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ABSTRALT

A Christansen model pressure-retaining core barrel {5 being used 1n the drilling of two EGSF research
wells. This effort supported by two other techniques is desigred to evaluate the oost effective tech-

nigue to provide meaningful respurce assessments,

One well has been successfully dritled and the accumulated sampies are currentiy being cvaluated. The
second well s currently being drilled,

INTRODUCTION

Resoyrce assessment values used €0 sstimate gas in place and recoverable reserves for the gas bearing
Devonian shales are ¢£711 tantative. Thiz is primarily due &2 vnknowns regarding the present methods
af sample coliection and testing.

At present, samples are pbitzined for the purpose of characterization hy the recovery of orientad core.
The gamples are remoyed from the core barrel, viswally examined and describad at the well site, then
sealed in containers and sent back to the laboratory for analysis. The selection of these resource
samples is made on the basis of a2 uniform interval [~ 5 to 10 Teet} through the shale zone.

Once the samples are recelved at the Tlabovatory, they are allowed to build up pressure for 2 peried of
six weeks or Tonger, the containers zre leak checked to snsure their Tntegrity and only those that are
Teak tight are processed through the gas yvolume anzlysis.

The pressure and volume of the gas {n the can §5 determined and the gas composition §s anatyred by gas
chromatography. The shale sample is then macerated and the volume of gas remaining in the shale
matriz is determined, The sum of these two wvelues represents the total volume of gas present in the
ghale after 1t 1g placed 4n the sealed contatner.

This method has several shortcomings:

1. Sample sefection 15 made on the basis of umiform core interva? rather than from high poten-
tial zones. This can resuli in the average gas content per well being biased Tow,

2. Gas Test prior to the placing the samples in the containers cannet be estimated.

3. Feleasa rate of the gas from the sample {5 not obtained and the =ffect of overpressure an the
gas release cannot be assessed.

*Mound Facility i5 operated for the U. 5. Depertment of Energy by Monsantc Research Corperation

{Contract No. DE-ACO4-76-DPOY0OST).
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To address the shortcomings an experiment was Tnitiated at two research wells. This exwperiment, coop-
eratively funded by the Gas Research Institute (ERI), invelved the use of several different techniques
to evaluate resource in place and analytical procedures. The Tirst technique fs the one currently
used to assess gas. The second technique involved the use of a continuous mud log to choose samples
containing high gas concentrations, These samples will be analyzed for g2¢ content and composition
by using an offgassing technique to be initiated immediately upen sample recovery. The third techni-
que involves the use of the pressure retaining core barrel to recover samples essentially under fin-
situ conditions and to monitor total gas release.

The axperiment 1s currently in progress and only preliminary data are available at this time.
RESEARGH MELL LOCATIONS

At the request of the METC Project Office, Erie County, Pemnsyivania, was {dentified as a prime stie
for the location of at least one research well for the EGSP program. Based on geelogic censiderations,
several aress within the county were selacted for possible sites. To accomodate cost-sharing co-oper-
ators, one site shifted just across the state 1ime into Ohio. The general locations of the two drill-
ing sites along with the tocations of nearby ofl and gas wells used for contral are shown in Figure 1.

A generaiized stratigraphic column {Figure 2} summarfzes the Devonian section for the target areas.
The rocks are marine deposits with a general increase in the tarrigenous clastic influx, apd concom-
itant increase in grain size, ascending the column, These clasitcs were derived from the Catskiil
delia complex as it prgEag?d wastward from eastern Permiylvania and Hew York, nearing but never
reaching Erie County. ' :&r

In the target area, the Lower Devonian fs reprasented mafnly by the Oriskany sandstome of shallow
mzring orrgin with a thin Timestone, possibly Helderberg or Keyser equivalent, soustimes bensath the
Oriskany, The Oriskany sandsfone is overlain by a thick seguence of the Middle Devonian (Qrondags
Timestone, also a shallow maring deposit. The Onondzga §s5 in turn averlain by the HamiTiom formation,
mainly shales and siltstones, with the Marcellus black shale at its base. A thin layer of the Middle
Deyonian Tully 1imestone s gengrally present in Erdie County, above the Hamilton forwation. It is the
Tast wirine ]imestone deposited in the arez. The Upper Devonian in Erie Coumty, Pennsylvaniz, 1% rep-
resented by several formations consisting of altermating gray and black shales, siltstones, Tine sand-
stonas, and minor coarse sandstones. Almosi all of these being cccasfonally calcareous (cement} and
of shallow marine arigin. Younger Devonian, and later Mississippian and Pennsylvanian age rocks, are
present elsewhere in Erie County. These wil] not be encountared in the target areas.

[uring Devonian times, Erie County, Pennsyivania, was under the influence of an epicontinental sea
that had a configuration roughty equivalant to the present day Appalachfan Basin. Water depth was
relatively shallow and at times the area was uplifted above sea level, as documented by several prom-
fnent unconformaties. Subzerial deposits resulﬁia? from this uplift are unknown, rather, erosional
processes removed the exposed marine deposits.l®

The clastic influx from the Catskill delta durin'g_ the Upper Devonian prodyced a ﬂigh east-to-west
thinning of these sediments of about one to two feet per mile acrass Erie Caunty. Di{ } ]he rocks
are essentialiy flat lying, with a gentle dip of 1/2° or 1255 to the south-southeast. 1,12

At least three periods of black shale fermation occurred in the target arsas during Devonian times.
These are represented by the MarcelTus, Rhinestreet, and Dumkirk black shale faciss 4n ascending ardar
{oidest to youngest, Figure £). A representative gumma-rzy log from a well in the target areas is
shown fn Figurs 3. The log shows, in genéral, that the bTack shale facies consist of a basal, massive
unit and an upper, interbedded (black shiala-gray shale-siltstone) unit. This second aspect 5 aspes
cially well 11lustrated in the Dunkirk interval, less sa in the Rhipestreet, and is wirtually absent
in the Marcelius. This upper, interbedded unit may be primarily responsibie for the gas production
fran the Devenian Black sna1e? 513 Historically, the Dunkirk 15 the main gas-producing black shale
fn Evie County, Penmsylvania. 14)

Figures 4, %, and & show isopachs of the net thickness of radioactive black shale for the three black
shale intervals; Dunkirk, Rhinestreet, and Marcellus, respectively. The mapped thicknesses include
the basal, massive umit, and each individual black shale ed in the upper, 1nterbedded unit.[19.15.16)
As can be seen (Figures 4 and 5) both the Dunkirk and Rhipestreet are fairly thick (50 feet) uver
almost the entire country. Figure & shows the Marcellus to be rolatively thin (<25 feet) everywhere
in the county. Although it will ba sampled in the wells, the Hnr:e11fi Til1 not be a primary produc-
tion target. Figure 7 is 2 composite isopach of all three intervals, 7] It shows four areas of max-

imm total thickness in Erie County, The westernmost thres of these were chosen as the prime tarqets.
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In two of these areas, the westermngst and north-centralmest, cooperators for wells were found,
These sites are indicated on Figure 1.

Urilling i5 to be compieted to the top of the Middle Devenfan Dnondaga Timestone, This will atlow
nat only for sampling and testing of all three of the black shaile dntarvals, but alse for obtaining
an excellent widespread correlatable stratigraphic marker horizm; 1.e., the Gnmidaga Timestone.
Figure 8 indicates a dri114nq dapth map to the top of the Onondaga Timestone. (18] from this msp, the
priojected total depths for both research wells is 1500 feat or less.

ANALYTICAL TECHNIQUES
The analytical €echniques being uied for the two wells are as stated sarlfer:

1. Current Technique
2. Controlled Offgassing
3. Pressure Core Barrel/Controlled OFfgassing.

The current technigue was described egriier and will not b2 reviewed,
1. Controlled (ffaassing

Far both wells, mmd 15 being used as the drilling fluid, The use of wud as the drilTing flufd
provided the opportunity to utilize 2 continucus mud log during the drilling and coring opera-
tion., The data accumulated by the myd Tog operation 15 beding used to select samples for con-
troTled offgassing experiments, that 15 sampie: are being seiected from the gray shalesz where
“‘;]?Hm high hydrocarbon gas concentrations are being obaerved as well as from the thick black
shale rones.

The samples, once identified, are plaged in containers as soon as possible after the recovery
aof the core.

At select time intervals, these samples are tested and 2 measured volube of gas 7$ removed from
the container and analyzed h{ gas chromatography, then all tha shale gas s purged from the
container which 15 restored to atmospheric pressure. This process continues yniil the hydro-
carbon gases are essentially depieted., The samples will then be macerated and gas resaining

in the matrix w11l be determined.

At the time of this writing, six wesks after core recyvery, the degassing operation iz still
continuing and curves of varfous shapes are being obtained, When desprption ceases, agcurate
determinations of shale volumes and gas released will be made and the dazta will bz compared to
that cbtaimed by the other techniquas,

2. Pressure Core BarreifControllied Offgassing

The pressura core barrel {5 not a new technique and has been in use for quitz zome time. In
the late 1930's the Carter 041 tnmﬂimy designed and eperated a pressurg-retaining core barrel
device, hasically by dnserting a third "barrel® ?E en the Tnner and pyter core barrels for use
in the determination of residval 041 saturation.t1?) This barrel did not retatn full formation
pressure, but further redesigns and modifications by Exxor during the 1%60's prodeced 2 larger
diameter barrel capable of r‘etaining full formation pressure, (20 Currently, two companiss,
Christensen and DOWDGO, are 1icensed to operate and to experiment with the pressure core

barrel. (20,21} Recent work on the barrel fuproved the reliability and percentage recovery of
the pressure core barrel. (21} 1t 15 now generaliy agreed that the pressure core barrel p vides
tha best opportunity of determining the in-place Fluid saturations of reservior rocks. (2 For
this project, Christensen provided the pressure retaining core barrels.

OPERATION OF THE PRESSURE CORE BRARREL

Mechanically, pressure coring differs from conventiomal coring only in that the pressure core harrel
i< sealed at reservoir pressure after the core i5 cut and prior to starting out of the hole. There-
forg, the pressure core barrel requires special operating procedures and teéchniques for handling
antd analyzing the cores.

A Christensen model pressure core harrel, Figure 9, wes used in our fizld operations for the research
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wells. It {% capable of mcuvering a 10 foot lnn? by 2=578 inch diamatar core sample; tha ovar:ll
length of the barrel itzelf i3 23 feet with 2 maximm outside dismeter of & dnches at the bal) valve
housing. The pressure core barrel is capable of opearating in pressures up to 5,000 psi and tempera-
tures up ko 150°%C.

The basic prassure rataining machaniems are & Jower ball vaiva and an upper mechanical pressure seal,
How the pressure core barrel works is shown schematiczlly in Figures 10 through 12. Afisr the 10
feet of core has been cut and broken off, the entire pressure core barrsl assembly is 1ifted about 2
feet off the bottom of tha hole {Figure 31). Then a small steel ball is pumped down the drill stem
and s2ats fn a piston in the upper aszsembly. This trips a slip-joint release mechanism and frees

the cuter barrel, allowing it to s1ide down about 19 inches relative to the inner barrel. This
moyement closes the upper pressure seal and rotates and cToses the Tower ball valye, trapping the
core at reservoir prassure (Figure 12). The upper assembly also contains a nitrogen chamber that can
21d in pressure maintenance §if necessary. Tha downward movement of the outar core barral also um-
covers mud perts in the top of the core barrel, permitting mud circulation and allowing the string
to drain as the core barral is browght to the surface with the core samples at reservoiv pregsure,

CURRENT STATUS

At the Ashtabula County, Ohio site, twe pressurs cores were attempted and both were successfully
recoverad at reservoir pressure. Only 5{x feat of the deeper core were recoversd. The first core was
recoverad in the interbedded, primarily gray, Dunkirk shals immadiately above the massive dark snale
one, the other core was recgvered in the massiva, dark Rhinestreet shale intarval, While st§11
frozen, some of the one foot segments were sealed with hard rubber caps directly in the core-barrel
liner and others were quickly extruded from the iner inte afr-tight contairers and sealed.

The gas in the sealed core segments was determined by a slightly modified USBM method. The contain-
ars were connected by rubber tubing to 3 water-fi1lad, 1,000 m] gas buret and the fnitial volumes

of gas reieased were determined by water displacement. Thawing of the core was begun Immediately
after connection to the buret. Aftar two and a half days, the rate of gas release diminished td a few
ml par day. Then the core was quickly vemovad from the 11per and transterred to a gas-tight con-
tainer provided with & 53Vicone rubber septum. Pericdically,when a measured volume of gas was removed
for analysis by gas chromatography, all the shale gas was purged from the can and the ?mcess repeated.
At the time of writing this paper, six weeks after core recovery, the degassing 1s still proceeding.

A typical gas-releaze profile from one of thess experiments is shown in Figure 13. It shows an initial
surge of gas inta the buret, but this is not shale gas—-it 15 merely the expansion of the afr trapped
under the rubber core caps and reduced to swaller volume by the dry-ice temperaturs., After this
initial steep slope, the true shale-gas begins to appear. The wavy ap?ear‘ance of this portion of the
curve of gas volume vs, time ({.&., the square root of time In minutes) is a reflection of the diurnal
changes in temperature and pressure in the waell-site trafler. Tha smoother, more widely spaced data
points are from samples taken from the sealed containers wsed 7n the second half of the desorption

medsuraments. .

Those frozen samples that were placed directly in the saaled metal conteiners were allowed to thaw
at room temperature in the container., Samples were withdrawn periodically as desgribed above and the
incremental gas volume released was measured at regular intarvals. A gas desorption profile for ane
of these samplas is showm iIn Figure 14. After six weeks, these sampies are also stfi7 actively
releasing gas, and will continue to be sampled until desorption virtually coases.

Preliminary {(incompleta at the time of preparation of this Euper} results show that the gas released
by the ten samples of primarily gray Dumkirk shale at the $ite of the Ashtabula County well waries
from 29,000 o 178,000 ppw, with a mean vaive of 97,000 ppm. In contrast, the massive black Rhine-
street shale samples recovered under pressure in the pressuré cove barrel have released firom 536,700
ppm to 1,083,000 ppm with a mean of 905,500 ppm.  In other words, incomplete results from the prassure
core sampies at the Ashtabula 5ite show that the gray shale zbove the massive black Dunkirk zone
averagas 0.042 cm® of hydrocarbon gasfgram of cock, or slightly more than one cubic foot per ton;

the massive Rhinestreet, 0.33 em' hydrocarbon gas/gram or about twelve cubic feet per ten.

When the desorption ceases, or virtuaily so, mere accurate determinations of shale volumes and gas
released will be forthcoming, and comparisons will be made batwean varfous methods of astimating gas
in place. Anather intarasting set of data will atso come from the pressure core barrvel samplas.
First, the degassing profiles, i.e., their unusual shapes ranging from simple lggarithimic to sigmo-
fdal, should reveal something of the nature of tha desorption process or of the rock matrix itself.
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Sccondly, tha preliminary observation that the ratios of individuat hydrocarbons change as the degass-
ing proceeds should be of intarest te those madelling the degaseing wathematically, For example, in
many of the samples, the methane-to-propane ratio of the First gas released 45 in the range of 20 to
30 and has decrezsed by as much as one-half to date. Howaver, in one sample, the methane-to-propane
ratio of the veleased gas Hritialiy was 60 but currently is 11,

This demonstration of the prassire core barval will provide the data from which the various methode of
estimting gas-in-place Tn the shales can be evatuated. Inmitial resuits are very Interesting; and no
g:::?‘t will contribute significantly to our knowledge of the resource available in the Eastern Gas

&.
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Specifications

clossd {going In the hoie} -9
Length of barrel uxtanﬂngﬁ | vaive closed) -
Diameter (ball valve housing 12" long) 5.0
Diamaler (rest of core barrel) 5. 75"
Core dlamelar 2.625"
Length ol core 0.0
Maximum pressure 5000 PSI
Tap connection {box) A1/ FH
Recommended core bit size 8-1/2" x 2-5/8"
Maximum Row rata 125 GPM
Waight 1,600 Ibs.

FIGURE 2

Schematic of Pressurg Core Barrel
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PRESSURE CORING
GENERALIZED

n%”m BREAK-OFF  CLOSURE
a ENTIRE MNER BARREL
ABSEMELY LFTED MMODRLEZED
1R SOTTOM CAITER BARAEL
ODROPEED

BALL YALVE CLORED

FIGURES 10, 11, and 12

Oparation of Pressure Core Barral
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