15 .4)
04-27 21 :30 37 :30 4000 201 .59 21 .3U 3 .831-005 94 .00 0 .01057 0 .9906 2 .97E:-002 (

	

9 .0)
05-01 20 :40 42 :23 3898 101 .38 21 .87 2 .54E-005 94 .00 0 .01852 0 .9992 3 .81E-002 (

	

4 .8)



A-38

MWX-1 . RULISON FIELD. CO.
42-32 (6546 FT.) Sw=50%

O OP=20
• OP = 10
o DP = 5
o DP=2.5

NET Pc = 2000 PSI

NET Pc = 3800 PSI

0.0	 L	 I	 ► 	 I	 I	 1	 1
0.000

	

.005

	

.010
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



WELL NAME : MX-1, RULISON FIELD, CO.

PLUG : 42-32 (6546') Sw=40X

	

PLUG LENGTH : 3 .950 CM

	

PLUG AREA : 5 .057 CM"2

TEST

	

BEGIN
DATE

	

TIME
tM-D)

	

(HIM)

DUR-
ATION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEC . F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(2)

PERMEABILITY
VALUE

	

STD . DEV.
(MICRODARCY)

	

( X )
---------- --------- -------- -----------------------------------------------------------

05-04

	

10 :00 08 :01 2094 100 .13 10 .66 2 .01E-004 94 .00 0 .01852 0 .9992 6 .29E-001 ( 3 .2)
05-05

	

14 :54 06 :12 2191 200 .40 10 .59 3 .06E-004 94 .00 0 .01857 0 .9987 4 .81E-001 ( 2 .6)
05-06

	

14 :05 05 :40 2517 499 .57 10 .81 6 .07E-004 94 .00 0 .01880 0 .9982 3 .80E-001 t 1 .9)
05-07

	

09 :27 04 :03 3396 1400 .43 11 .26 1 .55E-003 94 .00 0 .02010 1 .0084 3 .55E-001 ( 2 .0)
05-07

	

14 :39 06 :51 4402 1400 .44 10 .89 7 .28E-004 94 .00 0 .02010 1 .0084 1 .73E-001 ( 7 .3)
05-07

	

23 :30 14 :33 5405 1400 .24 10 .52 4 .71E-004 94 .00 0 .02010 1 .0084 1 .16E-001 1 8 .9)
05-09

	

01 :30 16 :35 5482 1450 .77 11 .58 5 .07E-004 94 .00 0 .02019 1 .0094 1 .10E-001 l 7 .3)
05-10

	

13 :30 07 :07 4518 501 .46 20 .86 3 .83E-004 94 .00 0 .01880 0 .9982 1 .24E-001 ( 4 .4)
05-11

	

13 :40 22 :10 4201 201 .32 21 .39 2 .12E-004 94 .00 0 .01857 0 .9986 1 .64E-001 l 3 .1)
05-14

	

12 :10 19 :45 4099 100 .58 19 .70 1 .32E-004 94 .00 0 .01852 0 .9992 2 .22E-001 ( 2 .4)
05-15

	

20 :30 19 :30 4050 50 .51 19 .72 1 .00E-004 94 .00 0 .01851 0 .9996 3 .35E-001 ( 2 .4)



. 8
MWX-1 . RUL I SON FIELD . CO.

42-32 (6546') Sw=40%

• .6

• .4

. 2

NET Pc = 4000 PSI

0 .0
0 .000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



**********

	

WELL NAME : MX-1 . RULISON FIELD, CO .

	

**********

PLUG: 42-32 (6546') Sw:-30X PLUG LENGTH : 3 .950 CM PLUG AREA ; 5 .057 CM A2

TEST

	

BEGIN

	

DUR-
DATE

	

TIME

	

ATION
(M-D)

	

(H :M)

	

(H :M)
---------------

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG . F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(2)

PERMEABILITY
VALUE

	

STD . DEV.
(MICRODARCY)

	

( X )
---

	

--- -------- ----------- ------- ----------- --------- ---------------------
05-18 08:35 04 :52 2094 101 .56 10 .16 4 .87E-004 94 .00 0 .01852 0 .9992 1 .57E+000

	

(

	

1 .4)
05-18 15 :28 02 :36 2200 200 .53 10 .31 7 .49E-004 94 .00 0 .01857 0 .9987 1 .21E+000

	

( 2 .5)05-19 13:55 02 :24 2499 499 .49 10 .11 1 .43E-003 94 .00 0 .01880 0 .9982 9 .57E-001

	

(

	

1 .0)
05-21 15 :22 03 :34 3398 1398 .64 9 .35 2 .85E-003 94 .00 0 .02009 1 .0083 7 .86E-001

	

(

	

1 .6)
05-21 20 :00 12 :23 4399 1399 .17 9 .26 1 .62E-003 94 .00 0 .02009 1 .0083 4 .52E-001

	

(

	

1 .7)
05-22 09 :18 06 :12 5403 1399 .62 9 .68 1 .13E-003 94 .00 0 .02009 1 .0083 3 .02E-001

	

( 5 .5)
05-23 18 :36 13 :54 5444 1449 .67 9 .32 1 .07E-003 94 .00 0 .02019 1 .0094 2 .87E-001

	

( 2 .9)
05-25 10 :15 08 ;45 4496 500 .58 9 .63 4 .83E-004 94 .00 0 .01880 0 .9982 3 .38E-001

	

(10 .2)
05-28 13:30 19 ;10 4197 200 .67 9 .80 2 .66E-004 94 .00 0 .01857 0 .9987 4.51E-001

	

( 2 .4)
05-30 17124 14124 4091 100 .08 9 .64 1 .81E-004 94 .00 0 .01852 0 .9992 6 .24E-001

	

( 2.0)
05-31 18 :15 14 :16 4052 50 .46 9 .61 1 .39E-004 94 .00 0 .01851 0 .9996 9 .55E-001

	

(

	

1 .6)



L.10
MWX-1 . RULISON FIELD. CO.

42°32 (6546') Sw=30%
i

1 .8
O DP = 20
• DP = 10

o DP=5

O DP 2.5

1 .4

	

NET Pc = 2000 PSI

1 .2

1 .0

. 6

NET Pc = 4000 PSI

. 4

. 2

0.0

	

t

	

t

	

t ,,, ,

	

,~..t
0 .000

	

. 005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE (1/PSI )

1 .6



.******k**

	

WLL1. NA1sL : MWX-1 . RULISUN FIELD, CO .

	

xx***x*x*x

PLUG; 42-32 (6546') Sw=15X

	

PLUG LENGTH : 3 .950 CM

	

PLUG AREA : 5 .057 CM " 2

TEST
DALE
(M-D)

BEGIN
TIME
(H :M)

OUR-
ATION
(HIM)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

CONFI NES-
SINILITY

(Z)

PERMEABILITY
VALUE

	

STD . DEV.
(MICRODARCY)

	

( X )
-----
06-04

-----
10 :40

-----
03 :50

---------
2098

--------
100 .59

-----------
5 .04

-------
4 .20E-004

-----------
94 .00

---------
0 .018:2

---------
0 .9992

------------
2 .81E+000

	

(
---

1 .7)
06-05 09 :20 04 :44 2199 199 .92 5 .05 6 .491.-004 94 .00 0 .01857 0 .9987 2 .15E+000

	

( 1 .5)
06-06 09 :15 03 :27 2499 500 .41 4 .88 1 .22E-003 94 .00 0 .01000 0 .9982 1 .69E+000

	

( 1 .6)
06-07 15 :07 02 :07 3400 1399 .78 4 .65 2 .59E-0d3 94 .00 0 .02009 1 .0003 1 .43E+000

	

( 5 .7)
06-08 08 :57 03 :06 4399 1400 .21 5 .17 1 .77E-003 94 .00 0 .02010 1 .0084 8 .81E-001

	

( 2 .1)
06-08 12 :54 04 ;54 5395 1400 .11 4 .78 1 .101.-003 94 .00 0 .02010 1 .0003 5 .94E-001

	

( 3 .4)
06-09 22 :27 02 :57 5393 1399 .11 10 .14 2 .31E-003 94 .00 0 .02009 1 .0003 5 .89E-001

	

( 1 .6)
Oo-11 09 :21 04 :10 4499 500 .88 9 .88 1 .01E-003 94 .00 0 .01880 0 .9982 6 .91E-001

	

( 1 .1)
06-12 09 :20 04 :18 4199 200 .49 9 .92 5 .51E-004 94 .00 0 .01857 0 .9987 9 .24E-001

	

( 2 .2)
06-13 09 :30 04 :30 4100 100 .49 9 .74 3 .72E-004 94 .00 0 .01852 0 .9992 1 .27E+000

	

( 1 .3)
06-14 09 :36 05 :12 4050 50 .23 10 .10 2 .96E-004 94 .00 0 .01851 0 .9996 1 .94E+000

	

( 1 .2)



4 .ID

3 .0

MWX-1 . RUL I SON FIELD . CO.
42-32 (6546') Sw=15%

O OP = 20
• DP = 10
o DP=5
o OP=2.5

NET Pc = 2000 PSI

2 .0

1 .0

	

NET Pc = 4000 PSI

0 .0
0 .000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )

1



**********

	

WELL NAME : MWX-1, RULISON FIELD, CO.

PLUG : 42-32 (6546') Sw=0X

	

PLUG LENGTH : 3 .950 CM

	

PLUG AREA : 5.057 CN•2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

DUR-
ATION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PURE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
VALUE

	

STD . DEV.
(MICRODARCY)

	

( X )
-- ----- ----- --------- -------- ----------- ------- -----------

06-19 10 :03 01 :15 2108 101 .95 10 .27 1 .82E-003 94 .00 0 .01852 0 .9992 5 .80E+000

	

( 1 .5)
06-19 14 :26 01 :23 2203 200 .40 9 .98 2 .72E-003 94 .00 0 .01857 0 .9987 4 .54E+000

	

( 1 .9)
06-20 08 :59 01 :49 2501 500 .06 8 .14 4 .47E-003 94 .00 0 .01880 0 .9982 3 .71E+000

	

( 1 .8)
06-20 16 :45 01 :24 3398 1399 .47 4 .46 5 .64E-003 94 .00 0 .02009 1 .0083 3.26E+000

	

( 1 .5)
06-21 09 :15 01 :21 3402 3{99 .67 4 .81 6 .03E-003 94 .00 0 .02009 1 .0083 3 .23E+000

	

( 1 .7)
06-21 11 :04 02 :26 4.399 1399 .87 4 .61 3 .67E-003 94 .00 0 .02010 1 .0083 2 .06E+000

	

( 1 .9)
06-21 14 :12 02 :00 5403 1402 .33 8 .93 5 .05E-003 94 .00 0 .02010 1 .00114 1 .46E+000

	

4 1 .7)
06-22 17 :12 01 :13 5451 1449 .40 9 .98 5 .67E-003 94 .00 0 .02019 1 .0094 1 .42E+000

	

( 1 .7)
06-23 10 :37 02 :37 4500 501 .92 10 .03 2 .49E-003 94 .00 0 .01880 0 .9982 1 .67E+000

	

( 1 .4)
06-25 09 :14 01 :42 4202 200 .40 10 .48 1 .36E--003 94 .00 0 .01857 0 .9987 2 .15E+000

	

( 1 .7)
06-25 15 :51 01 :04 4101 100 .43 19 .53 1 .71E-003 94 .00 0 .01852 0 .9992 2 .91E+000

	

( 2 .0)
06-26 09 :07 01 :28 4049 50 .61 19 .69 1 .29E-003 94 .00 0 .01851 0 .9996 4 .30E+000

	

( 1 .8)



MWX-1 . RUL I SON FIELD . CO,
42-32 (6546') Sw=O'/.

O DP = 20
• DP = 10
o DP=5
q DP=2.5

NET Pc = 2000 PSI

NET Pc = 4000 PSI

2 .0

1 .0

0 .0
0.000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )

7 .0

6.0

Lf)
w
L.) 5. 0

3 .0



CORAL RUN 34

a; rrr.•r +

	

WELL NAME : MWX-1 . RIJI TS0N FTFI D, CO.

TEST
DATE
(M-D)

BEGIN
TIME
(H:M)

PLUG : 42-32 (6546') SATN .

	

0

	

PLUG LENClH : 3 .950 CC

TEMPERATURE

(NC .

	

E)

PLUG ART A : 5 .057 (:2r2

PERMEABILITYOUR-
ATION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PS1A)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RAT(

(SEC/S)

VISCOSITY

(C POISE)

COMPRFS-
STRILITY

(Z)
VALUE

	

STD . DEW.
(MICRODARCY)

	

( X )--------------------------------

	

-- --------- ------ --------------------------
11-1:i 14 :24 03 :02 4184 200 .91 7 .96 9 .89E-004 88 .00 0 .01057 0 .99E17 2 .04E+000

	

( 1 .5)
11-15 17 :31 14 :51 4171 200 .80 2 .13 2 .641 •004 8R .00 0 .01057 0 .95'87 2 .04E+000

	

( 2 .0)
11-16 11 :49 01 :28 4538 500 .21 9 .69 2,191.-003 90 .00 0 .01880 0 .99132 1 .51E+000

	

( 2 .6)
11-16 15 :00 01 :42 5039 1004 .27 10 .53 4 .131

	

003 90 .00 0 .01943 1 .0017 1 .35E+000

	

( 3 .5)
11-16 17 :40 15 :28 5331 1347 .44 1,19 5 .112E-004 90 .00 0 .07000 ,1 .0073 1 .31E+000

	

( 6 .9)
11-17 18 :05 12 :15 5432 1447 .07 4 .64 2 .401-003 90 .110 0 .112018 1 .0094 1 .28E+000

	

( 2 .8)
11-18 11 :54 01 :10 4519 500 .36 18 .32 4 . 01 :E -003 90 .00 0 .01880 0 .9982 1 .49E+000

	

( 4 .0)



CORAL RUN 42

WELL NAME : MX-1 . RULISON FIELD, CO.

PLUG : 42-32 (6546 FT .) SAIN .

	

0

	

PLUG LENGTH :

	

3 .950 CF)

	

PLUG AREA :

	

5 .057 Cti^2

TEST BEGIN DUR- CONFINING MEAN

	

DIFFERENTIAL"

	

FLOW

	

TEMPERATURE

	

VISCOSITY

	

COMPRES-

	

PERMEABILITY

PORE P

	

PRESSURE

	

RAIL

	

SIBILITY

	

VALUE

	

STD . DEV.DATE T1)iE ATION PRESSURE
(M-D) tH :M) (H:M) (PSIA) (PSIA)

	

(PSI)

	

(SCC/S)

	

(DEC.

	

.F)

	

(C POISE)

	

(Z)

	

(HICRODARCY)

	

(

	

)

----- ----- ----- ---------
-----------------------------

	

03-20 10 :10 03:45 4180 200 .34

	

4 .91

	

5 .74E-004

	

94 .00

	

0 .01857

	

0 .9987

	

1 .95E+000

	

(

	

1 .9)

03-20 16 :24 02 :45 4092 101 .04

	

9 .75

	

7 .76E-004

	

94 .00

	

0 .01852

	

0 .9992

	

2 .62E+000

	

( 2 .1)

03-21 09:40 03:22 44P3 399 .79

	

6 .56

	

1 .20E-003

	

94 .00

	

0 .01071

	

0 .9981

	

1 .54E+000

	

(

	

1 .4)

03-21 18:10 01 :33 5388 1400 .53

	

9 .51

	

4 .58E-003

	

94 .80

	

0 .02010

	

1 .0084

	

1 .24E+000

	

(

	

1 .9)

03-22 20 :01 01 :09 5449 1451 .87

	

10 .08

	

4 .94E-003

	

94 .00

	

0 .02019

	

1 .0095

	

1 .22E+000

	

(

	

1 .6)

03-23 08 :58 01 :59 4400 400 .30

	

10 .69

	

1 .95E-003

	

94 .00

	

0 .01871

	

0 .9981

	

1 .53E+000

	

(

	

1 .6)

03-23 13124 02 :02 4204 200 .77

	

10 .46

	

1 .21E-003

	

94 .00

	

0 .01857

	

0 .9987

	

1 .93E+000

	

( 2 .3)

03-23 17 :40 02 :32 4096 101 .27

	

10 .77

	

8 .551-004

	

94 .00

	

0 .01852

	

0 .9592

	

2 .61E+000

	

( 2 .3)

03-26 10 :05 02:32 4097 101 .25

	

10 .94

	

8 .46E-004

	

94 .00

	

0 .01852

	

0 .9992

	

2 .54E+000

	

( 2 .2)

03-26 16 :00 03,03 4045 50 .93

	

10 .66

	

6 .23E-004

	

94 .00

	

0 .01851

	

0 .9496

	

3 .82E+000

	

(

	

1 .6)
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10 CER-MWX-2 GARFIELD COUNTY CO

CER CORE 050-05 (6429.0 FT)

9

8

7

,. 6
tit
v

~5
rno
Q:o
a 4

3

-

a

-0 0
00

DATA POINTS

X

	

Y
----------
28 :4 5 .24
75 .4 4 .97

179 .0 4 .78
476 .0 4 .72
968 .0 4 .65
1869 .0 4 .55
2884 .0 4 .48
4850 .0 4 .42
4181 .0 4 .42

0

	

00

-
2

1

00 	,	 1	 ,	 1	 .	 ,	 ,	 1	 ,	 .	 ,	 1	 ,	 .	

1000

	

2000

	

3000

	

4000

	

5000
NET CONFINING STRESS (psi)

1 N : T 1 T N T E

	

0 F

	

0 A S

	

T E C M N O L 0 G Y



	

10.00

	

CER - MWX-2, GARFIELD COUNTY. CO
CER CORE # 50-05 (6429.0 FT)

9.00
DP = 10

	

8.00

	

OP=5

o ?.00
I)
L
O

'$ 6.00
c
0

'5.00

i-

4.00

wz
w 3.00

2.00

1 .00

0.00
0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE C1/psi)

I N S T I T U T E

	

0 F

	

0 A ><

	

T E C H N O L O G Y



0

0

•rsss**mm

	

WELL NAME, CER - MX-2, GARFIELD COUNTY, CO .

	

ssssssssss

PLUG( CER CORE I 50-05 (6429 .0 FT)

	

PLUG LENTH( 5 .456 CM

	

PLUG AREA( 5.055 CM*2

TEST BEGIN OUR—	CONFINING

	

MEAN
DATE TIME

	

ATION PRESSURE

	

PORE P
(M—B) (HIM)

	

(HIM)

	

(PSIA)

	

tPSIA)
----- ----- -----
08—18 15100

	

03121
08—18 19130

	

02120
08—18 22130

	

09100
08-19 16(46

	

02(44
08-19 22(05 11120
18-21 09106 03106
18-21 12(38 13(07

DIFFERENTIAL FLOW

	

TEMPERATURE VISCOSITY COMPRES-

	

PERMEABILITY NO.
PRESSURE

	

RATE

	

SIBILITY

	

(STO .DEV .] OF
(PSI)

	

(SCC/S)

	

(DEG . F)

	

(C POISE)

	

(Z)

	

tMICRODARCY) MEAB

0 .01818

	

0 .9989

	

.55 (1 .03)

	

8
0 .01814

	

0 .9994

	

.87 10 .131

	

3
0 .01814

	

0 .9994

	

.83 (1 .18]

	

9
0 .01818

	

1 .9989

	

.49 10 .071

	

8
0 .01818

	

0 .9989

	

.47 11 .141 11
1 .11826

	

0 .9979

	

.33 (0.16)

	

8
0 .01826

	

0 .9979

	

.32 (1 .02]

	

5

--------- --------
4138

	

100 .16
4275

	

50 .28
4199

	

50 .20
4343

	

100 .05
4258

	

100 .20
4210

	

200 .37
4186

	

200 .10

	

9 .66

	

1 .33E—004

	

90 .00

	

9 .75

	

1 .06E—004

	

90 .00

	

4 .58

	

4 .78E—005

	

90 .00

	

10 .17

	

1 .24E—004

	

90 .00

	

4 .40

	

5 .17E-005

	

90 .00

	

9 .84

	

1 .61E—004

	

90 .00

	

5 .16

	

8 .24E—005

	

90 .01



10000

CER-MWX-2 GARFIELD COUNTY CO
CER CORE 50-05 (fi429 .0 FT)

0
0

0

	

0

0

0
0

0

0

0
SAMPLE POROSITY= 4 65:
AT NET STRESS= 968 psi

DATA POINTS
0

X

	

Y
0

188-8

	

--_1-5 0
180 .8

	

1 .9
188 .8

	

2 .9
O

188 .8

	

4 .2
188 .0

	

5 .4 0
100 .8

	

6 .9
180 .8

	

8 .4
180 .8

	

9 .9 0
108 .0

	

18 .6
180 .0

	

11 .2
99 .0

	

21 .2
98 .6

	

31 .2
98 .3

	

46 .2 8
97 .9

	

61 .2 p
97 6

	

86 .2
97 .7

	

111 .2 0
96 .7

	

211 .2.2 095 .9

	

411 2
94 .0

	

611 .2 0

89 .4

	

1911 .3
89 .3

	

811 .2

	

.

60 .3

	

2811 .3 0
43 .6

	

4011 .4
34 .8

	

6011 .4
28 .3

	

8011 .5 0
25 .7

	

10811 .5
22 .9

	

1

1

.

5811 .5
0

W

c.n
LI,

4.

J
J

r

100

10

0 10 20 30 40 50 60 70 80 90 100
PERCENT WETTING FLUID SATURATION



	

&GT ISULTIW>D.L PROJECT s SANDSTONE SCREENING TESTS

	

PS	 3o

;AMPLE INFORMATION : WWZ/	 2	 RUN,	 5/	 C .E .R. CODE	 5 /	 -	09

terns Tor	 6503. / ft RASE ~5O7 .O t LENGTH	 0.9	 ft

Ln~HOLOCY :	 F/NE 5ANOSTo, /Ei TNiCK BEDDED.	 5NRwY/	

CoAIY CLAs7S OC'cuR THRoUGNou	 OR/FNrFD_	

-RECEIVED HATER SATURATION :

DATE

	

TII~

	

OIP WEIGHT (e).

8- 2 PI" : ~5 228.4

8-5 O : 5o 2 5.7

S
-a3 /4:55 aa5.7MY

EXPEL t ED dis'5 ( N077R
WMEH Pi/1ST PLACED IN OdfN

Initial veiiht

DRIED AT	 50°C AND , 	 ya !

/NRL RELATIVE HUMIDITY.

WATER CONTENT OF CHIP :	 2. 7	 g

PORE VOLUME OCCUPIED RY WATER :	 5a. 87 ;

, PLUG INFORMATION : DIAMETER ,	 2. 535	 Fla LERGTH	 5. 6 /2	 c.

ten	 GS 03.9gt ORIENTATION	 90' W OF PR /NE	

DATE CUT	 S -a; -as , DRIED AT	 60	 !C AND, 	 45	 = RELATIVE HUMIDITY.

WET WEIGHT	 7(.Of2	 g DRY WEIGHT	 7/.O $'/	 R voun	 28.3 33	 Fe
GAS POROSITY UNDER NET CONFINING STRESS 	 S .677 x TESTING COUWLET>;	

WEIGHT HISTORY OF PLUG, :

I N S T I T U T E

	

O P

	

O A S

	

TECHNOLOGY

DATE

	

TIME

lows 7/ 09a

WE GNTWEIGHT DATE' TIME



10

	

CER— MWX —2 GARFIELD COUNTY CO
CER CORE #51—09 (6503.9 FT)

9

8

7
O

DATA POINTS

K

	

Y

_28_4 7 .07
75 .4 6 .78

179 .8 6 .39
476 .8 6 .23
968 .8 6 .10
1869 .8 5 .93
2884 .8 5 .77
4858 .8 5 .68
4181 .8 5 .67

1

0	 1	 1	 1	 *	 1	 ,	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1

0

	

1000

	

2000

	

3000

	

4000

	

5000
NET CONFINING STRESS (psi)

O

-0
0

O
O 00

3

2

1 N S T 1 T U T E

	

0 F

	

0 A S

	

T E C H N O L O G Y



10.00—
.

9.00

8.00

m 7.00
v
L
O

'E 6.00
v

"' 5.00

:4 4.00
co

W

w3.0®

2,00

CER — MWX—2. GARFIELD COUNTY. CO
CER CORE N 51 —09 (6503.9 FT)

-~ OP-10
d 0 DP-5

1 .00

0.00	 II	 I	 .	 .	 '	 .	 .	 .	 .	 .	 .	 .	 .	 .	 1	 ,, 1 	 J	 I. I

0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN POkE PRESSURE (1/psi)

I N S T I T U T E

	

O F

	

G A S

	

T E C H N O L O G Y



e0001,1,i4R„

	

WELL MANE' CER - MWX-2, GARFIELD COUNTY, CO .

	

0000lM1{e11„

PLUG, CER CORE • 51-09 (6503 .9 FT)

	

PLUG LENTHI

	

5 .612 CM PLUG AREA,

	

5.047 CM"2

C

w

TEST
DATE
(M-D)

BEGIN
TIME
(H,M)

OUR-
ATION
(HM)

CONFINING
PRESSURE
tPSIA)

MEAN
PORE P
tPSIA)

DIFFERENTIAL
PRESSURE
(PSI)

. FLOW
RATE
tSCC/S)

TEMPERATURE

(DEC . F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
tSTD .DEV.I

NO.
OF

(MICRODARCY) NEAR
------------------------------------------- ------- ------------ --------- -------
08-18 15,00 03120 4151 100 .11 9 .75 3 .61E-004 90 .01 0 .01818 0 .9989 1 .33 (0 .151 21
08-18 18,50 13,00 4279 51 .23 9 .85 2 .79E-004 90 .00 0 .01814 0 .9994 2 .32 [0 .081 14
08-18 22,22 09,08 4203 51 .18 4 .63 1 .25E-004 90 .00 0 .01814 0 .9994 2.21 10 .08) 20
08-19 16,46 02144 4344 101 .06 10 .16 3 .58E-004 90 .00 0 .01818 0 .9989 1 .45 [0 .181 18

0 08-19 22105 10,20 4264 100 .21 4 .41 1 .50E-104 90 .01 0 .01818 0 .9989 1 .40 [0 .181 27
w 08-20 08,50 13,22 4211 200 .40 9 .78 4 .98E-004 90 .01 0 .01826 0 .9979 1 .05 10 .101 25

18-21 12,30 13114 4185 200 .16 5 .02 2 .51E-004 90 .01 0 .01826 0 .9979 1 .04 10 .191 13

0

N



CER - MWX-2 . GARFIELD COUNTY . CO
CER CORE # 51-09 (6503.9 FT)

SW - 40X

0.00	 ,	 t	 ,	 ,	 ,	 t	 1	 ,	 ,	 ,	 ,	 ,	 t	 ,	 ,	 ,	 I	 ,	 ,	 ,	 ,	 ,	 ,	 ,
	0 .00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/psi)



**********

	

WELL NAME : CER - MWX-2, GARFIELD COUNTY, CO .

	

**********

PLUG : CER CORE 0 51-09 (6503 .9 FT)

	

PLUG LENTH : 5 .612 CM

	

PLUG AREA : 5 .047 CM"2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

OUR-
ATION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PS1A)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG . F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
(STD.DEV .)

(MICRODARCY)

NO.
OF

MEAS
-------------------------------------------------------------------------------------------
09-11 09135 3101 4078 50 .25 9 .50 1 .32E-005 90 .00 0 .01814 0 .9994 .11 (0 .021 10
09-12 21 :30 21 :06 4340 200 .03 19 .78 4 .48E-005 90 .00 0 .01826 0 .9979 .05 (0 .021 14
09-14 13 :45 22 :30 4129 102.16 15 .84 2 .64E-005 90 .00 0 .01818 0 .9989 .07 (0 .011 11

Sw = 40%



2.00

1 .80

1.60

CER - MWX-2. GARFIELD COUNTY. CO
CER CORE 0 51-09 (6503.9 FT)

SW - 30X

. 80

. 60

0.00
0.00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE Cl/psi)

. 40

. 20



YELL NAME : CER - MX-2, GARFIELD COUNTY, CO.

PLUG : CER CORE 0 51-09 (6503 .9 FT)

	

PLUG LENTH : 5 .612 CM

	

PLUG AREA : 5 .047 CM'2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

OUR-
AT ION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(2)

PERMEABILITY
ISTD .DEV .1

(MICRODARCY)

NO.
OF

MEAS
------------------- -------- ----------- ------- ----------- --------- ------- ------------ ----

09-17 11 :02 26 :43 4100 50 .15 9 .29 5 .05E-005 90 .00 0 . G'i 814 0 .9994 .45

	

10 .02) 29
09-18 22 :50 14 :30 4256 100 .31 9 .89 6 .33E-005 90 .00 0 .01818 0 .9989 .26

	

10 .02) 1 :.

09-19 14 :50 18 :00 4344 200 .20 9 .62 8 .14E-005 90 .00 0 .01826 0 .9979 .17

	

(0 .021 21

Sw - 30%



5.00

4.00

CER - MWX-2. GARFIELD COUNTY. CO
CER CORE # 51-09 (6503.9 FT)

1 .00

Sw - 15%

0.00
F
	 1	 1	 I	 I	 1	 1	 2	 f	 1	 1	 J	 1	 t	 I	 I	 I	 1	

	0 .00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/psi)



**********

	

WELL NAME : CER - MWX-2, GARFIELD COUNTY, CO .

	

**********

PLUG : CER CORE 0 51-09 (6503 .9 FT)

	

PLUG LENTH : 5 .612 CM

	

PLUG AREA : 5 .047 CM'2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

DUR-
ATION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(2)

PERMEABILITY
(STD .DEV .1

(MICRODARCY)

NO.
OF

MEAS
----- ----- ----- --------- -------- ----------- ------- ----------- --------- --------- ------------ ----
09-21 15 :19 16 :40 4183 50 .36 9 .53 1 .39E-004 90 .00 0 .01814 0 .9994 1 .19

	

(0 .061 38
09-22 17 :24 14 :26 4162 100 .78 9 .29 1 .58E-004 90 .00 0 .01818 0 .9989 .74

	

10 .041 40
09-23 10 :35 02 :55 40B3 200 .60 19 .07 5 .25E-004 90 .01 0 .01626 0 .9979 .57

	

10 .021 23
09-23 13 :37 03 :13 4064 200 .58 18 .91 5 .19E-004 90 .00 0 .01826 0 .9979 .57 10 .131 24
09-23 18 :37 15 :00 4143 50 .26 10 .02 1 .50E-004 90 .00 0 .01814 0 .9994 1 .22

	

10 .061 40

Sw = 15%



5.00 CER — MWX—2. GARFIELD COUNTY. CO

CER CORE # 51—09 (6503.9 FT)

4 .00

Sw - 0%

1 .00

E

0.00	 a	 ,	 ,	 <	 <	 e	 ,	 ,	 ,	 a	 ,	 a	 ,	 ,	 i
0.00

		

.01

	

.02
RECIPROCAL MEAN PORE PRESSURE (1/psi)



**********

	

WELL NAME : CER - NIX-2, GARFIELD COIJNTY, CO.

PLUG : CER CORE 0 51-09 (6503 .9 FT)

	

PLUG LENTH : 5 .512 CM

	

PLUG AREA: 5 .047 CM"2

TEST
DATE
tM-D)

BEGIN
TIME
(H :M)

DUR-
ATION
(H :M)

CONFINING
PRESSURE
(P3IA)

MEAN
PORE P
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE
(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C POISE)

COMPRES-
SIBILITY

(Z)

PERMEABILITY
ISTD .DEV .1

(MICRODARCY)

NO.
OF

MEAS
----- ----- ----- --------- -------- ----------- ------- -----------

09-27 18 :37 13 :53 4202 51 .34 10 .49 2 .84E-004 90 .00 0 .01814 0 .9994 2 .17 (0 .061 51
09-28 15 :34 17 :11 4117 101 .35 9 .07 3 .23E-004 90 .00 0 .01818 0 .9989 1 .45 10 .071 85
09-29 09 :55 06 :07 4187 200 .24 20 .14 1 .01E-003 90 .01 0 .01826 0 .9979 1 .04 10 .031 70
09-29 16 :57 16 :33 4185 50 .95 10 .19 2 .79E-004 90 .00 0 .01814 0 .9994 2 .22 10 .001 of
09-30 23 :05 16 :88 4207 100 .28 9 .77 3 .39E-004 90 .00 0 .01818 0 .9989 1 .43 10 .061 51
10-01 09 :07 03 :58 4413 199 .97 9 .74 4 .37E-004 90 .01 0 .01826 0 .9979 .93 10 .051 25

Sw = 0%



CER—MWX—2 GARFIELD COUNTY CO
0

CER CORE 51—09 (6E03 .9 FT)
0

0

o

0

0

0
0

0

0
SAMPLE POPOSITY . 6 10%
AT NET STRESS ,.	68 Psl

DRTA POINTS 0
0

0
0

0

O

x

	

100 .'0

	

1 4

	

100 0

	

1 8

	

100 0

	

2 .8

	

99 .6

	

4 .1
99

	

5 .3

	

99 .2

	

6 6

	

96 .6

	

8 3

	

96 8

	

9 8

	

96 6

	

10 8

	

98 &

	

11 2

	

95 t

	

21 .2

	

95 .1

	

71 .2

	

95 .2

	

46 .2

	

94 .8

	

61 .2

	

94 4

	

8(2

	

94 5

	

1.11 .2

	

92 6

	

211 .2

	

80 .2

	

411 .3

	

63 .4

	

611 .3

	

55 .i

	

811 .3

	

49 .3

	

101! 4
35

	

2E111 4
	25 0

	

4011 .4
20 .0 - 6011

	

17 0

	

8011 .5

	

15 6

	

10011 .5

	

14 1

	

15011 .5

8
0

0

0

0

0

O

0

O

	 i	 1	 J	 1	 1_1_

10 20 30 40 50 60 70 80 90 100
PERCENT WETTING FLUID SATURATION



'IQ

A}SPi.Y : FORMATION: :rR S~~c 3 L*N

	

J I

	

f: . . 1 . CADS __1_~ -

LZT1 TOP 6,	 37.8	 ft EASE	 6533 . ,Lft LL}7GTH	 O•to

	

ft

	

trTSmucT : ff )E$Ak)L 5Tot)E , TN!CA 6(N)ED 1	 vti~/fOR/.t/A

A~~	 IY-Qj'"ac
CQt.L5' E.&E., tc't1P. .6.8E	 5cTr1.RE .~)	

	

1 /~ LR ( L, TN. . a ~~t •

	

?~ ~` ~~ ~.~	

AS-RECEIVED WATER SATURATION:

ATE

	

TIKL

	

CHIP Gx'.1GTT (z~

_ S •

	

' / 5 6
^

7

~
CZ

MLUG	 1HFOR`SATION : DI AMER

	

LENMN 5 • qs5

DEPTH~i rJ

	

fl ft ORIENTATION

	

G 0 Flt C
/

Pf~'!

FATE CUT 	R ”'-5; DRIED Al	 °C LND	 ~7	 X RLL IIVE HUMIDITY.

WET VTICHT, 	 	 DRY iTti GHT

	

~ . 9

	

2 WOLtJFI

	

Zt 7 7 tc

CAS POItOSITY UNDER NET C1ONFININC STRESS7./~CJ X TESTI C COHFLETF,4

WEiCFTT R1STORT OF FLOC:

DATE

	

T1

	

WEI

	

DATE

	

TIME

	

WEIGHT

C
- 5 6a 0 6

s"

-/ iiiii_.I-

t N i T I Y U T

	

o

	

a .t

	

T[ C M M 0 i O 4 Y

PLIITTVELL PELJECE : LANDSToz SCREENING TESTS

Iniitt1y i." vt qht

DRIED AT	 50°C AND _22
Fifes' /L MAT 1ST HUMIDITY.

WATER CONTENT OF Cf If :~~1 .

	

„ q

PORT_ VOLUME OCCUPIED ET WATER



00

CER--MWX-2 GARF I €LD COUNTY CO
CER CORE #Ei-20 (6533 .0 FT)

~RT*i POINTS

X

	

Y

2C 4 8 91
75 4 8 .51

174 8 8 2;
476 P 7 78
466 0 7 5E.

18E.4 0 7 .38
2884 0 7 .25
4050 0 7 .14

	

4161 .8

	

7 .13

1 + t L L L + _L l

	

+	 +	 1	 t 	 I	 +	 .L -1_ i__1	 .	 1	 n . J
1000

	

2000

	

3000

	

4000

	

5000
NET CONFINING STRESS (psi)

Tr

4

0

	

O

	

0

0 O

8 N$ T 1 T IJ T E

	

O F

	

0 A 2

	

T E C H N 0 L 0 i+ 1'



10.00 CER - MWX-2, GARF I ELD COU''TY . CO
CER CORE

	

51-20 (6538 .0 FT)

9 .00
• OP 10

8,0dL- • DP '5

e,
0
0

0
L
0

0
L
U

E

7.00 e-

- 5. 00

5.00 L

- 4 .00

ti
3.00

.0 '

2.00

1 .00

0 00 —	 t	 t	 t	 L . 1	 1	 1	 1	 1!	 1	 1	 1	 1	 1	 11—1 L I z 1 J i

O.00

	

.01

	

.U2

	

.03
RECIPROCAL MEAN PORE PRESSURE (1/pei)

I N S T I T U T E

	

O F

	

GAS

	

T E C H N O L O G Y



0000000000

	

1:ELL NAME' CER - MWX-2, GAR.FIELD COUNTY, CO .

	

0000000000

PLUG :

	

CER

	

CORE 1 51-20 (638 .0 FT)

	

PLUG L E>1TH1

	

5 .055

	

CM PLUG AREA1

	

5 .051 CM O 2
-4

C TEST OECIN DUR- COIIFINING MEAN DIFFERENTIAL FLOW TEMPERATURE VISCOSt7Y COISP14E3- PERMEA9ILZTY )M.
-4 DATE TIME ATION PRESSURE. PORE P PRESSURE RATE S18IL1IY I STO . DEV . 1 OF

(M-D) (HIM) (HIM) {PSIA) (PSIA) (PSI) (SCC/S) (DEC .

	

F) (C

	

POISE) (MICRODARCY) HEA8

08-19 15100 03120 4150 100 .14 9 .70 8 .65E-004 90 .01 0 .01818 0 .9989 3 .50

	

00 .17 : 37
09--18 18150 03 :00 4280 50 .20 9,84 6 .11E-004 90,02 1 .01814 0 .9994 4 .93

	

(0 .391 31
08-18 22 :30 19 :00 4204 50 .21 4 .57 2 .82E-004 90 .01 0 .01814 0 .9994 0 .91

	

;0 .063 32
08-19 16146 02144 4343 100 .06 10 .16 8 .71E-004 90 .01 0 .01818 0 .9989 3 . 43

	

1 .0 .071 38
0 09-19 20155 11130 4265 100 .22 4 .39 3 .71E--004 90 .61 0 .01818 0 .9989 3 .38

	

10 .081 66
08-20 18 :50 03122 4210 200 .40 9 .75 1 .32E-003 90 .00 0 .01826 0 .9979 2 .70

	

(0 .07) 49
08-20 12119 13126 0185 200 .17 4 .97 6 .63E-004 90 .01 0 .01826 0 .9979 2 .68

	

(0 .101 34

Cf

M



. 20

. 18

CER - MWX-2, GARF I ELD COUNTY . CO
CER CORE # 51-20 C6538.0 FT)

. 16 S w - 40%

. 14

. 12 /

. 04
V

. 02

0 . 00	 	 L	 	 J
0 .00

	

.01

	

.02

	

.03
RECIPROCAL MEAN PORE PRESSURE (1 /pay i )



WELL NAME : CER - MWX-2, GARFIELD COUNTY, CO.

PLUG : CER CORE ! 51-20 (6538 .0 FT)

	

PLUG LENTH :

	

5 .455 CM

	

PLUG AREA :

	

5 .151 cM^2

TEST
DATE
(M-D)

BEGIN
TIME
(H :M)

OUR-
ATION
(H :M)

CONFINING
PRESSURE
(PSIA)

MEAN
PORE F
(PSIA)

DIFFERENTIAL
PRESSURE
(PSI)

FLOW
RATE

(SCC/S)

TEMPERATURE

(DEG .

	

F)

VISCOSITY

(C

	

POISE)

COMPRES-
SIDILITY

(Z)

PERMFAPILITY
(STD .DEV .1

(MICRODARCY)

HO.
OF

MEAS

09-11 11 :00 29 :40 4067 50 .28 9 .50 1 .65E-005 90 .00 0 .01814 G . 9994 .14

	

(0 .111 10
09-12 26 :10 22 :26 4341 200 .04 17 .75 6 .21E-005 90 .01 9 .01826 0 .9979 .06

	

10 .101 22
09-14 12 :35 23 :40 4131 102 .19 15 .78 3 .49E-OG5 90 .00 0 .01818 0 .9989 .09

	

(0 .11) 1`

S W = 40%



2 .00 E	CER - MWX-2. GARFIELD COUNTY., CO

CER CORE # 51-20 (6538 . 0 FT)

1 .80

1 .60

1 .40

1 .20

.40

CJ . go = 1 ^~ 1 Ll. i [ i 1 ._~ L 1 1_11,	 i1 i1	 ! J.	 i.1_J..I	 I	 I

0.00

	

.01

	

.02

	

.03
RECIPFXAL MEAN PORE PRESSURE (1/poi)

J+'



•ww :wwwww

	

WELL NAME : CER - MWx-J, GARFIELD COUNTY, CO .

	

w_swwr___s

PLUG : CE 1 CORE 0 51-40 (6531 .0 FT)

	

PLUG LF'NTN :

	

5 .455 CM

	

PLUG AREA :

	

5 .051 CM'2

TEST

	

BEGIN

	

CUR--

	

CONFINING

	

MEAN

	

DIFFFRENTIAI

	

FLOW

	

TIMPERATORE

	

VISCOSITY

	

COMPRES -
DATE

	

TIME

	

ATION

	

PRESSURE

	

PORE P

	

PRESSURE

	

RATE

	

SIPILIIY
(M-D)

	

(E1 :M)

	

(H :M)

	

(PSIA)

	

(FSIA)

	

(PSI ;

	

(SCC/S)

	

(DEC . F)

	

(C POISE)

	

(1)

PEPMEAPILITY

	

N(1

(STD .DEV .)

	

OF
(MICRODARCY) MEAS

09-17 11 :02 26 :43 4100 50 .13 4 .32 1 .06F-004 90 .03 0 .01814 C,9994 .91 10 .031 51
09-18 22 :50 14 :30 4272 (00 .30 9 .92 1 .49E-004 90 .00 0 .01818 0 .9989 .60 (0 .021 29
09-1? 14 :50 18 :00 4352 - 200 .21 9 .61 2 .19E-004 90 .00 0 .01926 0 .9979 .46 10 .021 52

Sw a 30%



5.00c- CER -• MWX-2, GARF I ELD COUNTY, CO
CER CORE # 51-20 (6538.0 FT)

S W - 15%

U
L
0
0
0 3.00
L
U

v

2. 00

1 . 00

0. 00	 	 1	 I	 ,	 t	 i	 i	 i	 i	 t	 t	 i t 	l	 l	 1	 t J I i _L J~J

0. 00

	

. 01

	

. 02

	

, 03
RECIK -KCAL MEAN PORE PRESSURE (1/psi)



YELL

	

NAME :

	

CFR

	

-

	

MuY-2,

	

GARFIELD

	

COUNTY ,	CO . ro__ ► sar ne

PLUG :

	

CER CORE

	

0 51-20 (6538 .0

	

FT)

	

PLUG

	

LENTH :

	

5 155 CM PLUG AREA :

	

5 .051 CM"'

TEST
DATE

P£GIN
TIME

DUR-
ATIONI

CONFINING
PRESSURE

MEAN

	

DIFFERENTIAL
PURE.

	

P

	

PRESSURE
FLOW
RATE

TEMPERATURE VISCOSITY COMPRES-
SIEILITY

PERMEAUILITY
! STD .CfV .

	

i
NJ

(M-0) (H :M) (H :M) (PSIA) (PSIA)

	

(PSI) (SCC/S) (DEG .

	

F) (C

	

POISE) (Z) (MICRODARCY) MCnS

09--21 15 :05 15 :45 4187 50 .39

	

9 .50 3 .03E-004 90 .01 0 .01814 0 .9994 2 .53

	

(0 .011 79
09-22 17 :24 14 :26 41134 100 .79

	

9 .211 4 .07E-004 90 .01 0 .01818 0 .9989 1 .74

	

(0 .141 71
09-23 10 :35 02 :40 4085 200 .61

	

19 .07 1 .32E-003 90 .00 0 .0 ;826 0 .9979 1 .39

	

10 .031 71
09-23 13 :37 13 :08 4065 200 .60

	

18 .89 1 .31E-003 90 .00 0 .01825 0,9979 1 .19

	

(0 .12I i'
09-23 19 :00 (2 :52 4149 50 .28

	

10 .03 3 .25E-004 90 .Cl 0 .01314 r

	

9994 2 .58

	

10 .131 14

S w = 15Z



8.00[--
;-

CER - MWX-2, CARF I ELD COUNT' . CO

CER CORE # 51-20 (0538 .0 FT)

6 .00

oz

:-

4 .00

7'

4-

,.r

2 .00

0.00

	

-, i I	 ; - . L_L_L.L_L_1 	 i	 < I i ,_~L I I, J-J _ x
0.00

	

,01

	

.02
RECIPROCAL MEAN PORE PRESSURE (1/pe )

	,J

.03



WELL NAME ; CER •• MWX-2 , GARFIELD 0004TY, CO

TEST
DATE
(M-b)

BEGIN
TIME
(H :M)

P LUG :

	

CER

DtR-
ATI3N
(H :M)

CORE

	

t

	

51-20

CONFINING

PRESSURE
IPSIA)

(6538 .0

	

FT)

	

PLUG

	

LENGTH : 5 .455 CM

TEMPERATURE

(DEC .

	

F)

PLUG

VISCOSITY

(C

	

POISE)

AREA:

COMPRES-
3181LITY

(Z.)

5 .051

	

CM^2

40.
OF

MEAS

MEAN
PORE P
(PS n A)

DIFFEREN'.IAL
PRESSURE
(PSI)

FLOW
RA1E

(SCE/S)

PERMEAPILITY
ISTD .DEV .I
(MICRODARCY)

09-27 18 :22 13 :45 4200 51 .35 10 .46

	

- 6 - 82:-004 90 .01 0 .01814 0 .9994 5,06

	

(0 .06) 74
09-30 23 :05 16 :86 4207 100 .28 9 .74 8 .84E-004 90 .01 0 .01810 0 .9989 3 .62

	

10 .051 80
10-01 08 :07 03 :58 n 415 199 .95 9 .77 1,33E-003 90 .01 0 .01826 0 .9979 2 .74

	

(C

	

051 43

5w -0%



0
CER-MWX-2 (ARF I ELD COUNTY CO
CER CORE 51 20 (0538 .0 FT)

0
0

0

0

0
0
0)a-leee

0

0

	

0

1
0

SAMPLE POPOSITY = 7 56%

	

AT K r T STRESS=

	

968

	

vr2
0

DATA POINTS

	

0
>1

	

Y
0

100 0

	

1 5
100 0

	

1 9
100 .0

	

2 .9
100 0

	

4 .2
967

	

5 .4
98 7

	

6 9
96 7

	

E4
97 4

	

9 _ 9
9 7 .4

	

12' £;
97 4

	

11 2
95 4

	

21 2
95 1

	

31 2
94 . 7

	

46 2
94 .2

	

61 2
93 .7

	

86 .2
92 .7

	

111 .2
89 .4

	

211 .2
E1 .9

	

411 4
52 .0
46 .6

	

611 4
8 .4

42 .9

	

12'
1
1

1
1 5

34 .1

	

2011 .5
25 9

	

40 : : .6
203

	

6011 .6
17 5

	

8011 6
15 .7

	

10011 .6
13 6

	

15011 .7
	1	 1	 1!	 1	 1	 1	 ~_	 1	 1	 1	 1	 1!	 1	 .1	

10 20 30 40 50 60 ' 70 80 90 100
PERCENT WETTING FLUID SATURATION

0

0

0

8
0
0
0
0

0

0
0



?RJLTTVELL PktOJECT : SMDSTOkE 5CRLENIIIG TESTS

	

Pq	 3 oC

C .L .A . CORE

	

51 -	 of	al Tl1T4RxAT1~'~;7 : M~.!7If,-,- fT~„~

	

f

	

____

mcI?i : TCIP

	

s	 ft titASE G Y $_~.. ft LENGTH	 0.4	 ft

i,IT'1OtOCT :. 	 (-ME_ 5rLa 2 ~1G57oAT

	

, //v '

	

~,'`~/ Jar

	

•

	 7-Hity	 SC ~F.	 R I
SK L /coAzYS.2 51'3. 	 r~/~JELY	 0/V/0Ef. _c041V/1(Mis .

/ C oAJ EN?`r', /9 Y~ 0Q/J	 T./gO'7_

AS-RECTI'.'ED WATER wATURATICh2 :

1

	

G?i" E

	

TI

	

CHIP HEIC?T

► ; -a ly : 2o 57v.

:-5 oo .Cr 8.c
F-/5 56, 8 .EG

DRIED AT_, 50°C AND 1 _ x
IELATIVE HUMIDITY.

WATER CONTENT OF CHIP :	 6	 U	 Jt

PORE VOLUME OCCUPIED BY WATER:

PLUG INFORM`! T I ON : t: AM TER. -	 .5 5 7cm LENCTNi5;

	

_ao

DEPTH

	

ft ORIEhtATIOtiw~~~ 	 w	

DATE CUI. (1 - a -Ll	 DRIED AT	 6'Q C AND

	

1 RELATIVL 1. 4IDITY.

VET WEIGIfi

	

t DRY WEIGHT 47

..

	

VOLUXE~7, 	 / 33 cc

GAS POROSITY UNDER NET CONFINING STRESS ; . 7

	

x TESTING COKP :.ETE

WiL

	

HISTORY OF PLL~IG:

DAIT

	

TIME

	

WEIGHT

	

GATE

	

TIME

	

WEIGHT

-5 /Q : e?5 /'7, (230

i e. , -d . 2 3

1 K I f 1 T U T f T t C M U O L O f T0 GA 6



10 n
r-

8L

r
5
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CER-MWX-2 GARFIELD COUNTY CO

CER CORE W51-26 (6548 .7 FT)

8~
~o

Q

	

0

7

	

C,

	

Q O

D TA POINTS

x

	

y
_26_4 _ 6_02
75 4 7 63

179 .6 7 63
476 8 7 48
968 A 7 .36

1369 0 7 .28
2884 P 7 87
4050 8 6 .96

	

4101 .0

	

6 .95

p~I 1 L 1 I

	

i	 i	 l	 1 I L 1 i ~ i i i l i I t

	

I 1

0

	

1000

	

2000

	

3000

	

4000

	

5000
NET CONFINING STRESS (psi)

1 H$ T I T U T E

	

0 F

	

G A S
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CER - MA'X-2 . GARF I ELL COUNTY, CO

CER CORE # 51-25 (6548 .7 FT)

9. 00

8.0!L

e 7.00

CA P s 10
DP = 5

w-

Q..

2.00

1 .00

L
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.01
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RECIPROCAL MEAN PORE PRESSURE (1/pwi)
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-4

000*0100000 WELL NAME' CER -- MWX-2, GARFIELD COUNTY, CO .

	

45OI:U : 04100

-4

C

-4

I,

O

PLUG, CER CORE 0 51-26 (6548 .7 FT)

	

PLUG TENTH : 5 .379 CM

CONFINING

	

MEAN

	

DIFFERENTIAL

	

FLOW

	

TEMPERATURE
PRESSURE

	

PORE P

	

PRESSURE

	

PATE
(PSIA)

	

(PSIA)

	

(PSI)

	

(SCC/S`

	

(DEC . F)

4150

	

100 .13

	

9 .71
4281

	

50.20

	

9 .89
4202

	

50 .21

	

4 .57
4343

	

100 .05

	

10 .17
4270

	

100 .21

	

4 .42
4210

	

200 .40

	

9 .76
4185

	

200 .20

	

4 .95

PLUG AREA, 3 .053 CM"2

VISCOSITY

	

COMPETES-

	

?°ERMEAPILITY ME.
S IPILI TY

	

(STD . DEV . I

	

OF
(C POISE)

	

(Z)

	

(MICRODARC` : MEAS

	

0 .01818

	

0 .9989

	

2 .65 10 .061 39

	

0 .01114

	

0 .9994

	

3 .71 (0 .11)

	

16

	

0 .01814

	

0 .9994

	

3 .72 10 .07)

	

33

	

0 .01819

	

0 .9989

	

2 .56 11 .081

	

30

	

0 .01818

	

0 .9989

	

2 .53 11 .06)

	

46

	

0 .01826

	

0 .9979

	

1 .99 10 .751

	

4?

	

0 .01826

	

0 .9979

	

1 .94 10 .162

	

27

TEST

	

PEGIN

	

OUR-
DATE

	

TINE

	

ATION
(M-D)

	

(HIM)

	

(HEM)

08-18

	

15 :00

	

03 :20
08-18 18 :50

	

13 :05
08-18 22 :30

	

09 :00
08-19

	

16146

	

12144
08-19 20 :55

	

11 :30
08-20 18(50

	

03122
08-20 12 :18

	

03 :26

	

6 .53F.-004

	

90 .01

	

4 .68E--004

	

90 .01

	

2 .16E-004

	

90 .01
	6 .61E-004

	

90 .00

	

2 .840-004

	

90 .00

	

9 .830'_-004

	

90 .01

	

4 .87E-004

	

90 .01



0
6ER—MWX -2 GARF= I ELD COUNTY CO

CER GORE. 51 — 26 (6''.-J48 .7 FT)
0

e

o

0

0

0

0

caMF~E POROSITY= 7 36%
AT NET STRESS ..	968 .si

DATA POINTS.

m
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NIWX-3, RULISON FIELD, CO

LORE # 64-13 (6445 FT .)

0

0

0

0
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0

PnFOI7
,,41'

	

',tOE4',, 4000 o :1NFT 4
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PLUG : 64-13 (6446 ' ) Sw 0 -̀,0X

	

6'LU1 . LEUI ;IH .

	

3 .7117 L8

	

fI UG AREA :

	

5 .059 CM-2

TEST
DATE
(M--D)

kELIH
T1ME.
(H :M)

DUR-
ATiOM
(H :M)

CONFINING
PRESSURE
(PSIA)

hIAN
PURL

	

P

(PS(A)

DIF, Eti NI IAL
PRE :,SURL
(PSI)

F 4 0W
RAIL
(SCC/S)

TEMPLUA(URE

(DIG

	

F)

VISI :USI 1Y

(C

	

!'G(SE)

((IH)'W 'c `,-

'. ;IIILI

	

IY
CL)

PERMEAi'IL

	

(if
VALUE

	

S(1)

	

DEV
(ti)CRODARCY)

	

I

	

X

	

t

04-15 16 :45 14 :45 20YH 101 .74 71 .19 I

	

.811)

	

-004 94 .00 0 .01852 0 .99 9 2 2 .67E-0Ql (

	

1

	

9)
04- 16 15 :24 16 :30 !213 200 .54 20.52.741-004 94 .00 0 .00857 0 .9 . /87 2 .12E-001 (

	

2 .1,1
04-18 IC

	

'0 09 :50 2496 500 .96 29 .71 , .91E.-004 94 .(1) 0 .01880 0 .9'982 1 .81E-0J1 :

	

2 .4)

04- 19 11 :22 08 :10 3401 1394 .40 19 .3 ; I

	

. .1 I F

	

-8113 94 .110 0 .02010 1 .011113 1 .68E-601 (

	

2 .8)
04-19 20 :45 17 :00 4:96 1400 .23 19 .85 6 .36r-004 94 .00 0 .0:-710 1 .0084 7 .43E-000 (19 .6)
04-20 17 :00 46 :38 5206 1399 .713 19 .73 2 .6111

	

-004 94 .1,0 0 .02009 . 0 4 : 8i 3 . .:36-00 : : ( 1 0

	

8)

04-73 1,440 3 '0420 4299 500 .77 21 .01 1

	

20 .6 -004 Y4 .0d 0 .011880 1) .)9112 3 .89E-00 :' (

	

7 .0)

04-27 21 :30 38 :311 3999 201 .60 21 .35 6 .476-005 94 .00 0 .018'07 0 .9986 4 .8iIL-092 (

	

4 .

	

1

	

)

05-01 20 :40 42 .23 3897 101 .38 71 .89 4 .41E-005 94 .00 0 .01852 0 .9992 b .34E-002 (

	

2

	

5)



MWX–3, P JL I SON FIELD . C

64–13 {6440' SW-50%
E

.3

•– -~-"'~~

	

NET Pc = 3800 PSI

0 . 0
0 .000

	

.005

	

.010
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI



r•wa*rr*w

	

WELL NAME : MWX-3, RL)LISON FIELD, CO .

	

rwrrrswrrs

PLUG

	

64-13

	

(6446') Sw=401 PLUG LENGTH : 3 .78:

	

CM PLUG AREA :

	

5 .059

	

CM O 2

TEST BEGIN DUR- CONFINING MEAN DIFFERENTIAE FLOW TEMPERATURE VISCOSITY COMPRES-

	

PERMEABILITY

DATE TIME ATION PRESSURE PORE P PRESSURE PATE SIBILITY

	

VALUE

	

STD .

	

DIV.
<M-D) (HIM) (HIM) (PSIA) (PSIA) (PSI) (5CC/S) (DEC .

	

F) (C

	

POISE) (2)

	

(MICRODARCY)

	

(

	

X

	

)

05-04 04137 08 :07 2094 100 .15 10 .63 3 .25E-004 94 .00 0 .01852 0 .9992

	

9,75E-001

	

(

	

1 .8)
05-05 14 :54 05 ;54 2191 200 .41 10 .57 5 .05E-004 94 .00 0 .01857 0 .9 087

	

7 .63E-001

	

(

	

1 . 6)
05--06 14100 05145 2518 499 .57 10 .81 1 .04E-003 94,00 0 .01880 0 .9982

	

6 .21E-001

	

(

	

1 .7)

05-07 09 ;24 03 :39 3397 1400 .45 11 .26 2 .64E-003 44,00 0 .02010 1 .0004

	

5 .80E-001

	

(

	

2

	

0)
05-07 15 :30 06110 4398 1400 .46 10 .83 1 .32E-003 94 .00 0 .02010 1 .0084

	

3 .0

	

1

	

001

	

(

	

3 .1)

05-07 23 :13 17 ;30 5408 1400 .24 10 .52 7 .35E--004 94 .00 0 .020)0 1 .0081

	

1 .78E

	

OOT

	

(

	

5 .9)
05-09 01 :00 16 :30 5482 1450 .77 11 .58 8 .02E-004 94 .00 0 .02019 1 .0094

	

)

	

66E.

	

001

	

(

	

5 .7)
03-10 13 :52 06 :45 4517 501 .48 20 .d3 6 .251-004 94 .00 0 .0)090 0 .9902

	

1 .94E-001

	

(

	

2 .6)
03-11 13 :30 22 :30 4501 201 .34 21 .35 3 .39)-004 94 .00 0 .01857 0 .9986

	

2 .52E

	

001

	

(

	

x .31
05-14 11145 20 :45 4098 100 .59 19 .69 2 .10E-004 94 .00 0 .01852 0 .9992

	

3 .38E-001

	

1 .81
05-15 20115 20 :26 4049 50 .52 19 .71 1 .59E-004 94 .00 0 .01851 0 .9996

	

5 .10E-001

	

(

	

1 .6)



MWX—3, RUL I SON FIELD, CO.
64—13 (5446') Sw=407.

NET Pc = 4000 PSI

0 .0h	 t	 I	 1_ _	 1	 1	 l	 t	 j._ j	 I	 9	 1	 1	 1_1_1	 1
0 .000

	

.005

	

, 010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



* * * * n * «000

	

WELL NAME : MUX-3 . RU),ISUN IIELD, CO.

PLUG : 64-13 6446') Sw'30X

	

PLUG LENGTH ; 3 .707 CM

	

PLUG AREA'

	

5 .05 : CM-2

TEST

	

81GIN

	

DUR-

	

CONFIN.MEAN

	

DIFFERENTIAL

	

rLOU

	

TEMPERATURE

	

VISCOSITY

	

COMPRES-

	

P19MEAFII1TY
DATE

	

TIME

	

ATION

	

PRESSURE

	

PORE. P

	

PRESSURE

	

RATE

	

S1b10ITY

	

VALUE

	

SID . DEV.
(M-D)

	

(N :MI

	

(HIM)

	

(PSIA)

	

(PSIA)

	

(PSI)

	

(SCC/S)

	

(DEG . F)

	

(C POISE)

	

(0)

	

(MICRODARE0)

	

( X )

03-18

	

08135

	

04 :52

	

2093

	

101 .56

	

10 .16

	

6 .331-004

	

94

	

OC

	

0 .01852

	

0 .9992

	

1 .90E*000

	

( 1 .2)

05-18

	

15 :28

	

02 :36

	

2200

	

200 .55

	

10 .27

	

9 .04E-004

	

94 .00

	

0 .01057

	

n .9967

	

1 .5300000

	

( 1 .1)
35-19

	

13 :55

	

02 .24

	

2499

	

499,51

	

10 .00

	

1 .91E-003

	

94 .00

	

0 .01000

	

0 .9'U2

	

1 .23E-000

	

( 1 .3)

05-21

	

15 :20

	

03 :44

	

3398

	

1390 .64

	

9,36

	

3 .97E-003

	

94 .00

	

0 .02009

	

1 .00113

	

1 .05E*00C

	

( 1 .H)

05-21

	

20 :00

	

12 :23

	

4397

	

1399 .18

	

9 .21

	

2 .32E-003

	

94 .00

	

0 .02009

	

1 .0003

	

6 .2200001

	

( 1 .8)

05-22

	

09 :12

	

06 :30

	

5401

	

1399 .62

	

9 .66

	

1 .57F-003

	

94 .00

	

0 .02009

	

1 .0083

	

0 .03E-001

	

( 2

	

9)

05-23

	

18136

	

13 :54

	

5443

	

1449 .67

	

9 .30

	

1 .50E-003

	

94 .00

	

0 .02019

	

1 .00 9 4

	

3 .87E-001

	

( 3 .3 )

05-25

	

10 :15

	

08 :45

	

4496

	

500 .59

	

9 .61

	

6 .76E-004

	

94,00

	

0 .01060

	

0 .9902

	

4 .551-001

	

( 20 4 )
05-28

	

13 :30

	

19 :10

	

4197

	

200 .67

	

9 .80

	

3 .60E-004

	

94 .00

	

0 .0 ;057

	

0 .99)37

	

5 .85E-001

	

( 1 .8)

05-30

	

17 :24

	

15 :UC

	

4091

	

100 .10

	

9 . . .2

	

2 .39E-004

	

94,00

	

0 .01052

	

0 .9992

	

7 .93E-001

	

(
05-31

	

18 :15

	

13 :30

	

4053

	

50 .47

	

9 .59

	

1 .81E-004

	

94 .00

	

0 .01051

	

0 .9996

	

. .19E*000

	

( 1 .6)



2 . 5
MWX—3, RUL I SUN FIELD, CO.

64—13 (6446' ) Sw=30%

2 .0

o DP == 20

40 DP = 10

I.

0.0	 I	 1

	

L

	

1	 i_ _	 I	 I

	

[

0 . 000

	

. 005

	

. 010

	

. 015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )

0 DP = 2 .5



I.Jt

	

N .1)1l

	

MW)(

	

1 SON I- I' LI), II).3 . KI)I

PLUG : 64-13 (6446') Sw=)S%

	

PLUG

	

N .lO :

	

3 707 CM

. 1 *

uG

	

n .o',? cm-2

TEST

	

WAN

	

OUR-

	

CONFINING

	

MEAN

	

DIVELKINTIAL

	

FLOW

	

TEMPI NATURE

	

VISLO.PITY

	

COmPRIS-

	

PF)61EAblI I T J

DAIL

	

TIME

	

AIIUN

	

PNESSURL

	

PORE

	

P

	

PMESSONL

	

NAIL

	

VALUE

	

SID

(M-D)

	

(H

	

M)

	

(H

	

M)

	

(PSIA)

	

(PSIA)

	

(I'SI)

	

(1X(:/S1

	

(DEC .

	

V ;

	

101St 1

	

(I)

	

(MILRODARCY)

	

(
04V

06-64

	

10 .3S

	

OJ

	

SS

	

2097

	

10115 .04

	

S .10(l -004

	

Y4 .00

	

0

	

0) 0 1 .2

	

0 .9992

	

3

	

51E ,-000

	

( 1 .S)

(6-O5

	

0Y

	

lb

	

0S .00

	

2199

	

199 .92

	

-004

	

94 .00

	

0 .010;)7

	

0 .49H 9

	

2,72E . 001

	

( I

	

11

06-06

	

09 :17

	

03 :30

	

2499

	

500 .42

	

4,H6

	

1,64)

	

-01I .i

	

Y4 .00

	

0 .01000

	

0 .99)12

	

2 .1HE . 000	( 1

	

2)

06-07

	

15 .07

	

02 :16

	

3400

	

1399 .79

	

4 .63

	

3 .51)1 -OILS

	

94 .110

	

0 .02009

	

1

	

0003

	

I .87E n 000

	

( 2

	

61

06-08

	

06 . 1 .7

	

03 :10

	

4400

	

1400 .22

	

l/

	

2 .t,71-00i

	

Y4 .110

	

0 .020(0

	

1 .0004

	

1 .23E. ..000

	

1 2 .i)

06-08

	

12 .48

	

05 .18

	

5396

	

1400 .11

	

4 .74

	

1 .6 .'1-003

	

94 .00

	

0 .02110

	

I

	

000!

	

H

	

4SE

	

-001

	

( i)

06-09

	

22 :27

	

03

	

US

	

5392

	

1399 .12

	

10 .17

	

3 .47t-003

	

S'4 .00

	

0 .0

	

0UY

	

1

	

vhrii

	

8 .49( -001

	

( 2 .u)

06-11

	

19 .18

	

04 :09

	

4498

	

500 .89

	

9

	

HS

	

1 .5111

	

-UO3

	

94 .00

	

0 .010110

	

U

	

V9142

	

9 .07E-001

	

( I

	

I)

06-12

	

09 :16

	

01

	

. 1 2

	

4200

	

,00 .50

	

9,91

	

7 .' ;III

	

-004

	

Y4 .111

	

0 .01057

	

0

	

9909

	

1 .20E . 000

	

( 1 .2)

06-13

	

09 .25

	

04 : 1 4

	

4100

	

100,4H

	

9

	

76

	

5 .34E --01)4

	

94 .1)0

	

0

	

010 1 .2

	

U - 9992

	

1 .74E . U01! 0)

06-14

	

09 :36

	

05 :22

	

4051

	

50 .22

	

10 .12

	

4 .14E-004

	

94 .00

	

0 .0181)1

	

0 .9996

	

2 .60E . 000 1 .1)



4 . {d

3 . 0

2 .0

1 .0

MWX-3, RULISON FIELD,

	

0.

54-13 (5445') Sw=I5%

0.0
0 .Z,

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



IkAIMil).kXXX WILL Nf nlit

	

(1W .'

	

RU)

	

11,11N

	

1

	

it(

	

0 .

	

1 .11 . n .. .AI )I* n *t

PLUG :

	

64-13

	

(6 4 46') Sw-07. PLUG 10W :111 . 3 .787

	

CM r) !)F .

	

A40A : 5,059

	

CM - 2

3E51 Ni 1 :1N DUk- C' "FINING MIAN FLO'. 1EM01kAl l ikE VIS(OSlrl C8mVI405- 11Y
DArL 11010 ATION P0,50IURE P0 0 0

	

P PR05S81e L RAlt 5181011Y VALUE

	

5FL DIV.
(M-D) (H :(1) (04 .M) (PSIA) I(SIA) (PSI) :50C/I,) (f)L .

	

F) IC

	

POISE) (MICRODAWCY)

	

1

	

X. )

06-19 10 :03 01 .15 2108 101 .94 10 .28 2 .061-003 94 .110 0 .01852 0 .9990 6 .271 . 000

	

( 1 .6)
06-19 14 :26 01 :23 2203 700 .40 9 .90 3 .101

	

1)113 94 .00 0 .0180,7 0 .9913 I 4 .950 . 000

	

1 2

	

1)
06-20 08 .59 01 .49 2501 500 .06 8 .14 5 .101 0 .018'00 0 .9782 4

	

060 , 000

	

( 1 .6)
06-20 16 :45 01 :24 3398 1399 .47 4 .44 6 .

	

-11113 94 .)'O 0 .02009 1

	

0081 3 .56E , 400

	

( 1

	

0)
06-21 C9 :t'o 01'21 3402 1 .199,67 4 .79 6 . 0/ .10

	

-00,3 94 .00 0 .02009 1 .0083 3 .5710 , 000

	

( 5)
06-21 11 .04 0226 4398 1 399 .1)8 4 .60 4 .471

	

-003 Y4 .00 0 .02010 1 , 0081 2 .40E+000

	

1 I

	

7)
06-21 14 :12 02 :00 5 4 03 1402,34 8 .90 6 . SOt

	

003 94 . t)0 0 .02010 I .D(IH4 1 . 0'40000

	

( 1 .4)
U6-22 17 .12 01 .13 5451 1449 .40 Y .97 7 . 141

	

-003 0, 4 .11C 0 .02019 1 .0094 1 .7 :'1

	

*000

	

( 1,i)
U6-23 10 .37 02 .31 4500 501 .92 10 .02 3 .12t

	

-01)3 94 .00 0 .011180 0 .99112 2 .010 , 000	( 1 .2)
06-25 0Y

	

14 01 :42 4202 20C .41 10,41 1

	

60, 1 .-0113 94 .00 (I .01857 0 .9907 2

	

58E .000

	

( 1

	

5)
06-25 15 :51 01 :04 4101 100 .44 19 .53 lit

	

-

	

Oili 0'4 .110 0 .01852 0 .990'2 3 .46E+000

	

( .5)
06-26 09 :07 01 .28 4049 50 .62 19 .6Y 1

	

.5EI

	

-003 94 .00 0 .01851 0 . 9 996 5 .041 0 000

	

( 1 .4)



m
w
CI'
LU
0.

M'I'X—3, RUL 1 SON FIELD . CO.

54—13 c6445'

	

Sw= X

NET Pc

	

4000 PSI

0 . ®

	

i

	

1

	

I ,,~ 	i	 1	 I

	

t

	

I

	

f

	

I	 l	 I	 1	 1	 11
0 .000

	

.005
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.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



z

1r.

C

1

rn

CORAL RUN 42

0770000

	

WELL NA1,E : In,1-0- 3 , RIO I SON F 1 F1 I)

	

CO .

	

I . i. + 1: K #. 0 77

0

	

PLUG : 64-13 (64 4 6 FT .) SATN .- 0

	

l'LUC LEIIGTI : :

	

3 .707 CO

	

PLUG AREA :

	

:. .059 C0'2
-n

TEST

	

BEGIN

	

OUR-

	

CONFINING

	

HEAN

DATE

	

TlOE:

	

ATICN

	

PRESSURE

	

PORE °
r

	

(M-D)

	

(H :H)

	

(H :N)

	

(PS1A'

	

(FSIA)

O IF r F RENT IAL
PRL`;011I:L

(P S1 )

FLOW

	

TEMPI 074 TORE
RAIL

ISCC/ )

	

(OIL . F )

VISCh' .ITY

	

COMPRES-

	

FE08EA6iLITY
5181L1 TY

	

VALUE

	

SID . DF:V.

(C POISE)

	

(2)

	

10ILROOARCY)

	

(

	

)
C)

70

03-20

	

10 :35

	

03 :00

	

4177

	

200 .35

	

x,91)

	

8 .591'-004

	

94 .00

	

0 .011)57

	

0 .9987

	

2 . 880E+000

	

( 1 .2)

03-20

	

:6 :21

	

02 :48

	

4092

	

101 .06

	

9 .73

	

1 .13E-003

	

94 .00

	

0

	

0 :852

	

0 .9592

	

5 .67E+000

	

( 1

	

. ;)

03-21
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( 3 .7)

03-22

	

20 :00
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2 . 9 1I--003

	

94 .00
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0 .01(102
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WELL MANE : NtJX-3, Ri1Li':ON FIELD, CO,

PLUG :

	

64-13

	

(

	

6446

	

FT .)

	

VERT, Su 0

	

PLUG 1FNGTH : 3 .207

	

CM 01115 APIA :

	

0 .055

	

5M - 0

0

T TEST
DATE
(M-I))

BEGIN

TIME
(H :N)

OUR-

AT10N
(k :H)

CONFINING

PRESSURE
(PS1A)

MEAN

PORE
(P5 4)

DIFFEPFNIIA1
0 9 F 5 S1!RE
;PSI)

Flow
R1rE

(5[C/S)

TEHPEPAT(IPE

(DEG .

	

F,

')VLfl'111Y

i5

	

POiSF 1

GfMT'RFS-

	

P1P!1E6111LITI

;IE1LIIY

	

VALUE

	

STD

;7)

	

(rI ;RODAPCY)

G{ l ,

02-20 14 :27 01 :23 4412 200 .23 5 .23 7 .51,E-0114 93 .01 0 .01821, 0,99?9

	

1 .90E+000

	

( 1 .6)
C) 02 . 20 16 :37 02 :03 4599 399 .03 4,95 i .121-003 93,00 11 .0))112 0,995?

	

1 .57E4001!

	

( 2 .4;
02-20 22 :00 09 :22 4310 99 .56 2 .11, 2 .117E-004 93 .0' 0 .011'.18 11 .9909

	

2 .54E+000

	

( ,61)
02-21 08 :42 02 :12 4239 100 .35 5 . .1 .E 5 .10 ;

	

004 91 .00 0 .018111 0 . 9:909

	

2

	

4'O1 :000

	

( ;i .li
N 02-2) 12 :06 01 :03 4215 199 .15 5 .15 7

	

2fIF -0114 9 1_00 0 .01826 0

	

9929

	

,

	

885 , 000

	

( 1

	

.

	

1

	

)

02-21 14 :08 02 :12 3219 199 .13 5 .08 9 .25E-004 91 .00 0 .011 326 0 . 90 /9

	

16E+000

	

( 2 .0)
02-21 19152 10 :53 2119 100 .91 1

	

64 2 .22F-000 9 1 .00 0 .1 1 1819 0 . '79 f1 9

	

3 .52E+000

	

( 2 . 1 )
02-22 09 :44 02 :18 2210 200 .200 4 , 9`0 1 .020-00i 91 .00 0 .010126 0 .9909

	

2

	

70E+000

	

( 1 .7)
02-22 1 : :16 01 :00 2406 379 .17 4 . 9 8 1 .69F-003 91 .00 0 .31842 09',59

	

2 .28-+000

	

( 15)
02-22 14 :42 01 :34 4399 399 .16 4 .85 1 .111-0113 91 .110 0 .011147 0 .9959

	

1

	

535+000

	

( 2 .0)
02 - 22 22 :40 07 :35 4460 158 .08 1 .90 4 .3710 -004 91 .00 0 .0134 .7 0,99' -, ;

	

1 .31E+000

	

( 4

	

8)
m 02-23 09 :52 01 :50 4220 201 .16 4 .97 7 .151-1104 91 .00 0 .01826 1

	

0I)E+000

	

( 1 .9)
02-23 13 :09 01 :42 4125 100 .59 _

	

.

	

i`: S .211!"-004 91,110 0 .111818 0 .9' % 89

	

2 .63E.+000

	

( 1 .2 1

2

z



CCtAL RON 34

W E L L 1 4 A : l f

	

.

	

0 .10 . 1

	

RUL I S 1 1 , 4

	

1 P ,

	

f

PL9G,

	

b4-13
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1) 1 2

TEST PECIN PUP- CONFINING IT0 AN RI N01AL T1 80,)6r('0T yr',i

	

T ; l ,f

	

T ;('11 .1''Ti- 0F06rAP11

	

1TY

DAZE Tl ; AT10N PRESSURE PORE PR0'0101IRT RAT0 SIP11

	

1171 STD .

	

0001

:M-D) (II : M) (H :01 1 (PSIA) tPRIA) (PS I ) tSrC/S) ,P(C .

	

) (0-	P ,)iSf

	

) (Z )(L0nr)A0c')) (

	

11

	

)

11-15 14 :24 03 :02 4183 200 .91 7 .9(' 1 .500-003 99 .00 0 .011 ;57 0 .9097 2 .96E+000 1

	

1 .9)

11-15 17 :31 11 :51 4197 200 .77 2 .22 4 .(!d-

	

004 Flr)I0 0 .11195 '1 T) .9997 2

	

9 01 .000 (

	

2 .2)

11-16 11 :59 01 :15 4538 500 .19 9,71 3 .390-101 90 .00 T1 .011 :0 11,901 ;2 2 .25'4000 (

	

2 .5)

11-16 15 :00 01 :42 5039 1004 .29 10 .51 6

	

31E

	

00 1 90 .00 (1 .11)913 I

	

0017 1 .07f .onn 1

	

2 .R)

11-l6 20 :50 12

	

1P 5317 1347 .33 1 .10) 7

	

6 11 -094 99 .00 17 .02000 1 .0073 1 .851 .000 1

	

9 .41

11-17 19 :15 14 ;27 5427 1447

	

OR 4 .49 1 .5 9 0-001 00 .00 11 .020111 1 .11094 1 .91E+000 (

	

1 .8)

11-18 11 :04 02 :01 052) 500 .1h 18 .3 9 6 .230-00) 90 .)n 0 .111880 2 .19E+000 (

	

4 .1)
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,xxixx,, . n

	

ui l L NA11t :

	

ktll 1 :,(014 t ILA D,

	

r . I . x r x x x a

PLUG : 6 :,-1 l (6 :,14') Sw- :,OX

	

PLU1 . LENGII! .

	

4 .014 (..M

	

1)G APIA ;

	

', .0 ,0 Cn'2

TE :,T
0411_
(M- Dl

1+EL .IN

i (NE
(M :M)

DUR-
ATION
(H .M)

CONFINING
PRLSSURL
(PSIAI

MEAN
PURE P
(PS1A)

DIE} E k(Nt IriL
PRc,, .̀i(lkt
(PSI)

110w
14611

(5LI./S)

T1 MI'FRAI(.)kE

(DIG .

	

Ft

Jft,t .(Y,,j

	

f Y

IL

	

POISE)

I

	

!1,Si'R15-
Sfi~it

	

f TY
(L)

1 f - 4M)Ab1L I IY

VALUE.

	

SID .

	

DEV

(nILR(I04)CY)

	

(

	

)

04-15 17 :15 14 :00 .'096 1111 . 7 3 21 .21 9 .141

	

1105 9 4 .00 0 .81052 0 .999 ..' 1 . 4 3 E- 0 0 1 (

	

2 .1)

04

	

16 17 :12 14 :42 2214 200 .51 20 .63 1 .32 -004 94 .110 U .1J11l57 0 .9907 I .IIiL-110I (

	

2 .0)

04-1E 10 :20 009 :50 2497 500 .95 211 .73 2 .711

	

01 .4 94 .110 0 .0e(1!1U 0 .9902 B .97F-002 (

	

49)

04-19 11 :22 00 :10 3401 1 399

	

96 1 9 . .37 6 .42)

	

1104 Y4 .00 0 .020(0 I

	

. 00ItS d .69t-002 (

	

4 .7)

04- 19 21 :00 15 :30 4297 1400 .23 19 .811 3 .011

	

-004 Y4 .00 U .02910 1 .1111114 3

	

971-1102 (

	

b .•)'

04-20 17 :00 40 :00 5211 139'9 .06 1 .151

	

004 9)4 . UU 0 .02010 1

	

. U(IU3 1 .511

	

-007 (

	

9 . : :)

04- 23 19 :40 36 :42 4298 51)0 .76 21 .114 4 .901

	

-0115 94 . 110 0 .01000 0 .99'02 I .6ut-002 (13 .41
114

	

27 22 .30 31 ;30 3997 201 .60 21 .36 2 .H11-065 94 .00 0 .01)157 11 .99116 2 .21E-002 (

	

9 .6)

05--UI 20 :40 42 :23 3090 101 .30 21 .f1U 2 .07E-005 94

	

U0 1 .11)852 0 .9992 3 .16E-002 (

	

6 .2)



MWX-3 . RULISUN FIELD . CO.
55-11 (6514') Sw-50%

J DP = 20

s DP = 10
1— 0 DP = 5

DP = 2 . 5

w
Li

O
Cr:
(_?

~ K>

,/J

	

NET Pc = 2000 PSI

NET Pc = 3800 PSI
0 . 0

0 .000

	

.005

	

.010
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI



WELL NAME1 MUX-3, RUL ISUN F1)1 G, (.0

PLUG1 65-11 (6514') Sw=40X

	

PLUG LENG1Hi

	

4 .014 CM

V* Y Y Y P Y D!

PLUG AkiA :

	

5 .058 CM O 2

TEST

DATE

(M-D)

8EG1H

TIME

(H :M)

DUR-

ATION

(HIM)

CONFINING

PRESSURE

(PSIA)

MEAN

PUkE P

(PSIA)

DIFFIRLNIIAL

PRESSURE

(PSI)

FLOW

RA1E

(SCC/S I

TEMPERATURE

(GIG .

	

F)

VISCOSITY

(C

	

POISE)

COMPRES-

SIbILITi

(Z)

PERPEA8I0ITY

VALES

	

SID .

	

DEV.

(M,ICRODARCY)

	

(

	

X

	

)

05-04 10 :07 07 :53 2094 100 .13 10 .66 1 .99E-004 94 .00 0 .0182 0 .9992 6 .30E-001

	

( 3 .0)

05-05 14 :54 06 :28 2190 200 .40 10 .60 2 .99E-004 94 .00 0

	

011157 0 .9987 4 .77E-001

	

( 2 .1)
05-06 14 :10 05 :10 2517 499 .56 10 .81 5 .89E-004 94,00 0 .01880 0 .9982 3 .74E-001

	

( 1

	

7)

05--07 09 ;27 03 :36 3397 1400 .44 11 .29 1 .49E-003 94 .00 0 .02010 1 .0084 3 .47E-001

	

( 2 .6)

05-07 15 :00 06 :12 4400 1400 .44 10 .97 7 .36E-004 94 .00 0,02010 1 .0084 1 .78E-001

	

( 6 .8)

05-07 23 :30 14 :15 5404 1400 .22 10 .52 4 .20E -004 94,00 0 .02010 1 .00114 1 .07E-001

	

( 7

	

3)

05-09 02115 15 :50 5479 1450 .76 11 .57 4 .63E-004 94 .00 0,02019 1 .0094 1 .02E-001

	

( 5

	

4)

05-10 13 :45 06 :15 4518 501 .47 20 .85 3 .66E-004 Y4 .00 0 .01880 0 .9982 1 .20E-001

	

( 4 .4)

05-11 13 ;40 21 :10 4202 201 .32 21 .41 2 .C71)-004 94,00 0 .01157 0 . 9986 1 .61E-001

	

( 2 .5)

05-14 11 :45 20 ;30 4099 100 .58 19 .69 1 . .32E-004 94 .00 0 .Ui052 0 .4992 2 .25E-001

	

( 2 .i)

05-15 20 :30 19 :15 4050 50 .51 19 .72 1 .04E-004 94 .00 0

	

01851 0 .9996 3 .54E-001

	

( 2 .1)



MWX-3, RUL I SCAN FIELD . CO.

65-11 (6514') Sw= 40%

LU

DP = 20

DP = 10

DP=5

DP = 2.A

0 . ©
0 . 000

	

.005

	

.010

	

.015

	

.020
RECIPROCAL MEAN PORE PRESSURE ( 1/PSI )



N 1 k N M M M Y 11 •

	

WELL NAME : MWX-3 . RULISOH FIELD, CO .

	

1 _ 111 _ _ _ _ Ni

PLUG : 65-11 (6514') Sw 30X

	

PLUG LENGTH :

	

4 .014 CM

	

PL11 :: AREA :	5 .050 CM O 2

TEST

DATE

(M-D)

BEGIN

TIME

(H :M)

DUR-
ATION
(H :M)

CONFINTNC
PRESSURE

(PSIA)

MEAN
PORE P

(PSIA)

DIFFERENTIAL

PRESSURE

(PSI)

FLOW
RATE
(SCC!S)

TEMPERATURE

(DEL .

	

F)

VISCOSITY

(C

	

POISE)

CGnPRES-

SINILITY

(Z)

PERMEA411 ITY

VALUE

	

SID .

	

DEV.

(r1ICRODARCY)

	

(

	

)

05-18 00 :35 04 :52 2094 101 .57 10 .15 4 .05E-004 94 .00 0 .01852 0 .9992 1 .33E*000 ( 1 .1)
05-18 15 :32 02 :24 2'99 200 .54 10 .28 6 .211E-004 94 .00 0 .01037 0 .9997 1 .02E+000 ( 2 .1)

05-19 13 :57 02 :21 2499 499 .50 10 .09 1 .18L-003 94 .00 0 .01690 0 .9982 8 . 05E -DP ) ( 1
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APPENDIX 11 .6

RE/SPEC, INC . CORE DATA

RE/SPEC, Inc . performed most of the rock p-operty measurements (HI the

MIWX core . As part of their sample preparation, RE/SPEC plugged all core

vertically ;parallel to the axis of the core) . Test plugs ranged from 1-1/2 inches to

2 inr:ies in diameter and from 1 inch to 4 inches in length . Bedding planes and

laminations may have affected sonic of the property measurements.

This appendix includes all RE/SPEC's stress-strain curves for coastal

samples as well as plots of tangent modulus and incremental strain ratio as a

function of axial stress difference . The curves and plots in this appendix are

presented by well . The specific MWX Data File references are as follows:

MWX-1 1 .2 .25 .009

MWX-2 1 .2 .25.010

MWX-3 1 .2 .25 .012
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Figure 156 . Tangent Modulus and Incremental Strain Ratio Versus Axial
Stress Difference for Triaxial Compression of Shale 42-9B

(6564 Feet) . P = 20 MPa.
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E 02
3 .00

2 .40

S

R
E 1 .00
S
S

ti

M
P 1 .20
A

0 .60

0 .00



RIl DWG 046-83-293

	

115

E 01

	

_

4 .00!

M

O

D

U 1 .6Q
L

U
S

- 0 .B0 [
G

P
A

0 .00

0 .00

`

1 .00

	

1 .50

_

'.'

I
N

C 0.40
R

M
E

N 0.30

S
T

R 0 .20
N

R
A 0 .10

T
I
0

0 .0Q

0 .00

	

0 .50 1 .00

	

1 .50

	

2 .00

	

2 .50

Figure 110 . Tangent Modulus and Incremental Strain Ratio Versus Axial

Stress Difference for Triaxial Compression of Sandstone 50-9
/ 6440 Feet) . P = 30 MPa .



E 02

4 .00

VOLUMETRIC

3 .20

S

T
R

E 2.40
S

S

LATERAL

M

P 1 .60

A

0 .80

SANDS i (M 50-21 (6432 FT)

SD - 343 .0 CPA
E - 36 .4 GPA
NU - .239_

P - 50

	

MPA

0.00

	

l	 1	 1	 I	 1	 1	 1	 [___	 1	

-0.12 --e.09 -0 .06 -0 .03

	

0 .00 0.03

	

0.06

	

0 .09

	

0 .12

	

0 .15

STRAIN

	

E-01

Figure 111 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain

for Triaxial Compression of Sandstone 50-21 . P = 5G MPa .



RSI DWG 046-83-294

	

118

E 01
5 .00

T

A

N 4,00

E
N

T 3.00

50218

1	 I	 I	 1	

0.00

	

0.70

	

1 .40

	

2 .10

	

2.80

	

3 .50
	STRESS -MPA

	

E 02

E W
0 .50

I
N

C 0 .40
R

M
E

N 0 .30

50218
S
T

R 0 .20
N

R

A0 .10 -
T
I

0

0.00	 1	 I	 I	 1	

0 .00

	

0 .70

	

1 .40

	

2.10

	

2 .80

	

3 .58

STRESS - MPA

	

E 02

Figure 112 . Tangent Modulus and Incremental Strain Ratio Versus Axial
Stress Difference for Triaxial Compression of Sandstone 50-21

(6432 Feet) . P = 50 MPa .



E 02
2 .50

2 .00

S
T
R
E 1 .50
S
S

M
P 1 .00
A

0 .50

0 .00 	I	 — I	 I	 (	J	 1	 1	 I
-0 .60 -0 .48 -0.36 -0 .24 -0 .12

	

0 .00

	

0 .12

	

0 .24

	

0 .36

	

0 .43

	

0 .60
	STRAIN

	

E-02

ti

SANDSTONE 50-17 (6462 FT) l

SD - 175 .5 NJPP
E - 39 .6 GPA

NUJ - .258

Volumetric

r--Axial

r/

Figure 113 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain
for Unconfined Compression of Sandstone 50-17.



E 01
(

5 .00

M

0

D

U 2 .00

L

U

S 1 .88

G
P

A

0 .08^--

O .EO

	

8 .40

	

0 .80

	

1 .20

	

1 .60

	

2 .00

E @@

l
N

C 0.40
R

M

E

N 0.33 _

S

T

R 0 .28
M

' ./

0 .80

	

1 .20

Figure i14 . Tangent Modulus and Incremental Strain Ratio Versus Axial

Stress Difference for Triaxial Compression of Sandstone 50-17

(6462 Feet) . P = 0 MPa .



E 02
2 .50

2 .00

S

R

E 1 .50
S
S

0 .50

	

NU

	

.181

I

	

P

	

10

	

MPA

Lateral	 	 ti

SANDSTONE 50—17 (6462 FT)

SD = 200 .4 MPA
E = 36 .1 GPA

— Volumetric

0 .	 	 1	 l	 l	 1	 _~-'	 1	 1	 1	 t	 1

-1 .00 -0.80 -0 .60 -0 .40 -0 .20 0 .00 0 .20 0 .40 0 .60 0 .80

	

1 .00

	

STRAIN

	

E—02

Figure 115 .

		

Axial Stress Difference Versus Axial, Lateral, and Volumetric
Strain for Triaxial Compression of Sandstone 50-17 . P = 10 MPa .
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Axial Stress Difference Versus Axial, Lateral, and Volumetric
Strain for Triaxial Compressici of Sandstone 50-17 . P = 20 MPa .
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Axial Stress Difference Versus Axial, Lateral, and Volumetric
Strain for Triaxial Compression of Sandstone 50-17 . P = 30 MPa.
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Figure 124 . Tangent Modulus and Incremental Strain Ratio Versus Axial
Stress Difference for Triaxial Compression of Siltstone 51-2

(6493 Feet) . P = 0 MPa .



E02
1 .00

0 .80

S
-F

	

Lateral	

R
E 0 .60
S
S

SILTSTONE 51—2 (6493 FT)

SD = 79 .12 MPA
E - 16 .9 GPA

0 .20 (

	

NU = .173
F' - 10

	

MPA

0.O0	 1	 1	 1	 t

-0 .80 -0 .64 -0 .48 -0.32 -0 .16

	

0 .00

	

0 .16

	

0.32 0 .48 0 .64

	

0 .80

	

STRAIN

	

E—02

Figure 125 . Axial Stress Difference Versus Axial, Lateral, and Volumetric
Strain for Triaxial Compression of Siltstone 51-2 . P = 10 MPa.

M
P 0 .40
A



RSI DWG 046-83-301

	

132

E 01

2 .00

T

A

N 1 .60
G

E

N

T 1 .20

M

0

D

U 0 .00
L

U

S

- 0 .40 -

5105

	 1	 I	 	 -	 I	 I

0 .20

	

0 .40

	

0 .60

	

0 .80

STRESS - MPA

1 .W
E 02

E 00

0 .33

I
N

C 0 .24

R
M

E

N 0 .13

5125
S

T

R 0 .12
N

R

A0.06`
T
I

0

0 .00	 I	 I	 1	 1	

0 .00

	

0 .20

	

0 .40

	

0 .60

	

0 .80

	

1 .00
STRESS - F A

	

E 02
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Stress Difference for Triaxial Compression of Siltstone 51-2
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Stress Difference for Triaxial Compression of Sandstone 51-15
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Axial Stress Difference Versus Axial, Lateral, and Volumetric
Strain for Triaxial Compression of Siltstone 51-32 . P = 20 MPa.
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Axial Stress Difference Versus Axial, Lateral, and Volumetric
Strain for Triaxial Compression of Siltstone 51-32 . P = 30 MPa .
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for Triaxial Compression of Mudstone 51-32 . P = 50 MPa .
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Figure 11 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain
for Triaxial Compression of Sandstone 64-45 . P = 30 MPa .



RSI DWG 046-83-391

	

15

6445?

I
0
0.00

0.00

	

0.50

	

1 .00

	

1 .50

	

2.00

	

2.50

STRESS - hPA

	

E 02

Figure 12 . Tangent Modulus and Incremental Strain Ratio Versus Axial Stress
Difference for Triaxial Compression of Sandstone 64-45 (6443 Feet).
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Figure 14 . Tangent Modulus and Incremental Strain Ratio Versus Axial Stress
Difference for Triaxial Compression of Sandstone 65-19 (6510 Feet).
P = 0 MPa .
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Figure 15 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain
for Triaxial Compression of Sandstone 65-19 . P = 10 MPa .
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Figure 16 . Tangent Modulus and Incremental Strain Ratio Versus Axial Stress
Difference for Triaxial Compression of Sandstone 65-19 (6510 Feet).
P = 10 MPa.

0.00
0.00



RSI DWG 046-83-396

	

20

E 02
2.50

2.00

S
T
R
E 1 .50
S
S

M
P 1 .00
A

0 .50

0 .00
-0.12 -0.09 -0.06 -0.03 0.00 0.03 0.06 0 .09 0.12 0.15

STRAIN

	

E-01

r
VOLUMETRIC

1
i~LATERAL

SANDSTONE 65-19 (6510 FTC

SD = 198.6 WA
E = 29.1 GPA
NU = .186
P = 20

	

MPA
J,
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Figure 19 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain
for Triaxial Compression of Sandstone 65-19 . P = 30 MPa .
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Figure 21 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain
for Triaxial Compression of Shale 65-23 . P = 20 MPa .
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Figure 22 . Tangent Modulus and Incremental Strain Ratio Versus Axial Stress
Difference for Triaxial Compression of Shale 65-23 (6520 Feet).
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Figure 23 . Axial Stress Difference Versus Axial, Lateral, and Volumetric Strain
for Triaxial Compression of Shale 65-23 . P = 30 MPa .
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APPENDIX 11 .7

PRE-FRACTURE WELL TEST DATA

FROM RED SANDSTONES

CER Corporation



* MWX #1, 2 & 3 COASTAL RED ZONE SEPTEMBER TO NOVEMBER 1984
* ELAPSED MWX #1 MWX #2 MWX #3 MWX #1
* TIME B.H. B.H. B.H. FLOW
* (HOURS) PRESS . PRESS. PRESS . RATE

(PSI)

	

(PSI)

	

(PSI)

	

(MCFD)

	

315 .04001

	

3706 .47

	

N/A

	

N/A

	

0 .00

	

317 .79001

	

3854 .68

	

N/A

	

N/A

	

0 .00

	

320 .54001

	

3959 .53

	

N/A

	

N/A

	

0 .00

	

323 .29001 4038 .27

	

N/A

	

N/A

	

0 .00

	

326 .04001

	

4082 .62

	

N/A

	

N/A

	

0 .00

	

329 .00000

	

4108 .70

	

N/A

	

N/A

	

0 .00

	

331 .75000

	

4128 .31

	

N/A

	

N/A

	

0 .00

	

334 .50000

	

4141 .80

	

N/A

	

N/A

	

0 .00

	

338 .70999

	

4158 .29

	

N/A

	

N/A

	

0 .00

	

344 .25000

	

4177 .02

	

N/A

	

N/A

	

0 .00

	

347 .70999

	

4182 .88

	

N/A

	

N/A

	

0 .00

	

350 .45999

	

4187 .90

	

N/A

	

N/A

	

0 .00

	

353 .25000

	

4192 .40

	

N/A

	

N/A

	

0 .00

	

356 .00000 4196 .54

	

N/A

	

N/A

	

0 .00

	

358 .75000 4200 .11

	

N/A

	

N/A

	

0 .00

	

360 .62000

	

3985 .41

	

N/A

	

N/A

	

98 .89

	

361 .53000

	

3768 .32

	

N/A

	

N/A

	

92 .52

	

363 .06000

	

3483 .46

	

N/A

	

N/A

	

115 .86

	

363 .98001

	

3297 .13

	

N/A

	

N/A

	

109 .07

	

364 .89999

	

3151 .28

	

N/A

	

N/A

	

103 .47

	

365 .97000 3015 .66

	

N/A

	

N/A

	

97 .96

	

367 .32999

	

2835 .26

	

N/A

	

N/A

	

103 .27

	

370 .23001 2519 .19

	

N/A

	

N/A

	

109 .05

	

372 .63000

	

2241 .63

	

N/A

	

N/A

	

103 .26

	

375 .29999

	

1974 .22

	

N/A

	

N/A

	

96 .46

	

377 .47000

	

1755 .05

	

N/A

	

N/A

	

99 .07

	

379 .50000

	

1543 .29

	

N/A

	

N/A

	

94 .64

	

382 .64001 1200 .23

	

N/A

	

N/A

	

101 .09

	

385 .97000

	

924 .45

	

N/A

	

N/A

	

90 .07

	

388 .17999

	

790 .38

	

N/A

	

N/A

	

59 .27

	

390 .57999

	

803 .17

	

N/A

	

N/A

	

64 .90

	

392 .73001

	

955 .42

	

N/A

	

N/A

	

67 .90

	

395 .23001

	

'19 .88

	

N/A

	

N/A

	

65 .18

	

397 .20999

	

i91 .04

	

N/A

	

N/A

	

74 .30

	

399 .60999

	

739 .38

	

N/A

	

N/A

	

64 .54

	

402 .07999

	

698 .85

	

N/A

	

N/A

	

63 .95

	

404 .04999

	

681 .36

	

N/A

	

N/A

	

60 .89

	

406 .03000

	

683 .36

	

N/A

	

N/A

	

60 .09

	

408 .41000

	

712 .36

	

N/A

	

N/A

	

56 .37

	

410 .87000

	

720 .32

	

N/A

	

N/A

	

60 .01

	

413 .42001

	

284 .81

	

N/A

	

N/A

	

56 .73

	

416 .09000

	

460 .02

	

N/A

	

N/A

	

0 .00

	

418 .04999

	

808 .30

	

N/A

	

N/A

	

60 .41

	

420 .64999

	

1066 .52

	

N/A

	

N/A

	

0 .00

	

422 .87000

	

1054 .40

	

N/A

	

N/A

	

53 .81

	

426 .79999

	

1117 .00

	

N/A

	

N/A

	

51 .75

	

428 .95999

	

1154 .00

	

N/A

	

N/A

	

55 .17

	

430 .92001

	

1180 .19

	

N/A

	

N/A

	

55 .77

	

433 .51999

	

1172 .69

	

N/A

	

N/A

	

55 .93

	

435 .51001

	

1178 .53

	

N/A

	

N/A

	

56 .86

	

437 .57999

	

1180 .84

	

N/A

	

N/A

	

56 .72

	

439 .81000 1183 .19

	

N/A

	

N/A

	

56 .52

	

441 .95001

	

1184 .53

	

N/A

	

N/A

	

55 .71

	

443 .95001

	

1186 .00

	

N/A

	

N/A

	

55 .51

	

445 .95001

	

1189 .36

	

N/A

	

N/A

	

55 .16



448 .17999 1191 .91 N/A N/A 54 .78
450 .20999 1195 .06 N/A N/A 54 .80
452 .29001 1196 .39 N/A N/A 54 .38
454 .45001 1199 .15 N/A N/A 54 .67
456 .79001 1202 .11 N/A N/A 54 .73
458 .76999 1221 .20 N/A N/A 55 .25
461 .01999 1209 .51 N/A N/A 55 .29
463 .22000 1215 .61 N/A N/A 55 .55
465 .34000 1218 .25 N/A N/A 55 .17
467 .75000 1217 .95 N/A N/A 55 .22
469 .72000 1212 .66 N/A N/A 54 .78
471 .84000 1206 .67 N/A N/A 54 .31
481 .23001 1192 .34 N/A 4203 .87 54 .75
483 .20999 1185 .03 N/A 4212 .62 54 .38
485 .63000 1187 .79 N/A 4221 .92 54 .06
487 .59000 1501 .64 N/A N/A 0 .00
489 .60001 1859 .09 N/A 4235 .04 0 .00
491 .76001 2202 .30 N/A 4241 .07 0 .00
493 .69000 2485 .30 N/A 4245 .94 0 .00
495 .60001 2721 .91 N/A 4250 .44 0 .00
497 .92001 2997 .13 N/A 4255 .44 0 .00
500 .04001 3246 .50 N/A 4259 .51 0 .00
501 .95999 3439 .48 N/A N/A 0 .00
504 .51999 3632 .35 N/A 4267 .00 0 .00
506 .60001 3714 .53 N/A 4270 .29 0 .00
508.70001 3790 .71 N/A 4263 .73 0 .00
510 .64001 3838 .67 N/A 4250 .83 0 .00
512 .58002 3871 .97 N/A 4240 .03 0 .00
514 .78003 3899 .88 N/A 4232 .23 0 .00
517 .21997 3918 .75 N/A 4227 .51 0 .00
519 .13000 3932 .09 N/A 4225 .42 0 .00
521 .03998 3940 .66 N/A 4224 .11 0 .00
523 .21997 3951 .03 N/A 4223 .32 0 .00
525 .27002 3957 .71 N/A 4222 .95 0 .00
527 .73999 3967 .02 N/A 4222 .75 0 .00
529 .94000 3976 .55 4197 .74 4223 .67 0 .00
532 .07001 3981 .57 4200 .21 4225 .01 0 .00
534 .71997 3986 .70 4203 .15 4227 .06 0 .00
536 .98999 3989 .69 4205 .58 4229 .15 0 .00
538 .92999 3991 .44 4207 .47 4230 .97 0 .00
541 .28998 3995 .34 4209 .80 4233 .29 0 .00
543 .50000 4000 .95 4211 .92 4235 .45 0 .00
545 .63000 4003 .99 4213 .98 4237 .54 0 .00
547 .56000 4007 .58 4215 .76 4239 .36 0 .00
549 .48999 4009 .73 4217 .48 4241 .21 0 .00
552 .08002 4014 .02 4219 .68 4243 .60 0 .00
553 .23999 3888 .34 4220 .62 4244 .67 98 .57
553 .83002 3763 .45 4221 .08 4245 .20 71 .13
554 .41998 3648 .18 4221 .60 4245 .80 77 .87
555 .08002 3557 .57 N/A 4246 .31 74 .81
555 .65997 3465 .84 N/A N/A 72 .99
556 .25000 3401 .17 4223 .00 4247 .29 70 .43
556 .98999 3327 .40 N/A 4247 .94 70 .92
557 .84003 3256 .43 4224 .22 4248 .67 68 .45
558 .44000 3205 .73 4224 .66 4249 .20 86 .87
559 .02002 3136 .68 4225 .12 4249 .73 83 .71
559 .60999 3076 .65 4225 .57 N/A 81 .02
560 .28998 3015 .41 4226 .07 4250 .81 78 .66
561 .03003 2957 .19 4226 .63 4251 .45 76 .22
561 .71997 2910 .18 4227 .16 4252 .05 74 .41



	

562 .39001

	

2867 .88

	

4227 .65

	

4252 .64

	

72 .19

	

562 .97998

	

2833 .93

	

4228 .08

	

4253 .17

	

70 .59

	

563 .57001

	

2805 .32

	

4228 .53

	

4253 .68

	

69 .50

	

564 .15002

	

2777 .74

	

4228 .92

	

4254 .17

	

68 .25

	

564 .72998

	

2748 .67

	

4229 .35

	

4254 .67

	

74 .02

	

565 .31000

	

2715 .40

	

4229 .76

	

N/A

	

72 .70

	

566 .06000

	

2674 .07

	

4230 .30

	

N/A

	

71 .01

	

566 .83002

	

2639 .00

	

4230 .82

	

4256 .42

	

69 .41

	

567 .40997

	

2613 .08

	

4231 .22

	

4256 .90

	

68 .24

	

568 .00000

	

2618 .10

	

N/A

	

1956 .70

	

67 .05

	

568 .58002

	

2566 .28

	

4231 .97

	

4257 .86

	

66 .04

	

569 .22999

	

2544 .85

	

4232 .45

	

4258 .43

	

65 .04

	

569 .83002

	

2513 .59

	

4232 .84

	

4258 .94

	

72 .39

	

570 .46997

	

2479 .46

	

4233 .29

	

4239 .45

	

71.02

	

571 .06000

	

2451 .28

	

4233 .68

	

4259 .95

	

69 .68

	

571 .64001

	

2425 .28

	

4234 .07

	

4260 .42

	

68 .28

	

572 .29999

	

2398 .65

	

4234 .51

	

4260 .96

	

67 .22

	

572 .88000

	

2377 .18

	

4234 .88

	

4261 .43

	

66 .08

	

573 .53998

	

2354 .15

	

4235 .35

	

4261 .98

	

64 .64

	

574 .12000

	

2330 .17

	

4235 .72

	

4262 .45

	

71 .22

	

574 .78998

	

2298 .72

	

4236 .16

	

4263 .00

	

69 .73

	

576 .48999

	

2231 .63

	

4237 .28

	

4264 .44

	

66 .14

	

577 .65997

	

2195 .99

	

4237 .98

	

4265 .27

	

64 .99

	

579 .17999

	

2158 .03

	

N/A

	

N/A

	

62 .97

	

579 .37000

	

2154 .38

	

N/A

	

N/A

	

62 .70

	

581 .02002

	

2123 .37

	

4240 .03

	

4267 .85

	

61 .20

	

582 .03003

	

2094 .00

	

4240 .60

	

4268 .56

	

68 .29

	

583 .01001

	

2059 .76

	

4241 .19

	

4269 .31

	

66 .32

	

584 .14001

	

2026 .68

	

4241 .86

	

4270 .13

	

64 .23

	

585 .32001

	

1996 .67

	

4242 .56

	

4271 .02

	

62 .59

	

586 .37000

	

1976 .87

	

4243 .15

	

4271 .81

	

61 .09

	

587 .34003

	

1944 .11

	

4243 .69

	

4272 .49

	

52 .71

	

588 .40997

	

1936 .91

	

4244 .31

	

4273 .26

	

66 .82

	

589 .39001

	

1910 .13

	

4244 .83

	

4273 .98

	

65 .30

	

590 .35999

	

1885 .81

	

4245 .38

	

4274 .63

	

65 .25

	

591 .33002

	

1860 .67

	

4245 .91

	

4275 .31

	

64 .47

	

592 .35999

	

1823 .38

	

4246 .48

	

4276 .09

	

75 .55

	

593 .33002

	

1790 .94

	

4246 .98

	

N/A

	

61 .94

	

594 .29999

	

1769 .06

	

4247 .48

	

4277 .35

	

60 .35

	

595 .20001

	

1750 .45

	

4248 .04

	

4278 .03

	

59 .19

	

596 .39001

	

1735 .50

	

4248 .59

	

4278 .75

	

58 .26

	

597 .37000

	

1722 .75

	

4249 .09

	

4279 .41

	

57 .28

	

598 .34998

	

1711 .43

	

4249 .59

	

4280 .07

	

56 .87

	

599 .78003

	

1699 .40

	

4250 .30

	

4281 .00

	

56 .24

	

600 .73999

	

1690 .91

	

4250 .78

	

4281 .66

	

55 .63

	

601 .71002

	

1684 .17

	

4251 .25

	

4282 .22

	

55 .08

	

602 .66998

	

1678 .54

	

4251 .74

	

4282 .85

	

54 .65

	

603 .64001

	

1672 .42

	

4252 .21

	

4283 .53

	

54 .73

	

604 .59998

	

1669 .09

	

4252 .65

	

4284 .07

	

54 .23

	

605 .57001

	

1664 .02

	

4253 .12

	

4284 .68

	

53 .80

	

606 .53998

	

1660 .41

	

4253 .57

	

4285 .28

	

53 .54

	

607 .60999

	

1656 .34

	

4254 .08

	

4285 .96

	

53 .25

	

608 .72998

	

1654 .09

	

4254 .59

	

4286 .63

	

52 .66

	

609 .71997

	

1653 .72

	

4255 .02

	

4287 .22

	

51 .66

	

610 .78998

	

1660 .08

	

4255 .54

	

4287 .91

	

50 .32

	

611 .90002

	

1666 .95

	

4256 .04

	

N/A

	

49 .33

	

613 .07001

	

1679 .67

	

4256 .55

	

4289 .21

	

48 .32

	

614 .03998

	

1689 .20

	

4256 .96

	

4289 .81

	

48 .79

	

615 .01001

	

1696 .03

	

4257 .39

	

4290 .33

	

53 .73

	

i 615 .97998

	

1690 .30

	

4257 .80

	

N/A

	

53 .20



617 .16998 1684 .14 4258 .31 4291 .55 52 .67
618 .14001 1681 .68 4258 .73 4292 .09 52 .53
619 .09998 1680 .66 4259 .15 4292 .60 52 .37
620 .09003 1678 .79 4259 .54 4293 .16 51 .70
621 .22998 1675 .72 4260 .03 4293 .78 51 .67
622 .21997 1675 .27 4260 .47 4294 .35 51 .74
623 .87000 1675 .81 4261 .14 4295 .16 51 .48
624 .83002 1676 .88 4261 .54 4295 .67 51 .38
625 .79999 1679 .50 4261 .93 4296 .14 51 .69
626 .77002 1681 .45 4262 .31 4296 .59 51 .93
627 .72998 1699 .82 N/A 4297 .12 52 .36
628 .70001 1685 .58 4263 .10 4297 .56 52 .32
629 .66998 1686 .98 4263 .50 1298 .00 52 .31
630 .63000 1687 .88 4263 .90 4298 .48 52 .24
631 .71997 1688 .29 4264 .33 4299 .01 52 .07
633 .03003 1688 .68 4264 .85 4299 .66 51 .60
634 .00000 1686 .51 4265 .21 4300 .11 51 .65
634 .96997 1687 .19 4265 .61 4300 .58 51 .33
635 .94000 1687 .59 4266 .01 4301 .0 51 .27
637 .02002 1689 .67 4266 .41 4301 .57 50 .71
638 .25000 1691 .22 4266 .87 4302 .14 50 .74
639 .22998 1691 .75 4267 .28 N/A 50 .45
640 .35999 1693 .77 4267 .68 4303 .12 50 .79
641 .33002 1694 .50 4268 .06 4303 .54 50 .27
642 .40997 1695 .63 4268 .46 4304 .10 50 .15
643 .50000 1695 .82 4268 .84 4304 .53 49 .99
644 .66998 1697 .34 4269 .33 4305 .12 49 .68
645 .64001 1699 .07 4269 .69 4305 .51 49 .87
646 .65997 1701 .61 4270 .04 4305.96 49 .49
651 .28003 1628 .29 4271 .73 4307 .97 53 .83
653 .21002 1609 .90 4272 .39 4308 .79 52 .58
655 .16998 1601 .29 4273 .10 4309 .62 51 .52
657 .12000 1597 .32 4273 .77 4310 .46 50 .89
559 .15002 1598 .26 4274 .46 4311 .31 50 .40
661 .16998 1597 .91 4275 .14 4312 .13 50 .23
663 .34998 1624 .04 4275 .89 4313 .00 45 .89
665 .41998 1646 .87 4276 .55 4313 .83 47 .19
667 .35999 1658 .96 4277 .23 N/A 47 .77
669 .82001 1669 .01 4278 .04 N/A 48 .14
672 .28003 1674 .80 4278 .81 4316 .52 48 .33
674 .42999 1679 .04 4279 .53 4317 .30 48 .79
676 .53003 1681 .02 4280 .21 4318 .10 48 .60
678 .90997 1684 .52 4280 .97 4318 .91 48 .50
680 .85999 1685 .69 4281 .54 4319 .57 48 .58
682 .79999 1688 .20 4282 .12 4320 .20 48 .62
684 .75000 1689 .47 4282 .73 4321 .06 48 .02
686 .69000 1692 .67 4283 .32 4321 .67 48 .17
688 .76001 1694 .78 4283 .88 4322 .39 47 .94
690 .71002 1698 .15 4284 .43 4323 .01 47 .89
693 .40002 1703 .83 4285 .18 4323 .92 48 .02
695 .78003 1706 .62 4285 .81 4324 .61 47 .89
697 .16998 1846 .73 N/A N/A 0 .00
698 .26001 2048 .39 N/A N/A 0 .00
703 .77002 2917 .38 4287 .99 4327 .17 0 .00
705 .70001 3157 .85 4288 .54 4327 .83 0 .00
707 .90997 3357 .92 4289 .14 4328 .38 0 .00
710 .03003 3517 .19 4289 .74 4329 .02 0 .00
711 .98999 3617 .01 4290 .25 4329 .73 0 .00
713 .95001 3682 .31 4290 .78 4330 .27 0 .00
716 .03003 3729 .39 4291 .28 4330 .95 0 .00



717 .98999 3761 .65 4291 .76 4331 .47 0 .00
720 .71997 3809 .30 N/A 4332 .23 0 .00
722 .94000 3812 .32 4292 .98 4332 .81 0 .00
724 .90002 3823 .85 4293 .47 4333 .41 0 .00
726 .84998 3834 .44 4293 .94 4333 .98 0 .00
729 .01001 3843 .00 4294 .38 4334 .57 0 .00
731 .03003 3851 .33 4294 .90 4335 .04 0 .00
732 .98999 3858 .36 4295 .36 4335 .60 0 .00
734 .94000 3863 .70 4295 .83 4336 .21 0 .00
737 .07001 3870 .24 4296 .28 4336 .73 0 .00
739 .09998 3873 .68 4296 .73 4337 .26 0 .00
741 .27002 3879 .83 4297 .25 4337 .81 0 .00
743 .70001 3883 .78 4297 .80 4338 .42 0 .00
745 .70001 3889 .87 4298 .23 4338 .82 0 .00
747 .64001 3893 .25 4298 .66 4339 .33 0 .00
749 .59003 3896 .39 4299 .10 4339 .84 0 .00
751 .53003 3899 .21 4299 .53 4340 .37 0 .00
754 .04999 3466 .83 4300 .10 4341 .02 60 .35
756 .08002 3282 .84 4300 .50 4341 .41 55 .44
758 .03998 3174 .68 4300 .90 4341 .96 51 .44
760 .16998 3099 .61 4301 .36 N/A 52 .83
762 .34003 3029 .20 4301 .81 4342 .96 50 .52
764 .39001 2997 .54 N/A 4343 .34 48 .98
766 .59003 2926 .43 4302 .67 4343 .92 51 .25
768 .85999 2866 .90 4303 .11 4344 .44 62 .26
770 .83002 2765 .95 4303 .50 4344 .89 58 .37
772 .96002 2690 .48 4303 .98 4345 .37 55 .37
775 .09003 2635 .73 4304 .38 43 .45 .76 53 .21
777 .35999 2593 .03 4304 .84 4346 .31 51 .45
779 .50000 2572 .40 4305 .23 4346 .83 49 .52
781 .69000 2559 .13 4305 .70 4347 .30 49 .67
783 .65002 2539 .09 4306 .02 4347 .68 70 .58
786 .25000 2432 .37 4306 .54 4348 .22 52 .58
788 .19000 2416 .82 4306 .90 4348 .66 50 .15
790 .28003 2410 .27 4307 .28 4349 .01 49 .34
792 .50000 2375 .74 4307 .67 4349 .52 60 .78
794 .64001 2304 .67 4308 .06 4349 .99 56 .51
796 .75000 2264 .00 4308 .43 4350 .44 54 .28
798 .91998 2230 .75 4308 .84 4350 .83 52 .90
801 .25000 2207 .43 4309 .24 N/A 51 .08
803 .19000 2189 .19 4309 .61 4351 .64 50 .88
805 .21002 2098 .76 4309 .95 4352 .09 55 .38
807 .15002 2054 .76 4310 .27 4352 .38 53 .65
809 .23999 2018 .15 4310 .64 4352 .83 52 .04
811 .39001 1990 .21 4311 .05 4353 .19 45 .98
813 .45001 1941 .16 4311 .42 4353 .67 52 .15
816 .95001 1893 .77 4311 .99 4354 .36 48 .24
819 .53003 1892 .23 4312 .42 4354 .78 46 .23
821 .46002 1901 .43 4312 .73 4355 .09 45 .63
823 .39001 1910 .47 4313 .05 4355 .49 45 .59
825 .84998 1923 .48 4313 .48 4355 .90 45 .13
827 .78998 1930 .00 4313 .82 4356 .27 47 .73
829 .90002 1927 .80 4314 .11 4356 .60 48 .67
831 .84998 1923 .37 4314 .40 4356 .97 48 .81
833 .95001 1912 .55 4314 .67 4357 .32 48 .42
835 .89001 1899 .15 4315 .03 4357 .64 47 .32
837 .84998 1888 .60 4315 .33 4357 .96 46 .68
840 .84003 1844 .02 4315 .82 4358 .44 47 .58
843 .27002 1839 .33 4316 .65 4358 .85 45 .56
845 .47998 1871 .75 N/A 4359 .21 44 .67



847 .66998 1821 .62 N/A 4359 .64 61 .89
849 .66998 1758 .50 N/A 4359 .91 56 .57
851 .79999 1727 .13 N/A 4360 .22 52 .94
854 .08002 1711 .09 N/A 4360 .56 50 .26
856 .17999 1708 .88 N/A 4360 .98 49 .04
858 .19000 17 05 .20 N/A 4361 .26 47 .49
860 .19000 1707 .00 N/A 4361 .52 47 .73
862 .19000 1719 .10 N/A 4361 .88 48 .32
864 .45001 1743 .54 N/A 4361 .67 42 .87
866 .40997 1773 .30 N/A N/A 45 .20
868 .41998 1788 .41 N/A N/A 46 .56
870 .60999 1799 .14 N/A N/A 47 .65
872 .44000 1800 .32 N/A N/A 48 .28
874 .28003 1791 .75 N/A N/A 47 .05
876 .10999 1801 .45 N/A N/A 47 .37
878 .29999 1802 .43 N/A N/A 46 .59
880 .16998 1800 .25 N/A N/A 47 .18
882 .00000 1798 .82 N/A N/A 42 .43
883 .83002 1789 .43 N/A N/A 43 .57
885 .66998 1784 .98 N/A N/A 45 .26
887 .82001 1806 .79 N/A N/A 40 .19
889 .65997 1814 .4^ N/A N/A 47 .07
891 .50000 1804 .36 N/A N/A 46 .01
893 .33002 1803 .56 N/A N/A 46 .17
895 .16998 1815 .21 N/A N/A 42 .69
897 .09003 1832 .10 N/A N/A 43 .44
898 .92999 1839 .62 N/A N/A 43 .14
900 .76001 1838 .81 N/A N/A 44 .28
902 .59998 1837 .25 N/A N/A 43 .77
904 .50000 1832 .11 N/A N/A 52 .35
906 .34003 1814 .03 N/A N/A 46 .83
908 .16998 1805 .68 N/A N/A 47 .40
910 .00000 1803 .38 N/A N/A 43 .32
922 .31000 1885 .99 N/A N/A 42 .47
922 .53998 2893 .89 N/A N/A 0 .00
922 .73999 3291 .60 N/A N/A 0 .00
922 .94000 3465 .50 N/A N/A 0 .00
923 .14001 3554 .56 N/A N/A 0 .00
923 .46997 3631 .11 N/A N/A 0 .00
924 .46002 3723 .24 N/A N/A 0 .00
925 .42995 3758 .69 N/A N/A 0 .00
926 .70001 3786 .14 N/A N/A 0 .00
927 .78003 3799 .77 N/A N/A 0 .00
928 .79999 3817 .09 N/A N/A 0 .00
929 .84998 3828 .45 N/A N/A 0 .00
930 .82001 3837 .35 N/A N/A 0 .00
932 .00000 3846 .59 N/A N/A 0 .00
932 .97998 3853 .48 N/A N/A 0 .00
934 .09003 3861 .00 N/A N/A 0 .00
935 .26001 3868 .00 N/A N/A 0 .00
936 .35999 3873 .84 N/A N/A 0 .00
937 .46997 3879 .37 N/A N/A 0 .00
938 .46002 3884 .08 N/A N/A 0 .00
939 .44000 3888 .25 N/A N/A 0 .00
940 .73999 3893 .84 N/A N/A 0 .00
941 .78998 3897 .83 N/A N/A 0 .00
942 .78998 3901 .42 N/A N/A 0 .00
943 .78998 3904 .52 N/A N/A 0 .00
946 .53003 3912 .49 N/A N/A 0 .00
947 .58002 3915 .44 N/A N/A 0 .00
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APPENDIX 11 .8

PRE-FRAC i URE WELL TEST DATA

FROM YELLOW SANDSTONES

CER Corporation



* MWX #1, 2 & 3 COASTAL YELLOW ZONE NOVEMBER 1984
* ELAPSED MWX #1 MWX #2 MWX #3 MWX #1
* TIME B.H. B.H. B.H. FLOW
* (HOURS) PRESS . PRESS . PRESS. RATE

(PSI)

	

(PSI)

	

(PSI)

	

(MCFD)

	

146 .68639

	

1270 .65

	

N/A

	

N/A

	

0 .00

	

148 .51971

	

2290 .70

	

N/A

	

N/A

	

0 .00

	

151 .43253

	

2795 .67

	

N/A

	

948 .88

	

0 .00

	

154 .34280

	

3324 .65

	

N/A

	

1671 .62

	

0 .00

	

157 .24667

	

3650 .33

	

N/A

	

2253 .35

	

0 .00

	

160.26222 3752 .04

	

N/A

	

2772 .93

	

0 .00

	

163 .16083

	

3799 .73

	

N/A

	

3216 .67

	

0 .00

	

166 .05861

	

3826 .75

	

N/A

	

3568 .02

	

0 .00

	

169 .37083

	

3846 .73

	

N/A

	

3780 .00

	

0 .00

	

172 .32639

	

3858 .85

	

N/A

	

3852 .10

	

0 .00

	

175 .12029

	

3546 .24

	

N/A

	

3884 .19

	

52 .68

	

177 .04381 3419 .81

	

N/A

	

N/A

	

50 .09

	

178 .97501

	

3353 .29

	

N/A

	

N/A

	

48 .53

	

180 .91125

	

3311 .09

	

N/A

	

3921 .53

	

49 .23

	

182 .87334

	

3189 .65

	

N/A

	

N/A

	

70 .60

	

184 .87582

	

3061 .42

	

N/A

	

N/A

	

75 .53

	

186 .80750 2976 .83

	

N/A

	

N/A

	

72 .91

	

188 .73750

	

2921 .04

	

N/A

	

3951 .30

	

71 .09

	

190 .67694

	

28'9 .54

	

N/A

	

N/A

	

71 .45

	

1)2 .79750

	

2723 .76

	

N/A

	

N/A

	

101 .08

	

194 .71130 2590 .77

	

N/A

	

N/A

	

80 .05

	

197 .23164

	

2430 .71

	

N/A

	

4081 .34

	

97 .51

	

199 .36057

	

2332 .95

	

N/A

	

4095 .60

	

96 .57

	

201 .50461

	

2230 .25

	

N/A

	

4103 .38

	

103 .00

	

204 .01639

	

2132 .59

	

N/A

	

4109 .82

	

95 .19

	

206 .58945

	

2067 .57

	

N/A

	

4115 .40

	

105 .70

	

208 .70500

	

1977 .96

	

N/A

	

4119 .22

	

1CO .55

	

210 .65202

	

1929 .38

	

N/A

	

4122 .17

	

96 .10

	

212 .59833

	

1882 .73

	

N/A

	

4124 .99

	

97 .16

	

214 .54361

	

1825 .39

	

N/A

	

4127 .60

	

102 .89

	

216 .89468

	

1772 .08

	

N/A

	

4130 .35

	

97 .48

	

218 .84138

	

1824 .27

	

N/A

	

4132 .52

	

76 .55

	

220 .95250

	

1907 .16

	

N/A

	

4134 .78

	

81 .17

	

222 .89796

	

1964 .07

	

N/A

	

4136 .71

	

80 .86

	

224 .98703

	

2020.81

	

N/A

	

4138 .20

	

82 .66

	

227 .02728

	

2051 .42

	

N/A

	

4139 .96

	

84 .78

	

228 .97166

	

2066 .87

	

N/A

	

4141 .77

	

85 .28

	

230 .92111

	

2071 .32

	

4101 .08

	

4143 .63

	

84 .94

	

232 .88194

	

2060 .70

	

4104 .21

	

4145 .34

	

84 .91

	

234 .83031

	

2056 .33

	

4107 .25

	

4147 .32

	

84 .22

	

236 .78194

	

2051 .25

	

4110 .17

	

4149 .24

	

84 .09

	

238 .85062

	

2028 .96

	

4113 .24

	

N/A

	

82 .56

	

240 .90833

	

2043 .87

	

4116 .16

	

4153 .63

	

82 .83

	

242 .86000

	

2043 .87

	

4118 .89

	

4155 .43

	

82 .48

	

244 .79372

	

2044 .10

	

4121 .52

	

4157 .22

	

81 .86

	

246 .79723

	

2047 .08

	

4124 .19

	

4159 .18

	

81 .57

	

243 .91139

	

2044 .28

	

4126 .91

	

4161 .11

	

79 .91

	

250 .86722

	

2031 .46

	

4129 .33

	

4162 .65

	

78 .45

	

252 .82195

	

1985 .38

	

4131 .75

	

4164 .35

	

93 .40

	

254 .75539

	

1902 .24

	

4134 .02

	

4166 .06

	

92 .37

	

256 .70444

	

1843 .92

	

4136 .21

	

4167 .70

	

87 .36

	

258 .62988

	

1813 .75

	

4138 .42

	

4169 .23

	

83 .95

	

260 .56445

	

1756 .64

	

4140 .59

	

4170 .85

	

90 .21

	

262 .49451

	

1695 .31

	

N/A

	

4172 .27

	

95 .94

	

264 .74179

	

1630 .66

	

4145 .15

	

4174 .18

	

89 .02



266 .67166
268 .78220
270 .72141
272 .65073
274 .87726
276 .81805
278 .76450
280 .88333
282 .80972
284 .73972
286 .89667
289 .14389
291 .07562
293 .00632
294 .93533
297 .01889
299 .47693
301 .50665
303 .46027
305 .41806
307 .35971
309 .30557
311 .54416
313 .88666
315 .94595
317 .88223
319 .81473
321 .93250
323 .87943
325 .92282
327 .86584
329 .94199
331 .88943
333 .82971
336 .26633
338 .53528
340 .49741
342 .45721
344 .81250
346 .78171
348 .73840
350 .70746
352 .89362
355 .03201
356 .98749
359 .02487
362 .44473
364 .47916
366 .42249
368 .37292
370 .57446
372 .51443
374 .46722
376 .53836
378 .48669
380 .43777
382 .44885
384 .86191
387 .00974
388 .96222

1612 .20
1594 .79
1565 .63
1545 .19.
1510 .99
1480 .59
1455 .55
1433 .06
1425 .48
1507 .88
1602 .73
1578 .35
1523 .24
1503 .56
1499 .61
1446 .96
1298 .61
1272 .18
1302 .17
1315 .66
1323 .85
1330 .86
1337 .71
1347 .27
1356 .32
1366 .59
1374 .40
1381 .08
1386 .77
1394 .94
1401 .56
1407 .72
1410 .44
1412 .03
1428 .29
1437 .45
1436 .32
1435 .40
1423 .89
1414 .72
1409 .58
1408 .99
1411 .65
1418 .50
1433 .90
1443 .10
1436 .41
1449 .74
1456 .85
1459 .70
1465 .05
1469 .99
1472 .29
1489 .04
1503 .01
1514 .00
1523 .60
1534 .15
1543 .12
1554 .51

4147 .18
4149 .33
4151 .30
4153 .20
4155 .37
4157 .14
4158 .96
4159 .93
4161 .60
4163 .21
4165 .03
4166 .96
4168 .64
4170 .21
4171 .85
4173 .55
4175 .55
4177 .15
4178 .73
4180 .19
4181 .64
4183 .00
4184 .53
4186 .09
4187 .50
4188 .75
4188 .27
4181 .70
4179 .62
4178 .69
4179 .19
4180 .28
4181 .85
4182 .96

N/A
4190 .99

N/A
N/A

4197 .11
4198 .79
4200 .14
4201 .41
4202 .77
4203 .95
4205 .07
4206 .17
4208 .03
4208 .98
4209 .94
4210 .87
4211 .78
4212 .53
4213 .34
4214 .21
4214 .95
4215 .78
4216 .55
4217 .44
4218 .21
4218 .84

	

4175 .58

	

87 .08

	

4177 .19

	

88 .78

	

4178 .71

	

90 .55

	

4179 .54

	

86 .06

	

4181 .69

	

92 .01

	

4182 .91

	

86 .41

	

4184 .27

	

88 .85

	

4185 .71

	

85 .44

	

4186 .91

	

84 .04

	

4188 .17

	

58 .71

	

4189 .51

	

74 .96

	

4190 .89

	

87 .91

	

4192 .12

	

90 .52

	

4193 .19

	

86 .88

	

4194 .35

	

84 .63

	

4195 .52

	

104 .78

	

4196 .94

	

100 .78

	

4198 .09

	

77 .80

	

4199 .21

	

81 .44

	

4200 .29

	

81 .53

	

4201 .25

	

82 .06

	

4202 .33

	

81 .81

	

4203 .53

	

81 .56

	

4204 .75

	

82 .82

	

4205 .82

	

82 .87

	

4206 .85

	

83 .59

	

4207 .49

	

83 .06

	

4208 .81

	

82 .18

	

4209 .76

	

81 .50

	

4210 .75

	

81 .22

	

4211 .61

	

81 .35

	

4212 .62

	

81 .49

	

4213 .56

	

80 .98

	

4214 .42

	

80 .96

	

4215 .61

	

77 .06

	

4216 .58

	

84 .13

	

4217 .49

	

83 .05

	

4218 .36

	

83 .27

	

4219 .25

	

82 .85

	

4220 .27

	

81 .76

	

4221 .12

	

77 .85

	

4222 .18

	

79 .69

	

4223 .14

	

78 .92

	

4224 .01

	

72 .71

	

4224 .85

	

73 .63

	

4225 .69

	

74 .19

	

4227 .17

	

73 .91

	

4227 .98

	

76 .55

	

4228 .67

	

76 .33

	

4229.57

	

74 .72

	

4230 .71

	

74 .46

	

4232 .59

	

73 .95

	

4233 .31

	

73 .41

	

4234 .21

	

69 .84

	

4235 .06

	

71 .27

	

4235 .83

	

71 .44

	

4236 .66

	

71 .50

	

4237 .57

	

72 .21

	

4238 .22

	

72 .39

	

4238 .89

	

73 .32



392 .12845 1582 .71 4219 .87 4240 .02 74 .07
394 .06638 1563 .66 4220 .47 N/A 75 .97
395 .99695 1598 .25 4221 .10 4240 .98 78 .12
398 .21527 1597 .07 4221 .81 4241 .53 76 .42
400 .17725 1581 .63 N/A N/A 76 .85
402 .62979 107 .65 4223 .16 4242 .72 77 .56
404 .55612 1600 .76 4223 .77 4243 .16 75 .25
406 .48184 1597 .57 4224 .40 4243 .66 74 .00
408 .75449 1605 .63 4225 .08 4244 .32 75 .98
410 .73337 1603 .51 4225 .67 4244 .77 75 .71
412 .71890 1605 .77 4226 .31 4245 .25 74 .78
416 .15359 1591 .90 4227 .35 4246 .15 69 .61
418 .42917 1616 .56 4228 .00 4246 .62 71 .80
420 .36139 1627 .20 4228 .63 4247 .04 72 .71
422 .29285 1634 .86 4229 .16 4247 .58 72 .05
424 .35168 1612 .11 N/A N/A 70 .57
426 .28082 1743 .34 4230 .32 4248 .42 60 .88
428 .20914 1780 .41 4230 .94 4248 .85 64 .31
430 .13223 1842 .00 4231 .46 4249 .43 76 .03
432 .66968 1828 .78 4232 .24 4249 .95 75 .41
434 .59616 1837 .65 4232 .77 4250 .30 66 .56
436 .52487 1860 .71 4233 .37 4250 .61 66 .48
438 .44943 1812 .44 4233 .88 4251 .24 112 .99
440 .02560 1761 .74 4234 .36 4251 .58 0 .00
440 .98724 2061 .92 4234 .65 4251 .75 0 .00
441 .94528 2293 .76 N/A N/A 0 .00
443 .04471 2519 .54 N/A 4252 .10 0 .00
444 .01166 2681 .62 4235 .52 4252 .31 0 .00
444 .97250 2809 .84 N/A 4252 .45 0 .00
446 .10727 2959 .68 4236 .05 4252 .60 0 .00
448 .17456 3144 .84 4236 .65 4253 .08 0 .00
450 .10751 3272 .20 4237 .16 N/A 0 .00
452 .02985 3367 .27 4237 .69 4253 .99 0 .00
453 .95697 3439 .60 4238 .19 4254 .33 0 .00
456 .37418 3505 .72 4238 .88 4254 .76 0 .00
458 .32446 3544 .04 4239 .44 4255 .08 0 .00
459 .40588 3560 .86 N/A N/A 0 .00
459 .41068 3560 .85 N/A N/A 0 .00
459 .41409 3561 .17 N/A N/A 0 .00
459 .54028 3563 .34 N/A N/A 0 .00
459 .73682 2326 .19 N/A N/A 0 .00
459 .93219 1604 .17 N/A N/A 0 .00
460 .12869 1225 .11 N/A N/A 0 .00
460 .32193 973 .15 N/A N/A 0 .00
460 .51804 1052 .45 N/A N/A 70 .75
460 .71057 1115 .17 N/A N/A 17 .64
460 .90393 1159 .87 N/A N/A 0 .00
461 .09918 1191 .26 N/A N/A 0 .00
461 .29056 1221 .68 N/A N/A 0 .00
461 .48389 1250 .70 N/A N/A 0 .00
461 .67776 1280 .06 N/A N/A 0 .00
461 .87222 1308 .25 N/A N/A 0 .00
462 .06305 1337 .43 N/A N/A 0 .00
462 .25360 1350 .11 N/A N/A 37 .96
462 .44617 1360 .47 N/A N/A 0 .00
462 .64389 1293 .19 N/A N/A 146 .26
462 .83807 1270 .82 N/A N/A 146 .99
463 .03241 1243 .03 N/A N/A 131 .95
464 .34445 1249 .83 4241 .02 N/A 46 .21
466 .31592 1282 .29 4241 .58 4256 .83 0 .00



468 .26749 1443 .81 4241 .99 4257 .12 31 .73
470 .57361 1558 .61 4242 .59 4257 .52 39,09
472 .53000 1627 .53 4243 .11 4258 .10 39 .34
474 .46368 1619 .19 4243 .55 4258 .50 59 .87
476 .40302 1570 .12 4244 .02 4258 .78 55 .10
478 .33496 1614 .66 4244 .51 4259 .12 37 .21
480 .56833 1584 .24 4244 .98 4259 .43 56 .30
482 .56082 1566 .34 4245 .47 4259 .77 54 .15
484 .54028 1679 .80 4246 .00 4260 .14 43 .03
486 .51556 1640 .22 4246 .49 4260 .59 64 .32
488 .49860 1613 .71 4247 .02 4261 .20 53 .86
490 .72452 1532 .20 4247 .49 4261 .52 64 .57
492 .66083 1515 .01 4247 .96 N/A 43 .74
494 .59833 1613 .83 4248 .38 4262 .17 50 .74
496 .70502 1625 .61 4248 .81 4262 .50 53 .58
498 .63611 1645 .81 4249 .24 4262 .82 53 .65
500 .56693 1641 .34 4249 .63 4263 .10 51 .31
502 .48917 1641 .88 4249 .98 4263 .58 53 .04
504 .70279 1633 .56 4250 .36 4264 .15 55 .50
506 .68307 1606 .33 4250 .72 4264 .42 51 .77
508 .67224 1613 .64 4251 .08 4264 .78 51 .88
510 .65610 1615 .33 4251 .45 N/A 51 .90
513 .71332 1612 .15 4251 .91 4265 .58 54 .33
516 .27087 1603 .50 4252 .15 4265 .91 52 .80
518 .25543 1604 .67 4252 .46 4266 .16 52,28
520 .35889 1579 .47 N/A N/A 51 .35
522 .33862 1595 .46 4252 .97 4267 .12 50 .19
524 .31445 1601 .03 4253 .17 N/A 50 .30
526 .29779 1607 .05 N/A 4267 .80 51 .42
528 .44397 1610 .89 4253 .58 4268 .07 51 .84
530 .43475 1608 .96 4253 .66 N/A 51 .49
532 .43219 1613 .42 4253 .71 N/A 52 .01
534 .40472 1630 .53 N/A 4268 .66 53 .85
536 .37219 1633 .49 N/A 4268 .76 53 .96
538 .64276 1620 .46 4253 .66 N/A 53 .08
540 .78192 1631 .37 N/A 4269 .23 52 .67
542 .71777 1640 .05 4253 .56 4269 .65 53 .13
544 .70636 1649 .89 N/A 4269 .92 54 .06
546 .63275 1654 .33 4253 .52 4270 .15 54 .22
548 .55859 1659 .00 4253 .49 N/A 54 .36
550 .71832 1649 .70 N/A N/A 53 .54
552 .72113 1651 .00 4253 .49 N/A 53 .97
554 .78900 1657 .96 N/A 4271 .01 54 .32
556 .08362 1681 .56 4253 .56 4271 .12 0 .00
556 .65997 1830 .33 N/A 4271 .22 0 .00
557 .23761 1960 .40 N/A 4271 .27 0 .00
557 .81219 2079 .64 4253 .61 4271 .32 0 .00
558 .56897 2222 .83 4253 .60 N/A 0 .00
559 .14471 2328 .48 4253 .61 N/A 0 .00
559 .72058 2428 .10 4253 .62 N/A 0 .00
560 .54999 2559 .15 4253 .61 4271 .63 0 .00
561 .16278 2649 .05 N/A 4271 .68 0 .00
561 .77509 2731 .21 N/A 4271 .76 0 .00
562 .38452 2805 .52 4253 .55 N/A 0 .00
562 .97418 2870 .24 N/A 4271 .90 0 .00
563 .71368 2943 .27 N/A 4271 .94 0 .00
564 .29321 2993 .17 4253 .41 N/A 0 .00
564 .87390 3037 .05 N/A 4272 .05 0 .00
565 .44940 3075 .65 N/A 4272 .16 0 .00

565 .96057 3104 .97 N/A N/A 0 .00



566 .15222 3114 .93 N/A N/A 0 .00
566 .34479 3123 .86 N/A N/A 0 .00
566 .53913 3133 .15 N/A N/A 0 .00
566 .73389 3140 .98 N/A N/A 0 .00
566 .92609 3149 .01 N/A N/A 0 .00
567 .11969 3157 .44 N/A N/A 0 .00
567 .31445 3163 .64 N/A N/A 0 .00
567 .50531 3171 .61 N/A N/A 0 .00
567 .69928 3178 .43 N/A N/A 0 .00
567 .89221 3184 .34 N/A N/A 0 .00
568 .08691 3190 .66 N/A N/A 0 .00
568 .27838 3196 .68 N/A N/A 0 .00
568 .46997 3172 .31 N/A N/A 0 .00
568 .66278 1529 .42 N/A N/A 0 .00
568 .85748 1407 .24 N/A N/A 0 .00
569 .04785 1471 .23 4252 .95 4272 .88 0 .00
569 .24084 1523 .10 N/A N/A 0 .00
569 .43359 1581 .32 N/A N/A 0 .00
569 .62665 1644 .38 N/A N/A 0 .00
569 .81860 1704 .81 N/A N/A 0 .00
570 .00946 1759 .84 N/A N/A 0 .00
570 .20117 1812 .17 N/A N/A 0 .00
570 .39368 1862 .79 N/A N/A 0 .00
570 .58832 1912 .52 N/A N/A 0 .00
570 .78058 1959 .53 N/A N/A 0 .00
570 .97058 2003 .94 4252 .76 4273 .16 0 .00
571 .16394 2048 .98 N/A N/A 0 .00
571 .35626 2093 .37 N/A N/A 0 .00
571 .54858 2135 .17 N/A N/A 0 .00
571 .74170 2176 .48 N/A N/A 0 .00
571 .93695 2217 .60 N/A N/A 0 .00
572 .13031 2257 .55 N/A N/A 0 .00
572 .32306 2296 .48 N/A N/A 0 .00
572 .51672 2333 .43 N/A N/A 0 .00
572 .70905 2371 .55 N/A N/A 0 .00
572 .9061 2407 .27 4252 .55 4273 .34 0 .00
573 .09332 2443 .74 N/A N/A 0 .00
573 .28668 2478 .50 N/A N/A 0 .00
573 .48010 2513 .04 N/A N/A 0 .00
573 .67212 2546 .06 N/A N/A 0 .00
573 .86169 2578 .19 N/A N/A 0 .00
574 .05389 2611 .39 N/A N/A 0 .00
574 .24335 2641 .48 N/A N/A 0 .00
574 .43469 2672 .03 N/A N/A 0 .00
574 .68616 2711 .27 N/A N/A 0 .00
574 .92279 2746 .94 N/A N/A 0 .00
577 .09332 3020 .70 N/A N/A 0 .00
579 .01971 3177 .00 N/A N/A 0 .00
580 .94312 3286 .32 N/ k N/A 0 .00
583 .15698 3378 .46 N/A N/A 0 .00
585 .10309 3438 .57 4251 .76 4274 .88 0 .00
587 .05396 3482 .15 4251 .67 4275 .05 0 .00
588 .97888 3515 .68 N/A 4275 .29 0 .00
590 .89862 3541 .80 N/A 4275 .52 0 .00
592 .87195 3560 .87 4251 .57 4275 .88 0 .00
594 .79553 3576 .09 N/A 4276 .27 0 .00
596 .72284 3571 .50 4251 .52 N/A 0 .00
598,72986 3587 .92 4251 .53 N/A 0 .00
600 .77527 3612 .67 N/A 4277 .04 0 .00
602 .69391 3623 .48 N/A 4277 .30 0 .00



604 .63641 3347 .61 N/A 4277 .53 62 .70
606 .56555 3107 .73 N/A 4277 .78 50 .35
608 .99121 2861 .42 N/A N/A 54 .73
610 .93286 2592 .61 N/A 4278 .27 70 .79
612 .86530 2370 .07 N/A 4278 .49 69 .86
615 .06140 2152 .09 N/A N/A 67 .57
617 .04858 2055 .86 N/A 4278 .95 48 .85
618 .98322 2002 .02 4251 .84 4279 .33 52 .04
620 .90948 1963 .77 N/A 4279 .66 50 .00
623 .05280 1886 .36 N/A 4279 .92 55 .59
624 .99249 1839 .28 4252 .03 N/A 52 .18
626 .92639 1813 .57 N/A 4280 .31 49 .83
628 .86200 1772 .23 N/A N/A 58 .76
630 .98254 1714 .42 4252 .21 4280 .52 53 .85
633 .09613 1683 .69 4252 .26 N/A 51 .76
635 .02661 1672 .19 4252 .30 4280 .86 50 .63
637 .17554 1640 .34 4252 .36 4281 .02 54 .61
639 .15442 1610 .93 4252 .40 4281 .20 51 .58
641 .25775 1597 .10 4252 .46 4281 .37 50 .43
643 .23010 1592 .83 N/A 4281 .53 50 .17
645 .20752 1600 .13 4252 .56 4281 .73 50 .64
647 .55389 1620 .57 N/A 4282 .03 50 .89
649 .50775 1624 .14 N/A 4282 .32 51 .17
651 .46112 1628 .83 4252 .82 4282 .64 51 .19
653 .60388 1631 .98 N/A 4282 .84 50 .97
655 .55750 1634 .79 4253 .01 4283 .07 50 .50
657 .73950 1641 .01 4253 .10 N/A 51 .17
659 .86139 1643 .03 N/A 4283 .46 50 .78
661 .83112 1645 .90 N/A 4283 .64 51 .28
663 .80042 1649 .21 4253 .30 4283 .85 50 .86
665 .79059 1648 .67 4253 .39 4284 .03 50 .87
667 .75580 1645 .98 4253 .47 4284 .25 50 .87
669 .72119 1651 .68 4253 .56 4284 .42 51 .06
671 .90332 1659 .60 4253 .66 4284 .63 51 .65
673 .89087 1660 .61 4253 .76 4284 .17 50 .82
676 .19604 1669 .07 4253 .90 4284 .63 51 .18
678 .30859 1672 .20 N/A 4285 .02 51 .11
680 .26056 1680 .35 4254 .12 4285 .36 50 .95
681 .14886 1806 .52 N/A N/A 0 .00
681 .34113 2136 .38 N/A N/A 0 .00
681 .53418 2673 .80 N/A N/A 0 .00
681 .73914 3048 .69 N/A N/A 0 .00
681 .94427 3241 .97 N/A N/A 0 .00
683 .08759 3504 .75 N/A N/A 0 .00
684 .05585 3553 .94 4254 .30 N/A 0 .00
685 .31444 3585 .75 N/A 4286 .31 0 .00
686 .24915 3610 .99 4254 .39 4286 .46 0 .00
688 .35333 3643 .64 4254 .48 4286 .72 0 .00
690 .46112 3665 .94 N/A 4287 .02 0 .00
692 .38531 3681 .18 4254 .67 4287 .23 0 .00
694 .31305 3693 .04 N/A N/A 0 .00
697 .24011 3708 .89 4254 .89 4287 .77 0 .00
699 .17529 3717 .01 4255 .00 4287 .98 0 .00
701 .11707 3724 .42 N/A 4288 .22 0 .00
703 .05707 3731 .19 N/A 4288 .44 0 .00

705 .26807 3738 .70 4255 .33 4288 .67 0 .00

707 .24359 3744 .27 N/A 4288 .88 0 .00

709 .21362 3749 .24 4255 .44 4289 .05 0 .00

711 .26526 3758 .90 N/A 4289 .23 0 .00
713 .23749 3763 .65 N/A 4289 .43 0 .00



715 .17645 3767 .68 4255 .64 4289 .61 0 .00
717 .29248 3772 .53 4255 .73 4289 .84 0 .00
719 .41443 3776 .86 4255 .88 N/A 0 .00
721 .58612 3781 .70 N/A 4290 .43 0 .00
723 .57056 3787 .6J 4256 .14 4290 .67 0 .00
725 .63086 3790 .72 4256 .29 N/A 0 .00
728 .04755 3795 .94 4256 .39 4291 .17 0 .00
730 .11322 3798 .66 N/A 3317 .67 0 .00
732 .35364 3801 .68 4256 .48 2931 .79 0 .00
734 .41138 3804 .50 4256 .56 3046 .59 0 .00
736 .92859 3807 .91 4256 .62 3066 .90 0 .00
738 .98846 3811 .27 N/A 3068 .25 0 .00
741 .04749 3813 .04 4256 .83 3072 .70 0 .00
743 .55249 3816 .06 4257 .01 2137 .13 0 .00
745 .79779 3818 .84 4257 .14 2637 .01 0 .00
747 .84479 3820 .33 4257 .25 N/A 0 .00
750 .01581 3822 .86 4257 .38 N/A 0 .00
752 .03754 3824 .30 4257 .50 N/A 0 .00
754 .13196 3824 .46 4257 .61 N/A 0 .00
756 .09583 3825 .24 4257 .76 N/A 0 .00
758 .07904 3824 .36 4257 .88 N/A 0 .00
760 .18085 3822 .18 N/A N/A 0 .00
762 .16193 3821 .68 N/A N/A 0 .00
764 .13409 3819 .34 4258 .31 N/A 0 .00
766 .10706 3818 .39 4258 .45 N/A 0 .00
768 .22137 3816 .75 4258 .60 N/A 0 .00
770 .13696 3815 .24 N/A N/A 0 .00
771 .39471 3815 .22 N/A N/A 0 .00
771 .58527 3814 .66 N/A N/A 0 .00
771 .77417 3814 .61 N/A N/A 0 .00
771 .96667 3814 .59 N/A N/A 0 .00
772 .15637 3814 .96 N/A N/A 0 .00
772 .34955 3814 .53 N/A N/A 0 .00
772 .53973 3814 .18 N/A N/A 0 .00
772 .73383 3814 .10 N/A N/A 0 .00
772 .92047 3814 .01 N/A N/A 0 .00
773 .11029 3813 .83 N/A N/A 0 .00
773 .45776 3813 .85 N/A N/A 0 .00
774 .53748 3813 .80 4259 .03 N/A 0 .00
775 .53857 3812 .87 N/A N/A 0 .00
776 .53143 3812 .65 4259 .18 N/A 0 .00
777 .52692 3812 .28 N/A N/A 0 .00
778 .51447 3812 .37 4259 .31 N/A 0 .00
779 .51361 3811 .53 N/A N/A 0 .00
780 .50513 3812 .16 4259 .42 N/A 0 .00
781 .49872 3810 .86 N/A N/A 0 .J0
782 .48889 3810.63 4259 .56 N/A 0 .00
783 .48401 3810 .96 N/A N/A 0 .00
784 .53534 3809 .65 4259 .72 N/A 0 .00
785 .53308 3809 .37 N/A N/A 0 .00
786 .53333 3809 .51 4259 .86 N/A 0 .00
787 .78192 3807 .61 4259 .95 N/A 0 .00
788 .75110 3808 .43 N/A N/A 0 .00
789 .72156 3807 .70 4260 .07 N/A 0 .00
790 .90112 3805 .58 N/A N/A 0 .00
791 .86108 3805 .26 4260 .23 N/A 0 .00
792 .82642 3804 .75 N/A N/A 0 .00
793 .78497 3803 .94 4260 .38 N/A 0 .00
794 .74225 3804 .03 N/A N/A 0 .00
795 .22083 3804 .01 N/A N/A 0 .00



795 .42108 3803 .92 N/A N/A 0 .00
795,63776 3803 .80 N/A N/A 0 .00
795 .82111 3803 .71 N/A N/A 0 .00
801 .15942 3800 .99 4261 .04 N/A 0 .00
803 .37476 3800 .41 4261 .26 N/A 0 .00
805 .70587 3800 .16 4261 .56 N/A 0 .00
807 .63458 3800 .18 4261 .76 N/A 0 .00
810 .98834 3800 .31 4262 .19 N/A 0 .00
813 .25726 3800 .67 4262 .40 N/A 0 .00
815 .51306 3801 .02 4262 .63 N/A 0 .00
817 .86890 3801 .52 4262 .83 N/A 0 .00
820 .02472 3801 .94 4263 .03 N/A 0 .00
822 .16724 3802 .43 N/A N/A 0 .00
824 .35278 3803 .02 4263 .42 N/A 0 .00
826 .18610 3803 .46 4263 .57 N/A 0 .00
828 .18610 3803 .96 N/A N/A 0 .00
830 .16888 3804 .40 4263 .91 N/A 0 .00
832 .33331 3804 .91 4264 .08 N/A 0 .00
834 .50000 3805 .43 4264 .25 N/A 0 .00
836 .33331 3805 .92 4264 .41 N/A 0 .00
838 .16669 3806 .39 4264 .56 N/A 0 .00
840 .24719 3807 .02 4264 .74 N/A 0 .00
842 .08057 3807 .58 4264 .89 N/A 0 .00
843 .91388 3808 .19 4265 .00 N/A 0 .00
845 .91388 3808 .93 4265 .17 N/A 0 .00
847 .89081 3809,60 4265 .33 N/A 0 .00
850 .14056 3810 .44 4265 .50 N/A 0 .00
851 .97388 3811 .21 4265 .65 N/A 0 .00
853 .80719 3811 .86 4265 .77 N/A 0 .00
855 .64056 3812 .50 4265 .90 N/A 0 .00
857 .83331 3813 .44 N/A N/A 0 .00
859 .66669 3814 .26 4266 .20 N/A 0 .00
861 .50000 3815 .14 4266 .33 N/A 0 .00
863 .70001 3816 .13 4266 .52 N/A 0 .00
865 .83057 3817 .04 4266 .66 N/A 0 .00
868 .07697 3818 .14 4266 .78 N/A 0 .00
870 .14862 3819 .13 4266 .96 N/A 0 .00
872 .14862 3820 .11 4267 .16 N/A 0 .00
874 .05109 3821 .07 N/A N/A 0 .00
876 .23834 3822 .18 N/A N/A 0 .00
878 .49805 3823,28 N/A N/A 0 .00
880 .72418 3824 .48 N/A N/A 0 .00
882 .72668 3825 .52 N/A N/A 0 .00
884 .72998 3826 .58 N/A N/A 0 .00
886 .97363 3827 .75 N/A N/A 0 .00
888 .92706 3828 .83 N/A N/A 0 .00
890 .89691 3829 .92 N/A N/A 0 .00
892 .87665 3831 .06 N/A N/A 0 :00
895 .01447 3832 .18 N/A N/A 0 .00
897 .14502 3833 .32 N/A N/A 0 .00
899 .10083 3834 .43 N/A N/A 0 .00
901 .04553 3835 .53 N/A N/A 0 .00
903 .37469 3836 .83 N/A N/A 0 .00
905 .62341 3838 .04 N/A N/A 0 .00
907 .76886 3839 .22 N/A N/A 0 .00
909 .89642 3840 .43 N/A N/A 0 .00
912 .15833 3841 .66 N/A N/A 0 .00
914 .30713 3842 .84 N/A N/A 0 .00
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GAS CHROMATOGRAPHY SYSTEMS FOR NITROGEN TESTS
CER Corporation

In order to establish the presence of the N 2 tracer at remote locations

in the Red and Yellow sandstones that would originate from the injection

well, MWX-2, gas chromatography (GC) was performed on the gas flowing from

the observation wells, MWX-1 and 3.

Figure 1 illustrates a CC system, assembled and tested at Sandia, which

was connected through a manifold to either of the MWX observation wells.

The Produced gases flowed through a high pressure regulator where the

pressure was reduced to approximately 40 psi, in order to accommodate the

1^w pressure filters and GC specifications . Once the pressure was reduced

to acceptable pressure levels, the gas flowed through a desiccant filter

designed to eliminate liquids, then through a 7 pm particular trap, and

finally through a flow meter which was used to adjust and maintain constant

flow rate . The gas sample passed through the filter system, was injected

into the Carle SX Gas Chromatograph and analyzed in 10 minutes . Output

consisted of printed reports and an auxiliary output data port that supplied

data directly to the main VAX computer system . This system was almost

totally automated and remotely switched solenoid valves, purged flow lines,

performed calibrations, printed results and vented the system . Software

modifications to accommodate specific field requirements were easily

performed.

In addition to the on-line GC system, gas samples from both observation

wells, MWX-1 and MWX-3, were taken in 0 .3 liter plastic bags for on-site and

future analysis.

A second field GC system, Figure 2, was scheduled to provide quasi real-

time analysis of the gas bag samples . Syringe sampling ports were installed

on the tubing of the wellhead of MWX-1 and MWX-3 . These sampling ports



consisted of 0 .25-in . swagelock tubing, two valves and a hypodermic needle.

With this configuration, valves could be opened, allowing gas to continually

flow through the lines, purging them of stagnant gas or contaminants and

assuring that the sample was indicative of gas flowing in the high pressure

tubing.

Gas sample bags (0 .3 liter Tedlar) with rubber septums were used for

sampling containers to transport gas from the wellhead to the GC system.

Initially each gas bag was filled with helium and then purged using a hand

held vacuum pump . This procedure was designed to minimize gas contaminants,

particularly air . Once evacuated, the bag was placed over the hypo needle

on the sample port and the exhaust line on the sample port was plugged

allowing gas to flow and fill the sample bag . Each bag was labeled with the

date, time, sample number, catalogued and either had its contents analyzed

in the GC or stored for future analysis.

The analysis consisted of using a 10 cc syringe to pull a sample from

the gas bag (the syringe was purged two times with sample before injection),

and then injected into the sample loop on the front panel of the Carle

Series III gas chromatograph . The GC was then advanced to the first valve

switch, thus allowing the sample to enter the GC . The cycle run time was 32

minutes with the chromatogram (TCD detection) being traced out on a strip

chart recorder . The chromatogram was then analyzed fro area and percent

volume . These reports were then logged and entered into a database file.

The field GC system had an analytic cycle time of 32 minutes and

supplied output in the form of strip chart recorder data . Unfortunately,

this system remained operational for only a few hours into the test ; one of

the flow loops became contaminated, causing the unit to fail and therefore

providing little usable data . Subsequently, Bendix Corporation of Grand

Junction, Colorado, was utilized to perform laboratory GC analysis from a

selective group of gas samples taken from MWX-1 and MWX-3 wellheads .
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* MWX #2 COASTAL RED-YELLOW N2 INJECTION APRIL 1985
* ELAPSED MWX #2 MWX #2
* TIME B .H . SURFACE
* (HOURS) PRESS . PRESS.
* (PSI) (PSI)

93 .33258 N/A 542 .52
93 .41653 N/A 780 .56
93 .46653 N/A 1709 .65
93 .51653 N/A 2958 .66
93 .56653 N/A 3282 .50
93 .61653 N/A 3258 .49
93 .66653 N/A 3078 .53
93 .71653 N/A 2747 .10
93 .79469 N/A 2735 .14
93 .84458 N/A 2747 .10
93 .89458 N/A 2743 .12
93 .94653 N/A 2735 .14
93 .99819 N/A 2735 .14
94 .04819 N/A 3174 .49
94 .09819 N/A 3687 .22
94 .14819 N/A 4149 .46
94 .19819 N/A 4379 .24
94 .24819 N/A 4500 .38
94 .29819 N/A 4472 .10
94 .34819 N/A 4407 .49
94 .39819 N/A 4350 .99
94 .44819 N/A 4306 .62
94 .49819 N/A 4270 .33
94 .54819 N/A 4230 .02
94 .59847 N/A 4201 .82
94 .64847 N/A 4181 .68
94 .69847 N/A 4153 .48
94 .74847 N/A 4129 .32
94 .80236 N/A 4109 .19
94 .85322 N/A 4089 .07
94 .91958 N/A 4060 .90
94 .97236 N/A 4044 .80
95 .02464 N/A 4028 .71
95 .07514 N/A 4016 .64
95 .12514 N/A 4322 .75
95 .17625 N/A 4346 .96
95 .2 77g ^ N/A 4310 .65
e5 .27858 N/A 4278 .39
95 .32958 N/A 4254 .21
95 .38317 N/A 4230 .02
95 .43347 N/A 4209 .88
95 .48347 N/A 4189 .73
95 .53678 N/A 4177 .65
95 .58903 N/A 4149 .46
95 .63903 N/A 4129 .32
95 .68903 N/P 4113 .22
95 .74264 N/A 4097 .12
95 .79319 N/A 4081 .02
95 .84494 N/A 4060 .90
95 .89567 N/A 4044 .80
95 .94569 N/A 4028 .71
95 .99678 N/A 4008 .60
96 .04681 N/A 3996 .53
96 .09708 N/A 4217 .94
96 .14708 N/A 4371 .17



96 .19708 N/A 4298 .55
96 .24736 N/A 4254 .21
96 .30042 N/A 4209 .88
96 .35294 N/A 4165 .56
96 .40375 N/A 4137 .38
96 .45375 N/A 4093 .09
96 .50375 N/A 4076 .99
96 .55375 N/A 4048 .82
96 .60375 N/A 4024 .69
96 .65375 N/A 4004 .57
96 .70375 N/A 3984 .47
96 .75375 N/A 3960 .34
96 .80375 N/A 3940 .24
96 .85375 N/A 3920 .14
96 .90375 N/A 46 .87
96 .95375 N/A 73 .82
97 .00375 N/A 150 .93
97 .05375 N/A 143 .21
97 .10375 N/A 135 .50
97 .15375 N/A 127 .18
97 .20375 N/A 116 .21
97 .25375 N/A 123 .93
97 .30375 N/A 112 .36
97 .39800 N/A 1923 .61
97 .45181 N/A 1927 .58
97 .50181 N/A 1931 .55
97 .55181 N/A 1935 .51
97 .60178 N/A 1935 .51
97 .65181 N/A 1935 .51
97 .70433 N/A 1931 .55
97 .75772 N/A 1931 .55
97 .81097 N/A N/A
97 .86289 N/A N/A
97 .91514 N/A N/A
97 .96514 N/A N/A
98 .01514 N/A N/A
98 .06514 N/A N/A
98 .11511 N/A N/A
98 .16514 N/A N/A
98 .21514 N/A N/A
98 .26514 N/A N/A
98 .31514 N/A N/A
98 .36514 N/A N/A
98 .41514 N/A N/A
98 .46514 N/A N/A
98 .51514 N/A N/A
98 .56514 N/A N/A
98 .61514 N/A N/A
98 .66514 N/A N/A
98 .71514 N/A 1967 .25
98 .76514 N/A 1959 .31
98 .81514 N/A 1963 .28
98 .86514 N/A 1959 .31
98 .91514 N/A 1963 .28
98 .96514 N/A 1959 .31
99 .01514 N/A 1955 .35
99 .06514 N/A 1955 .35
99 .11514 2025 .38 1939 .48
99 .16514 2055 .23 1927 .58
99 .21542 2081 .60 1769 .04



99 .26542 2093 .91 1828 .47
99 .31542 2107 .65 1844 .32
99 .36653 2109 .74 1856 .21
99 .41653 2115 .64 1840 .36
99 .46653 2130 .07 1876 .03
99 .51653 2127 .07 1860 .17
99 .56681 2116 .94 1848 .28
99 .61681 2123 .76 1864 .14
99 .66708 2153 .49 1868 .10
99 .71708 2207 .26 1876 .03
99 .76708 2266 .86 1876 .03
99 .81708 2338 .97 690 .68
99 .88486 2355 .02 1927 .58
99 .93486 2418 .39 1927 .58
99 .98486 2447 .43 1919 .65

100 .03486 2541 .49 2038 .69
100 .08486 2899 .14 2356 .65
100 .13486 3455 .04 2838 .88
100 .18514 4069 .36 3346 .55
100 .23514 4722 .57 3916 .12
100 .28511 5345 .79 4411 .53
100 .33514 5440 .89 4395 .38
100 .38514 5274 .50 4262 .27
100 .43514 5169 .68 4278 .39
100 .48514 5088 .32 4205 .85
100 .53542 5142 .48 4355 .02
100 .58542 5474 .77 4597 .41
100 .63542 5511 .46 4540 .80
100 .68542 5347 .81 4411 .53
100 .73542 5240 .42 4334 .85
100 .78542 5155 .41 4254 .21
100 .83542 5085 .46 4254 .21
100 .88542 5432 .71 4532 .71
100 .93542 5468 .42 4540 .80
100 .98542 5405 .69 4492 .30
101 .03542 5379 .94 4468 .06
101 .08542 5363 .99 4451 .90
101 .13542 5354 .43 4407 .49
101 .18542 5349 .02 4447 .87
101 .23653 5339 .83 4443 .83
101 .28792 5267 .21 4367 .13
101 .34256 5187 .80 4294 .52
101 .39681 5113 .48 4230 .02
101 .45042 5059 .39 4181 .68
101 .50294 5004 .17 4153 .48
101 .55653 4961 .81 4105 .17
101 .60986 4923 .48 4076 .99
101 .66319 4882 .97 4040 .78
101 .71319 4851 .69 4008 .60
101 .76358 4822 .80 3972 .40
101 .81625 4795 .99 3956 .32
101 .86622 5065 .78 4254 .21
101 .91625 5450 .30 4556 .97
101 .96625 5462 .68 4552 .93
102 .01625 5471 .68 4500 .38
102 .06625 5327 .46 4395 .38
102 .11625 5234 .73 4322 .75
102 .16625 5162 .24 4258 .24
102 .21622 5101 .71 4213 .91
102 .26625 5049 .87 4169 .59



102 .31625 5004 .76 4125 .30
102 .36625 4965 .05 4085 .04
102 .41625 4929 .83 4056 .87
102 .46625 4897 .87 4024 .69
102 .51625 4868 .82 3996 .53
102 .56625 4842 .00 3956 .32
102 .61625 4817 .38 3924 .16
102 .66625 4794 .23 3912 .10
102 .71625 4772 .80 3883 .97
102 .76625 4752 .49 3871 .92
102 .81625 4733 .27 3855 .84
102 .86625 4715 .21 3839 .78
102 .91625 4698 .36 3823 .71
102 .96625 4682 .05 3811 .66
103 .01625 4666 .93 3795 .60
103 .06625 4652 .38 3787 .57
103 .11625 4638 .58 3771 .51
103 .16625 4625 .54 3791 .58
103 .21625 4613 .11 3759 .46
103 .26625 4601 .24 3751 .43
103 .31625 4590 .41 3747 .42
103 .36625 4931 .35 4068 .94
103 .41625 5218 .67 4310 .65
103 .46625 5369 .01 4435 .75
103 .51625 5421 .78 4488 .26
103 .56625 5447 .69 4500 .38
103 .61625 5462 .22 4512 .50
103 .66625 5469 .46 4516 .55
103 .71625 5472 .63 4520 .59
103 .76622 5479 .10 4520 .59
103 .81625 5481 .81 4520 .59
103 .91722 N/A 4330 .82
104 .16708 5045 .79 4149 .46
104 .42233 4892 .10 4032 .73
104 .67236 4793 .27 3956 .32
104 .92236 4720 .53 3892 .01
105 .17236 4663 .95 3835 .76
105 .42236 4618 .64 3811 .66
105 .67236 4581 .32 3783 .55
105 .92236 4549 .60 3759 .46
106 .17233 4521 .83 3731 .36
106 .42236 4496 .97 3711 .30
106 .67236 4474 .52 3691 .23
106 .92236 4454 .52 3675 .18
107 .17236 4436 .82 3655 .12
107 .42236 4420 .74 3635 .07
107 .67236 4406 .04 3631 .05
107 .92236 4392 .69 3619 .02
108 .17236 4380 .37 3602 .98
108 .42236 4368 .85 3586 .94
108 .67236 4357 .80 3582 .93
108 .92236 4346 .88 3534 .82
109 .17236 4336 .43 3542 .84
109 .42236 4326 .38 3550 .86
109 .67236 4316 .91 3534 .82
109 .92236 4307 .75 3530 .81
110 .17236 4298 .86 3522 .80
110 .42236 4289 .77 3518 .79
110 .69236 4279 .09 3502 .76
110 .94242 4268 .91 3494 .75



111 .19569 4259 .23 3486 .73
111 .44569 4250 .25 3478 .72
111 .69569 4241 .90 3482 .72
111 .94569 4233 .46 3486 .73
112 .19792 4225 .70 3474 .71
112 .45875 4218 .11 3474 .71
112 .66236 4212 .70 3458 .68
112 .91236 4209 .71 3474 .71
113 .16792 4199 .64 3446 .67
113 .43458 4207 .83 3454 .68
113 .46514 4224 .90 3450 .67
113 .49150 4224 .03 3450 .67
113 .51844 4228 .75 3446 .67
113 .54514 4225 .75 3450 .67
113 .57014 4220 .70 3446 .67
113 .59514 4221 .52 3458 .68
113 .62014 4414 .65 J647 .10
113 .64514 4623 .02 3827 .73
113 .67014 4826 .19 4008 .60
113 .69514 5001 .41 4173 .62
113 .72014 5227 .73 4355 .02
113 .74514 5400 .38 4520 .59
113 .77014 5485 .81 4585 .28
113 .79514 5503 .62 4601 .46
113 .82042 5516 .08 4605 .50
113 .84708 5523 .96 4605 .50
113 .87325 5529 .81 4613 .59
113 .89931 5536 .02 4629 .78
113 .92428 5541 .27 4609 .55
113 .94931 5541 .53 4621 .68
113 .97458 5542 .91 4625 .73
114 .01125 5422 .94 4864 .81
114 .03625 5340 .91 4856 .70
114 .06125 5270 .32 4848 .58
114 .08625 5207 .96 4848 .58
114 .11125 5151 .45 4836 .41
114 .13625 5101 .00 4836 .41
114 .16125 5055 .66 4852 .64
114 .18625 5014 .83 4860 .75
114 .21125 4977 .95 4864 .81
114 .23628 4944 .52 4864 .81
114 .26125 4914,21 4868 .87
114 .28625 4886 .61 4864 .81
114 .31125 4861 .42 4868 .87
114 .33625 4838 .46 4868 .87
114 .36125 4817 .48 4860 .75
114 .38625 4798 .13 4860 .75
114 .41125 4780 .25 4852 .64
114 .43625 4763 .64 4848 .58
114 .46125 4748 .25 4844 .52
114 .48625 4733 .80 4816 .13
114 .51125 4720 .34 4783 .69
114 .53625 4707 .70 4751 .26
114 .56125 4695 .81 4755 .31
114 .58656 4684 .62 4751 .26
114 .61208 4674 .00 4743 .16
114 .63708 4663 .98 4735 .05
114 .66208 4654 .46 4726 .95
114 .68708 4645 .38 4710 .75
114 .71206 4636 .75 4682 .40



114 .73708 4628 .56 4629 .78
114 .76292 4619 .92 4585 .28
114 .78903 4612 .48 4536 .75
114 .81569 4604 .62 4484 .22
114 .84069 4597 .87 4439 .79
114 .86569 4591 .38 4387 .31
114 .89069 4585 .17 4346 .96
114 .91625 4579 .25 4294 .52
114 .94294 4573 .57 4246 .15
114 .96931 4567 .51 4201 .82
114 .99458 4562 .20 4161 .54
115 .01958 4557 .08 4117 .24
115 .04486 4552 .12 4076 .99
115 .07242 4546 .84 4032 .73
115 .09736 4542 .25 3992 .51
115 .12236 4537 .79 3952 .30
115 .14736 4533 .50 3908 .08
115 .17236 4529 .32 3875 .93
115 .19736 4525 .29 3839 .78
115 .22236 4559 .38 3795 .60
115 .24736 4522 .22 3755 .45
115 .27236 4489 .61 3727 .35
115 .29736 4458 .07 3703 .27
115 .36719 N/A 3703 .27
115 .61708 4455 .60 3711 .30
116 .06242 N/A 3695 .24
116 .37125 4426 .30 3687 .22
116 .62458 4415 .40 3675 .18
116 .87875 4404 .87 3667 .16
117 .12886 N/A 3659 .13
117 .37875 4385 .52 3655 .12
117 .62875 4376 .53 3635 .07
117 .88069 4368 .15 3631 .05
118 .13069 4360 .69 3627 .04
118 .41161 N/A 3619 .02
118 .66569 4345 .64 3611 .00
118 .88375 4360 .00 3606 .99
119 .13906 4332 .76 3598 .97
119 .39597 4327 .02 3598 .97
119 .64597 4321 .55 3582 .93
119 .89597 4316 .17 3570 .90
120 .15875 4307 .43 N/A
120 .39264 4300 .42 N/A
120 .64264 4288 .69 3438 .65
120 .89458 4285 .04 3482 .72
121 .40431 N/A 3494 .75
122 .15706 4270 .24 3466 .70
122 .90708 4261 .73 3398 .60
123 .65708 4251 .20 3382 .58
124 .40986 4243 .10 3414 .62
125 .15986 4233 .69 3486 .73
125 .90986 4226 .67 3462 .69
126 .65986 4218 .47 3446 .67
127 .40986 4212 .45 3430 .64
128 .15987 4205 .63 3422 .63
129 .00569 4199 .34 3438 .65
129 .75569 4193 .37 3406 .61
130 .50569 4189 .02 3362 .56
131 .25568 4183 .66 3350 .55
132 .00569 4179 .83 3382 .58



132 .75569 4175 .09 3322 .53
133 .36626 4172 .20 3326 .53
134 .34846 4167 .11 3306 .52
135 .17609 4163 .39 3362 .56
135 .95985 4160 .18 3374 .57
13571542 4154 .98 3402 .60
137 .47900 4149 .63 3402 .60
138 .23708 4147 .28 3386 .59
139 .08904 4145 .32 3306 .52
139 .94069 4142 .70 3354 .55
140 .40717 N/A 3406 .61
141 .26692 N .A 3366 .56
141 .33153 4127 .94 3342 .54
141 .35654 4123 .43 3338 .54
141 .38153 4126 .14 3358 .56
141 .40652 4171 .87 3382 .58
141 .43156 4511 .16 3683 .21
141 .45653 4857 .81 3972 .40
141 .48154 5155 .56 4193 .76
141 . :.0653 5362 .48 4387 .31
141 .53152 5458 .93 4488 .25
141 .55653 5477 .48 4573 14
141 .58153 5488 .69 456 : .06
141 .60654 5495 .37 4573 .14
141 .63153 5502 .89 4589 .32
141 .65652 5510 .02 4601 .46
?.41 .68156 5508 .67 4540 .80
141 .70653 5506 .76 4569 .10
141 .73154 5502 .93 4492 .30
141 .75653 5503 .30 1 516 .55
141 .78156 5504 .92 4476 .14
141 .80653 5507 .02 4488 .26
141 .83150 5510 .15 4504 .42
141 .85654 5511 .28 4532 .71
141 .88150 5514 .81 4520 ..59
141 .90652 5516 .07 4516 .55
141 .93153 5517 .57 4520 .59
141 .95653 5519 .00 .4528 .67
141 .98154 5520 .62 4500 .38
142 .00653 5522 .48 4504 .42
142 .03149 5524 .09 4504 .42
142 .05653 5525 .98 4516 .55
142 .08156 5526 .93 4500 .38
142 .10709 5528 .41 4496 .34
142 .13208 5530 .59 4496 .34
142 .16959 5434 .03 4666 .20
142 .19458 5377 .64 4678 .35
142 .21957 5330 .08 4662 .16
142 .24458 5287 .89 4674 .30
142 .26958 5250 .47 4686 .45
142 .29459 5215 .31 4682 .40
142 .31956 5184 .29 4726 .95
142 .34843 5148 .64 4731 .00
142 .37486 5120 .59 4722 .90
142 .40208 5092 .63 4735 .05
142 .42708 5068 .26 4731 .00
142 .79903 4841 .88 4690 .50
142 .84930 4820 .77 507 .49
142 .89931 4801 .28 143 .21
142 .96622 4777 .60 127 .78



143 .01707 4773 .80 120 .07
143 .07347 4743 .66 1287 .04
143 .19792 4712 .116 4629 .78
143 .45293 4655 .85 4682 .40
143 .71014 4612 .72 4637 .87
143 .97041 4578 .31 4609 .55
144 .22903 4550 .10 4625 .73
144 .47932 4527 .15 4654 .06
144 .73375 4506 .66 4662 .16
144 .98903 4489 .56 4731 .00
145 .24486 4473 .98 4617 .64
145 .48625 4460 .68 4625 .73
145 .74657 4448 .60 4654 .06
145 .99763 448 .18 4645 .96
146 .26321 4428 .15 4629 .78
146 .52042 4419 .42 4613 .59
146 .77319 4411 .99 4601 .46
147 .02319 4405 .31 4613 .59
147 .27319 4399 .09 4597 .41
147 .52319 4393 .40 4581 .23
147 .77319 4388 .12 4573 .14
148 .02319 4383 .22 4577 .19
148 .28094 4378 .34 4581 .23
148 .53098 4373 .87 4573 .14
148 .78098 4369 .69 4601 .46
149 .03764 4365 .62 4625 .73
149 .29625 4361 .77 4613 .59
149 .51408 4358 .60 4589 .32
149 .76875 4355 .00 4597 .41
150 .01900 4351 .44 4585 .28
150 .26903 4347 .95 4464 .02
150 .51903 4344 .59 4439 .79
150 .76903 4341 .31 4427 .68
151 .01903 4338 .25 4496 .34
151 .26903 4335 .21 4459 .98
151 .51903 4332 .37 4472 .10
151 .76903 4329 .63 4540 .80
152 .01903 4326 .92 4528 .67



0 .00000

	

0 .0 N2 INJ RATES APRIL 1985
092 .00000 0 .0
093 .40200 0 .0
093 .40286 5000
093 .53319 5000
093 .53369 0 .0
093 .99819 0 .0
093 .99869 1500
094 .18153 1500
094 .18203 1100
094 .26486 1100
094 .26536 0 .0
095 .07514 0 .0
095 .07564 1100
095 .14200 1100
095 .14250 0 .0
096 .04681 0 .0
096 .04731 1200
096 .13042 1200
096 .13092 0 .0
100 .00153 0 .0
100 .00203 1500
100 .08486 1500
100 .08536 2500
100 .31847 2500
100 .31897 0 .0
100 .51875 0 .0
100 .51925 2500
100 .56875 2500
100 .56925 1500
100 .63542 1500
100 .63592 0 .0
100 .83542 0 .0
100 .83592 2500
100 .91875 2500
100 .91925 800
101 .25319 800
101 .25369 0 .0
101 .83292 0 .0
101 .83342 2500
101 .93292 2500
101 .93342 1500
102 .06625 1500
102 .06675 0 .0
103 .31625 0 .0
103 .31675 1500.
103 .81625 1500
103 .81675 0 .0
113 .59514 0 .0
113 .59564 1500
113 .68618 1500
113 .68669 2000
113 .69154 2000
113 .69204 2500
113 .76181 2500
113 .76231 2000
113 .98733 2000
113 .98783 0 .0
141 .39819 0 .0
141 .39869 2500



141 .53986 2500
141 .54036 2000
141 .66486 2000
141 .66536 1800
142 .14225 1800
142 .14275 0 .0



APPENDIX 11.11

TREATMENT DATA FOR

COASTAL NITROGEN FOAM FRACTURE

Sandia National Laboratories



A 01-AUG-85 05 :18 :32 :0
A 01-AUG-85 05 :18 :42 :0
A 01-AUG-85 05 :18 :52 :0
A 01-AUG-85 05 :19 :02 :0
A 01-AUG-85 05 :19 :12 :0
A 01-AUG-85 05 :19 :22 :0
A 01-AUG-85 05 :19 :32 :0
A 01-AUG-85 05 :19 :42 :0
A 01-AUG-85 05 :19 :52 :0
A 01-AUG-85 05 :20 :02 :0
A 01-AUG-85 05 :20 :12 :0
A 01-AUG-85 05 :20 :22 :0
A 01-AUG-85 05 :"'0 :32 :0
A 01-AUG-85 05 :20 :42 :0
A 01-AUG-85 05 :20 :52 :0
A 01-AUG-85 05 :21 :02 :0
A 01-AUG-85 05 :21 :12 :0
A 01-AUG-85 05 :21 :22 :0
A 01-AUG-85 05 :21 :32 :0
A 01-AUG-85 05 :21 :42 :0
A 01-AUG-85 05 :21 :52 :0
A 01-AUG-85 05 :22 :02 :0
A 01-AUG-85 05 :22 :12 :0
A 01-AUG-85 05 :22 :22 :0
A 01-AUG-85 05 :22 :32 :0
A 01-AUG-85 05 :22 :42 :0
A 01-AUG-85 05 :22 :52 :0
A 01-AUG-85 05 :23 :02 :0
A 01-AUG-85 05 :23 :12 :0
A 01-AUG-85 05 :23 :22 :0
A 01-AUG-85 05 :23 :32 :0
A 01-AUG-85 05 :23 :42 :0
A 01-AUG-85 05 :23 :52 :0
A 01-AUG-85 05 :24 :02 :0
A 01-AUG-85 05 :24 :12 :0
A 01-AUG-85 05 :24 :22 :0
A 01-AUG-85 05 :24 :32 :0
A 01-AUG-85 05 :24 :42 :0
A 01-AUG-85 05 :24 :52 :0
A 01-AUG-85 05 :25 :01 :9
A 01-AUG-85 05 :25 :12 :0
A 01-AUG-85 05 :25 :22 :0
A 01-AUG-85 05 :25 :32 :0
A 01-AUG-85 05 :25 :42 :0
A 01-AUG-85 05 :25 :52 :0
A 01-AUG-85 05 :26 :02 :0

•A 01-AUG-85 05 :26 :12 :0
A 01-AUG-85 05 :26 :22 :0
A 01-AUG-85 05 :26 :32 :0
A 01-AUG-85 05 :26 :42 :0
A 01-AUG-85 05 :26 :52 :0
A 01-AUG-85 05 :27 :02 :0
A 01-AUG-85 05 :27 :12 :0
A 01-AUG-85 05 :27 :22 :0
A 01-AUG-85 05 :27 :32 :0
A 01-AUG-85 05 :27 :42 :0
A 01-AUG-85 05 :27 :52 :0
A 01-AUG-85 05 :28 :02 :0
A 01-AUG-85 05 :28 :12 :0
A 01-AUG-85 05 :28 :22 :0
A 01-AUG-85 05 :28 :32 :0
A 01-AUG-85 05 :28 :42 :0
A 01-AUG-85 05 :28 :52 :0
A 01-AUG-85 05 :29 :02 :0
A 01-AUG-85 05 :29 :12 :0
A 01-AUG-85 05 :29 :22 :0

21 .30889 4095 .233 10 .722 3331 .481 179 .400
21 .31167 3974 .671 5 .150 3327 .527 79 .400
21 .31444 3973 .958 10 .722 3327 .527 79 .400
21 .31722 3974 .205 10 .722 3331 .481 79 .400
21 .32000 3973 .766 10 .722 3327 .527 79 .400
21 .32278 3973 .556 16 .291 3331 .481 79 .400
21 .32556 3973 .120 16 .291 3327 .527 79 .400
21 .32833 4093 .878 10 .722 3331 .481 179 .400
21 .33111 4094 .278 10 .722 3327 .527 179 .400
21 .33389 4094 .081 10 .722 3327 .527 179 .400
21 .33667 4093 .270 10 .722 3327 .527 179 .400
21 .33944 4093 .081 10 .722 3327 .527 179 .400
21 .34222 4093 .300 21 .858 3331 .481 179 .400
21 .34500 4093 .292 16 .291 3323 .573 179 .500
21 .34778 4092 .771 5 .150 3327 .527 179 .500
21 .35056 4092 .564 5 .150 3323 .573 179 .500
21 .35333 4092 .741 10 .722 3323 .573 179 .500
21 .35611 4092 .485 5 .150 3323 .573 179 .500
21 .35889 4092 .306 5 .150 3327 .527 179 .500
21 .36167 4092 .111 5 .150 3323 .573 179 .500
21 .36444 4091 .798 10 .722 3323 .573 179 .500
21 .36722 4091 .438 5 .150 3323 .573 179 .500
21 .37000 4091 .156 5 .150 3327 .527 179 .500
21 .37278 4091 .247 10 .722 3323 .573 179.500
21 .37556 4090 .366 10 .722 3323 .573 179 .500
21 .37833 4090 .904 5 .150 3323 .573 179 .500
21 .38111 4090 .284 3398 .005 3327 .527 179 .500
21 .38389 4086 .893 3407 .585 3331 .481 179 .500
21 .38667 4088 .830 3388 .424 3327 .527 179 .500
21 .38944 4089 .406 3374 .050 3327 .527 179 .500
21 .39222 4088 .487 3369 .258 3327 .527 179 .500
21 .39500 4089 .145 3364 .465 3331 .481 179 .500
21 .39778 4086 .794 3359 .673 3331 .481 179 .500
21 .40056 4086 .943 3359 .673 3327 .527 179 .500
21 .40333 4087 .839 3354 .880 3331 .481 179 .500
21 .40611 4087 .707 3350 .086 3331 .481 179 .500
21 .40889 4087 .614 3354 .880 3331 .481 179 .500
21 .41167 4117 .998 3388 .424 3335 .435 179 .600
21 .41444 4156 .225 3421 .953 3386 .841 179 .600
21 .41719 4195 .488 3455 .468 3422 .434 179 .600
21 .42000 4234 .917 3479 .398 3458 .030 179 .600
21 .42278 4273 .527 3527 .238 3489 .675 179 .600
21 .42556 4312 .462 3560 .711 3521 .322 179 .600
21 .42833 4350 .984 3504 .613 3560 .885 179 .900
21 .43111 4389 .011 3637 .176 3588 .581 179 .900
21 .43389 4429 .819 3665 .835 3632 .109 179 .900
21 .43667 4467 .102 3694 .487 3667 .727 179 .900
21 .43944 4503 .761 3727 .905 3695 .433 179 .900
21 .44222 4541 .311 3756 .541 3727 .099 179 .900
21 .44500 4581 .464 3785 .171 3762 .727 180 .300
21 .44778 4618 .982 3818 .566 3798 .360 180 .300
21 .45056 4657 .146 3856 .721 3830 .036 180 .300
21 .45333 4694 .839 3880 .563 3861 .716 180 .300
21 .45611 4732 .571 3913 .937 3889 .439 180 .300
21 .45889 4770 .348 3952 .070 3925 .086 180 .300
21 .46167 4808 .032 3980 .665 3956 .776 180 .800
21 .46444 4846 .087 4004 .491 3988 .470 180 .300
21 .46722 4883 .703 4047 .372 4020 .167 180 .800
21 .47000 4921 .258 4075 .956 4059 .794 180 .800

21 .47278 4960 .486 4099 .773 4091 .500 180 .800
21 .47556 4998 .076 4137 .877 4119 .246 180 .800
21 .47833 5037 .836 4166 .452 4154 .925 181 .7C0
21 .48111 5074 .624 4195 .025 4186 .643 181 .700
21 .48389 5111 .965 4233 .120 4218 .365 181 .700
21 .48667 5149 .093 4266 .452 4246 .126 181 .700
21 .48944 5186 .216 4295 .020 4289 .757 181 .700



A 01-AUG-85 05 :29 :32 :0 21 .49222 523 .145 4323 .588 4313 .560 181 .700
A 01-AUG-85 05 :29 :42 :0 21 .49500 5261 .916 4366 .439 4345 .301 182 .800

A 01-AUG-85 05 :29 :52 :0 21 .49778 5297 .263 4395 .006 4377 .046 182 .800
A 01-AUG-85 05 :30 :02 :0 21 .50056 5333 .272 4423 .573 4404.828 182 .800
A 01-AUG-85 05 :30 :12 :0 21 .50333 5368 .430 4452 .141 4436 .583 182 .800
A 01-AUG-85 05 :30 :22 :0 21 .50611 5401 .932 4475 .948 4468 .344 182 .800
A 01-AUG-85 05 :30 :32 :0 21.50889 5436 .639 4504 .517 4500 .109 182 .800
A 01-AUG-85 05 :30 :42 :0 21 .51167 5475 .252 4537 .849 4531 .881 184 .000

A 01-AUG-85 05 :30 :52 :0 21 .51444 5508 .750 4566 .421 4559 .686 184 .000
A 01-AUG-85 05 :31 :02 :0 21 .51722 5541 .040 4590 .231 4591 .468 184 .000
A 01-AUG-85 05 :31 :12 :0 21 .52000 5572 .169 4618 .806 4615 .309 184 .000
A 01-AUG-85 05 :31 :22 :0 21 .52278 5602 .937 4647 .383 4643 .127 184 .000

A 01-AUG-85 05 :31 :32 :0 21 .52556 5633 .082 4671 .198 4670 .950 184 .000

A 01-AUG-85 05 :31 :42 :0 21 .52833 5664 .573 4699 .779 4694 .803 185 .100
A 01-AUG-85 05 :31 :52 :0 21 .53111 5693 .410 4728 .362 4714 .683 185 .100
A 01-AUG-85 05 :32 :02 :0 21 .53389 5720 .704 4752 .184 4746 .496 185 .100
A 01-AUG-85 05 :32 :12 :0 21 .53667 5746 .245 4776 .008 4766 .383 185 .100
A 01-AUG-85 05 :32 :22 :0 21 .53944 5772 .198 4790 .303 4786 .272 185 .100
A 01-AUG-85 05 :32 :32 :0 21 .54222 5796 .340 4823 .661 4814 .122 185 .100
A 01-AUG-85 05 :32 :42 :0 21 .54500 5821 .723 4842 .725 4834 .018 186 .000
A 01-AUG-85 05 :32 :52 :0 21 .54778 5843 .745 4857 .024 4853 .917 186 .000
A 01-AUG-85 05 :33 :02 :0 21 .55056 5864 .491 4866 .558 4869 .839 180 .000

A 01-AUG-85 05 :33 :12 :0 21 .55333 19794 .025 4890 .392 4885 .762 186 .000

A 01-AUG-85 05 :33 :22 :0 21 .55611 5901 .751 4909 .462 4901 .687 186 .000
A 01-AUG-85 05 :33 :32 :0 21 .55889 5919 .616 4923 .766 4921 .596 186 .000
A 01-AUG-85 05 :33 :42 :0 21 .56167 5943 .997 4947 .607 4941 .508 186 .800
A 01-AUG-85 05 :33 :52 :0 21 .56444 5967 .732 4966 .682 4961 .424 186 .800

A 01-AUG-85 05 :34 :02 :0 21 .56722 5989 .875 4980 .990 4985 .327 186 .800
A 01-AUG-85 05 :34 :12 :0 21 .57000 6011 .247 4995 .298 5005 .249 186 .800
A 01-AUG-85 05 :34 :22 :0 21 .57278 0031 .589 5028 .690 5021 .189 186 .800
A 01-AUG-85 05 :34 :32 :0 21 .57556 6048 .862 5004 .838 5037 .132 186 .800
A 01-AUG-85 05 :34 :42 :0 21 .57833 6068 .232 5057 .316 5053 .076 187 .500
A 01-AUG-85 05 :34 :52 :0 21 .58111 6083 .291 5066 .859 5065 .036 187 .500
A 01-AUG-85 05 :35 :02 :0 21 .58389 6097 .923 5052 .544 5076 .998 187 .500
A 01-AUG-85 05 :35 :12 :0 21 .58667 6110 .967 5076 .402 5088 .960 187 .500
A 01-AUG-85 05 :35 :21 :9 21 .58942 6122 .457 5085 .946 5096 .936 187 .500
A 01-AUG-85 05 :35 :32 :0 21 .59222 6135 .292 5085 .946 5108 .900 187 .500
A 01-AUG-85 05 :35 :42 :0 21 .59500 6145 .860 5105 .036 5120 .866 187 .800
A 01-AUG-85 05 :35 :52 :0 21 .59778 A157 .126 5119 .355 5132 .833 187 .800
A 01-AUG-85 05 :36 :02 :0 21 .60056 64.67 .603 5114 .582 5140 .812 187 .800
A 01-AUG-85 05 :36 :12 :0 21 .60333 6177 .981 5100 .264 5148 .791 187 .800
A 01-AUG-85 05 :36 :22 :0 21 .60611 6187 .823 5124 .128 5160 .762 187 .800
A 01-AUG-85 05 :36 :32 :0 21 .60889 6196 .328 5128 .902 5168 .743 187 .800

A 01-AUG-85 05 :36 :42 :0 21 .61167 6208 .187 5138 .449 5J76 .724 188 .000
A 01-AUG-85 05 :36 :52 :0 21 .61444 6215 .715 5152 .771 5192 .689 188 .000
A 01-AUG-85 05 :37 :02 :0 21 .61722 6224 .480 5162 .319 5192 .689 188 .000
A 01-AUG-85 05 :37 :12 :0 21 .62000 6231 .804 5147 .997 5192 .689 188 .000
A 01-AUG-85 05 :37 :22 :0 21 .622'8 6238 .794 5143 .223 5208 .656 188 .000
A 01-AUG-85 05 :37 :32 :0 21 .62556 6246 .180 5147 .997 5208 .656 188 .000
A 01-AUG-85 05 :37 :42 :0 21 .62833 6253 .205 5152 .771 5216 .641 188 .100

A 01-AUG-85 05 :37 :52 :0 21 .63111 6258 .382 5133 .675 5224 .626 188 .100
A 01-AUG-85 05 :38 :02 :0 21 .63389 6263 .286 5195 .744 5224 .626 188 .100
A 01-AUG-85 05 :38 :12 :0 21 .63667 6268 .213 5162 .319 5232 .612 188 .100
A 01-AUG-85 0" :38 :22 :0 21 .63944 6271 .857 5167 .094 5240 .598 188 .100
A 01-AUG-85 05 :38 :32 :0 21 .64222 6275 .773 5171 .869 5244 .591 188 .100
A 01-AUG-85 05 :38 :42 :0 21 .64500 6277 .133 5152 .771 5240 .598 187 .900
A 01-AUG-85 05 :38 :52 :0 21 .64778 6280 .077 5205 .295 5248 .585 187 .900
A 01-AUG-85 05 :39 :02 :0 21 .65056 6283 .177 5167 .094 5248 .585 187 .900
A 01-AUG-85 05 :39 :12 :0 21 .65333 6285 .327 5181 .418 5248 .585 187 .900
A 01-AUG-85 05 :39 :22 :0 21 .65611 6287 .376 5176 .643 5248 .585 187 .900
A 01-AUG-85 05 :39 :32 :0 21 .65889 6289 .563 5167 .094 5256 .573 187 .900

A 01-AUG-85 05 :39 :42 :0 21 .66167 6291 .880 5167 .094 5256 .573 187 .800

A 01-AUG-85 05 :39 :52 :0 21 .66444 6293 .052 5181 .418 5256 .573 187 .800

A 01-AUG-85 05 :40 :02 :0 21 .66722 6294 .686 5190 .969 5256 .573 187 .800
A 01-AUG-85 05 :40 :12 :0 21 .67000 6296 .568 5162 .319 5260 .567 187 .800
A 01-AUG-85 05 :40 :21 :9 21 .67275 6298 .029 5190 .969 5260 .567 187 .800



A 01-AUG-85 05 :40 :32 :0 21 .67556 6298 .987 5200 .520 5260 .567 187 .800
A 01-AUG-85 05 :40 :42 :0 21 .67833 6301 .020 5176 .643 5260 .567 187 .600
A 01-AUG-85 05 :40 :52 :0 21 .68111 6302 .216 5186 .193 5268 .555 187 .600
A 01-AUG-85 05 :41 :02 :0 21 .68389 6307 .189 5200 .520 5276 .545 187 .600
A 01-AUG-85 05 :41 :12 :0 21 .68667 6313 .701 5152 .771 5276 .545 187 .600
A 01-AUG-85 05 :41 :22 :0 21 .68944 6318 .568 5205 .295 5280 .540 187 .600
A 01-AUG-85 05 :41 :32 :0 21 .69222 6322 .584 5224 .400 5284 .535 187 .600
A 01-AUG-85 05 :41 :42 :0 21 .69500 6325 .100 5167 .094 5284 .535 187 .300
A 01--AUG-85 05 :41 :52 :0 21 .69778 6328 .260 5224 .400 5288 .530 187 .300
A 01-AUG-85 05 :42 :02 :0 21 .70056 6331 .111 5133 .675 5288 .530 187 .300
A 01-AUG-85 05 :42 :12 :0 21 .70333 6334 .301 5190 .969 5292 .525 187 .300
A 01-AUG-85 05 :42 :22 :0 21 .70611 6336 .233 5133 .675 5292 .525 187 .300
A 01-AUG-85 05 :42 :32 :0 21 .70889 6338 .190 5186 .193 5292 .525 187 .300
A 01-AUG-85 05 :42 :42 :0 21 .71167 6336 .877 5200 .520 5300 .517 186 .900
A 01-AUG-85 05 :42 :52 :0 21 .71444 6337 .982 5176 .643 5300 .517 186 .900
A 01-AUG-85 05 :43 :02 :0 21 .71722 6340 .037 5114 .582 5300 .517 186 .900
A 01-AUG-85 05 :43 :12 :0 21 .72000 6341 .266 5147 .997 5308 .508 186 .900
A 01-AUG-85 05 :43 :22 :0 21 .72278 6342 .646 5138 .449 5300 .517 186 .900
A 01-AUG-85 05 :43 :32 :0 21 .72556 6343 .940 5095 .491 5300 .517 186 .900
A 01-AUG-85 05 :43 :42 :0 21 .72833 6344 .243 5133 .675 5308 .508 186 .500
A 01-AUG-85 05 :43 :52 :0 21 .73111 6344 .817 5057 .316 5300 .517 186 .500
A 01-AUG-85 05 :44 :02 :0 21.73389 6345 .068 5124 .128 5300 .517 186 .500
A 01-AUG-85 05 :44 :12 :0 21 .73667 6344 .318 5047 .773 5308 .508 186 .500
A 01-AUG-85 05 :44 :22 :0 21 .73944 6344 .060 5109 .809 5304 .512 186 .500
A 01-AUG-85 05 :44 :32 :0 21 .74222 6344 .685 5114 .582 5304 .512 186 .500
A 01-AUG-85 05 :44 :42 :0 21 .74500 6343 .197 5090 .719 5304 .512 186 .100
A 01-AUG-85 05 :44 :52 :0 21 .74778 6343 .625 5085 .946 5304 .512 186 .100
A 01-AUG-85 05 :45 :02 :0 21 .75056 6342 .919 5081 .174 5300 .517 186 .100
A 01-AUG-85 05 :45 :12 :0 21 .75333 6343.917 5071 .630 5300 .517 186 .100
A 01-AUG-85 05 :45 :22 :0 21 .75611 6344 .922 5057 .316 5304 .512 186 .100
A 01-AUG-85 05 :45 :32 :0 21 .75889 6345 .164 5052 .544 5296 .521 186 .100
A 01-AUG-85 05 :45 :42 :0 21 .76167 6342 .030 4990 .529 5300 .517 185 .600
A 01-AUG-85 05 :45 :52 :0 21 .76444 6342 .087 5071 .630 5300 .517 185 .600
A 01-AUG-85 05 :46 :02 :0 21 .76722 6342 .121 5004 .838 5300 .517 185 .600
A 01-AUG-85 05 :46 :12 :0 21 .77000 6342 .220 5014 .378 5304 .512 185 .600
A 01-AUG-85 05 :46 :22 :0 21 .77278 6344 .345 4971 .451 5300 .517 185 .600
A 01-AUG-85 05 :46 :32 :0 21 .77556 6344 .290 4985 .759 5300 .517 185 .600
A 01-AUG-85 05 :46 :42 :0 21 .77833 6344 .504 4914 .230 5300 .517 185 .000
A 01-AUG-85 05 :46 :52 :0 21 .78111 6343 .683 4928 .534 5300 .517 185 .000
A 01-AUG-85 05 :47 :02 :0 21 .78389 6344 .494 4957 .144 5300 .517 185 .000
A 01-AUG-85 05 :47 :12 :0 23 .78667 6343 .570 4961 .913 5304 .512 185 .000
A 01-AUG-85 05 :47 :22 :0 21 .78944 6344 .819 4966 .682 5300 .517 185 .000
A 01-AUG-85 05 :47 :32 :0 21 .79222 6344 .664 4942 .839 5304 .512 185 .000
A 01-AUG-85 05 :47 :42 :7 21 .79519 6342 .526 4885 .625 5300 .517 184 .400
A 01-AUG-85 05 :47 :53 :0 21 .79806 6342 .376 4861 .791 5300 .517 184 .400
A 01-AUG-85 05 :48 :03 :0 21 .80083 6341 .438 4890 .392 5300 .517 184 .400
A 01-AUG-85 05 :48 :13 :0 21 .80361 6343 .361 4880 .858 5304 .512 184 .400
A 01-AUG-85 05 :48 :23 :0 21 .80639 6337 .614 4823 .661 5300 .517 184 .400
A 01-AUG-85 05 :48 :33 :0 21 .80917 6334 .401 4833 .193 5296 .521 184 .400
A 01-AUG-85 05 :48 :43 :0 21 .81194 6329 .175 4785 .538 5288 .530 183 .900
A 01-AUG-85 05 :48 :53 :0 21 .81472 6327 .155 4809 .364 5292 .525 183 .900
A 01-AUG-85 05 :49 :03 :0 21 .81750 6325 .456 4809 .364 5288 .530 183 .900
A 01-AUG-85 05 :49 :13 :1 21 .82031 6325 .047 4771 .243 5292 .525 183 .900
A 01-AUG-85 05 :49 :23 :0 21 .82306 6323 .761 4785 .538 5284 .535 183 .900
A 01-AUG-85 05 :49 :38 :0 21 .82722 6321 .976 4809 .364 5284 .535 183 .200
A 01-AUG-85 05 :49 :53 :0 21 .83139 6320 .606 4780 .773 5284 .535 183 .200
A 01-AUG-85 05 :50 :08 :0 21 .83556 6319 .525 4780 .773 5276 .545 183 .200
A 01-AUG-85 05 :50 :23 :0 21 .83972 6318 .462 4790 .303 5276 .545 183 .200
A 01-AUG-85 05 :50 :38 :0 21 .84389 6314 .688 4766 .478 5272 .550 182 .600
A 01-AUG-85 05 :50 :53 :0 21 .84806 6313 .521 4771 .243 5280 .540 182 .600
A 01-AUG-85 05 :51 :08 :0 21 .85222 6312 .688 4776 .008 5268 .555 182 .600
A 01-AUG-85 05 :51 :22 :9 21 .85636 6312 .206 4785 .538 5276 .545 182 .600
A 01-AUG-85 05 :51 :38 :0 21 .86056 6310 .927 4785 .538 5272 .550 181 .900
A 01-AUG-85 05 :51 :53 :0 21 .86472 6309 .656 4766 .478 5272 .550 181 .900
A 01-AUG-85 05 :52 :08 :0 21 .86889 6310 .281 4761 .713 5268 .555 181 .900
?1 01-AUG-85 05 :52 :23 :0 21 .87306 6308 .097 4776 .008 5268 .555 181 .900



A 01-AUG-85 05 :52 :38 :0 21 .87722 6309 .267 4766 .478 5268 .555 181 .300
A 01-AUG-85 05 :52 :53 :0 21 .88139 6310 .878 4756 .949 5272 .550 181 .300
A 01-AUG-85 05 :53 :08 :0 21 .88556 6316 .203 4780 .773 5272 .550 181 .300
A 01-AUG-85 05 :53 :23 :0 21 .88972 6326 .698 4785 .538 5280 .540 181 .300
A 01-AUG-85 05 :53 :38 :0 21 .89389 6340 .843 4795 .068 5296 .521 180 .500
A 01-AUG-85 05 :53 :52 :9 21 .89803 6357 .865 4799 .833 5308 .508 180 .500
A 01-AUG-85 05 :54 :08 :0 21 .90222 6370 .909 4795 .068 5320 .498 180 .500
A 01-AUG-85 05 :54 :23 :0 21 .90639 6390 .398 4814 .130 5332 .488 180 .500
A 01-AUG-85 05 :54 :38 :0 21 .91056 6401 .497 4828 .427 5344 .480 179 .700
A 01-AUG-85 05 :54 :53 :0 21 .91472 6412 .531 4847 .492 5352 .476 179 .700
A 01-AUG-85 05 :55 :08 :0 21 .91889 6421 .257 4861 .791 5368 .469 179 .700
A 01-AUG-85 05 :55 :23 :0 21 .92306 6431 .446 4866 .558 5372 .468 179 .700
A 01-AUG-85 05 :55 :38 :0 21 .92722 6435 .125 4885 .625 5376 .467 177 .800
A 01-AUG-85 05 :55 :53 :0 21 .93139 6445 .316 4904 .695 5392 .465 177 .800
A 01-AUG-85 05 :56 :08 :0 21 .93556 6453 .974 4890 .392 5400 .464 177 .800
A 01-AUG-85 05 :56 :23 :0 21 .93972 6462 .638 4904 .695 5408 .465 177 .800
A 01-AUG-85 05 :56 :38 :0 21 .94389 6463 .481 4895 .160 5412 .465 175 .100
A 01-AUG-85 05 :56 :52 :9 21 .94803 6470 .526 4904 .695 5416 .466 175 .100
A 01-AUG-85 05 :57 :08 :0 21 .95222 6478 .157 4904 .695 5420 .467 175 .100
A 01-AUG-85 05 :57 :22 .0 21 .95639 6485 .810 4909 .462 5432 .471 175 .100
A 01-AUG-85 05 :57 :38 :0 21 .96056 6485 .439 4923 .766 5436 .472 172 .000
A 01-AUG-85 05 :57 :53 :0 21 .96472 6492 .915 4942 .839 5440 .474 172 .000
A 01-AUG-85 05 :58 :08 :0 21 .96889 6498 .945 4971 .451 5456 .483 172 .000
A 01-AUG-85 05 :58 :23 :0 21 .97306 6504 .639 4942 .839 5452 .481 172 .000
A 01-AUG-85 05 :58 :38 :0 21 .97722 6502 .025 4928 .534 5452 .481 169 .000
A 01-AUG-85 05 :58 :53 :0 21 .98139 6507 .838 4947 .607 5456 .483 169 .000
A 01-AUG-85 05 :59 :08 :0 21 .98556 6512 .823 4947 .607 5460 .486 169 .000
A 01-AUG-85 05 :59 :23 :0 21 .98972 6516 .921 4957 .144 5464 .489 169 .000
A 01-AUG-85 05 :59 :38 :0 21 .99389 6514 .810 4990 .529 5464 .489 166 .200
A 01-AUG-85 05 :59 :53 :0 21 .99806 6518 .353 4985 .759 5472 .495 166 .200
A 01-AUG-85 06 :00 :08 :0 22 .00222 6523 .369 4980 .990 5472 .495 166 .200
A 01-AUG-85 06 :00 :23 :0 22 .00639 6526 .855 5014 .378 5480 .502 166 .200
A 01-AUG-85 06 :00 :38 :0 22 .01056 6523 .889 4985 .759 5480 .502 163 .600
A 01-AUG-85 06 :00 :53 :0 22 .01472 6528 .057 4985 .759 5476 .499 163 .600
A 01-AUG-85 06 :01 :08 :0 22 .01889 6530 .795 5019 .149 5488 .510 163 .600
A 01-AUG-85 06 :01 :23 :0 22 .02306 6533 .603 5019 .149 5480 .502 163 .600
A 01-AUG-85 06 :01 :38 :0 22 .02722 6532 .061 5028 .690 5488 .510 161 .100
A 01-AUG-85 06 :01 :53 :0 22 .03139 6535 .270 5038 .231 5488 .510 161 .100
A 01-AUG-85 06 :02 :08 :0 22 .03556 6538 .746 5038 .231 5488 .510 161 .100
A 01-AUG-85 06 :02 :23 :0 22 .03972 6542 .708 5038 .231 5492 .514 161 .100
A 01-AUG-85 06 :02 :38 :0 22.04389 6541 .363 5071 .630 5496 .519 158 .800
A 01-AUG-85 06 :02 :53 :0 22 .04806 6546 .037 5090 .719 5504 .528 158 .800
A 01-AUG-85 06 :03 :08 :0 22 .05222 6552 .302 5105 .036 5504 .528 158 .800
A 01-AUG-85 06 :03 :23 :0 22 .05639 6560 .590 5109 .809 5508 .533 158 .800
A 01-AUG-85 06 :03 :38 :0 22 .06056 6562 .901 5109 .809 5512 .538 156 .700
A 01-AUG-85 06 :03 :53 :0 22 .06472 6571 .168 5114 .582 5524 .555 156 .700
A 01-AUG-85 06 :04 :08 :0 22 .06889 6581 .266 5128 .902 5528 .561 156 .700
A 01-AUG-85 06 :04 :23 :0 22 .07306 6592 .441 5152 .771 5536 .573 156 .700
A 01-AUG-85 06 :04 :38 :0 22 .07722 6602 .409 5181 .418 5548 .594 154 .800
A 01-AUG-85 06 :04 :53 :0 22 .08139 6619 .557 5190 .969 5556 .608 154 .800
A 01-AUG-85 06 :05 :08 :0 22 .08556 6638 .625 5238 .730 5576 .648 154 .800
A 01-AUG-85 06 :05 :23 :0 22 .08972 6653 .427 5257 .838 5584 .665 154 .800
A 01-AUG-85 06 :05 :38 :0 22 .09389 6669 .331 5267 .394 5600 .702 153 .100
A 01-AUG-85 06 :05 :53 :0 22 .09806 6689 .368 5233 .953 5616 .742 153 .100
A 01-AUG-85 06 :06 :08 :0 22 .10222 6671 .495 5133 .675 5616 .742 15 0 .100
A 01-AUG-85 06 :06 :23 :0 22 .10639 6641 .893 5076 .402 5588 .674 155 .100
A 01-AUG-85 06 :06 :38 :0 22 .11056 6617 .329 5066 .859 5564 .623 151 .300
A 01-AUG-85 06 :06 :53 :0 22 .11472 6600 .869 5038 .231 5552 .601 151 .300
A 01-AUG-85 06 :07 :08 :0 22 .11889 6587 .773 5023 .919 5540 .580 151 .300
A 01-AUG-85 06 :07 :23 :0 22 .12306 6576 .122 5009 .608 5528 .561 151 .300
A 01-AUG-85 06 :07 :38 :0 22 .12722 6559 .753 5004 .838 5520 .549 149 .500
A 01-AUG-85 06 :07 :53 :0 22 .13139 6551 .291 4990 .529 5512 .538 149 .500
A 01-AUG-85 06 :08 :08 :0 22 .13556 6542 .840 4980 .990 5508 .533 149 .500
A 01-AUG-85 06 :08 :23 :0 22 .13972 6536 .972 4971 .451 5504 .528 149 .500
A 01-AUG-85 06 :08 :38 :0 22 .14389 6527 .232 4971 .451 5492 .514 148 .200
A 01-AUG-85 06 :08 :53 :0 22 .14806 6521 .572 4961 .913 5492 .514 148 .200



A 01-AUG-85 06 :09 :08 :0 22 .15222 6515 .825 4957 .144 5484 .506 148 .200
A 01-AUG-85 06 :09 :22 :9 22 .15636 6509 .138 4957 .144 5480 .502 148 .200
A 01-AUG-85 06 :09 :38 :0 22 .16056 6501 .574 4952 .376 5468 .492 147 .100
A 01-AUG-85 06 :09 :53 :0 22 .16472 6495 .741 4942 .839 5464 .489 147 .100
A 01-AUG-85 06 :10 :08 :0 22 .16889 6490 .707 4933.302 5468 .492 147 .100
A 01-AUG-85 06 :10 :23 :0 22 .17306 6485 .160 4933 .302 5460 .486 147 .100
A 01-AUG-85 06 :10 :38 :0 22 .17722 6478 .422 4923 .766 5456 .483 146 .000
A 01-AUG-85 06 :10 :53 :0 22 .18139 6473 .707 4918 .998 5448 .478 146 .000
A 01-AUG-85 06 :11 :08 :0 22 .18556 6467 .878 4928 .534 5440 .474 146 .000
A 01-AUG-85 06 :11 :23 :0 22 .18972 6463 .671 4909 .462 5440 .474 146 .000
A 01-AUG-85 06 :11 :38 :0 22 .19389 6457 .242 4918 .998 5432 .471 145 .200
A 01-AUG-85 06 :11 :53 :0 22 .19806 6453 .769 4914 .230 5432 .471 145 .200
A 01-AUG-85 06 :12 :08 :0 22 .20222 6449 .637 4904 .695 5432 .471 145 .200
A 01-AUG-85 06 :12 :23 :0 22 .20639 6446 .025 4904 .695 5424 .468 145 .200
A 01-AUG-85 06 :12 :38 :0 22 .21056 6440 .029 4904 .695 5420 .467 144 .500
A 01-AUG-85 06 :12 :53 :0 22 .21472 6436 .079 4895 .160 5424 .468 144 .500
A 01-AUG-85 06 :13 :08 :0 22 .21889 6431 .920 4890 .392 5416 .466 144 .500
A 01-AUG-85 06 :13 :23 :0 22 .22306 6427 .938 4885 .625 5412 .465 144 .500
A 01-AUG-85 06 :13 :38 :0 22 .22722 6422 .357 4895 .160 5408 .465 143 .800
A 01-AUG-85 06 :13 :53 :0 22 .23139 6418 .132 4885-625 5408 .465 143 .800
A 01-AUG-85 06 :14 :08 :0 22 .23556 6413 .679 4876 .091 5400 .464 143 .800
A 01-AUG-85 06 :14 :23 :0 22 .23972 6408 .871 4871 .324 5400 .464 143 .800
A 01-AUG-85 06 :14 :37 :9 22 .24386 6405 .413 4880 .858 5396 .464 143 .100
A 01-AUG-85 06 :14 :53 :0 22 .24806 6401 .175 4871 .324 5388 .465 143 .100
A 01-AUG-85 06 :15 :08 :0 22 .25222 6397 .740 4866 .558 5388 .465 143 .100
A 01-AUG-85 06 :15 :23 :0 22 .25639 6393 .923 4871 .324 5384 .465 143 .100
A 01-AUG-85 06 :15 :38 :0 22 .26056 6389.208 4866 .558 5380 .466 142 .600
A 01-AUG-85 06 :15 :53 :0 22 .26472 6381 .103 4861 .791 5376 .467 142 .600
A 01-AUG-85 06 :16 :08 :0 22 .26889 6377 .844 4857 .024 5372 .468 142 .600
A 01-AUG-85 06 :16 :23 :0 22 .27306 6373 .694 4852 .258 5368 .469 142 .600
A 01-AUG-85 06 :16 :38 :0 22 .27722 6370 .188 4857 .024 5364 .471 142 .100
A 01-AUG-85 06 :16 :53 :0 22 .28139 6365 .937 4842 .725 5364 .471 142 .100
A 01-AUG-85 06 :17 :08 :0 22 .28556 6359 .955 4837 .959 5360 .472 142 .100
A 01-AUG-85 06 :17 :23 :0 22 .28972 6355 .095 4837 .959 5348 .478 142 .100
A 01-AUG-85 06 :17 :38 :0 22 .29389 6348 .925 4833 .193 5348 .478 141 .700
A 01-AUG-85 06 :17 :53 :0 22 .29806 6348 .532 4828 .427 5344 .480 141 .700
A 01-AUG-85 06 :18 :08 :0 22 .30222 6345 .162 4828 .427 5344 .480 141 .700
A 01-AUG-85 06 :18 :23 :0 22 .30639 6342 .197 4823 .661 5344 .480 141 .700
A 01-AUG-85 06 :18 :38 :0 22 .31056 6339 .463 4823 .661 5340 .483 141 .300
A 01-AUG-85 06 :18 :53 :0 22 .31472 6336 .168 4823 .661 5344 .480 141 .300
A 01-AUG-85 06 :19:08 :0 22 .31889 6333 .799 4818 .896 5336 .485 141 .300
A 01-AUG-85 06 :19 :23 :0 22 .32306 6330 .994 4818 .896 5336 .485 141 .300
A 01-AUG-85 06 :19 :38 :0 22 .32722 6328 .544 4809 .364 5328 .491 141 .100
A 01-AUG-85 06 :19 :53 :0 22 .33139 6326 .188 4809 .364 5332 .488 141 .100
A 01-AUG-85 06 :20 :08 :0 22 .33556 6322 .868 4809 .364 5324 .494 141 .100
A 01-AUG-85 06 :20 :23 :0 22 .33972 6320 .704 4804 .599 5328 .491 141 .100
A 01-AUG-85 06 :20 :38 :0 22 .34389 6316 .465 4809 .364 5324 .494 140 .900
A 01-AUG-85 06 :20 :53 :0 22 .34806 6313 .482 4804 .599 5320 .498 140 .900
A 01-AUG-85 06 :21 :08 :0 22 .35222 6309 .458 4799 .833 5320 .498 140 .900
A 01-AUG-85 06 :21 :23 :0 22 .35639 6307 .810 4799 .833 5316 .501 140 .900
A 01-AUG-85 06 :21 :38 :0 22 .36056 6305 .122 4804 .599 5312 .505 140 .600
A 01-AUG-85 06 :21 :53 :0 22 .36472 6300 .915 4795 .068 5308 .508 140 .600
A 01-AUG-85 06 :22 :08 :0 22 .36889 6298 .370 4790 .303 5308 .508 140 .600
A 01-AUG-85 06 :22 :21 :0 22 .37306 6297 .297 4795 .068 5304 .512 140 .600
A 01-AUG-85 06 :22 :38 :0 22 .37722 6294 .538 4799 .833 5304 .512 140 .500
A 01-AUG-85 06 :22 :53 :0 22 .38139 6292 .897 4795 .068 5300 .517 140 .500
A 01-AUG-85 06 :23 :08 :0 22 .38556 6290 .576 4790 .303 5300 .517 140 .500
A 01-AUG-85 06 :23 :23 :0 22 .38972 6288 .336 4780 .773 5296 .521 140 .500
A 01-AUG-85 06 :23 :38 :0 22 .39389 6285 .260 4785 .538 5300 .517 140 .400
A 01-AUG-85 06 :23 :53 :0 22 .39806 6282 .872 4780 .773 5296 .521 140 .400
A 01-AUG-85 06 :24 :08 :0 22 .40222 6280 .828 4776 .008 5288 .530 140 .400
A 01-AUG-85 06 :24 :23 :0 22 .40639 6277 .716 4780 .773 5288 .530 140 .400
A 01-AUG-85 06 :24 :38 :0 22 .41056 6275 .524 4780 .773 5288 .530 140 .200
A 01-AUG-85 06 :24 :53 :0 22 .41472 6272 .924 4771 .243 5284 .535 140 .200
A 01-AUG-85 06 :25 :08 :0 22 .41889 6270 .253 4771 .243 5280 .540 140 .200
A 01-AUG-85 06 :25 :23 :0 22 .42306 6267 .658 4780 .773 5280 .540 140 .200



A 01-AUG-85 06 :25 :38 :0 22 .42722 6264 .433 4761 .713 5280 .540 140 .000
A 01-AUG-85 06 :25 :53 :0 22 .43139 6262 .204 4761 .713 5280 .540 140 .000
A 01-AUG-85 06 :26 :08 :0 22 .43556 6258 .744 4756 .949 5272 .550 140 .000
A 01-AUG-85 06 :26 :23 :0 22 .43972 6257 .771 4761 .713 5272 .550 140 .000
A 01-AUG-85 06 :26 :38 :0 22 .44389 6252 .419 4756 .949 5272 .5-, 139 .900
A 01-AUG-85 06 :26 :53 :0 22 .44806 6250 .067 4752 .184 5264 .561 139 .900
A 01-AUG-85 06 :27 :08 :0 22 .45222 6247 .040 4747 .420 5272 .550 139 .900
A 01-AUG-85 06 :27 :23 :0 22 .45639 6244 .566 4747 .420 5260 .567 139 .900
A 01-AUG-85 06 :27 :38 :0 22 .46056 6241 .432 4742 .655 5256 .573 139 .700
A 01-AUG-85 06 :27 :53 :0 22 .46472 6239 .228 4742 .655 5256 .573 139 .700
A 01-AUG-85 06 :28 :08 :0 22 .46889 6235 .810 4737 .891 5256 .573 139 .700
A 01-AUG-85 06 :28 :23 :0 22 .47306 6234 .658 4737 .891 5256 .573 139 .700
A 01-AUG-85 06 :28 :38 :0 22 .47722 6231 .715 4737 .891 5252 .579 139 .600
A 01-AUG-85 06 :28 :53 :0 22 .48139 6230 .280 4733 .127 5248 .585 139 .600
A 01-AUG-85 06 :29 :08 :0 22 .48556 6227 .883 4733 .127 5252 .579 139 .600
A 01-AUG-85 06 :29 :23 :0 22 .48972 6225 .122 4733 .127 5248 .585 139 .600
A 01-AUG-85 06 :29 :38 :0 22 .49389 6222 .536 4733 .127 5248 .585 139 .400
A 01-AUG-85 06 :29 :53 :0 22 .49806 6220 .313 4723 .598 5240 .598 139 .400
A 01-AUG-85 06 :30 :08 :0 22 .50222 6216 .407 4718 .834 5236 .605 139 .400
A 01-AUG-85 06 :30 :23 :0 22 .50639 6213 .265 4714 .070 5244 .591 139 .400
A 01-AUG-85 06 :30 :38 :0 22 .51056 6212 .252 4718 .834 5236 .605 139 .300
A 01-AUG-85 06 :30 :53 :0 22 .51472 6210 .227 4723 .598 5236 .605 139 .300
A 01-AUG-85 06 :31 :08 :0 22 .51889 6208 .526 4718 .834 5232 .612 139 .300
A 01-AUG-85 06 :31 :22 :9 22 .52303 6207 .268 4718 .834 5232 .612 139 .300
A 01-AUG-85 06 :31 :38 :0 22 .52722 6205 .016 4714 .070 5228 .61 .) 139 .200
A 01-AUG-85 06 :31 :53 :0 22 .53139 6201 .924 4709 .307 5228 .619 139 .200
A 01-AUG-85 06 :32 :08 :0 22 .53556 6200 .930 4704 .543 5228 .619 139 .200
A 01-AUG-85 06 :32 :23 :0 22 .53972 6198 .340 4704 .543 5224 .626 139 .200
A 01-AUG-85 06 :32 :38 :0 22 .54389 6196 .841 4704 .543 5220 .633 139 .100
A 01-AUG-85 06 :32 :53 :0 22 .54806 6195 .621 4704 .543 5224 .626 139 .100
A 01-AUG-85 06 :33 :08 :0 22 .55222 6194 .149 4699 .779 5220 .633 139 .100
A 01-AUG-85 06 :33 :23 :0 22 .55639 6193 .027 4704 .543 5220 .633 139 .100
A 01-AUG-85 06 :33 :38 :0 22 .56056 6192 .080 4699 .779 5220 .633 139 .000
A 01-AUG-85 06 :33 :52 :9 22 .56469 6190 .412 4709 .307 5220 .633 139 .000
A 01-AUG-85 06 :34 :08 :0 22 .56889 6190 .002 4690 .252 5216 .641 139 .000
A 01-AUG-85 06 :34 :23 :0 22 .57306 6188 .291 4695 .016 5216 .641 139 .000
A 01-AUG-85 06 :34 :38 :0 22 .57722 6187 .692 4695 .016 5212 .648 139 .100
A 01-AUG-85 06 :34 :53 :0 22 .58139 6186 .256 4690 .252 5216 .641 139 .100
A 01-AUG-85 06 :35 :08 :0 22 .58556 6185 .124 4690 .252 5216 .641 139 .100
A 01-AUG-85 06 :35 :22 :9 22 .58969 6183 .731 4690 .252 5212 .648 139 .100
A 01-AUG-85 06 :35 :37 :9 22 .59386 6183 .058 4690 .252 5216 .641 139 .300
A 01-AUG-85 06 :35 :53 :0 22 .59806 6181 .151 4685 .488 5216 .641 139 .300
A 01-AUG-85 06 :36 :08 :0 22 .60222 6180 .967 4685 .488 5212 .648 139 .300
A 01-AUG-85 06 :36 :23 :0 22 .60639 6179 .281 4680 .725 5208 .656 139 .300
A 01-AUG-85 06 :36 :38 :0 22 .61056 6178 .597 4675 .962 5212 .648 139 .600
A 01-AUG-85 06 :36 :53 :0 22 .61472 6177 .748 4680 .725 5212 .648 139 .600
A 01-AUG-85 06 :37 :08 :0 22 .61889 6177 .355 4685 .488 5212 .648 139 .600
A 01-AUG-85 06 :37 :23 :0 22 .62306 6176 .034 4685 .488 5208 .656 139 .600
A 01-AUG-85 06 :37 :38 :0 22 .62722 6175 .070 4685 .488 5208 .656 139 .900
A 01-AUG-85 06 :37 :53 :0 22 .63139 6173 .661 4675 .962 5208 .656 139 .900
A 01-AUG-85 06 :38 :08 :0 22 .63556 6172 .936 4675 .962 5208 .656 139 .900
A 01-AUG-85 06 :38 :23 :0 22 .63972 6172 .334 4675 .962 5204 .664 139 .900
A 01-AUG-85 06 :38 :38 :0 22 .64389 6173 .189 4675 .962 5200 .672 140 .200
A 01-AUG-85 06 :38 :53 :0 22 .64806 6172 .180 4671 .198 5204 .664 140 .200
A 01-AUG-85 06 :39 :08 :0 22 .65222 6171 .813 4671 .198 5204 .664 140 .200
A 01-AUG-85 06 :39 :23 :0 22 .65639 6170 .811 4671 .198 5200 .672 140 .200
A 01-AUG-85 06 :39 :38 :0 22 .66056 6170 .023 4671 .198 5200 .672 140 .600
A 01-AUG-85 06 :39 :53 :0 22 .66472 6169 .172 4671 .198 5196 .680 140 .600
A 01-AUG-85 06 :40 :08 :0 22 .66889 6167 .986 4666 .435 5200 .672 140 .600
A 01-AUG-85 06 :40 :23 :0 22 .67306 6167 .479 4666 .435 5196 .680 140 .600
A 01-AUG-85 06 :40 :38 :0 22 .67722 6168 .755 4671 .198 5200 .672 141 .000
A 01-AUG-85 06 :40 :53 :0 22 .68139 6167 .319 4661 .672 5196 .680 141 .000
A 01-AUG-85 06 :41 :08 :0 22 .68556 6166 .766 4666 .435 5196 .680 141 .000
A 01-AUG-85 06 :41 :23 :0 22 .68972 6166 .225 4666 .435 5196 .680 141 .000
A 01-AUG-85 06 :41 :38 :0 22 .69389 6165 .362 4661 .672 5192 .689 141 .500
A 01-AUG-85 06 :41 :53 :0 22 .69806 6164 .564 4671 .198 5196 .680 141 .500



A 01-AUG-85 06 :42 :08 :0 22 .70222 6163 .915 4656 .909 5192 .689 141 .500
A 01-AUG-85 06 :42 :23 :0 22 .70639 6163 .506 4661 .672 5196 .680 141 .500
A 01-AUG-85 06 :42 :38 :0 22 .71056 6162 .157 4666 .435 5192 .689 141 .900
A 01-AUG-85 06 :42 :53 :0 22 .71472 6162 .251 4656 .909 5192 .689 141 .900
A 01-AUG-85 06 :43 :08 :0 22 .71889 6162 .026 4656 .909 5192 .689 141 .900
A 01-AUG-85 06 :43 :23 :0 22 .72306 6160 .826 4666 .435 5184 .706 141 .900
A 01-AUG-85 06 :43 :38 :0 22 .72722 6162 .148 4656 .909 5196 .680 142 .300
A 01-AUG-85 06 :43 :53 :0 22 .73139 6160 .628 4661 .672 5192 .689 142 .300
A 01-AUG-85 06 :44 :08 :0 22 .73556 6160 .016 4652 .146 5188 .697 142 .300
A 01-AUG-85 06 :44 :23 :0 22 .73972 6159 .698 465? .146 5188 .697 142 .300
A 01-AUG-85 06 :44 :37 :9 22 .74386 6159 .444 4656 .909 5188 .697 142 .800
A 01-AUG-85 06 :44 :53 :0 22 .74806 6158 .852 4647 .383 5188 .697 142 .800
A 01-AUG-85 06 :45 :08 :0 22 .75222 6157 .545 4647 .383 5188 .697 142 .800
A 01-AUG-85 06 :45 :23 :0 22 .75639 6156 .679 4647 .383 5184 .706 142 .800
A 01-AUG-85 06 :45 :38 :0 22 .76056 6158 .725 4656 .909 5184 .706 143 .200
A 01-AUG-85 06 :45 :53 :0 22 .76472 6158 .215 4652 .146 5184 .706 143 .200
A 01-AUG-85 06 :46 :08 :0 22 .76889 6156 .700 4647 .383 5184 .706 143 .200
A 01-AUG-85 06 :46 :23 :0 22 .77306 6156 .077 4652 .146 5188 .697 143 .200
A 01-AUG-85 06 :46 :38 :0 22 .77722 6155 .509 4656 .909 5180 .715 143 .600
A 01-AUG-65 06 :46 :53 :0 22 .78139 6154 .913 4661 .672 5184 .706 143 .600
A 01-AUG-85 06 :47 :08 :0 22 .78556 6154 .649 4656 .909 5188 .697 143 .600
A 01-AUG-85 06 :47 :23 :0 22 .78972 6154 .003 4652 .146 5184 .706 143 .6600
A 01-AUG-85 06 :47 :38 :0 22 .79389 6154 .579 4652 .146 5184 .706 144 .100
A 01-AUG-85 06 :47 :53 :0 22 .79806 6154 .764 4647 .383 5180 .715 144 .100
A 01-AUG-85 06 :48 :08 :0 22 .80222 6154 .049 4647 .383 5180 .715 144 .100
A 01-AUG-85 06 :48 :23 :0 22 .80639 6153 .526 4652 .146 5180 .715 144 .100
A 01-AUG-85 06 :48 :38 :0 22 .81056 6152 .885 4647 .383 5180 .715 144 .600
A 01-AUG-85 06 :48 :53 :0 22 .81472 6152 .113 4652 .146 5180 .715 144 .600
A 01-AUG-85 06 :49 :08 :0 22 .81889 6151 .486 4647 .383 5180 .715 i-4 .600
A 01-AUG-85 06 :49 :23 :0 22 .82306 6151 .243 4652 .146 5180 .715 144 .600
A 01-AUG-85 06 :49 :38 :0 22 .82722 6151 .625 4656 .909 5180 .715 145 .000
A 01-AUG-85 06 :49 :53 :0 22 .83139 6151 .026 4652 .146 5176 .724 145 .000
A 01-AUG-85 06 :50 :08 :0 22 .83556 6151 .125 4647 .383 5176 .724 145 .000
A 01-AUG-85 06 :50 :23 :0 22 .83972 6150 .648 4656 .909 5176 .724 145 .000
A 01-AUG-85 06 :50 :38 :0 22 .84389 6149 .345 4647 .383 5176 .724 145 .500
A 01-AUG-85 06 :50 :53 :0 22 .84806 6149 .761 4647 .383 5176 .724 145 .500
A 01-AUG-85 06 :51 :08 :0 22 .85222 6148 .769 4647 .383 5176 .724 145 .500
A 01-AUG-85 06 :51 :23 :0 22 .85639 6148 .354 4647 .383 5180 .715 145 .500
A 01-AUG-85 06 :51 :38 :0 22 .86056 6147 .269 4647 .383 5172 .733 145 .900
A 01-AUG-85 06 :51 :53 :0 22 .86472 6147 .230 4647 .383 5176 .724 145 .900
A 01-AUG-85 06 :52 :08 :0 22 .86889 6146 .916 4647 .383 5172 .733 145.900
A 01-AUG-85 06 :52 :23 :0 22 .87306 6146 .150 4647 .383 5172 .733 145 .900
A 01-AUG-85 06 :52 :38 :0 22 .87722 6147 .113 4647 .383 5168 .743 146 .400
A 01-AUG-85 06 :52 :53 :0 22 .88139 6146 .320 4642 .620 5176 .724 146 .400
A 01-AUG-85 06 :53 :08 :0 22 .88556 6146 .634 4642 .620 5172 .733 146 .400
A 01-AUG-85 06 :53 :23 :0 22 .88972 6145 .807 4637 .857 5172 .733 146 .400
A 01-AUG-85 06 :53 :37 :9 22 .89386 6145 .445 4647 .383 5168 .743 146 .800
A 01-AUG-85 06 :53 :53 :0 22 .89806 6144 .680 4642 .620 5172 .7 :3 146 .800
A 01-AUG-85 06 :54 :08 :0 22 .90222 6143 .845 4642 .620 5172 .733 146 .800
A 01-AUG-85 06 :54 :23 :0 22 .90639 6143 .107 4652 .146 5168 .743 146 .800
A 01-AUG-85 06 :54 :38 :0 22 .91056 6145 .234 4647 .383 5168 .743 147 .200
A 01-AUG-85 06 :54 :53 :0 22 .91472 6144 .704 4647 .383 5164 .752 147 .200
A 01-AUG-85 06 :55 :08 :0 22 .91889 6143 .836 4642 .620 5168 .743 147 .200
A 01-AUG-85 06 :55 :22 :9 22 .92303 6143 .576 4647 .383 5160 .762 147 .200
A 01-AUG-85 06 :55 :38 :0 22 .92722 6142 .641 4656 .909 5160 .762 147 .700
A 01-AUG-85 06 :55 :53 :0 22 .93139 6141 .983 4652 .146 5164 .752 147 .700
A 01-AUG-85 06 :56 :08 :0 22 .93556 6142 .038 4642 .620 5164 .752 147 .700
A 01-AUG-85 06 :56 :23 :0 22 .93972 6141 .736 4647 .383 5164 .752 147 .700
A 01-AUG-85 06 :56 :38 :0 22 .94389 6142 .604 4647 .383 5164 .752 148 .000
A 01-AUG-85 06 :56 :53 :0 22 .94806 6142 .449 4647 .383 5164 .752 148 .000
A 01-AUG-85 06 :57 :08 :0 22 .95222 6142 .161 4637 .857 5164 .752 148 .000
A 01-AUG-85 06 :57 :23 :0 22 .95639 6141 .379 4647 .383 5160 .762 148 .000
A 01-AUG-85 06 :57 :38 :0 22 .96056 6140 .959 4642 .620 5168 .743 148 .500
A 01-AUG-85 06 :57 :53 :0 22 .96472 6140 .587 4637 .857 5160 .762 148 .500
A 01-AT JG-85 06 :58 :08 :0 22 .96889 6140 .280 4637 .857 5160 .762 148 .500
A 01-AJG-85 06 :58 :23 :0 22 .97306 6139 .626 462 .620 5164 .752 148 .500



A 01-AUG-85 06 :58 :38 :0 22 .97722 6139 .378 4633 .094 5164 .752 148 .900
A 01-AUG-85 06 :58 :53 :0 22 .98139 6139 .148 4637 .857 5160 .762 148 .900
A 01-AUG-85 06 :59 :08 :0 22 .98556 6138 .082 4642 .620 5160 .762 148 .900
A 01-AUG-85 06 :59 :23 :0 22 .98972 6138 .215 4647 .383 5164 .752 148 .900
A 01-AUG-85 06 :59 :38 :0 22 .99389 6138 .834 4637 .857 5164 .752 149 .300
A 01-AUG-85 06 :59 :53 :0 22 .99806 6138 .693 4637 .857 5164 .752 149 .300
A 01-AUG-85 07 :00 :08 :0 23 .00222 6138 .309 4637 .857 5160 .762 149 .300
A 01-AUG-85 07 :00 :23 :0 23 .00639 6137 .629 4637 .857 5160 .762 149 .300
A 01-AUG-85 07 :00 :38 :0 23 .01056 6137 .880 4642 .620 5160 .762 149 .700
A 01-AUG-85 07 :00 :53 :0 23 .01472 6136 .797 4633 .094 5156 .771 149 .700
A 01-AUG-85 07 :01 :08 :0 23 .01889 6136 .597 4633 .094 5152 .781 149 .700
A 01-AUG-85 07 :01 :23 :0 23 .02306 6135 .892 4633 .094 5160 .762 149 .700
A 01-AUG-85 07 :01 :38 :0 23 .02722 6137 .763 4637 .857 5156 .771 150 .000
A 01-AUG-85 07 :01 :53 :0 23 .03139 6137 .497 4642 .620 5156 .771 150 .000
A 01-AUG-85 07 :02 :08 :0 23 .03556 6136 .743 4633 .094 5156 .771 150 .000
A 01-AUG-85 07 :02 :23 :0 23 .03972 6136 .205 4637 .857 5152 .781 150 .000
A 01-AUG-85 07 :02 :38 :0 23 .04389 6135 .401 4633 .094 5156 .771 150 .400
A 01-AUG-85 07 :02 :52 :9 23 .04803 6135 .302 4637 .857 5152 .781 150 .400
A 01-AUG-85 07 :03 :08 :0 23 .05222 6134 .273 4623 .569 5156 .771 150 .400
A 01-AUG-85 07 :03 :23 :0 23 .05639 6134 .249 4642 .620 5152 .781 150 .400
A 01-AUG-85 07 :03 :38 :0 23 .06056 6133 .954 4628 .331 5152 .781 150 .800
A 01-AUG-85 07 :03 :53 :0 23 .06472 6133 .676 4637 .857 5156 .771 150 .800
A 01-AUG-85 07 :04 :08 :0 23 .06889 6133 .118 4633 .094 5152 .781 150 .800
A 01-AUG-85 07 :04 :23 :0 23 .07306 6132 .788 4637 .857 5152 .781 150 .800
A 01-AUG-85 07 :04 :38 :0 23 .07722 6133 .863 4633 .094 5144 .802 151 .200
A 01-AUG-85 07 :04 :53 :0 23 .08139 6134 .163 4637 .857 5152 .781 151 .200
A 01-AUG-85 07 :05 :08 :0 23 .08556 6133 .403 4628 .331 5152 .781 151 .200
A 01-AUG-85 07 :05 :23 :0 23 .08972 6132 .778 4633 .094 5152 .781 151 .200
A 01-AUG-85 07 :05 :38 :0 23 .09389 6131 .995 4628 .331 5152 .781 151 .600
A 01-AUG-85 07 :05 :53 :0 23 .09806 6131 .662 4628 .331 5148 .791 151 .600
A 01-AUG-85 07 :06 :08 :0 23 .10222 6131 .944 4628 .331 5148 .791 151 .600
A 01-AUG-85 07 :06 :23 :0 23 .10639 6130 .813 4628 .331 5148 .791 151 .600
A 01-AUG-85 07 :06:38 :0 23 .11056 6130 .413 4628 .331 5148 .791 151.900
A 01-AUG-85 07 :06 :53 :0 23 .11472 6130 .394 4628 .331 5144 .802 151 .900
A 01-AUG-85 07 :07 :08 :0 23 .11889 6130 .260 4623 .569 5144 .R02 151 .900
A 01-AUG-85 07 :07 :23 :0 23 .12306 6129 .964 4623 .569 5152 .781 151 .900
A 01-AUG-85 07 :07 :37 :9 23 .12719 6131 .081 4633 .094 5144 .802 152 .400
A 01-AUG-85 07 :07 :53 :0 23 .13139 6130 .136 4628 .331 5148 .791 152 .400
A 01-AUG-85 07 :08 :08 :0 23 .13556 6129 .702 4628 .331 5156 .771 152 .400
A 01-AUG-85 07 :08 :23 :0 23 .13972 6130 .034 4628 .331 5144 .802 152 .400
A 01-AUG-85 07 :08 :38 :0 23 .14389 6128 .882 4628 .331 5144 .802 152 .700
A 01-AUG-85 07 :08 :53 :0 23 .14806 6129 .129 4628 .331 5144 .802 152 .700
A 01-AUG-85 07 :09 :08 :0 23 .15222 6128 .632 4623 .569 5144 .802 152 .700
A 01-AUG-85 07 :09 :22 :9 23 .15636 6128 .175 4628 .331 5144 .802 152 .700
A 01-AUG-85 07 :09 :38 :0 23 .16056 6129 .746 4628 .331 5144 .802 153 .100
A 01-AUG-85 07 :09 :53 :0 23 .16472 6129 .827 4628 .331 5144 .802 153 .100
A 01-AUG-85 07 :10 :08 :0 23 .16889 6129 .242 4623 .569 5144 .802 153 .100
A 01-AUG-85 07 :10 :23 :0 23 .17306 6128 .638 4623 .569 5140 .812 153 .100
A 01-AUG-85 07 :10 :38 :0 23 .17722 6128 .214 4618 .806 5140 .812 153 .500
A 01-AUG-85 07 :10 :53 :0 23 .18139 6127 .947 4623 .569 5148 .791 153 .500
A 01-AUG-85 07 :11 :08 :0 23 .18556 6127 .047 4633 .094 5144 .802 153 .500
A 01-AUG-85 07 :11 :23 :0 23 .18972 6126 .454 4623 .569 5144 .802 153 .500
A 01-AUG-85 07 :11 :38 :0 23 .19389 6126 .562 4623 .569 5140 .812 153 .900
A 01-AUG-85 07 :11 :53 :0 23 .19806 6126 .136 4623 .569 5144 .802 153 .900
A 01-AUG-85 07 :12 :08 :0 23 .20222 6125 .005 4618 .806 5140 .812 153 .900
A 01-AUG-85 07 :12 :23 :0 23 .20639 6125 .300 4623 .569 5144 .802 153 .900
A 01-AUG-85 07 :12 :38 :0 23 .21056 6126 .200 4623 .569 5140 .812 154 .200
A 01-AUG-85 07 :12 :53 :0 23 .21472 6126 .083 4628 .331 5140 .812 154 .200
A 01-AUG-85 07 :13 :08 :0 23 .21889 6126 .151 4628 .331 5140 .812 154 .200
A 01-AUG-85 07 :13 :23 :0 23 .22306 6125 .342 4623 .569 5140 .812 154 .200
A 01-AUG-85 07 :13 :38 :0 23 .22722 6125 .331 4618 .806 5140 .812 154 .700
A 01-AUG-85 07 :13 :53 :0 23 .23139 6124 .523 4609 .281 5140 .812 154 .700
A 01-AUG-85 07 :14 :08 :0 23 .23556 6124 .695 4599 .756 5140 .812 154 .700
A 01-AUG-85 07 :14 :23 :0 23 .23972 6124 .178 4580 .707 5140 .812 154 .700
A 01-AUG-85 07 :14 :38 :0 23 .24389 6125 .850 2815 .553 5128 .844 155 .000
A 01-AUG-85 07 :14 :53 :0 23 .24806 6125 .410 1079 .278 5128 .844 155 .000



A 01-AUG-85 07 :15 :08 :0 23 .25222 6124 .776 0 .000 5128 .844 155 .000

A 01-AUG-85 07 :15 :23 :0 23 .25639 6124 .838 0 .000 5124 .855 155 .000
A 01-AUG-85 07 :15 :38 :0 23 .26056 6124 .129 165 .815 5128 .844 155 .400
A 01-AUG-85 07 :15 :53 :0 23 .26472 6124 .292 0 .000 5124 .855 155 .400
A 01-AUG-85 07 :16 :08 :0 23 .26889 6122 .908 0 .000 5124 .855 155 .400
A 01-AUG-85 07 :16 :23 :0 23 .27306 6123 .304 0 .000 5124 .855 155 .400
A 01-AUG-85 07 :16 :38 :0 23 .27722 6123 .253 0 .000 5120 .866 155 .700
A 01-AUG-85 07 :16 :53 :0 23 .28139 6122 .525 0 .000 5124 .855 155 .700
A 01-AUG-85 07 :17 :08 :0 23 .28556 6122 .293 0 .000 5128 .844 155 .700
A 01-AUG-85 07 :17 :23 :0 23 .28972 6121 .368 0 .000 5124 .855 155 .700
A 01-AUG-85 07 :17 :38 :0 23 .29389 6123 .574 0 .000 5124 .855 156 .000
A 01-AUG-85 07 :17 :53 :0 23 .29806 612 :s .228 0 .000 5128 .844 156 .000
A 01-AUG-85 07 :18 :08 :0 23 .30222 6122 .387 0 .000 5124 .855 156 .000
A 01-AUG-85 07 :18 :23 :0 23.30639 6122 .343 0 .000 5120 .866 156 .000
A 01-AUG-85 07 :18 :38 :0 23 .31056 6121 .526 0 .000 5120 .866 156 .300
A 01-AUG-85 07 :18 :53 :0 23 .31472 6121 .551 0 .000 5120 .866 156 .300
A 01-AUG-85 07 :19 :08 :0 23 .31889 6120 .598 0 .000 5120 .866 156 .300
A 01-AUG-85 07 :19 :23 :0 23 .32306 6120 .981 0 .000 5124 .855 156 .300
A 01-AUG-85 07 :19 :37 :9 23 .32719 6120 .391 0 .000 5120 .866 156 .600
A 01-AUG-85 07 :19 :53 :0 23 .33139 6120 .265 0 .000 5116 .877 156 .600
A 01-AUG-85 07 :20 :08 :0 23 .33556 6119 .548 0 .000 5120 .866 156 .600
A 01-AUG-85 07 :20 :23 :0 23 .33972 6119 .176 0 .000 5120 .866 156 .600
A 01-AUG-85 07 :20 :38 :0 23 .34389 6117 .292 0 .000 5116 .877 156 .900
A 01-AUG-85 07 :20 :53 :0 23 .34806 6116 .826 0 .000 5116 .877 156 .900
A 01-AUG-85 07 :21 :08 :0 23 .35222 6117 .179 0 .000 5116 .877 156 .900
A 01-AUG-85 07 :21 :23 :0 23 .35639 6116 .277 0 .000 5120 .866 156 .900
A 01-AUG-85 07 :21 :38 :0 23 .36056 6117 .580 0 .000 5116 .877 157 .200



APPENDIX 11 .12

POST-FRACTURE WELL TEST DATA

FROM YELLOW SANDSTONES

CER Corporation



* MWX #1,
* ELAPSED
*

	

TIME
* (HOURS)
*

COASTAL YELLOW POST N2 FOAM FRAC AUGUST 1985
MWX #1

B .H.
PRESS.
(PSI)

MWX #1
FLOW

RATE
(MCFD)

178 .86722 170 .34 0 .00
180 .70056 568 .54 0 .00
182 .53389 891 .94 0 .00
184 .50000 1184 .62 0 .00
186 .33333 1425 .58 0 .00
188 .16722 1637 .94 0 .00
190 .00056 1825 .43 0 .00
192 .41528 2045 .54 0 .00
194 .24861 2178 .23 0 .00
194 .73250 2185 .18 67 .70
194 .91582 2141 .02 143 .30
195 .09917 2108 .40 134 .10
195 .28250 2077 .92 160 .90
195 .46584 2044 .55 153 .90
195 .64917 2013 .80 154 .80
195 .83250 1985 .03 152 .90
196 .01582 1957 .58 152 .50
196 .19917 1931 .54 152 .50
196 .38251 1907 .04 148 .00
196 .56583 1879 .00 154 .60
196 .74918 1856 .11 146 .50
198 .72610 1640 .39 148 .30
200 .79611 1442 .39 142 .10
202 .62971 1271 .43 140 .00
204 .46306 1093 .54 139 .10
206 .29639 938 .86 144 .40
208 .16667 810 .23 153 .30
210 .00000 1206 .15 23 .10
211 .83333 1438 .58 157 .10
213 .66667 1251 .67 28 .40
216 .06332 931 .15 153 .90
218 .36501 796 .45 116 .10
220 .19833 802 .24 99 .00
222 .03168 804 .10 98 .40
223 .99055 804 .07 96 .50
225 .82668 804 .21 97 .00
227 .66000 803 .62 97 .40
229 .49333 800 .57 96 .40
231 .59084 796 .76 95 .10
233 .50000 791 .63 94 .70
235 .33333 787 .59 93 .40
237 .16669 783 .75 93 .20
248 .28694 770 .78 100 .60
250 .12029 759 .77 98 .70
251 .95361 1064 .03 0 .00
253 .78694 1355 .94 0 .00
255 .62029 1582 .14 0 .00
257 .50000 1773 .72 0 .00
259 .33334 1932 .29 0 .00
261 .16666 2075 .53 0 .00
262 .99997 2195 .27 0 .00
264 .83362 2293 .72 0 .00
266 .66693 2373 .06 0 .00
268 .50024 2440 .98 0 .00
270 .47610 2504 .95 0 .00



272 .44888 2556 .86 0 .00
274 .28223 2597 .77 0 .00
276 .11557 2633 .04 0 .00
280 .50000 2703 .64 0 .00
282 .33334 2729 .15 0 .00
284 .16666 2752 .35 0 .00
286 .00000 2773 .95 0 .00
287 .83362 2794 .73 0 .00
290 .09000 2782 .85 0 .00
291 .92334 2469 .98 197 .30
293 .75693 2250 .35 179 .70
295 .59027 1956 .70 238 .30
297 .52246 1613 .34 282 .60
299 .74112 1317 .51 121 .80
302 .51721 1029 .65 193 .80
304 .50000 836 .39 202 .30
306 .33334 638 .25 199 .10
308 .16666 433 .47 200 .90
310 .00000 207 .75 216 .60
311.16666 25 .02 0 .00
346 .04971 250 .18 0 .00
350 .08112 996 .64 0 .00
353 .00000 1366 .61 0 .00
355 .75000 1645 .64 0 .00
358 .50000 1947 .94 0 .00
362 .58499 2195 .55 0 .00
363 .59500 2243 .49 0 .00
363 .77832 2251 .31 0 .00
363 .96194 2259 .64 0 .00
364 .22083 2270 .80 0 .00
367 .32056 2383 .69 0 .00
370 .07056 2458 .73 0 .00
372 .82056 2520 .33 0 .00
385 .69443 2719 .17 0 .00
386 .24445 2725 .60 0 .00
386 .94360 2711 .29 0 .00
387 .49359 2568 .44 116 .80
388 .17776 2517 .76 119 .10
389 .09500 2417 .10 143 .30
390 .19144 2320 .96 143 .80
391 .14639 2269 .53 122 .40
392 .40640 2123 .98 206 .30
393 .32443 2094 .03 107 .30
394 .32443 2025 .26 85 .00
395 .32443 1997 .17 162 .00
396 .24112 1953 .25 157 .90
397 .15778 1902 .70 148 .90
398 .40778 1857 .66 110 .50
399 .32443 1845 .05 131 .10
400 .33334 1814 .09 145 .80
401 .58334 1725 .33 153 .00
402 .50000 1697 .85 132 .70
403 .41666 1674 .67 129 .40
404 .33334 1611 .74 116 .40
405 .25000 1549 .57 160 .50
406 .16666 1499 .57 158 .60
407 .41693 1409 .31 179 .70
409 .27695 1489 .94 148 .30
410 .44693 1333 .69 133 .00
411 .86890 1313 .63 126 .30



412 .78555 1299 .53 125 .20
413 .70557 1282 .98 125 .60
414 .62222 1263 .92 125 .90
415 .54056 1244 .52 124 .90
416 .46857 1224 .22 124 .60
417 .38528 1205 .66 125 .40
418 .30194 1187 .68 123 .40
419 .32611 1168 .08 119 .60

'4' 420 .24277 1151 .43 118 .20
421 .15945 1135 .54 116 .90
422 .07611 1120 .24 115 .50
422 .99277 1076 .12 143 .30
423 .90945 1022 .39 138 .20
424 .83331 979 .33 132 .70
425 .75000 930 .32 134 .30
426 .66666 893 .47 128 .90
427 .58334 849 .09 143 .30
428 .50000 802 .11 119 .10
429 .41666 787 .71 116 .00
430 .33334 766 .51 118 .30
431 .35556 750 .93 110 .90
432 .27222 732 .36 114 .00
434 .10556 711 .08 109 .30
435 .52222 703 .46 108 .60
437 .15778 698 .40 106 .00
438 .77417 695 .61 105 .40
441 .11221 695 .95 103 .90
445 .40305 698 .14 100 .40
447 .68610 713 .14 100 .50
449 .66666 695 .79 99 .10
451 .50000 693 .54 99 .70
453 .33334 691 .11 99 .40
456 .14639 686 .23 98 .20
458 .11139 684 .68 98 .50
459 .94470 684 .26 101 .70
461 .78168 678 .59 103 .50
463 .62695 668 .67 103 .70
465 .65195 657 .43 102 .70
467 .48529 648 .56 101 .70
469 .37305 639 .80 99 .60
471 .20639 632 .22 98 .60
473 .16666 624 .93 98 .20
475 .00000 619 .56 97 .20
477 .04361 612 .95 95 .80
478 .87695 608 .07 95 .60
481 .37833 607 .02 94 .60
483 .21167 612 .71 96 .30
485 .04501 618 .27 97 .70
486 .89249 623 .80 96 .70
488 .87833 630 .13 99 .10
490 .88251 634 .67 100 .60
492 .71582 637 .10 98 .90
494 .54916 639 .11 99 .10
496 .50000 641 .67 99 .80
498 .33334 643 .30 97 .90
500 .16663 644 .43 97 .90
502 .00000 645 .42 96 .50
504 .31445 645 .94 98 .40
506 .22806 646 .62 98 .70
508 .30807 646 .85 97 .50



510 .14139 646 .28 97 .00
511 .98807 645 .47 96 .20
513 .82141 645 .39 98 .30
515 .65466 644 .84 96 .60
517 .65222 643 .43 95 .60
519 .48553 643 .15 95 .40
521 .33331 642 .84 95 .50
523 .37000 641 .33 95 .20
525 .20331 640 .32 95 .20
527 .90027 639 .01 94 .60
529 .96808 638 .09 95.30
531 .80359 638 .34 94 .20
533 .63696 637 .83 96 .30
535 .47028 636 .98 94 .90
537 .30359 636 .41 95 .10
539 .13696 635 .63 94 .50
540 .97028 634 .80 93 .50
542 .80359 633 .19 92 .80
544 .66669 632 .86 93 .30
546 .50000 632 .19 92 .80
548 .33331 631 .28 92 .10
550 .73975 629 .31 91 .20
552 .57416 628 .53 90 .70
554 .40747 627 .23 91 .40
556 .24084 627 .76 90 .60
558 .07416 629 .08 91.10
559 .90747 630 .42 92 .80
561 .90747 626 .71 89 .70
563 .74084 607 .54 86 .90
565 .82391 516 .87 96 .80
575 .29114 622 .86 87 .10
578 .14941 637 .46 93 .00
578 .33276 588 .88 0 .00
578 .51611 664 .49 0 .00
579 .08276 673 .13 0 .00
579 .26611 703 .20 0 .00
579 .44946 745 .62 0 .00
579 .60614 942 .55 0 .00
579 .63947 960 .27 0 .00
579 .66998 953 .62 0 .00
579 .70056 1087 .89 0 .00
579 .73114 1128 .85 0 .00
579 .76166 1134 .46 0 .00
579 .79224 1146 .80 0 .00
579 .82275 1160 .89 0 .00
579 .85333 1175 .90 0 .00
579 .88391 1190 .83 0 .00
579 .91443 1205 .82 0 .00
580 .03778 1262 .41 0 .00
580 .22113 1333 .63 0 .00
580 .40442 1392 .11 0 .00
580 .55914 1434 .52 0 .00
580 .56256 1435 .55 0 .00
580 .56555 1435 .83 0 .00
580 .56860 1436 .69 0 .00
580 .57166 1437 .53 0 .00
580.57471 1438 .25 0 .00
580 .57776 1439 .13 0 .00
580 .58081 1440 .01 0 .00
580 .58386 1440 .31 0 .00



580 .58691 1441 .19 0 .00
580 .59003 1441 .90 0 .00
580 .59308 1442 .81 0 .00
580 .59613 1443 .56 0 .00
580 .59918 1444 .58 0 .00
580 .60223 1445 .14 0 .00
580 .60529 1445 .90 0 .00
580 .60834 1446 .89 0 .00
580 .61139 1447 .66 0 .00
580 .61444 1448 .22 0 .00
580 .61749 1449 .22 0 .00
580 .62054 1449 .89 0 .00
580 .62360 1450 .68 0 .00
680 .62665 1451 .36 0 .00
580 .63000 1451 .78 0 .00
580 .63306 1452 .90 0 .00
580 .63611 1453 .74 0 .00
580 .63916 1453 .91 0 .00
580 .64221 1454 .88 0 .00
580 .72748 1474 .52 0 .00
580 .91083 1514 .60 0 .00
582 .58136 1746 .37 0 .00
584 .41473 1903 .38 0 .00
587 .10059 2052 .14 0 .00
588 .93384 2123 .85 0 .00
590 .76721 2181 .18 0 .00
592 .66669 2230 .73 0 .00
594 .50000 2272 .30 0 .00.
596 .33331 2309 .83 0 .00
598 .16669 2342 .76 0 .00
600 .18890 2402 .85 0 .00
602 .16138 2406 .23 0 .00
603 .99469 2431 .22 0 .00
605 .82806 2455 .42 0 .00
607 .66138 2477 .47 0 .00
609 .49469 2497 .91 0 .00
611 .32806 2518 .04 0 .00
613 .16138 2536 .30 0 .00
614 .99469 2554 .29 0 .00
616 .83331 2571 .53 0 .00
618 .89557 2589 .64 0 .00
620 .72888 2604 .96 0 .00
623 .25140 2624 .95 0 .00
625 .41528 2641 .05 0 .00
627 .24860 2654 .06 0 .00
629 .08197 2667 .23 0 .00
630 .91528 2679 .61 0 .00
632 .74860 2691 .19 0 .00
634 .58197 2702 .77 0 .00
636 .41528 2713 .71 0 .00
638 .24860 2724 .92 0 .00
640 .16669 2735 .33 0 .00
642 .00000 2745 .53 0 .00
643 .83331 2755 .21 0 .00
645 .66669 2764 .72 0 .00
647 .77191 2775 .55 0 .00
649 .60529 2784 .36 0 .00
651 .43860 2792 .80 0 .00
653 .27191 2801 .68 0 .00
655 .10529 2809 .57 0 .00



656 .93860 2818 .02 0 .00
658 .77191 2825 .52 0 .00
660 .60693 2833 .25 0 .00
662 .70551 2841 .44 O .00
664 .66669 2849 .70 0 .00
666 .56000 2856 .95 0 .00
668 .39331 2863 .42 0 .00
670 .71582 2872 .35 0 .00
672 .54919 2879 .09 0 .00
674 .38251 2885 .74 0 .00
676 .29193 2892 .38 0 .00
678 .12531 2898 .55 0 .00
680 .09558 2920 .73 0 .00
682 .12640 2911 .51 0 .00
683 .95972 2917 .68 0 .00
685 .79303 2923 .03 0 .00
687 .62640 2928 .64 0 .00
689 .50000 2934 .64 0 .00
691 .33331 2940 .12 0 .00
693 .16669 2944 .88 0 .00
695 .34332 2951 .84 0 .00
697 .18085 2956 .51 0 .00
699 .01416 2961 .87 0 .00
700 .84747 2966 .61 0 .00
702 .79279 2972 .15 0 .00
704 .67694 2976 .87 0 .00
707 .08026 2983 .38 0 .00
709 .09637 2988 .44 0 .00
710 .92975 2992 .67 0 .00
712 .83331 2997 .34 0 .00
714 .66669 3001.96 0 .00
716 .50000 3006 .16 0 .00
718 .33331 3011 .12 0 .00
724 .58746 3025 .58 0 .00
728 .64307 3034 .10 0 .00
820 .53558 3200 .23 0 .00
826 .03558 3206 .94 0 .00
831 .53558 3213 .45 0 .00
837 .50000 3220 .93 O .Ou
844 .40332 3228 .27 0 .00
849 .90332 3233 .76 0 .00
855 .40332 3240 .35 0 .00
861 .00000 3245 .94 0 .00
868 .30389 3253 .55 0 .00
873 .80444 3259 .59 0 .00
879 .30444 3264 .48 0 .00
885 .00000 3269 .89 0 .00
8'.,i .18109 3276 .15 0 .00
896 .68359 3269 .58 0 .00
902 .18359 3275 .34 0 .00
908 .00000 3280 .07 0 .00
960 .85193 3321 .02 0 .00
966 .35193 3324 .82 0 .00
971 .85193 3328 .43 0 .00
977 .50000 3332 .39 0 .00
983 .00000 3336 .38 0 .00
988 .94391 3339 .63 0 .00
994 .44391 3343 .41 0 .00
999 .94391 3346 .82 0 .00

1005 .50000 3349 .86 0 .00



1011 .95471 3354 .27
1017 .45471 3357 .72
3n22 .95471 3360 .02
£J28 .50000 3364 .07
1040 .52356 3365 .74
1046 .02356 3367 .13
1052 .00000 3367 .80
1058 .08447 3367 .09
1063 .58447 3367 .37
1069 .08447 3368 .74
1075 .00000 3368 .13
1080 .50000 3367 .53
1086 .00000 3365 .65
1091 .50000 3366 .67
1097 .50000 3366 .14
1103 .00000 3366 .70
1108 .50000 3365 .93
1114 .00000 3365 .61
1119 .50000 3365 .67
1125 .50000 3365 .33
1131 .23364 3363 .44
1136 .73364 3364 .99
1142 .23364 3366 .20
1148 .00000 3365 .34
1153 .71777 3362 .50
1159 .21802 3364 .39
1164 .71802 3366 .25
1170 .50000 3365 .38
1176 .00000 3365 .81

0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
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H . E . Morris

Sandia National Laboratories

BOREHOLE SEISMIC SYSTEM CALIBRATION

System calibration must be accomplished to facilitate a meaningful

analysis of BSS data . A comprehensive component-by-component check is

necessary prior to the analysis of each field test data set to insure that

each element of the system is functioning as expected . Figure 1 depicts

the specific components that are involved in the system check-outs that

must be made . This system calibration should be completed prior to

fielding the BSS .

	

However, schedules for the coastal stimulation

precluded completion of this task prior to fielding . The downhole

packages themselves had been satisfactorily calibrated prior to the

experiment, and any remaining problems were limited to the surface

hardware, somewhere between the analog record of the stimulation and the

computer . Gathering the data in analog form enables calibrations of the

surface system to be made after the stimulation experiment and prior to

data processing.

A plan of investigation and calibration was outlined. First, the

digitized data set was evaluated by thoroughly calibrating the system,

subsystem by subsystem, including downhole equipment and software to

identify problems that would require redigitization . If redigitization

was necessary, preparations would be made to redigitize by (1) insuring

that accurate analog playback is possible ; (2) calibrating the surface

equipment in a playback mode ; and (3) generating known signals to simulate

seismic events and play them through the entire system to verify system

performance.

New hardware was developed to provide a fast, accurate means of

simulating events and nulling the system . A synthetic event generator



(SEC) was developed to generate three-component sinusoidal signals of

specified amplitude, frequency and phase . A null system was developed to

look for possible disparities between channels . System evaluation at this

stage assumed that the longitudinal and shear waveforms were monofrequency

and in the 200 to 500 Hz range.

(1) DC Offset

The first problem identified in the digitized data set was a DC

offset . Using the SEC as the input and the existing horizontal and

vertical polarization plotting algorithms as a monitor, a simulated event

was input at the computer interface . An amplitude offset was being

introduced in the sample-and-hold component in one of the MWX-2 signal

paths . This faulty component introduced a DC offset of up to 0 .2 volts

and the offset varied as a function of temperature . This problem alone

was enough to require redigitization.

(2) Phase Parity

All subsystems were tested for phase parity . Varying degrees of phase

error did exist in several subassemblies and the phase errors of the

various entities were additive . Each subassembly was checked separately

in order to better understand where corrections could be made . The SEG

was used as the input and the null system was used to monitor the output.

The phase parity calibration results are summarized in Figure 2 . Maximum

observed errors are given for each subassembly . Large phase errors can

make the polarization direction of the P-wave time series appear random

and can also affect the P- and S-wave times of arrival.

(3) Analog Playback

Since the playback capabilities and their potential for error

contribution had not been examined, known signals from the SEG were input
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to the recorder and played back . Both recording and playback were found

to be satisfactory for the redigitization task . Gain disparity between

channels resulting from record and playback was less than one percent and

phase disparity was less than one degree between channels . Background

noise increased from approximately 6 millivolts to 17 millivolts, but this

level is negligible compared to the approximately 40 millivolt background

noise level in the coastal data set.

REDIGITIZATION

Before redigitization, the faulty sample-and-hold was replaced, s'l a

recheck of the system showed no DC offsets . The band edge voltage

settings on the discriminators were adjusted so that gain parity could be

achieved and maintained at less than one percent . The phase error for the

surface system could be maintained at less than two degrees, but to

accomplish this, the low pass filter corner (F2) had to be 1000 Hz for the

required 200 to 500 Hz bandwidth . Aliasing distortion would occur at this

F2 setting with the 2 .15 kHz sample frequency possible with the 8 channel

software . Since the MWX-3 data was too weak for analysis and the 45°

geophone was not being used, 3-channel software was written and tests

showed that a digitization rate of 4 .76 kHz per channel was possible.

This new software allowed the low pass corner of the bandpass filters to

be set at 1000 Hz without danger of aliasing . The resultant system phase

shift contribution to the polarization plot of an ideal 400 Hz input was

shown to be negligible.

The MWX-2 orientation data were redigitized . Because of the increased

sampling rate, the first break was more distinct . Figure 3 shows the

clarity of the first arrival of the MWX-2 orientation data . The first

arrival had been overlooked previously because of the limited number of

samples acquired using the 2 .15 kHz digitization rate . The second arrival

was the waveform that had been used for previous orientation computations.

The previously assumed S-wave arrival appeared shortly thereafter . The

presence of multiple waveforms explains the complexity of the Figure 3



time series . The difference in the times of arrival between the first and

third arrival provided a velocity coefficient of 20 ft/ms . The time

between arrivals two and four was approximately equal to the time between

arrivals one and three . The direct wavefors may have been reflected or

refracted from some inhomogeneity near MWX-2 creating second P- and S-

waves . The events appeared to have frequency content above the 200 to

500 Hz band to which we thought the data were limited . This higher

frequency content was likely a contributor to the increased signal level,

and hence the improved first break signal-to-noise ratio.

The pry-test tubing shots from MWX-2 to MWX-3 were redigitized.

Figure 4 shows the superimposed horizontal time series for one of the

detected events . Notice that the waveforms from the two channels are

almost identically in phase for several cycles, the signal-to-noise ratio

is good, and the S-wave arrival is very distinct where the two in phase

waveforms go out of phase . All of the pre-test data are in a textbook

example form . The horizontal polarization direction is very tight and the

orthogonal shear break-out is clear from the hodograms . As with the MWX-2

orientation data, there was event-related higher frequency content . Post-

flow microseisms were redigitized . They all exhibited the multi-wave

characteristics of the MWX-2 orientation data . Horizontal polarizations

were tighter, but there was still no distinct inclination.

Two conclusions were drawn from this test series . First, there is a

difference in the signal signature between the pre-test waveforms received

in MWX-3 and that from both orientation shot and fracture-induced data

received in MWX-2 . There are apparently four distinctly polarized

waveforms present in the MWX-2 data and two in the MWX-3 data . Secondly,

all signals appear to contain more than the monofrequency P- and S-wave

content that had been assumed . The inclusion of the higher frequency

content appears to increase the signal-to-noise ratio, make wave arrivals

more distinct, and tighten the polarization ellipsoids .



CALIBRATION FOR 100 TO 1000 HZ BANDPASS

The waveform characterization exercise revealed that it is desirable

to include the higher frequency content of the waveforms . However, the

entire borehole seismic system had been designed for the much narrower 100

to 500 Hz bandpass . The geophone and tool specifications were not written

for the higher frequency bandpass . Responses of the geophones were

unknown above the specification frequencies, and the response of the

bandpass filters to a multi-frequencied waveform was uncertain . Either a

nonlinear geophone response or the inability of the filters to maintain

gain and phase parity between channels could introduce considerable error

into the data . A complete re-evaluation of the system was required to

insure that gain and phase parity could be maintained both between

channels and within a chanr 1 for the new bandpass.

(1) Parity Between Chann is

Quantitative measurements were made at frequencies of 300, 700, and

1200 Hz . The null system was then used to monitor system balance while a

sinusoidal signal was input from a frequency sweep generator to the

borehole seismic unit/geophone interface . Gain parity between channels

could be maintained across the spectrum at less than one percent . Phase

parity between channels could be maintained at less than one degree from

300 to approximately 800 Hz . Above or below that bandwidth, however, a

gradual increase in phase error is encountered . The largest measured

phase error was five degrees at 1200 Hz.

(2) Parity Within a Channel

Gain parity within a channel for varying frequencies was evaluated

using the scheme for parity checks between channels by referencing the

output to the input . Phase relationships within a channel were evaluated

by measuring delay through the system at different frequencies, and
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impulse response distortion was discovered in the filtering system . This

distortion was characterized by greatly attenuated first few cycles when

an impulse of sinusoidal signal was applied to the filter . The amount of

distortion increased as the applied frequency neared either of the

bandpass limits and made accurate time delay measurements impossible . The

test setup shown in Figure 5 was used to measure the phase relationships

within a channel.

(3) Impulse Distortion

It was important to evaluate the effect of impulse distortion on the

coastal data set since the detected events are impulses of sinusoidal-like

input to the filters . The 400 Hz sinusoid of known amplitude shown in

Figure 6(a) was input to the filters, bandpassing from 100 to 500 Hz . The

resultant output of the filters is shown in Figure 6(b) . Note the

complete loss of the first half cycle and the continued distortion into

the next few half cycles.

Next, actual coastal event data were examined for impulse response

distortion . Figure 7 illustrates both the need for filtering and the

increased distortion as the high pass setting is increased from 0 to

50 Hz . The undesired low frequency noise is evident in Figure 7(a) . Note

the first cycle on the event in Figure 7(a) and its reduction in amplitude

as the high pass filter setting moves to 50 Hz in Figure 7(b) . Using a

high pass setting of 100 Hz essentially eliminates the first half cycle,

and thus the true first arrival.

(4) Geophone Calibration

The calibration data for the three geophones used in the H1 component

of the MWX-2 tool during the coastal experiment are shown in Figure 8.

All geophones had less than three percent deviation from 100 to 500 Hz,

but the deviation increased rapidly above 400 Hz . The data for the



geophones used in MWX-2 did not include information beyond 700 Hz . When

the data at 700 Hz were correlated, a net deviation of approximately

9 percent in each triaxial channel was calculated.

(5) Bandpass Calibration Conclusions

(1) Gain and phase parity between channels can be maintained at

reasonable levels.

(2) The gain variance between frequencies within a channel is

undesirable because of the loss of signal strength at the

higher frequencies, but is acceptable because gain parity

between channels can be maintained.

(3) Phase error between frequencies within a given channel and

impulse response distortion are being introduced by the high

pass filters

(4) With the filter mode set to flat delay, a 1000 Hz low pass

setting created little phase error and only slight impulse

response distortion at b00 Hz, but the amplitude was

approximately 60 percent of the amplitude at 400 Hz . With the

filter mode set to flat amplitude, no gain error and only

slight impulse response distortion was noted, but up to 5° of

phase error was observed . It was concluded that 1000 Hz flat

delay should be the low pass setting.

(5) The frequency response of the geophones implies that there was

not equal amplitude response over the 100 to 1000 Hz range.

Thus, a 1000 Hz low pass is probably not acceptable.
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CONCLUSIONS

Phase and amplitude parity are critical to use of the polarization

method . Techniques were found and new hardware was built to balance the

system and minimize these errors . The new 8-channel software developed

for the redesigned tools was not able to operate above a 2 .15 kHz sample

rate . Since it was necessary to set the low pass filter a 1 kHz, this

sample rate would have resulted in aliasing . Three-channel data

acquisition was prepared and the event detection scheme was streamlined

as much as possible to obtain a 4 .76 kHz digitization rate.

The in-depth investigations into the system and coastal data set

provided a wealth of new information about the system and microseismic

data that is relevant to any data set . The newly discovered system and

data characteristics axe crucial to the future development of any BSS.

The major implications of this study on future data sets may be

summarized as follows:

(1) The background noise level is significantly increased during

periods of flow prohibiting data analysis.

(2) Gain parity between channels can be maintained, but periodic

checks are necessary.

(3) Phase parity can also be maintained between channels if the

system is balanced periodically . The low pass settings must be

balanced so that phase and gain parity between channels . are

maintained.

(4) The digitization rate is critical to BSS data analysis . Not

only can aliasing distortion prevent data analysis, but a slow

digitization rate can result in overlooking the true properties

of the data set .



(5) All data had frequency content above the 100 to 500 Hz band for

which the BSS was designed . Distinct first arrivals were not

possible in the MWX-2 data without the higher frequency

content . The higher frequency content also reduced variation

in the polarization direction.

(6) The response of the geophones used is nonlinear above 400 Hz,

distorting the higher frequency content of the data.

(7) Use of filters, particularly in the high pass mode, creates

impulse distortion in the waveforms . The first half cycle of

the MWX-2 data was virtually eliminated and the second half

cycle greatly attenuated as a result of bandpass filtering.

(8) Gain parity between frequencies within a channel cannot be

maintained when using bandpass filters . This implies that when

balanced, the higher frequency content will be attenuated more

than the lower frequency content . The lack of gain parity

between frequencies does not, however, affect the polarization

direction if the high frequency attenuation is equivalent on

all three channels.

(9) Severe phase disparity between frequencies within a channel is

introduced by flat amplitude high pass filtering . This

phenomenon does distort the polarization ellipsoid.

(10) With the current instrumentation design, high pass filtering is

essential . The downhole seismic noise level is intolerable and

must be filtered out of the data.
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Figure 1 . Borehole Seismic System Block Diagram
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Figure 4 . Pre-test Tubing Shot Superimposed Horizontal Time Series.
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Figure 6(a) . Test Signal Filter Input.

r

Figure 6(b) . Test Signal Filter Output.
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Figure 7(a) . Reference Event.
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Figure 7(b) . Effect of 50 Hz High Pass Filter on Reference Event.
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*****************************************************************************
ACCES NUM N00741
REPORT NUM 1 .0 .4 .009
AUTHOR

	

BRANAGAN,P
TITLE

	

COMPARISON OF MEASURED RESERVOIR PRESSURES WITH DRILLING MUD
WEIGHT DATA AT MWX

CORP AUTH CER
DATE
KEYWORD
KEYWORD
KEYWORD
KEYWORD
KEYWORD
KEYWORD
KEYWORD
KEYWORD
KEYWORD
*****************************************************************************
ACCES NUM N00550
REPORT NUM 1 .1 .15 .008
TITLE

	

CONTINUOUS FLOW SURVEY
CORP AUTH ~H
DATE

	

850606
KEYWORD

	

MWX1
KEYWORD

	

LOGS
KEYWORD

	

COASTAL
KEYWORD

	

WELL TESTING
***********************************************W***************************

ACCES NUM N00549
REPORT NUM 1 .1 .15 .009
TITLE

	

FLUID DENSITY LOG
CORP AUTH GH
DATE

	

850606
KEYWORD

	

MWX1
KEYWORD

	

LOGS
KEYWORD

	

COASTAL
KEYWORD

	

WELL TESTING
*****************************************************************************
ACCES NUM N00548
REPORT NUM 1 .1 .15 .010
TITLE

	

COMPOSITE PRODUCTION LOG
CORP AUTH GH
DATE

	

850606
KEYWORD

	

MWX1
KEYWORD

	

LOGS
KEYWORD

	

COASTAL
KEYWORD

	

WELL TESTING
*****************************************************************************
ACCES NUM N00610
REPORT NUM 1 .1 .15 .013
TITLE

	

MWX-1 DIFFERENTIAL TEMPERATURE SURVEY
CORP AUTH GH
DATE

	

850607
KEYWORD

	

MWX1
KEYWORD

	

LOGS
KEYWORD

	

COASTAL
*****************************************************************************
ACCES NUM N00450
REPORT NUM 1 .1 .36 .003
AUTHOR

	

BLACKWELL,DD
TITLE

	

TEMPERATURE DEPTH LOGS
CORP AUTH SMU
DATE

	

831109
KEYWORD

	

MWX3
KEYWORD

	

TEMPERATURE LOG
KEYWORD

	

COASTAL

870110
MWX WELLS
FLUVIAL
COASTAL
PALUDAL
MARINE
RESERVOIR ANALYSIS
PRESSURE
RESERVOIR PRESSURE
MUD REPORT



*****************************************************************************
ACCES NUM N00497
REPORT NUM 1 .1 .4 .009
AUTHOR

	

KUKAL,GC
AUTHOR

	

SIMONS,KE
TITLE

	

MWX COASTAL INTERVAL LOG ANALYSIS INTERIM REPORT, RED AND YELLOW
SANDS

CORP AUTH CER
DATE

	

850122
KEYWORD

	

LOG ANALYSIS
KEYWORD

	

COASTAL
KEYWORD

	

TITEGAS
*****************************************************************************
ACCES NUM N00573
REPORT NUM 1 .1 .4 .010
AUTHOR

	

KUKAL,GC
TITLE

	

IMPROVE APPLICATION OF CONVENTIONAL LOGS TO TIGHT SANDS
CORP AUTH CER
DATE

	

840626
KEYWORD

	

LOGGING
KEYWORD

	

TIGHT GAS SANDS
KEYWORD

	

LOG ANALYSIS
KEYWORD

	

CORCORAN
KEYWORD

	

COZZETTE
KEYWORD

	

MARINE
KEYWORD

	

PALUDAL
KEYWORD

	

COASTAL
KEYWORD

	

FLUVIAL
KEYWORD

	

MWX WELLS
KEYWORD

	

LOG INTERPRETATION
NOTES

	

PRESENTED AT UNCONVENTIONAL GAS RECOVERY, MWX, PEER REVIEW
SESSION

*****************************************************************************
ACCES NUM N00574
REPORT NUM 1 .1 .4 .011
AUTHOR

	

KUKAL,GC
AUTHOR

	

SIMONS,KE
TITLE

	

LOG ANALYSIS TECHNIQUES FOR QUANTIFYING THE PERMEABILITY OF SUB -
MILLIDARCY SANDSTONE RESERVOIRS

CORP AUTH CER
DATE

	

850500
ALT NUMBER SPEDOE13880
KEYWORD

	

LOG ANALYSIS
KEYWORD

	

PERMEABILITY
KEYWORD

	

MESAVERDE
KEYWORD

	

MARINE
KEYWORD

	

PALUDAL
KEYWORD

	

COASTAL
KEYWORD

	

FLUVIAL
KEYWORD
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