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1.0 INTRCDUCTION

The Coring and Logging Plan (CLP) 1is a device to implement parts of
the field operations, physical characterization and geochemical charac-
terization work packages of the Easterm Gas Shales Project. The Eastern
Gas Shales Project (EGSP) is a multi-year project initiated by the U.S.
Energy Research and Development Administration (ERDA) to stimulate natural
gas production in the Eastern Petroliferous Basins. The specific orienta-
tion of the project is toward determining the gas reserves within the
Devonian shale, thoroughly characterizing the shale, and advancing the
technology of gas exploration and production.

In order to implement this project, it is necessary o carry out an
extensive program to characterize the shale and determine the specific
parameters that affect gas accumulation and migration. The strategy of
analysis is to systematically take cores throughout the three areas of
interest; that is, the Appalachian, Michigan and Illinois Basins. These
cores will be taken first in conjumction with wells which varicus gas
companies will be drilling in the basins under a cooperative funding
arrangement. Later on in the project, a number of wholly ERDA-funded cores
will be taken, especially in areas of exploratory interest or where
government-owned land is involved. Throughout the projact life, it is
proposed that about 65-70 cores will be taken which will penetrate the
complete stracigraphic sequence of rhe shale and amount to approximately
25,000 feet of core. The core will be sampled and analyzed according to
the charts and procedures delineated in this document. .

Subsequent to the coring of a well, a complete suite of logs will be
run. For a number of such events, a special research suite will be used,
whereas the remainder of the wells will be logged with the standard produc-
tion suite. The log analysis will be compared with the core analysis and
the correlation will be used to calibrate and interpret future well logs.
This will allow a very detailed basin analysis with a comparatively small

number of statistically significant cores required.

The core sites are being chosen by determining new areas of
productive interest as established by gas company, state geological sur-
vey and federal goverument geologists knowledgeable in the respective
basins, and integrating these with areas in which cores have been taken
and are still available for anmalysis. In the near future, production
base maps in each state, by county, will be available from an extensive
computer file. These will be overlain with lineament maps which are
being prepared from remota sensing data. Areas of high fracture proba-
bility, as indicated by lineament correlation, which have not been
produced, will then be cored, logged and stimulated for production. This
technique, and others like it, will be used to dectermine where cores
should be taken to obtain maximum project information. As the program
progresses, results from exploration R&D, physical and geochemical charac~
rerization, geophysical well log analysis and geological evaluacions will
provide many such correlations to narrow down the choice of core sites.

[
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When a core is taken, it will be oriented, described, and sampled
in the field. The Morgantown Energy Research Center (MERC) will have a
representative in the field for esach operation who will supervise packaging
and transmittal of the various samples of core based upon a pre-planned
format. Guidelines for determining the variables in the generalized
format will be detarmined as a result of the finalization of the EGSP-
Project Implemeatation Plan (PIP).

These, and other logistics procedures, are in a process of evolution
due to the number of contractors involved in both the core retrieval and
core testing aspects of the plan. Various techniques, such as straci-
graphic and characterization workshops and contractors meetings, are being
used to enable continued planning efforts and, at the same time, implement
the project and implement technology transfer. This document, then, is
an evolving plan whose purpose is to clearly define the scope of work
involved in acquiring and analyzing core samples and logs of the Devonian
Shale. This plan {s expected to be assimilated into the PIP and assigned
to various work packages. Iz will be updated as part of the review cycle
of those work packages. :

This coring and logging plan contains a work breakdown structure
(WBS) which generically details the logical reduction of the various
operations involved. It also contains event sequence diagrams which can
be used by the respective work package managers to define and schedule
the specific tasks which will implement the planned objectives. Appended
to the plan are the coring and logging logistics plans and procedures for
sampling, for the core physical laboratory and for the petrographic and
gzeochemical analysis laboratory. The laboratory and sampling procedures
were preparad by MERC. )
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2.0 WORK BREAKDOWN

This section contains the description of the elements, che subelements,
and the tasks of the work breakdown structura (WBS), attached herewith
(Figure 1). The initial breakdown of the coring and logging plan (CL?)
is into four elements, which are: planning operations, field operations,
laboratory operations, and data procegsing operations. Each operation
consists of several subelements and each subelement comprises several
tasks. A brief description of the subelements and tasks follows.

2.1 PLANNING OPERATIONS

Development and execution of the CLP requires that a comprehensive
plan be formulated as the very first step. Eastern gas shales have
normally been overlooked as a major gas producing horizon; hence, mest
0il and gas exploring operations merely have drilled through the shales and
bored down to the more economically commercial oil or gas producing hori-
zons. Hence, very little.is known about these shales or. their potential
for gas production. The major shale basins have been mapped by individual
state surveys, but minimal correlation has been made on a regional basis.
Hence, planning operations form the first essential element of the CLP.

Planning operations consist of six. subelements, each comprising
several tasks. The subelements are coring and logging review, costing,
environmental assassment, site selection, contracts, and logistics. The
tasks within these subelements are described below.

2.1.1 Coring and Logging Review

This subelement consists of the four tasks defined below.

1. Data Analysis and Evaluation - In order to initiate a formal work
plan, the existing daca must first be analyzed and evaluated. This would
include an extensive and comprehensive literature search, accompanied by
a collection of existing well logs and previous drilling data. From such
data, preliminary stratigrapnic and structural cross-sections and correla-
tions will be developed. Such regional correlation maps will help to
define areas where only insufficient data are available and also will
highlight areas needing higher R&D efforts. At the same Cime, correlation
of structural patterns already mapped, with the lineaments revealed by
analysis of remote-sensing imagery and their relationship to gas producing
regions, will ideatify the regions to be addressed by the ERDA plans.

Only after development of the regional data mentioned above can ERDA
prepare its future drilling and coring plans. This task is most important
and could be quite time-consuming.

Pending completion of this effort, ERDA can initiate coring and
logging plans only on a cooperative basis with industry's drilling plans.
Hence, it is important to acquire such plans well in advance of their
imnlementaticn.
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2. New Data Requirements - Zvaluation of existing data and
couparison with its proposed objectives will enable ERDA to establish
criteria for the data it wishes to obtain. Basically, this subtask will
identify such data and also astablish the criteria for selection of
future drilling sites. As the final objective is to determine quancity
and extent of the resources, the new data requirements will be tailored
towards obtaining such information.

3. Corimg, Logging, and Testing Specifications - Having determined
the data requirements, it becomes necessary to develop specifications for

"coring, logging and testing the shales. These specifications should be

almost equaily applicable to both the cooperative as well as the fully-
funded ERDA programs. The specifications in some cases may be modified
in accordance wich varying site conditions.

In the case of cooperative programs, where ERDA funds only the
coring, logging and testing elements, specific guidelines will be developed
to enable the drilling program to proceed in a manner compatibls with
both ERDA requirements and operator's objectives. On the other hand,
drilling specifications also must be established for the fully-funded ERDA
wells. The best possible coovrdination must be achieved in crder ¢o
optimize the end results.

Coring specifications will detail the type, lengths and depths of
coring during each run for each hole, and may vary with the hols location.
However, the samples and tests to be executed on core samples can be more
specifically defined. The testing program will cover all elements of
geological, physical, and chemical analysis necessary to comprehensively
characterize the shale and determine the available and recoverable re-
sources. 3oth commercial and research type well logging techniques will
be specifiad and should be conducted.

4, Preliminary Site Selection - On the basis of analysis and
evaluation of the existing data, and in conjunction with the proposed
industry drilling plans, tentative sites should be selected and defined.
Preliminary selections then may be modified in accordance with the environ-
mental impact factors and cost elements or any other important considera-
tions. Suitable altarnatives should be identified and properly evaluated.

2.1.2 Costing

This subelement also consists of four tasks identified as follows.

1. Funding - In planning the plan’'s costing elements, the primary
objective will be to determine the sources and modes of funding and to
quancify funds anticipated from the various scurces. This would involve
funds sanctioned by Congress and released by ZRDA, as well as funds from
state, autonomous agencies and private industry. A comstant and reicer-
ative budgeting system will be evolved to ensure adequate plan funding
throughout the entire period of its executicn.
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2. Scheduling - Time schedulas of expenditures and proper allocation
of funds must be planned and executed. A% the same time, details on modas
of allocation and expenditure will have to be determined within the limita-
tions of general accounting procedures already established by the various
funding organizations and the operational agency.

3. Evaluations - As an essential part of the costing element
throughout the CLP, it will be important to evaluate target achievements
as comparad with cost schedules. This will help determine any shortfalls
or overruns and also help direct future implementation of the plans.

4. Revisions and Modificatious - The analysis and evaluation
conducted in the previous task will enmable ERDA to formulate necessary
changes or modifications in the time and cost schedules.

2.1.3 Environmental Assessment

This subelement is of great importance and can help eliminace
unforeseen hurdles that might delay the entire plan. The follcwing three
tasks should be performed. '

1. Baseline Data Evaluation - Baseline data will be collacted to
evaluate existing air, water and land use conditions at each selected
site, and necessary analysis of the existing ecosystems also will be made.

2. Environmental Impacts Evaluation - A detailed analysis of possible
environmental impacts of the entire CLP will, be prepared and properly
documented. Possible impacts on air, water and land use factors, as well
as problems associated with waste and pollution, will be analyzed and
documented.

3. Mirization of Impacts - As a necessary function of the environmental
impact studies, very careful documentation will be made of all steps being
planned to mitigate amy possible adverse envirconmental impact, to ensure
smooth operation of the plan.

2.1.4 Site Selaction

This subelement consists of two tasks of prime importance which are
outlined below.

1. Site Selection Criteria - Site selection criteria will be
dependent on the following factors: historical background, geological
potential, industry development plans, industry support, and market potan-
tial. Each of these individual criteria is of great importance and must
be thoroughly analyzed in order to make the final site selection.

2. Project Strategy - Another major factor influencing final site
selection is the project stratagy which must be defined atc an early stage.
This includes studies on the plan's socioeconomic aspects, the impact
of public interast, the cost benefit analysis, possible legal constraints
and several other considerations. These analyses will help cthe decision-
making process in final selection of potential sites.
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2.1.5 Logistics

This subelement consists of four tasks and is of major importance in
achieving successful completion of the CLP.

1. Personnel and Teaming - Of necessity, the CLP will involve
personnel from different organizations with varying expertise and repre-
senting various disciplines. Various individuals will be working on
different aspects of the plan, and the need for coordinating boch people
and activicies will be essential., Field, services, laboratory and super-
visory personnal will have to be assigned specific duties and responsi-
bilities. Individuals or groups of individuals will have to be trained
to coordinate all activities. The personnel will inmclude individuals from
ERDA, federal agencies, state geological surveys, laboratories, universi-
ties, and industry. Necessary training and advance planning will assure
smooth operationms.

2. Scheduling - This task essertially will function by. confirming
activities scheduled for either cooperative or ERDA-funded programs and
by assuring that the logistics are correctly defined and understood by
all concerned. Possible site comnstraints must be identified and corrective
action initiated to eliminate possible delays. ‘

3. Specifications and Procedures - A final check of all specifications
and procedures, and any necessary modificatioms, will ensure chat all
acrivities are properly defined and understood. Detailed specifications
must be clearly established along wizh all associated formats, reporting
techniques, data processing methods, records and maintenance.

4. Other Vital Logistics ~ Planning the logistics for transportation
of personnel, equipment, supplies, samples and records must be completed
in advance of actual operaticns. Accommodation, storage, and handling of
core samples must be determined, and safety and emergency procedures, sSite
utilicies and effluent disposal methods must be instituted.

2.1.6 Contract Procedures

This subelement has been divided into four tasks.

1. Leasing Agreements - Appropriate leasing arrangements for
equipment, facilities, expertise and land must be made. Legal aspects of
all such arrangements must be clearly defined and applicable regulations
complied with so as ta avoid possible future complications and resultant
delays. Procedures and specificatrions for such leasing agreements mustC
be established.

2. Cooperative Agreements ~ Special attention musc be given to
cooperative agreements with governmental agencies, universitias, statce
agencies or private industry, in order to clearly identify the major
duties and responsibilities of each group. Coordination among the various
groups and ERDA must be organized in such a manner as to 2nsure efficient
operation of the project. Zquipment purchases under cogperative agreements
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require proper documentation and subsequent allocation. ERDA interests
and those of the cooperating organization must be matched for mutual
benefit to accrue. Legal formalities must be complied with in all cases.

3. Contract Agreements - Detailed procedures and specifications for
each contract must be defined with precision. They should be formulated
clearly, in a manner to enable maximum possible support for ERDA personnel.
Pre-award contract discussions are essential so as to sliminate any
misunderstandings or disagreements. Specific details may be necessary for
special contracts, and these must be carefully indicated in the final docu-
ments. All legal {mplications should be clearly defined and evaluated.

4. Contract Awards - Finally, all coatracts will be awarded as
expeditiously as possibla. Clear provisions for extending or limiting
the scope and content of the work should be included, so that evaluation
of test results may be used in shaping future stages of the plan.

2.2 FIELD OPERATIONS

On completion of the main planning operations and contract awards,
field operations will be initiated. The field operations have been sub-
divided into six subelements, =2ach of which consists of several tasks.
These subelements are field and site planning, field and site preparation,
drilling activities, coring and sampling, borehole logging, and borehole
testing. The tasks within these subelements are described below.

2.2.1 Field and Sita Planning

This subelement consists of three tasks described below.

1. Field Personnel - Both supervisory and field operations personnel
will be involved in actual execution of the project; hence, it is neces-
sary to plan how individuals or groups of people will interrelate with
2ach other. Moreover, conditions will vary with each contract and often
with each well site location. Supervisory personnel must be fully aware
of the contract specifications for all drilling, coring, logging and
testing activities. They will ensure compliance with such procedures,
and should be trained to make prompt and expeditious decisions at che sicte,
in case any variations are necessitated by special or unusual site con-
ditions. They must be aware of the nature and method for conducting each
aspect of the field operations. A major task for the field scaff will
consist of accurate recording and monitoring of all activities, as well
as coordination of the activities of the drilling, coring, sampling,
logging and testing crews. Only proper teaming and coordination will help
ansure harmonious operations.

2. Field and Site Logistics - Actual sice conditions will dictate the
preplanned field and site logistics for accommodation, storage, transporta-
tion and scheduling of personnel, equipment and supplies. Zach of these
items has its own relative importance to proper 2xacution of the work and
must be clearly defined. Safety proceduras and emergency planning are
also essential activitises which must form an integral part of the field
logistics.

~4
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3. Field and Site Plans - Procedures for checking and monitoring of
all field activities must be clearly defined and implemented. These
include drilling, coring, logging, testing, and sampling plans. At
different stages, work authorizations will be issued as necessary, and
proper coordination will be maintained throughout the project task.

2.2,2 Field and Site Preparation

This subelement is a necessary adjunct to actual field operatious,
and generally comprises most field activities. The functions of both
ERDA and the contractors have been defined and are indicated below.

1. MERC/ERDA Functions - EIRDA personnel will be respomnsible for
furnishing detailed site plans and drilling locations, along with all
available o0il and gas well data. Environmental assessments and impact
statements and coordination of services also will be provided by ERDA
when necessary. Finally, ERDA will bear final responsibility for

ensuring that the sites are restored by the contractors to normal conditioms.

2. Contractor Functions - Contractor personnel must ensure that they
are aware of and capable of complying with all contract specifications and
procediures. They will be responsible for surveying and levelling at each
well site, and will arrange for expeditious and timely transportation of
aquipment, personnel and supplies to and from each site. They also will
be responsible for any and all site preparations which will help expedite
the work, and must restore 2ach site to almost original condition. Their

_respousibilities also will include provision of detailed and accurate

records, control of effluent damages, site accommodation and storage as
well as’ provision of adequate inspection and monitoring facilities. It
will be the contractor's responsibility to ensure that adequate utilities
such as water, electricity, sewage, etc., are available at e2ach sice.

2.2.3 Drilling activities

This subelement is alsoc defined by the EZRDA and contractor functions.

1. MERC/ERDA Functions - ERDA responsibilicies will include issuance
of specific task authorizations, scheduling of drilling operations,
monitoring and supervision of the work, and verificatiocn of all data and
records. In special cases, site decisions will be made if site conditions
warrant any modifications of the established specifications. Coordination
of drilling activities with other planned work also must be accomplished
by ERDA field personnel.

2. Contractor Functions - Contractors will conduct the drilliing

according to the specificaticns and procedures specified by ERDA. They
also will be prepared for performance of specialized drilling techniques
that may be required in the R&D effort pertaining to such drilling acciv-
ities. They must cooperate with the ERDA or other supervisory ZIield
personnel and ccordinate the work of crews provided by the logging and
sampling services. Cores will be cbtained in che sizes and at the depths
specified during the course of the drilling, but the contractor will be
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prepared to incorporate any modifications dictated by unusual or special
site conditions. The contractor alsc will ensure completion of the bore-
hole, removal of his equipment and restoration of the site upon completion
of the drilling. All requisite records and data will be furnished to ERDA.

2.2.4 Corinz and Sampling Activities

" Coring the shale horizon will be accomplished during the course of
the drilling activity. This task defines the work required after recovery
of cores from the borehole, and consists of three tasks, for which detailed
specifications and procedures will have been developed.

1. Core Recovery and Reassembly - After extracting the cores from
the borehole in either 30- or 60-foot lengths, the entire core is to be
recovered from the core~barrel and accurate records and measurements are
to be obtained. The entire core lengths are to be accurately reassembled,
and records of actual core recovery are to be maintained. This requires
specialized methods and training to be able to identify the regions where
coras have been lost, damaged or otherwise rendered irretriavable. Per-
centage recoveries will indicate only quantities so lost or damaged.

2. Core Sampling and Recording - This task is one that could be
performed either at the site or in the core-testing laboratories. In
order to avoid dual and triple handling and transportation, accompanied
by possible damage and deterioration of the cores, it would be highly
desirable to perform this task in the field. It has already been deter-
mined that Battelle Columbus Laboratories will conduct the outgassing
analyses for core samples canned in the field. Similarly, Mound Labo-
ratories will be performing the hydrocarbon analyses. Reprasentatives
from Battelle Laboratory will take core samples in the field, can and
pack such samples, and ship chem back to the respective laboratories.
Hence, it would be fesasible to obtain other samples of the core needed
for conducting the geological, physical and chemical laboratory tests,
directly in the field and ship them directly to the laboratories responsi-
ble for testing. The balance of the core then could be shipped to the
final destination and archived. :

Samples will be taken at intervals specified in the comntract documents.
To achieve this, preliminary records of the entire core lengths will be
completed first. This would include orientation and marking of the core,
a brief lithological description, recording of macrofractures and core
photography. Such action would be facilitated by the use of some form of
mobile field office or laboratory, as the task may be quite time-consuming,
particularly with long core lengths. Copies of the field records will be
dispatched to the Data Processing Center.

3. Core Handling and Transportation - As noted earlier, the cores
ars retrieved in about 80-foor lengths and must be handled with great
care and adequate speed. They must be accurataly recorded, cleaned,
sampled and then packaged and boxed for onward transmission. Normally,
the cores are shipped in 3=foot long sections. However, if sampling is
performed in the field, necessary precautions must be taken to define
the gaps left by missing samples. The outgassing and hydrocarbon analysis
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samples taken by Battelle personnel must be sealed in airtight cans before
transport. In all cases, however, the cores will be transported by pri-
vate means to ensure minimal discurbance and safe handling.

2.2.5 Borehole Logging

. Immediately after completion of drilling and coring operations, the
borehole logging subelement will be undertaken. This subelement is divided
into three tasks, all of whiech may or may not be applicable to the indi-
vidual boreholes.

1. Drvhole Well Logging - In a number of areas it is possible to
drill the holas and obtain cores without the use of liquids or drilling
muds. In such areas both commercial and research suites of dryhole well
logs will be run. Theses should include gamma-ray, formation densicy,
temperature and differential temperature, caliper, sibilatiom, dry
resistivicy, and in situ stress logs, along with any other specialized

logs that may be required. If possible, fluid-filled borehole logs will

be run.

2. Fluid-Filled Well Logging - On completion of the dryhole well
logging, and in holes where drilling fluids have or can be utilized, com-
plete commercial and research suites of logs will be run. Actual site
conditions and shale character will determine the applicability of such
log runs in the dryhole wells. However, the fluid-filled well logging
should include gamma-ray logs, compensated formation density, caliper,
compensated neutron, induction, dual laterolog resistivicy, dual induc~ .
tion laterology-8, sonic velocity-compensated, self potential, 3D wvelocity,

and seisviewer logs. Any other special well logs may be taken at different
sites.

3. Interpretation of Well Logs - After obtaining the well-logging
records, the logs will have to be interpreted by either computerized or
non~-computerized methods. Such intarprecacions need careful scrutiny,
and the records then must be fed into the main data processing elesment.

2.2.6 Borehole Testing

Quite frequently it will be necessary to exscute borehole tests to
determine permeabilities of the shale, pressure build-up, compecence
of the shale and possibly some other specialized borehole tests. Such
tests normally will be executed after completcion of the well-logging
operations previously described. The results of such tests must be
furnished to the data processing centars as well as to the laboractory
where che final report will be written.

2.3 LABORATORY OPERATIONS

The laboratory operations will follow sequential completion of che
field operations. They have been subdivided into three subelaments, each
consisting of several tasks. The subelements are laboratory planning,
core sampling and processing, and technology transfer. The tasks under
chese subelaments are detailed on tche following pages.

10
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2.3.1 Laboratorv Planning

This subelement consists of the following two tasks.

1. Laboratory Selection - Parts of this subtask may have been
performed earlier in the initial planning operations conducted befcore the
award of firm contracts. However, some of the many factors influencing
the selection of laboratories performing core sample tests are reviewed
briefly below.

The selection criteria will include the expertise and capability of
the personnel involved, the equipment owned or available, the proximity
of the site, the types of tests required, the capability for transferring
technology and other sociceconomic factors. In many cases, the laboratories
will be prepared to conduct the tests on a cost-sharing basis and may have
some funds available for procurement of specialized equipment and person-
nel. Partial funding by ERDA for equipment purchases may be necessary in
other cases, and procedures will have to be clearly defined in ragard to
future ownership of such equipment. Procadures also will be established
to determine the flow of data from each of the laboratories concermed.
In some cases, the final reports will be the responsibility of the labo~
ratory performing the core sample tests; in Sther cases, different
laboratories will be performing different types of tests on portions of
the same core; and in yet other cases, the final report will be the
responsibility of some organization other than the laboratories performing
the tests. All these factors must be taken into consideration and speecific
procedures must be clearly defined in order to achieve optimum coordina-
tion and rapid results.

2. Laboratory Techniques and Specifications - Normally, mosc
laboratory techniques and specifications will have been developed in the
earlier stages of planning. However, not all laboratoriss are equipped
to conduct all the necessary tests. Hence, it will be desirable to re-
quire that tachniques and specifications for the laboratory tests be
specified for each particular laboratory. The laboratory tests may be
classified as either zoutine or special tests. On one nand, cthev wiil
include study of the geclogical and physical parameters of the shales, on
the other, the chemical properties of the shale and gas. Yew research
techniques also will be specified upon occasion. Finally, an analysis
of the statistical significance of the tast results will be necessary to
evaluate the resources.

The continuing procass of new data acquisition will help in identifying
the potential of variocus areas and in mapping the results, which in turn
will help demarcate promising new locatioms.

2.3.2 Core Sampling and Processing

Obtaining core samples in the field may have been accomplished as
described in coring and sampling activicies, Task 2. Buc it is also
nossible that this task may not have been feasible in the field. Hence,
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the encire core may have to be shipped to the first testing laboratory
along with the raw field data and records, and the sampling will be con~
ducted at this laboratory.

This subelement consists of three tasks described below.

‘1. Core Handling at Receiving Laboratory - In case the encire core
has been shipped to a specific labaratory, it will be necessary to receive
and record the shipment and arrange for temporary storage of the core
boxes. Properly labelled shelves will suffice. As a next step, the core
must be reassembled and the preliminary orientation noced in the field will
have to be accurately verified and recorded. Routine geological and physi-
cal parameters of the core will be identified and recorded. At the same
time, microfractures in the core will be marked and recorded. Cn comple-
tion of the routine geological and physical tests on the core, samples will
be selacted and extracted from specified intervals for conducting che
geochemical and special geological and physical tests which may involve
destruction of some of the core sactions. However, the use of suitably
sized and similarly oriented wooden roller-type blocks to replace the gaps
left by sample removal will help maintain as complete a core length as
possible. The cut core samples then may be transferred to the testing
laboratory by private vehicles, and should never be entrusted tb any form .
of public transport. The bulk of the remaining core can be boxed and
archived. However, if the first receiving laboratory is capable of ruaning
the specialized geological and physical test, such shipment of core samples
will be unnecessary; instead, a schedule for sample testing will have to
be established. '

2. Sample Testing and Analysis of Results = This task consists of
performing all the geological, physical and chemical tests previously
established in the specifications. It will include determination of the
various parameters of the shale, by both routine as well as by specialized
tests. The results of all such tests will be accurately evaluated and
recorded. From these records, the statistical significance analysis will
be derived. ALl results and records will be published in the form of
reports, and records will be transferred to che Data Processing System.

3. Core Storage and Archiving - Decisions will be made regarding
the mode and period of core sample storage, because this will require
considerable space and accurate inventory. In most instances, the state
geological surveys would be the most obvious repcositories; but in some
instances, it may be more convenient for federal agencies or universities
to furnish both space and time for archiving the corves. Irrespective of
who will eventually store the core material, it is essential that accurate
records of the materials stored be maintained and updated regularly with
the addicion or removal of more core material. The cores must be preserved
in such a manner that licctle or no detericraction occurs, and ready access
to the material is available for future reference and consulcation.
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2.3.3 Technology Transfer

This subelement involves the transfar of new and advanced
technologies to the public and industrial sectors, and consists of two
tasks.

1. Technologies - Selection of the new technologies which need to
be transferred will be made by ERDA. Some of these are: sonic velocicy
testing, petrographic analyses, rock mechanics study techniques, maturation
study methods, outgassing analysis techniques, sampling techniques and
statistical evaluation maethods. Other technologies may be developed

.during the course of the current R&D effort, and these also will be

trangferred.

2. ransfer Techniques - Various technology transfer tachniques are
available and can be readily utilized. These include workshops, seminars,
oral briefings, technical conferences, videotapes, handbooks, manuals,
reports and other publications. Telephone stop orders are an essential
requisite to the plan, as it often may be necessary to eliminate certain
technology usage during the course of the work.

-

2.4 DATA PROCESSING OPERATION

The last major element of the CLP, alsc of major importance, is the
data processing operation. This operation consists of two main subele-
ments with several tasks in each category. The subelements are data
planning and data management.

2.4.1 Data Planning’

This subelement consists of three tasks.

1. Data Requirements - Large volumes of data will be generated during
the course of exacuting the CLP. Part of this mass will be developed
during the field operations and the remaining portion will be derived from
the laboratory operations.

Much of the field data will consist of location maps, regional
stratigraphic and structural maps, isopac and isolith maps of che Devonian
Shale, and oil and gas fields maps. Locations and elevaticns of existing
and new well sites will be indicated on most of these maps. In addition,
drilling, coring and well-logging records and interprestations will also
form part of the field data base. Finally, the lithological descriptions,
photographic records, core sample records, laser borescope records, frac-
ture pattern and fluid records also will be required.

The laboratory records will consist of the complete suice of data
derived from execution of the various geological, physical and chemical

tests conducted on the core samples. The records also will include
avaluations of the results and statistical significance analyses.

13
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2. Data Collection Svystems - Procedures and specifications for data
collection systems will be established as soon as possible. This will
include forms and types for use in recording the data, with clear indica-
tion of personnel responsibla for data collection. Each job or task
requiring a permanent record sectup will have a special form, in which
maximum information will be recorded. As many tasks may be closely
interrelated, it may be possible to use the same form to record the rasults
from more than one task. Formatting the data in numerical and logical
sequence will ensure accurate data collaction. With the accumulaticn of
large volumes of data, use of some type or form of mathematical or computer
modeling will be most bemeficial. Handbooks or manuals could be used to
give detailed information on the use of various forms. Finally, che per-
sonnel or organizations responsible for data collection will be idencified.

3. Data Storage and Retrieval Systems - The form and mode of daca
storage and ratrieval will have to be precisely defined in order to de of
any use. The data will be computerized. This will involve a most detailed
and somewhat involved effort, but will prove of immense value when placed
in operatiom.

2.4.2 Data Management

Having established the specifications and procedures for data
collection, storage and retrieval in the previous subelement, the actual
data management activity can be implemented in the present subelement.
There are two tasks under this heading.

1. Data Handling - On receipt of raw data and test results from the
fiald and from the laboratory, the data is to be formatted to suit the
computer data bank system, and to facilitate storage and retrieval work.
At the same time, it will be determined as to when, where and how the
data will be stored and utilized.

2. Daca Dissemination and Education - Having compiled and stored the
new dara, iz will be necessary to astablish means for first publicizing
its availability and later of developing suitable techniques for its
dissemination. Dectailed methods and procedures will be established so
that there will be little or mo hindrance in disseminating the daca for
educational purposes and other fruitful applications.

Alchough the data processing task has been described here as part of
the CLP, it should be remembered that this forms an integral part of the
overall Project Implementation Plan. Hence, it is obvious that the output
of the data processing task will form an input into the EGSP Information
Management System.

b
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3.0 IMPLEMENTATION

Implementation of the Coring and Logging Plan is effected by
integrating the scope of work, as illustrated in the WBS, to an organiza-
tion of people and by providing those people with the necessary devices
to bring the plan into action. Thase two aspects are set forth below.

3.1 ORGANIZATION

The CLP, being a subset of the EGSP, will be subject to the overall
direction of the Project Manager, W. X. Overbey, Jr. At the Assistant
Project Management level, A. E. Hunt is responsible for the Resource
Division. There is a present vacancy in the APM slot for the Technology
Division, with that responsibility reverting to the PM., W. XK. Overbey, Jr.
and A. E. Hunt presently comprise the EGSP Project Office along with
secretarial assisctance of R. D. Newlon. This office is withim the Ad-
vanced and Special Project Division of MERC under J. Pasini III, Assiscant
Director.

ERDA representatives as Technical Project Officers (TPO's) will
monitor all EGSP contracts. These TPO's are experts in particular technol-
ogies and are chosen from the technical staffs of ERDA/HQ, MERC/ERDA and
the USGS. There is one TPO on each contract.

Many of the activities will be done by contractors; however, some
in-house analyses will be performed at MERC. Contracts have been made
with universities, state geological surveys, industry and federal agencies.
A listing of the contractors involved and the overall CLP organization
are represented in Figure 2.

3.2 EVENT SEQUENCE

From the WPM laevel on down, very detailed stz2ps have to be planned
and executed. Devices presented in this plan to assist in that implementa-
tion task are the Event Sequence Diagrams, Figures 3 through 6, which
indicate the sequence of activities between subelementcs of the WBS. They
will be used by the scaff to determine the schedulas for execution of the
work and cthe costing allocations. They alsc provide the necessary founda-
tion to construct a PERT-type activities network which could be used for
project time and cost control.

j—
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CORING LOGISTICS PLAN

In order to derive a comprehensive logistics plan which would be appli-
cable to all coring samples, tne following data are essential requisites:
(1) drilling and coring programs and schedules; (2) regional location of
drilling and coring sites; and (3) laboratory testing elements. It appears
that item 1 will not be available for a year or more and is dependent on
completion of a comprehensive stratigraphic analysis by the USGS.

Meanwhile, however, MERC/ERDA is establishing its EGSP program on
the basis of unsolicited proposals and responses by oil and gas drilling
companies. Contracts are being negotiated for the specialized coring and
sampling requirements with such firms. Separate contracts have been
negotiated with various universities and state surveys for conducting the
different laboratory tests needed to complete the project. As many of
these contracts are not yet finalized only a tentative sample testing
program can be devised at present.

Testing of core samples fall into two major categories. These are:
(1) geological and physical testing, and (2) geochemical testing. Special-
ized geochemical tests such as "outgassing' and ""Fischer Assays', together
with their respective associated chemical tests, are scheduled to be coon-
ducted by Battelle Columbus, Ohio, and Mound Laboratory, Ohio, respectively,
for all cores from all regioms.

In accordance with these requirements, a matrix showing the core-
sample testing elements and their regidnai distribution has been prepared
and is attached as Table 1. This table has been derived by an analysis of
the proposals and task specifications submitted by the various contractors.
On the basis of this matrix, the following generalized Logistics Plan has
been formulated and is shown as Figure 1, which is self-explanmatory. Seven
main tasks have been outlined by boxes. and the interrelationship with the
CLP has been indicated by the circled elements. The tasks are sequentially
numbered 1 through 7.

Task 1 - Preliminarv Core Handling at the Site

The various subtasks to be performed in the field include retrieval,
reassembly, orientation, cleaning, marking, depth-reccrding, and photography
of the cores. Litholegical description and record of visible fracture
patterns also will be made. ERDA representatives will be present at the
site during the drilling and coring cperations. Representatives from
Battelle and other laboratories as well as State Geological Surveys should
be at the site on completion of the drilling and coring.

Task 2 - Sampling Oriented Cores in the Field

2.1. Selecticn, cutting and removal of samples for outgassing and
hvdrocarbon analyses (Battelle and Mound Laboratories, respectively) must
be conducted immediately after core recovery. The outgassing samples must
be sealed in cans and plastic-wrapped for delivery to Battelle Laboratories.
To attain maximum accuracy, it is suggested several 12-inch lengths of

A-2
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4-inch diameter, wooden roller-type blocks, with orientation grooves cut
along the length of the blocks, and transverse divisions marked in tenths
of a foot, be available at the site at all times. Suitable lengths of
such wooden roller-type blocks should be used to fill in che gaps left by
removal of core samples for laboratory testing. Such replacement blocks
would be oriented in accordance with the sample removed. It is of great
importance to identify existing fracture patterns in the core before
removal of any samples.

2.2. Samples for hydrocarbon and other analyses will be cut and
removed in a similar manner. Wooden roller-type blocks again will replace
the section removed.

2.3. The same procedure will be followed for the laboratory designated
to conduct the chemical analyses of the core samples. COCnce again, replace-
ment with the wooden roller-type block will be effected.

2.4. Finally, the remaining bulk core material will be plastic-wrapped,
boxed, labelled and transported by private carriers to the laboratory per-
forming the geological and physical tests. With proper planning and coor-
dination, it should be possible to transfer the bulk core material to the
agency or laboratory designated as the final storage and archiving agency,
or one that is fairly close to such agency.

Task 3 - Sample Preparation and Transportation

3.1. All outgassing core samples which have been appropriately canned,
labelled and boxed by the Battelle representative should be transported by
car, truck or other private carrier mode. Under no circumstances should
they be consigned to mail or public carrier. Necessary transmittal, dis-
patch and receipt documents always should be used.

3.2. Fischer-assay samples should be handled similarly and transported
by private carriers.

3.3. The same pattern should be adopted by representatives of the
laboratories responsible for the geochemical test samples.

3.4. Finally, the bulk core samples will be transported by private
carriers to the designated laboratory or agency respounsible for physical
and geological tests, along with all logs, documents and records.

NOTE: It may be necessary to establish temporary field offices
in mobile trailers in order to attain the objectives ocut-
lined in Tasks 2 and 3. This would be particularly
essential in cases where the shale thicknesses are anti-
cipated to be fairly large. However, the economics of
mobile trailer field offices would have to be compared
with the economics of multiple transfer of bulk core
materials.
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Task 4 - Preliminarv Laboratory Core Handling

4.1, All cores received must be carefully documented, recorded and
shelved in an appropriace sequential pattern.

4.2. The cores are removed from their boxes, reassembled, and
accurately oriented.

4.3. Hardness tests are run on the cores, and all data are carefully
and accurately documented.

4.4. Original core-fractures are to be marked and recorded. These
must be accurately logged.

4.5. Lithological characteristics of the cores are carefully and
accurately described and recorded.

4.6. Appropriate lengths of core will be photographed to display the
core characteristics, depth and orientation markings. e

4.7. Test samples are cut from the core assembly. In case such
samples are not replaced in the core assembly, similar lengths of wooden
roller blocks will be set in these positions vacated by the samples which
have been cut and removed.

- 4.8, These core test-samples now must be prepared for the different
tests to which they will be subjected.

4.9. Before subjecting the cut core samples to the different tests,
all microfractures observed in the specimens will be marked and accurately

recorded for dimensions and direction.

Tasks 5 and 6 - Laboratory Testing

All geological and physical testing elements, as specified in each
contract, will now be conducted on the various core samples. This precess
may vary with sites and by individual contract specifications. However,
it is advisable to prepare detailed specifications for each contract, and
to spell out the various tests.

Similar testing will be conducted by the chemical testing laboratories.
Necessary specifications will have to be detailed in each case.

Task 7 - Core Storage and Archiving

7.1. As all core samples to be tested either by physical or chemical
means have been remcved and appropriately replaced by equal lengths of
wooden roller blocks, the bulk of the core material must be repacked,
boxed and put into permanent storage for a specified period of time. Care-
ful records of the cores will be made as they are stored and shelved, for
tuture reference.
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7.2. Whenever new core material arrives at the same storage point,
the records will be continuously updated.

Task 8 - Data Management

All data from the different laboratories will be compiled at one
central location in order to form the basis of the final resources
evaluation and shale characterization report.

Analysis of the data also will be conducted at the same central
location and the results will be incorporated in the final report,

The entire data will be processed through the established Data
Management System.

A generalized format for use with the oriented core logistics plan
is also attached.
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LOGGING LOGISTICS PLAN

1.1 INTRODUCTION

Almost all well logging plans are extremely site~-specific and totally
dependent on subsurface conditions encountered at different locations.
Hence a generalized plan defining well logging operations at all wells
drilled for the EGSP would not be feasible. However, it is possible to
enumerate the various well logging elements and the factors influencing
their selection and use. On the basis of such criteria, a generalized
format has been developed for well logging operations at most locations.

1.2 IMPORTANT CRITERIA INFLUENCING WELL-LOGGING OPERATIONS

a) Drilling & Coring Operation - Subsurface geological conditions
in the Eastern Gas Project vary considerably in different regions. Some
holes can be drilled by "dry" methods utilizing only compressed air for
removal of cuttings and for non-oriented coring operations. In such cases-
"dry-hole' well logs are first run, and then, if necessary and possible,
"fluid-filled" well logs are run for more sophisticated tests. Such tests
would depend on the degree of detail required at any specific site, and
may or may not be conducted.

b) Costs and Economic Factors - The more detailed and sophisticated
well ‘logging techniques are usually expensive and could be time consuming,
particularly in deep holes. But for shallow wells between 4000 to 6000
feet in depth, different suites of well logs can be completed in a day or
a few days. Cost is the main factor influencing the number, types and
depths of the well logs. Normally production companies are more likely
to conduct those well-logging tests which would give them the requisite
results within the minimum time and expense. However, when such operations
are wholly or partially funded by others, the appropriate investigating
agency would determine the suite of well logs to be completed.

1.3 LOGISTICS PLAN - WELL LOGGING

The logistics plan has been based on the procedures outlined in a
note by Mr. Roval Watts, of MERC. The plan elements are arranged sequen-
tially through four stages as shown in Table I.

Task 1: Dry-hole Well Logging - On completion of the drilling in dry
holes a suite of logs will be run in accordance with the list. Camma-ray,
formation density and caliper logs are obtained in one run; and temperature/
differential temperature, sibilation, dry sonic, dry resistivity, in-situ
stress and any other special tests are logged in subsequent runs. The
entire operations can be completed within a day or two, whereas the exact
type of logs to be run will be decided by ERDA, preferably on completion
of the drilling operations.

Task 2: Fluid-filled Well Logging -~ In cases where additional details
are required, and depending on the hole conditions, the holes will be filled
with suitable fluid mix and the fluid-filled well logging suite will be run.
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However, if subsurface conditions are such that dry drilling is impossible
then obviously only the fluid-filled well logging suite will be run. Here
again, gamma-ray, compensated formation density, caliper and compensated
neutron logs will be otained in one run, whereas the other logs will be
obtained in subsequent runs. These would consist of induction or dual
induction laterolog-8, dual resistivity laterologs, micro-resistivicy or
microlaterologs, sonic-velocity compensated, self potential, 3-D velocity,
seis-viewer or televiewer and any other special logs.

Task 3: Log Interpretation - Log interpretation can be processed by
either computerized or non-computerized methods. However, efforts should
be made to obtain computerized interpretation capable of determining the
following elements: in situ elastic properties, porosity, fractures, kerogen
content, fluid saturation and lithologic characteristics. This element
of the well logging program is of utmost importance. Correlation between
field tests and laboratory tests on the shale cores is very difficult and
considerable experience is needed to define the trends and patterns, rather
than develop exact correlations.

Task 4: Data Processing & Publicaticn -~ The final element of the well
logging plan consists of compiling all the coring and well logging results
and preparing the final report. All available data must be set in a suitable
storage and retrieval system, and the final report published and distribucted.

The attached generalized format should help identify the well logging
elements in addition to the logistic plan responsibilities.
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MINERALOG‘.{ AND GEOCHEMISTRY LAB

CORE SAMPLING PROCEDURE

APPALACHIAN BASIN, EGSP

Spacing: 5 ft.

Assigned Span:

{(5n - 6) ft to (Sn - 5) ft.
Subsection Length: 8"
Petrographic Studies
Sample Type: NE % Subsection, oriented, slabbed
Quantity: 1ea. Length: 8

Condition:

For Dispatch to:

Mineralogic/Geochem Analysis

Sample Types:  Pulverized W'% Subsection

1. Fischer assay subsampie: 8 mesh
Quantity: 115t 5 gm
For Dispatch to: Mound Lab

2 Geochemical analysis subsample: 60 mesh
Quantity: ——____________gm

For Dispatch to:

3.  Trace Elements/Uranium subsamplie; 60 mesh

Quantity: gm
For Dispatch to: ISGS or USGS

4, Mineralogy Subsampie: 60 mesh
Quantity: _______________gm

For Dispatch to:

Special Analyses Subsample: 60 mesh

Quantity:

gm

For Dispatch to:

5. Ash Mineralogy subsampie: 325 mesh

Quantity: gm

For Dispatch to:
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Core:

(Well #, Twp, Co. & State, Driller & Date)

Organization:
{name) (State Geological Survey)

‘Geologist:

Samples Type: Nom. Quantity:
{subsection or mesh) (length or wt)

For: At
{test or analvsis) {contractor)

Copies of this list to accompany core and set or each subset of sampies, and to be retained by
sampling laboratory,

Sample No. Date Depth Lithol. Remarks,
Taken From - To Interval Anomaly

1

2

3

4

5

6

7

etc.
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CORE LABORATORY PROCEDURES
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ORIENTED CORE LABORATORY

The task description and procedural summary of the oriented core
laboratory at MERC is divided into four phases. The initial phase includes
the planning of cored wells and the preparation of personnel for field
work. The second phase of the core handling involves the field procedures
at the core well site. Once the core is in the oriented core laboratory,
the third phase entails actual laboratory tasks and tests. The final
phase includes compiling the data and archiving the core specimens.

Task Task
No. Description Task Procedure

I. Planning and Preparation

1 Scheduling of Coring Core will be acquired from various

Operations . core wells throughout the Appalachian
region. Coring operations at MERC should
be scheduled 30 days prior to the actual
coring operation. There also should be
at least a week between coring operation
field trips to allow for continuity and
efficiency in handling, shipping, and
proper storage of core, along with proper
utilization of manpower.

(3]

Preparation of Field A four-man team is required to handle

Personnel core in the field. Initially, the core
well location should be determined. Next,
the distance to-the well location should
be determined and the vehicle types chosen
for the trip. The amount of core to be
taken also should be determined, with the
equipment needed. Briefing of all personnel
involved should take place as soon as
necessary. Contacting of other interested
agencies and labs should be done as soon
as the tentative coring date is scheduled.

II. Field Work

3 Retrieval of Core Field work at the well site is divided
into several phases. The first phase
includes actual retrieval of the core which
requires its removal from the 60' core
barrel. Actual coring time per core barrel
averages 8-10 hours depending upon the
amount of silt in the zones being cored.
The time required to bring the barrel to

D-2
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Task Task

Task Procedure

No. Description

4 Reassembling Core

5 Removing Drilling Mud

6 Marking Depth of Core

7 Lithologic Descripzion
8 Photographing Core

9 Sample Selection

the surface is 1=2 hours. The core is
placed and traansported from the barrel

on the rig floor in wooden 3' boxes and
reassembled on casing or troughs of angle
iron near the drilling rig. Care should
be taken in handling the shale. The core
should be initially reassembled as accur-
ately as time allows while the core is
being retrieved.

Placing the 3' sections of core on a
trough should be done carefully. The core
should be lined up by the three orientation
grooves on the core. Shear fractures,
vertical fractures, and broken pieces of
the shale core will occur throughout the
entire section.

The next phase involves cleaning the
drilling mud from the core section. This
is necessary to mark the depth and describe
the core lithologically.

This phase includes marking the core
every foot. Care should be taken not to

. duplicate or omit any depth. A record of

depth should be closely correlated with
the driller's log/geolograph.

If time and weather permit, a general
lithologic description of the core should
be recorded on a strip chart along with
visible fractures. The scale could be
1" -1,

Those sections of the core of immediate
significance to research personnel should
be photographed. Necessary photographic
accessories should be available for night
operations. Close-up photographs with a
35 mm camera would suffice for the quality
of photographs needed.

The samples used for geochemical
analysis, outgassing, and other tests are
extracted and recorded.
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Task
No.

Task
Description

Task Procedure

10

11

13

Placement of Core
in Boxes

Time Allotment of
Field Work

The core specimens are now ready to
be placed in boxes. The boxes (3' x &4k =x
44") should be assembled and marked befo:e
each core barrel is emptied. The name of
the cooperating company, well number, and
box number may be marked on top of the
box as it is assembled. The core is placed
in clear plastic which has been draped in
each core box, then the core 1s wrapped
tightly with the plastic and taped. The
depth of the core (interval) is added to
the other information ou the box top. The
core is stacked and covered properly for
future transport back to the laboratory.
Each foot of shale core weighs approximately
10 pounds.

The above sequence from retrieving
core from the barrel to boxing the core
takes between 3-4 hours with four personnel.
The crew should anticipate the next barrel
will be ready five hours after boxing the
last sections of the previous core when
coring on an air-soap mixture. This time

‘may be shortened if the next core jams in

the barrel. The time between core retrieval
should be spent wisely in resting, sleeping,
and eating to be prepared for the core
retrieval and assembling operation. Coring
rates when drilling with mud (aquagel,
water, barite mixtures) will be considerably
longer.

III. Core Laboratory Procedures

Labeling Core Boxes
for Storage
(200' /day)

Placing of Core
in Shelving
(200' /day)

After the core has been transported
back to the laboratory, the first step 1s
to properly label one end of the box for
storage on shelves. The company name,
well number, box number, and depth interval
must be transferred clearly and legibly to
the end of the core box.

The boxes are then placed in the
storage shelves in descending sequential
order beginning with the first box of the
first run and ending with the last box of
the last run.
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Task Task

Task Procedure

No. Description
14 Hardness Test
(100' /day)
15 Reassembling Core
16 Orientation of Core

The core is now ready to be processed
and examined by various tests in the lah-
oratory. A four-man crew is nacessarv Lu
process the core samples efficiently.

The first test performed is the hard-
ness test. This test gives a quick analysis
of the relative hardness of the core sect-
ions. The test is performed with a sclero-
scope which uses the Brinnel scale of hard-~
ness as the standard. Tests are made taking
10 readings per foot on either the side of
the core or the flat surface of a bedding
plane. Whichever surface is used must be
used consistently throughout. These 10
readings are added together, divided by 10,
and an average hardness reading is obtained
for each foot. Two personnel operate two
scleroscopes and read the values from the
instruments, while two personnel record
the figures, take averages, and place them
on a composite sheet in descending well
order. A four-man team can test ‘an average
of 100'/day. These data are used in
conjunction with the well logs for fractur-
ing zones of the core well.

Two boxes of core are placed on a
core holder (wooden tray) and reassembled.
The core is rinsed or wiped clean if drill-
ing mud is evident on outer surfaces. Down-
core arrows and depth marks are then re-
traced if necessary. This stage may be
time consuming if the core samples are
highly fractured.

The next step is to orient the core by
coordinating the grooves on the oriented
core with the compass on the goniometer
(F8424 Christensen Diamond Products Co.).
The grooves on the core have been pre-
viously set according to the core orienting
log. The orientation log shows the orienta-
tion of the core every two feet. This
allows the core to be labeled in its natural
orientation. After orienting the core
every two feet, all of the core can be
marked by use of a straight edge, and the
four major compass points can then be
marked on the core.

D-5
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Task
No.

Task
Description

Task Procedure

17

18

Recording of Core
Fractures

Lithologic Description
of Core

The next phase of the core analysis
is to record the natural and induced
fractures in the core. Fractures are
recorded in each one-foot interval. The
length of each fracture, its strike and
dip, and the frequency of similar fractures
are recorded. The fractures are classified
into two categories: vertical and inclined.
The vertical natural fracture is given
particular attention when these data are
recorded because it could represent highly
fractured zones.

The following three procedures should
be followed when doing the lithclogic
description:

1. The lithologic description of the core
should follow a certain sequence to keep
everything uniform. The description of

the core should take place in a well-lighted
area with a table or bench large enough

for maneuvering and inspecting the core
sections.

2. The equipment used in describing the
core includes: (1) a binocular microscope
with U scale, (2) an examining probe, (3)
an aluminum engineering 6' rule (marked

in tenths of a foot), (4) hydrochloric
acid (10%), (5) a geological color chare,
and (6) various laboratory trays, beakers,
tweezers, and brushes.

3. After each 6' core section is re-
assembled, it is described lithologically.
The grain size, texture (silt or shale),
color (USGS Color Chart), percentage of

the different colors, and additional min-
erals found in the core are noted. Hydro-
chloric acid is added as a test for the
presence of calcite, dolomite, or other
effervescing minerals. Additicnal features
such as spores, spore casts, worm burrows,
pyrite, cross-bedding, iron-stains, slicken-
sides, and mineralized fractures are also
noted. Organic zones {(dark grey-black)

and kerogentype odors are recorded. It
should be noted whether the core is whole,
highly fractured, or impossible to orient
or reassemble.

D-6
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Task
No.

Task
Description

Task Procedure

19

21

Photographic Log

Cutting and Marking
Core for Test Samples

Marking of
Microfractures

As the core is being oriented and
described, those zones or areas which
best characterize the core may be noted on
a separate log. Any outstanding or unusua.
characteristic should also be listed accord-
ing to box number and depth. Later, these
sections will be photographed by profession-
al photographers for black and white prints,
color prints, and color slides. This phase
usually takes one day and involves prepar-
ing the specimens and assisting the photo-
graphers.

A. The next phase of core processing
involves the selection of core samples
to be used in various tests. Initially,
selected core sections from every tenth
of a foot along the North reference line
should be re-marked.

B. The selection of Ultrascnic Velocity
Test Samples is next. A 4-8" specimen

is selected every 3' and cut into a

perfect cylinder. These specimens may

be difficult to locate in some core sectious
because of the high frequency of fractures.

C. The next phase is to select and cut

2" specimens to be used for Line Load
Directional Tensile Strength Test and Point
Load Test. Six 2" specimens per 10' core
section are required for the Tensile
Strength Test and ten 2" specimens per 10'
core section are required for the Point
Load Test.

The next phase is to mark all micro-
fractures on the cut surfaces. Each frac-
ture is recorded in red pencil on the
surface of the core. The length of the
microfractures (in millimeters) and the
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Task Task
No. Description

Task Procedure

22 Selection of Other
Samples

23 Directional Tensile
Strength Test

quadrant (either northeast or northwest)
in which they occur are recorded. All
microfractures in each degree range (every
59) of each quadrant are recorded on a
composite sheet.

N

Marking and measuring

e —— of microfractures.

The selection of samples for other
tests conducted by other laboratories is
the next phase. The selection of samples
may be supervised by the core lab personnel
or arranged otherwise. All samples removed
by others must be recorded as to size and
depth interval. Samples for various tests
include Fischer Assay, Modulus Tests,

X-ray Analysis, Permeability-Porosity
Tests, and others.

At intervals of 10', 6 samples
(2" x 4") are selected for Line Load Tensile
Strength Tests. The load stress is measured
90° from the breaking direction. The in~
strument used is the Tenious Olsen Press.

D-8
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Task
No.

Task
Description

Task Procedure

The sample is placed horizontally between
the two platens in the instrument and
compressed.

A top view of the
platen used on both
sides in the Line Load
Directional Tensile

Strength Test.

)|

1. Each sample is broken in one of six
directions, 30° apart. For example, one
sample is brgken at N 60° W, one at N 30° W
and one at ¥ . The sample is also broken
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Task Task
No. Description Task Procedure

at N 30° E, N 60° E, and ¥ 90° E. The
sample is compressed from both directions,
i.e., N 60° W, and S 30° E.

Possible directions
which may be broken
for Tensile Strength
and Point Load tests.

2. The tensile strength of each sample
g is recorded in pounds per square inch
N (0-60,000 lbs.) on a large circular scale.
The breaking point is then recorded on a
composite sheet. This test usually re-
quires two personnel: one breaking samples
and the other recording the breaking point
(in psi) on a composite sheer.

L 3. In the last phase of this test, the
induced fractures on the sample are numbered
according to the sample number and then
the fractures are traced on paper. This
gives an accurate visual record of all
samples. This step also requires two
personnel.

N
=~

Point Load Test The next test requires samples which
do not require grouping as in the previous
test. The remaining samples are to be
used in the Point Load Test.

D-10
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Task
No.

Task
Description

Task Procedure

25

1. These samples are compressed in a
vertical direction by loading them directly
in the center on both the top and bottcm
sides. Hemispherical platens are used in
this test for both the top and bottom, as
seen in the illustrationms.

A top view of the
hemispherical
platen used in
the Point Load
Test.

Ultrasonic
Velocity
Test

2. The breaking point stress is then read
on the Tinius Olsen Scale and recorded on
a composite sheet in pounds per square
inch.

3. In the last phase of the Point Load
Test, the induced fractures on the sample
are numbered according to the sample number
and then the fractures are traced on paper.

Once the 6-8'" samples for the Ultra-
sonic Velocity Test have been selected, the
orientation in 30° increments is recorded
on one end of the sample, using a circular
template. The orientations of the core to
be tested are N 0°, N 30° E, N 60° E,

N 90° E, N 60° W, and N 30° W. The diameter
of the core is measured in each of the

above directions using a vernier micrometer.
The sample is then wrapped with black
plastic tape so that the tape just touches
itself but does not overlap, and no exposed
core is found. The area taped is directly
in the middle of the sample and three

D-11
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Task Task
No. Description

Task Procedure

widths of the tape are used, vielding a
taped area with a width of approximately
two inches. The taped areas of the sample
is then coated with a di-electric silicon
lubricant and then placed in the sonic
velocity apparatus. The ultrasonic velo-
city is then measured in the six directions
mentioned above, and an average of ten
values for each direction is used as the
final measurement. One technician is
required to operate and record the average
of the sonic impulse.

| _J 4" x 6" core

— sample being
L % \ \\_ tested in the

\ \y é;; ultrasonic velo-

sity apparatus.

IV. Summarizing Data and Archiving Core

26 Compiling all Data
in Oriented Core Lab

Several xeroxed copies should be made
of all data recorded. These copies can be
distributed to all personnel. All data
from every test are compiled in order from
the first to the last Ctest.

The data will be used for various
phases of the shale characterization. The
lithologic description will be used as
background information for the various
tests on the shale core. The description
also will be used as coorelative data in
locating zones of high hydrocarbon content
on a regional scale.

Fracture data will be used for the
planning of directionally deviated wells
and hydraulically induced fractures. The
hardness, directional tensile strength,
point load, and ultrasonic velocity tests
will be utilized to characterize the rock
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Task
No.

Task
Description

Task Procedure

27

28

Summarizing Core
Well Data

Archiving Core

mechanics of each core section. All the
data collected in the oriented core lab-
oratory will be used as support data in
related shale characterization studies.

All data obtained in the oriented
core laboratory should be compiled for
possible publication. Lithologic data
will initially be published as background
information for additional tests and
characterizacion studies on the shale core.
Each well cored will have pertinent geo-
graphic and geologic information related
to its particular locality. 4 location
map is constructed showing the exact
location of the cored well. A general
geologic column is also drafted showing
the specific lithologies in the cored well
locality. Additional illustratiomns showing
the well logs, hardness test, and any of
the rock mechanics results displaying
significant correlations should be included
in the final report. A final draft should
be submitted for approval and editing before
the report is sent to the publishers.

The final phase of the core handling
procedure is proper storage of the remaining
core specimens. The core should be stored
in a building where it will be easily
accessible if samples are required later.
Excessive dampness, heat, and cold should
be avoided in the core storage area. A
record of the steorage location of each
cored well should be kept and updated in
the oriented core laboratory files.

D-13
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ANALYSIS LABORATORY PROCEDURES

The oriented shale cores are first photographed, then examined for
macrofractures and lithologically described. Using well-log data, segments*
8 inches in length are then selected for physical property measurements
and standard core analysis. The physical properties to be measured
include degassing tests (to measure gas output under normal drain rate and
induced drain rate through thermal treatment for total gas output), fracture
orientation and density, directional velocity and resistivity, pore size
distribution and surface area measurement, thermal conductivity, and tensile
strength. The standard core analysis includes porosity, permeability and
fluid saturation measurements. After the physical properties have been
measured, the selected segments are characterized in detail along with the
remaining core segments to obtain chemical and mineralogical properties.

The core segments are next cut into subsections at regularly spaced
intervals, for example, every 10 feet. The subsections are then vertically
halved along the N-S direction, and the freshly cut faces are photographed
and lithologically described. The eastern halved-subsection thus produced
is next vertically halved again. The north-eastern quarter-subsample is
used for petrographic analysis, UV/VIS reflectance measurements, and
surface micromineralogical analyses using infrared spectroscopy, Xx-ray
diffraction analysis and scanning electron microscopy. The scutheastern
quarter-subsample is archived after surface microsampling.

The westernm halved-subsection is pulverized to -8 mesh, and using
standard laboratory techniques a representative 100 gram sample is removed
for the standard Fischer Assay to determine oil yields. The remaining
-8 mesh material is then pulverized to pass -60 mesh, and subjected to
a variety of compositional studies.

A portion of the -60 mesh material is analyzed for moisture, specific
gravity, and the ash percentage, using standard laboratory methods. Chemical
analyses, including organic and mineral carbon, nitrogen, hydrogen, and
sulfur forms, are obtained on a further peortion of the -60 mesh material.
Using wet chemical analyses, elemental concentrations in the ash are ob-
tained for silicon, aluminum, iron, calcium, magnesium, sodium, potassium,
phosphorous, titanium, and sulfur. Trace elemental analyses are obtained
on the -60 mesh material initially using survey techniques, such as spark-
source mass spectrometry, optical emission spectrometry or other techniques.
Quantitative trace elemental analyses for the elements boron, manganese,
copper, nickel, barium, chromium, and strontium are obtained by more detailed
SSMS studies or other techniques with better precision and accuracy.

A further portion of the -60 mesh core material is further grougd to
pass =325 mesh, and then electronically low temperature ashed at l45°C
under vacuum. This procedure removes the organic material and leaves
mineral structures relatively unaltered. Bulk mineralogical analyses
are then obtained by combined infrared and x-ray diffraction analysis,
and micromineralogical analysis by scanning electron microscopy.

*See attached list of core sample terminology and definitioms.
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In addition to the Fischer Assay method for determining oil yields,
total hydrocarbon content is also determined from the weight loss obtained
by low temperature ashing the ~325 mesh core material. Organic material
is isolated from the shale by solvent extraction and characterized by a
variety of analytical techniques, e.g., combined TGA and gas chromatography.

Thermal chromatography is applied on small samples to obtain further data
on oil and gas yields.

Radioactive measurements and quantitacive analyses of uranium and
thorium contents are obtained on a portion of the -60 mesh material.

Unused sample amounts will be archived for future reference or tests.
Archived samples include: (1) the intact south-eastern-quarter-subsections,
(2) the intact north-eastern-quarter-subsections after petrographic studies,
(3) the remaining -60 mesh pulverized material from the western-halved-sub-
sections, after compositional studies are completed.

The described comprehensive analytical approach for the characterization
of shale cores is systematic and, where possible, employs standardized
analytical procedures and techniques, so that the data generated from
different cores will be comparable. However, where different groups have
developed expertise and analytical procedures not being used by others,
comparison between their data and that obtained by standardized methods
must be made.

All the information in physical, chemical and mineralogical properties
of core samples generated by all the laboratories involved in shale
characterization work will be computer-processed for rapid dissemination,
accessibility, and correlative studies. '

The suggested tasks for chemical, physical and mineralogical charac-
terization studies are:

1. Determine the mode of occurrence and relative distribution
of hydrocarbon phases in shale by instrumental or chemical
extraction techniques.

2. Adsorption/desorption studies of gases through shale.

3. Determine hydrocarbon/matrix interface (bonding).

4. Develop microhydrocarbon assay for total hydrocarbon
in place.

5. Determine quantitatively trace elements in shale cores.

6. Determine micromineralogy, pore size distribution and
surface topography of shales.

7. Develop rapid assay method for the determination of outgassing.

8. Measure radioactivity and determine quantitatively the uranium
and thorium concentrations.

E-3
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9. Determine trace elemental distribution between the organic and
inorganic phases.

10. Determine the modes of occurrence of uranium.

11. Determine shale mineralogy.
12. Correlate photography and gamma radiation core log.

13. Orient core and describe in detail the macro- and microfractures,
including fracture density and orientation.

14. Describe in detail the lithology of the cores.

15. Determine porosity, permeability, specific gravity, bulk density,
and fluid saturation.

16. Determine modulus of elasticity, Poisson's ratio, compressive

strength, directional tensile strength and point load induced
failure orientation.

17. Correlate physical properties with geophysical well logs.
18. Correlate chemical and physical properties with well logs.

19. Correlate well log data, chemical and physical properties with
the occurrence of hydrocarbons.

CORE SAMPLE TERMINOLOGY *

Horiz. Cut 1: "Interval': material of a given rock-type and a broad
classification, e.g., coal, shale, etc.
(a stratigraphic interval or unit). Not
a standard size -- naturally determined.

Horiz. Cut 2: "Segment' : random vertical lengths of the core taken
at irregular vertical spacings as determined
from well-log data or lithological descrip-~
tions.

Horiz. Cut 3: '"Subsection": full-diameter core samples; can be:
(a) regularly spaced
(b) continuocus to include the total
column of the core of a selected
standard size.

Vert. Cut 4: "Halved
Subsection': (= '"subsample"); vertical halves of
"subsections'"; also, "half-core samples'
or '"half-subsample' of a selected standard
size.

(g3}
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Vert. Cut 5: "Quarter
Subsection": (= "subsample"); vertical halves of
"halved subsections'; also, ''quarter-core
samples' or "quarter-subsample" of a
selected standard size.



$3H0D FTVHS 40 NOILVZIYILIVHVHI HOS SISATVNY 40 ONIONIND3S °L IHNOI

12H3) SA1IIA
SV9 GNY N0 ‘N131d 01 isav1

ARJVHDOLYWOUHD TYWHIHL 011N} 8.%% wugu

{sav1 3015110} SAOHLIW TIWIND

SLIVHIXI JTYHS 40 XIAMNS 1IMaIs
NOUVZIUILIVHYHD 1243W) Was (ou3IW
913 LERLLAED ] [HEN TR [ E L ERE thNMﬂ“ew usy
ALIAILIVOIOVY oYIW) V11 INAM) AvH X 3ovHL ONY HOrv >:><=w ﬂ.ﬁ.wﬂ

51531 3¥nind zowu:mﬂ:‘z,‘ SISATVNY l'urlOl_
HO4 ONIATHOUY J0HAAH IYIIDOIVHINIW

UGR File #95

TRW
March 1977

L [

— ) —mw.«.3<z< -zuzﬁu.:is; $1831 HIHLO

I I

1s9AM)
SIA/AN
[ satonas TYNOILISOWOD | Toua IINVLIIIVIIY
SO13IA 110 ‘NL3D - ‘s3anis 03IAMIYY 1
HSIW 09 OL GIZIHIATINS OL AVSSY WIS DIHIYHOOU L34 SNOILYHN1LYS QNS -
SNO11235ans SNO1LD3SANS ALINMAYINY IS -
T:z(u HSIN & uz.z.<zmx_ ITIWVS HSIW A- 8 001 ELETS L] gIYILYYNO ALISO¥OS —

& =]

SHantLs
~SISATYNY JHOD.. GUYANYLS

HSIW # OL O3ZIHIA NG — uz_

ONITIWVYSOHIIN IDVIHNS —
OIATYH AVIVIIIHIA -

IHIN AVHX HI ONITIWYSOUDIN IDVIHNS

NOULNEIYLSIO 321§ IHOd ~
NOUVINIIHO IHNLIVYHE —~
ALISNIO FHUNLIOVYHE —
ALIAILSISIY TYNOILDIWIT —

SNO11D3SaNS
GIATYH

SNOTLD3ISONS
ELYAL

0381¥ISI0 ATIVIID0IOHLIN — >-.uﬂuwﬁwhﬂowﬁnuﬂw B
TINIYHOOLOHd — -
AIATYH ATIVILNIA - ALIAILINONOD TYWHIHL
NOULOVHIIIG AVE X - AVHX SINIWIHNSYIW
AdOISOHIMN NOHLII 13 ONINNYIS = W3S . Tzc:uwma:m_ VYIHVY 3IVIUNS —
(305t >} ONIHSY FHNLVUIINIL MOT = Vi S1S31 ONISSYD3IO —
AdOISOU133dS QIUVHINI ~ HI STYAUILNG
AIAHNS TVIIDOI0ID VINIOHIA 1SIM = SDAM A3IIV4S ATHYINDIY LY SHANIS ALUIJOHd TYIISAHI
ALISHIAINNG VINIOYIA 1SIM = NAM SNOILDISHNS OLNY 1N —
YIINID HOBYISIY ADYINI INVHYY - D¥I)
YIINID HIHVISIW ADUINI NMOLNVOHOW - DHIW SINIWOIS

SINIWO IS
ONINIVWIY Q3133138

o

SNOIE4IHIS3A IID0IOHLIT ONY ViV(D DOV 11IM DNISNH L SISATYNY
FHOD.. CUVANYLS ONY SIIANLS ALHIJOHI TVYIISAH HOL 3212373 SINIWDIS -
QIFHOSIT ANTIVIHDOI0HITY
NONMVYNINYX3 IHNIIVHIONIVYW —
GIINIIHO -
AIH4VHDIOLONd —

(@3IA13DIH Svi

JHOI 3TVYHS





