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NOTES ON OVERSEAS TRIP TO SUMATRA AND TiE. MIDDLE FAST,

SEPTEMBER= Ll BlBaR, 196 1

by

E.J. Malone

INTRODUCTION

This report bricfly outlines my overseas study trip
which wasg authorized by the Commonwealth Governw.nt as a
means of training officers concerned in various aspects of

0il exploration.

The main purpose of my trip was to study geological
and geophysical techniques euployed in oil exploration, the
presentation and interpretation of results, and the co-
ordination of geological and geophysical data. A secondary
aim was to study well logging techniques, mainly from the
point of view of evaluating well data and correlating well

and outcrop information.

To see as many exploration techniques as possible I
visited established oil fields, newly discovered fields and
as yet unproductive areas of exploration in nine countries
and as many geological environments. My itinerary was as

follows:

September 22 - October 5

October 10

October 11

October 12

October 15

October 17

October 19
October 21

October 23
October 29
Novemberi1

Novemberl9

November28

December 1

October 12

October 14
October 17

October 19

October 20
October 22

October 27
November 8
November18

November?2h

November30

Decemberi14

Caltex Pacific 0il Company,
Central Sumatra, Indonesia.

Bahrain Petroleum Company,
Bahrain.

Petroleum Services (Middle East) Ltd.,
Bsahrain.,

Qatar Petroleum Company,
Dukhan, Qatar.

Petroleum Development (Tracial Coast)
Ltd., Tarif, Abu Dhabi.

Abu Dhabi (Marine Areas) Ltd.,
Das Island.

Qatar Petroleum Co., Umm S=zid,
Qatar.

Petroleum Services (Middle East) Ltd.,
Bahrain.

Kuwait 0il Company, Kuwait.

Iren 0il Operating Companies, Iran.
British Petroleum Exploration Co.
(Libya) Ltd., Benghazi, Libya.
American Overseas Petroleum Ltd.,
Tripoli, Libya.

Compagnie de recherches et d'exploitation
de petrole au Sahara (CREPS),
In Amenas, Polignac Basin, Algerian Sahara.

Socilete pour Prospection du petrole
d'Alsace (PREPA)
Djado Basin, Niger.



I wish to acknowledge my thanks to the various companies
for permitting me to visit their operations. I am very
appreciative of the kindness, hospitality and valuable
instruction I received from the staff of these companies.
Personal letters of appreciation have been sent to all companies
and organizations visited.

I am grateful to the Commonwcalth Government for
financing the trip and to the Bureau of Mineral Resources for
selecting me, I am very grateful to Dr. N.H. Fisher and
Mr., L.,C. Noakes who used their personal contacts 1o arrange
much of the trip.

SUMATRA

Caltex Pacific 01l Company

Caltex Pacific 0il Company is producing oil from the
Duri and HMinas fields. Several other pools are known but are
not yet fully tested. Further exploration is held up awaiting
the outcome of negotiations with the Indonesian Government on the
future of foreign-owned companies in Indonesia.

The oil in Central Sumatra is contained in a Tertiary
sequence about 7,000 fecet thick, on a basement of metamorphosed
Palaecozoic/Mesozoic rocks. The initial exploration consisted of
geological mapping of available outcrop in the field ares,
which is largely swamp covered, and intensive mapping in the
foothills of the Barusan Mountains to the south-west where the
Tertiary sequence is well-exposed. The first discoveries were
located as a result of surface mapping. They were pools
associated with large anticlines reflected in the topography
as well as the geology.

Since 1949, when exploration resumed after the second
World War, there has been some geological mapping, mainly for
stratigraphic information. In this period, seismic surveys
have been the main exploration tool. The technique employed
is in-line reflection shooting with overlapping split spreads.
Some minor modifications have been developed to handle the
particular problems of operating in swamps. This seismic work
is very expensive, due to the terrain, but the results are
reasonably good. The seismic results are produced in the
"squiggle" section presentation form. They are interpreted by
geologists of the exploration staff, who have done special
courses in geophysical interpretation, or else they have had
on-the-job training.

Greavity surveys were commenced more recently; the
readings were made along the seismic lines. They have produced
good results due to the relatively shallow depth to the denser
Palacozoic/Mesozoic basement which is apparently involved in the
Tertiary fold structures. The results indicate that gravity
survays, prior to the seismic surveying, would probably have
“Ssaved the company money by reducing tike total area of seismic o
survéyirg. In general, the gravity results arc presented as a
“Bouguer anomaly.map. Selected areas are studied by producing
residual gravi}% maps.

?
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Well logging includes production of a percentage
cuttings log as a first step. A descriptive lithological
column is compiled from this with the formation breaks located
by comparison with the Schlumberger logs. The stratigraphy ia
controlled by palaeontology, mainly based on foraminifera, and
by eomparison with outcrop sections.

Electric, nicro and micro-caliper logs are run in most
holes. Ganma ray/neutron and induction logs are run in holes
drilled with oil-base mud., The electric log, or the garme ray/
neutron are used to locate the 0il water contact. The micro-log
and micro-caliper are relied on to indicate permesble 2zones.

Some attempts are made to determine porosity by gquantitative inter-
pretation of the micro-log. This is difficult because of the

pocr consolidation of the Tertiary sequence, which also reduces

the value of the neutron log. The definition of the gamma ray
curve is reduced by the high proportion of clay in the sandstone

beds,

In order to appreciate the reliability of the various
well logs, I spent several days comparing samples and cores
from two frequently cored wells with the composite log and
Schlumberger logs. DMost of the problems of interpretation were
possibly due to the difficulty of working in poorly consolidated
sediments.

PERSIAN GULEF ARFA

Bahrain Petroleum Company

The Bahrain Petroleum Company field on Bahrain was the
first visited in the Persian Gulf area. It is a fully developed
fieid, producing about 45,000 bbls/day from 150 producing wells.
The pool is in a simple anticline outlined at the surface by both
topography and geology and located by surface mapping. It was
the first discovery in the Persian Gulf area.

Petroleum Services (Middle Fast) Limited

Much of my time in the Persian Gulf area was spent with
Petroleum Services (Middle Fast) Limited, (P.S.M.E.) a subsidiary
of Iraq Petroleum Company. It operates as an o0il exploration
group in the I.P.C. concessionsg outside Iraq., In addition it
supplies technical and other services to Qatar Petroleum Company
and Petroleum Development (Trucial Coast) Limited, two other
subsidiaries of I.P.C. which I visited.

Since the 1930's, the exploration group of I.P.C. has
explored for oil in a number of large concessions covering
parts of Saudi Arabia, the Trucial States, Onmen, Muscat, the Aden
Protectorate and Dhofar., P.S.M.E., wags formed fron this
exploration group. Its techniogues @ those used and developed
in the exploration of these very larx: -aund initiaelly Libttle
known areas. Essentially, a regiona. stratigraphic study is the
basis of their exploration prcgramme. The first stage includes
photogeology and surface mapping, and studies of the basement,
basement tectonics and the tectonic framework of the sedimentary
basin., Within the sedimentary basin, field work consists mainly
of detailed section measuring and sampling. TFormntion boundaries
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are mapped in the field, where necessary, or photo-interpreted
after the ﬁcomorphology ¢f the unit is known. Accurate
formation mapping is of less importance than gathering
stratigraphic information. (This is in contrast to the
Bureau's approach. Our prime function as a regional mapping
organization underlies and affects every spe01flc undertaking).

Samples are collected from every three fecet of secction.
The measured sections are cougiled a2s ceolumms in the field,
with lithologicel descriptions and sample numbers. At monthly
intervals, the samples and columnar sections are sent to the
exploration base office., There, all semples are thin-sectioned
and examined by a sedimentologist and o palaeontologist.
Modifications to the field sdlatigraohJ are made at the ¢nd of
the field season by the field geologists and specialists in
consultation. This usually involves re-examination of important
samples. The field party receives the assistance of two special-
ists who are sufficiently available +t¢ handle the work, as well as
technical assistants to process the material,

Geophysicel work may conmtlence at the sane tine as, or may
follow, the geological mapping. In scuthern Arabia, airborne
magnetometer surveys were flown in the first year. Much of
this area is sand-covered and the magnetometer surveys outlined
the arens underlain by basement rocks. This airborne work was
followed by ground gravity/magnetometer surveys, reconnaissance
seismic and then detailed seismic work in selected areas. The
geophysical werk is mainly to delineate structure. In some
cases, geophysical work, particularly refraction seismic, is
undertaken to outline the basement slope where such knowledge
can assist in facies and stratigraphic studies.

The results of the regional stratigraphic study are used
to assess the seismic structure contour nmaps, particularly to
lccate coincidence of structure and favourable facies.

On this basis, the initial explanatorjzhole is located. All

holes are located primar11§/%’\f“st For possible accumulations.
However, the company appreciates the importance of the stratigraphic
information obtained by drilling and is willing to accept higher
drilling costs in order to extract the maximum information.

When it decides to drill, the company pracuice is to
review the stratigraphic and structural information on which the
site was selected and prepare a prognosis of the well, Any
fossiliferous bands, marker horizons or seismic reflectors are
located on this prognosis.

In exploration wells, cores are cut every 200 feet,
approximately, at formation breaks, throughout potential reservoir
horizons and at various pre-determined stratigraphic horizons.

The latter may involve continuous coring for some distance to be
certain of coring the target horizon. Thin sections are made

of cuttings samples, collected from ecvery 5 feet of hole. These
thin sections are examined by a sedimentologist and a palaeontoelogist,

Once the well is completaed, infornasion gaived 1is
incorporated in the regional straibigragiic study. This may
involve anything from minor reassessment, if the results of the
well compare closely with the prognocsis, to a conplete re-
interpretation of all stratigraphic data.
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These exploration techniques are illustrated by the
work in Southern Arabia, where I.P.C. hold adjoining concessicns
in the Aden Protectorate, Dhofar, lMuscat and Omen. There, the
company was able to rationalize their exploration programme by
treating these areas as a single part of the Persian Gulf
Geosyncline. Political pressure from the various rulers
prevented them doing this in the Trucial States where they were
forced into a piece-meal attack.

In Southern Arabia, exploration continued from 1952 to
1960, culminating in the driiling of four exploratory wells during
the last few years., The four holes were dry but the information
gained from them indicated the direction in which exploration
should continue. In 1960, two of the partners in I.P.C., Shell
and Partex took over most of these concessions and are continuing
exploraticn along these lines. .

Some geologists, mainly with American companies, consider
this exploration approach too slow. Certainly, the "find a
structure and drill it" technique has proved successfuvl in the
immediate vicinity of the Persian Gulf, but this is an amazingly
0il-rich jgrea. The American company which took over the I.P.C.
concession MDhofar in 1960 has since drilled about 20 dry holes.
In Australis, where results already indicate that oil will not
be discovered easily, the exploration techniques of I.P.C. have
much to reccommend them. The I.P.C. exploration group, Petroleum
Services (Middle East) Ltd., is organized to produce close
co-operation between geological and geophysical personnel.
This is evident in their method of interpreting seismic results,
The initial interpretation is made by the geophysicist and
geologist together, on "variable area" section presentation
records. The purpose o¢f this is to extract the maximum
information from the records, including second order information.
The final interpretation is made by the geophysicist using
"squiggle" section presentation records. Meaningful reflections
are nmore obvious on the '"variable area'" reccord but, once
recognised, can be picked more accurately on the '"squiggle" records.

Dukhan Murban and Das Island fields

’ I visited two fields operated by companies connected with
P.S.M.E. . The first was the Dukhan field in Quatar. This is a
simple, elongate anticline containing three producing horizons,
discovered as a result of surface mapping. Subsequently, gravity and
seismic surveys were run over the remainder of Quatar. No

structurcs were lccated and the horizons producing at Dukhan were
water flushed in three exploratory wells drilled.

The second was the Murban field, near Tarif in Abu Dhabi,
one of the Trucial States. This field and its extension,
Murban West, were in a very early stage of development. Only
nine holes had been drilled at the time of my visit. This area
is mainly covered by Quaternary sand cover. The structure wsds
located by seismic work, following 2 detailed gravity and magne-
tometer survey. While at Murban, I saw sonmething of the duties
of the well-site geologist and discussed them with him. These
duties were fairly standard. The well-site geologist was required
to write the following reports:



-6 =

(a) Weekly. This contained the percentage lithologic
Tog, based on cuttings, and detailed lithological
descriptions, as well as noting accessory minerals,
fossils, organic remains, bitumen or oil staining,
fluorescence, etc,

(b) Monthly. This summarises the lithological descrip-
tions of the weekly reports and expands on strati-
graphy, correlation, structure, etc. It should
contain the compesite lithological log for depth of
hole drilled.

(¢) Gompletion. This is written in conjuncition with the
Petroleum Engineer and includes an assessment of the
well's potential. It contains a review of the sub-
surface geology in relation to the well, and notes
any variations from the prognosis, and includes the
complete composite log with formeation boundaries by
using the Schlumberger logs. In the Murvan field,
the S.P. and Sonic logs give excellent results and
are included on the composite log.

The only other field visited in the Persian Gulf was the
off-shore field near Das Island, operated by Abu Dhabi (Marine
Areas) Ltd. This compeny is owned by British Petroleum Limited
and the Compagnie Francais des Petrcles. The field is in a
large, shallow dome discovered by marine scismic. At the time
of my visit, the drilling barge was being moved to the site of
the seventh well.

KUWAIT

Kuwait 0il Company

The Kuwait 0il Company is producing from what is probably
the largest oil pool in the world. Their three main fields
Burgan, Magwa =and Ahmadi are parts of a continuous rescrvoir.

The oil column is about 1200 feet high, which is approximately
equal to the closure on the structure. The vast reserves of this
field are due to the size of this shallow structure and to the
very high porosity of the producing sandstone, the Burgan
Formation. The permecability cf this formation is estimated to be
4 to 5 darcies.

There is little surface geology in Kuwait. The initial
surface mapping noted three 0il seeps =and one anticline.
Subsequently, gravity, magnetometer snd seismic surveys outlined
the Burgan structure. The first test of this structure was
drilled in 1937/38 and proved successful, but major development
did not commence until 1946.

In Kuwait, I spent some time examining cores and samples to
get an idea of the sequence., I studied the various logs run
by Kuwait 0il Company and discussed the reasons for using
these logs. The logs run are:
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(a) Electric log., (Self potential and three resistivity
"Tcurves) for correlation, demarcation of sand
bodies, oil/water contact and rceady assessment
of well potential.

(b) Latero-log. A focussed, deep penetration tool giving
true resistivity, particularly of thin beds, and
definitich of the oil/water contact where obscured
by alternating sand and shale lenses.

(c) Gamma ray/Neutrzn log., TFor demarcation of sand bodies,
estimation of shale content in sant¢3tone, corre-
lation; porosity evaluation and in some cases gas/
0il contact.

(a) Caliper survey. For correction of hole effects on
Gamma ray/Neutron log and possibly on Laterolog,
and for petroleum cengineering department.

(e) Micro-laterolog. For quantitative determination of
residual oil saturation and for determinetion

of porosity.

The company has run the Scnic log in a number of wells, but
the results were not satisfactory. The instrument is delicate and
mechanical breakdowns are common. Also, the log is affected by
the poor consolidation of the sediments and the presence of shale
and fine grained matrix in the sandstone. The poor results with
the Sonic log in Kuwait are in marked contrast to the excellent
results obtained in the Murban field,

IRAN

Iran Oil Exploraticn and Producing Companies

The oilfields of Southern Iran are cperated by the
Iranian 0il Exploration =2nd Producing Companies, an association
of 16 international o0il companies, which came into being in 1954,
three years after Iran nationalised its oil industry. Prior to
that date, the fields had been explored, developed and exploited
by the Anglo-Persian 0il Compeny, later becoming the Anglo-Iranian
0il Company. 0il was first discovered in 1908 and is now being
produced from seven fields at the rate of about 50 million tons
per year, The o0il is contained in Asmari Limestone anticlines
in the folded belt of the Persisn Gulf geosyncline. The
structures are tight, with flenk dips ofabout 60 (Much steeper
than the structures seen in the Persian Gulf area). The closure
of these structures is very great; in the Gach Saran anticline,
the 0il coluun is 4,800 feet high. Fracturing of the limestone
reservoir produces the porosity and a very high effective perm-
eability. The oil is under very great pressure; well head
pressures of 3,000 psi. have been measured in some wells., The
great pressure and the high effective permeability heve resulted
in step-out distances of one to two miles or more. The wells are
extremely productive, Individual production of more than 40,000
bbis/day are recorded from a few of the Agha Jari and Gach Saran
we lSo
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I.0.E.P.C. has a large geological staff, mainly because
strict geological control is n:eded over every well drilled.
This control is needed to avoid disastrous blow-outs, such as
have occurred on & few occasions in fthe past. The problem is
t0 recognise the cap rock above the Asmari Limestone. Both cap
rock and Asmari Limestone are folded into simple, tight, in
places asymmetrical anticlines. The sequence above this; the Fars
Group, consists mainly of incompetent beds and has folded
diapirically. Because of the large step-out distances, it is
not possible to anticipate the sequence which will be intersected
above the cap rock. It may be a straight forward section through
the Fars Group or a thrust faulted or over folded repetition of
part of the group. A heavy drilling mud is used acove the
Lismari Limestone to control high pressure water shows in the Fars
Group. It is necessary to run casing once the cap rock is entered,
to seal off the water shows., Thereafter a light mud is used and
extreme precautions against blowouts are taken before drilling
into the iAsmari. The cap rock is the basal member in the Fars
Group. It is fairly distinctive, but similar lithologies occur
in the higher parts of the Fars Group. Since the predicted depth
of the cap rock may be anything up to 1,000 feet out, in areas of
poor structural control, the necessity of strict geological
control to ensure its recognition becomes evident.

The duties of resident geologists are set out in an
I.0.E.P.C. technical instruction, (Duties of Resident Geologists)
a copy of which is attached to +this Rcord. g -
very strict and detailed instructions set out in this document
indicate the importance the conmpany places on strict geological
control of drilling operations. I spent several days in the
geolcgical office at the Gach Saran field, studying and
discussing the resident geoclogists'duties.

The Asmari Limestone crops out in the cores of several
anticlines in southern Iran. Two of these, within 15 miles of
Gach Saran field were visited. They provided excellent opportunities
to study folded limestone reservoirs, almost identical in shape
to the buried oil-filled structures of the producing fieldes., The
crests of these Asmari Limestone anticlinesar eflat, possibly due
to collapse faulting with the development of keystone blocks., The
limestone is quite dense in outcrop, is cut by several sets of
stylolites and shows no 0il staining. The many fractures in the
limestone show 2ll stages of sclution effect from very little to
cavern development. The effects on canyon walls indicate that the
present-day solution effects are very great. The unwidened fractures
are thus very young, suggesting that the area is still active.
There are two sets of fractures in the buried Asmari Limestone
anticlines: one set is infilled with secondary calcite and other
minerals; the other set is not nmineralized and is filled with oil.
The mineralized fractures are possibly diagenetic. 0il migration
and the second set of fracturing ccocincided, the presence of the
0il preventing any mineralization.

The logging programme in the southern Iranian o0il fields
is rather limited. Only the Gamma ray/Neutron log i1s run
throughout the hole, as upper hole size i1s too great for most
logs to be effective. Little use is made of the logs in correlation
because most holes do not correlate above the cap-rock. On the
Agha Jari field the Gamma ray/Neutron log has been run in cased
holes. Though the curves are somewhat blurred, they retain
sufficient character to permit recognition of gross lithologic units.
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A standard set of logs is run in the reservoir interval. It
consists of gamma ray/meutron, sonic, micro-lateral, micro-caliper,
and laterolog or induction log. The laterolog is run when the
drilling mud is salt, the induction log when it is flresh, The
neutron and sonic logs are used in conjunction for porosity
determinations. Formation resistivity is calculated from the
laterolog or indication log and the formation factor is calculated
from the micro-lateral log. This company stress the importance

of empirically determining the porosity, permeability and
formation water salinity fronm cores, in order to correct the
Schlumberger quantitative interpretation charts for the particular
geological environment.

Some surface geological mapping, mainly section measuring,
sampling and structure mapping is continuing. The area lends
itself to photogeology and this is the main basis of their
geological work.

The main exploration tocl is seismic work. Initially,
refraction shooting was preferred, partly because the terrain
was too rugged for reflection work and partly because early
reflection work gnve poor results. Now, reflection seismic is
preferred, particularly as the main ares of investigaticn is the
coastal plain which is well suited to reflection work. The
technique includes wide frequency recording on maghetic tape,
"variable area" section presentation for overall interpretation
and "squiggle" section presentation for quantitative travel time
determinations. This practice is similar to that adopted by
P.S.M.%., a8 previously discussed,.

Refraction work is largely restricted to locating the
crests of anticlines. The technique used is arc shooting with
the shot point located as near as pcssible on the axis and the
arc at right angles to the axis of the structure. Because of the
steep flanks of the structures, penetration effects distort the
records where the shot point is located off the axis.

LIEYL

British Petroleum Exploration Co. (Libya) Ltd.

One week was spent with British Petroleum Exploration Cc.
(Libya) Ltd., with headquarters in Benghazi. The exploration
techniques employed by this company are generally similar to those
already described. Poor outcrop limits the effectiveness of
geological mapping. The main prospecting tool is seismic work,
and a veriety of techniques have bcen and are heing employed.

The quality of reflections varies from extremely good in some
areas to very bad in others. B.P. have done refraction work,
which is useful for outlining regional trends; reflection seismic
including pattern hole and multiple cover shootings; and "thunper"
seismic.

"Thumper Seismic Method

This was the first time I had seen the "thumper" in
action. In one area of good reflections, (where conventional
seismic would also have produced good results) the "thumper"
produced excellent results at the rate of 250 kilcnmetres per month.
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In another area, where conventional seismic had failed tc produce
results, the "thumper" was obtaining reflections by stacking

96 drops per trace. his was slow work, about 40 kiloumetres

per month, but was producing usable reflections.

Attached to this Record are figures showing drop patterns, geophone
layout, etc., of the "thumper" system as well as laboratory and
field records of the "thumper" compared with conventional seismice.

"Vibroseis" Seismic Method

The "Vibroseis" system was developed by Cortinental 0il
Conpany. Outside the United States, it is operatea under licence
by Seismograph Services Corporation who introduced it in Libya
during 1961. I did not see "Vibroseis" in operation but discussed
it with the Benghazi Manager of Seismograph Services Corporation,
and with several of the B.P. geophysicists. Apparently,
Seismograph Services Corporation are having some "teething" trouble
in their first year of operating this new technique and equipment.
However, most geophysicists regard it as a very considerable
advance in seismic technique. A particular advantage of the systen
is that of introducing a known signal into the ground. A number
of vibrator trucks can be used at onee, as the impact siznal is
radio synchronized. This permits a great degree of compositing
while retaining an acceptable rate of production. Some of
Seismograph Services Corporation's circulars, describing "Vibroseis",
are attached to this R:cord.,

American Overseas Petroleum at Tripoli

One week was spent with Americaen Overseas Petroleum Ltd.,
with headquarters in Tripoli. I discussed the company's operations
with geologists and geophysicists, and in particular their
"strip-map" technique. This was also used by Caltex Pacific
0il Company in Sumatre. Tt involves selecting a scale, suitable
for the particular area being explored, at which all information
is plotted. The various types of datasre plotted con separate
transparent sheets, each sheet covering a strip of +the total area.
Their practice is to produce a base map, containing essential
topography which should not be added to or subtracted from;

a cultural wap, containing all cultural and geographic data, and
subject to amendment; a surface geological map; - a photogeological
map; 2 geophysical map showing seismic lines, shot points,

gravity stations; geophysical result maps showing seismic contours,
Bouguer anomalies, etc. - The advantage is that different types of
data can be directly compared and compounded. In their Libyan
concession, the company has chosen the scale 1:250,000. This
technique is well suited to some of the Bureau's sedimentary basin
regional mapping programmes. In particular, I hope to apply it to
the Bowen Basin survey, compiling all available information at
1:500,000 scale.

At the time of my visit, the General Geophysical Company was
doing some conventional seismic work, mainly reflection shooting,
for American Overseas Petroleum Ltd, I visited the party with the
company geophysicist on his regular weekly inspection visit.

The technique consisted of patterns of 9 shot holes per shot point,
each with a 5 1b. charge and 24 geophones per patch. Reflections
were recorded at an effective filter setting of 19 - 200 cps. and
played back at a 27-55 filter setting with 20% mixing of adjacent
traces. The high filtering and the mixing sharpened the records
somewhat but reflection quality was still extremely poor,
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. ALGERIAN SiHARA

Three days were spent at In Amenas in the Polignac Basin.
The two producing fields, Zarzaitine and Edjeleh, and two fields
in an early stage of development were visited. Both producing
fields are contained in anticlines closed against faults.
The Zarzaitine structure is reflected to some extent at the surface;
the south-west boundary fault is reflected as a flexure in the
outcropping continental sediments. The structure was indicated by
anomalies on gravity and magnetometer surveys but was mainly
outlined by seismic survey. This field is the main producer in
the Polignac Basin.

The Edjeleh structure is an elongate anticline, about 20
miles long by 4 miles wide. It is outlined at the surface by .
Carboniferous sediments in conformable sequence with the Carboniferous:
and Devonian reservoirs.  There are.three culminations on the
structure which is closed against a fault on its eastcrn flank. The
Zarzaitine wells arc about 5 times as productive as the Edjeleh wells,

NIGER

Djado Basin

The French company Prepa (Societe pour Prospection du
Petrole d'Alsace) is exploring the Djado Basin, Niger, for oil.
The exploration is at an early stage, the first exploratory hole
being drilled at the time of my visit. The work in this basin is
fairly typical of the French technique of oil exploration.

The Djado Basin contains little folded sediments from
Cambrian to Carboniferous in age, unconformably overlain by
Cretaceous and a veneer of Tertiery sediments. The older units
crop out around the margins of the basin. Carboniferous sediments
crop out within the basin a2nd outline minor structure in nany
places,

The first phase of exploration consisted of photogeological
mapping of the basin. This was followed by one season of
reconnailssance mapping, consisting mainly of stratigraphic studies,
section measuring and sampling and some formetion boundary
mappring. The results of this work are used to re-interpret the
initial photogeology and a modified photogeological map was
produced. This map, at a scale of 1:500,000 covered the entire
basin. More detalled photogeological nmaps at a2 scale cof
1:100,000 were prepared covering the entire basin area.

The second phase of gxploration consisted in part of
intensive stratigraphic studies in the geocd cuterop areas arcund the
nargins of the basin., This includes mainly detailcd section
measuring and sampling. In this work, the detailed stratigraphy is
determined as far as possible, and sedinmentary structures and
facies are studied, The other parts of the second phase involve
use of both geological and geophysical technigques to outline
structure within the basin. Some of the structures within the
basin were outlined on the photogeological maps. These are mapped
in greént detail by a geoclogist and surveyor team, to determine
the existence of closure on the structure. Regional gravity and
magnetometer surveys have been run over parts of the basin.

Seismic surveys have becn made in sore areas a2nd are continuing.
Reflections =re generally poor though one shallow horizon is giving
good reflections which can be traced over big areas. At the time of
my visit, the company were considering using "thumper seismic,




Detailed stratigraphic mapping was continuing at the time
of my visit., The results of this were revealing defects in the
1:500,000 map of the basin. However, the company did not consider
At necessary to revise the map. Their detailed work is plotted
mainly as vertical columns and cross—-sections and 1s available
for direct comparison with the results of drilling.

The first exploratory well was drilled late in 1961.
It had reached 180C metres by mid-December, in partly silicified
sandstone and orthoquartzite of Cambro-Ordovicien age. 1 examined
the Schlumberger logs run and the cuttings and some cores from
this hoele, studied the duties of the well-site geologist and some
of the technical aspects of drilling.

The calci-log was run at this well. Washed and dried
cuttings are quartered down to give a representative sample of
about 10-20 gms. weight. This is ground to a powder, of which
about 0.5 gm are weighed accurately and placed in ~ small flask.
A tube of dilute hydrochloric acid is placed in the flask, which
is then connected to an alcohcl manometer. The flask is tilted to
spill the acid which attacks the powdered sample. After 3 minutes
the increase .in pressure due to carbon dioxide production is
measured. This gives an estimate of the calcium carbconate content.
The flask is then heated to allow the acid to attack any dolomite
in the sample. The pressure is measured after allowing the
entire system to cool back to room temperature. Any increase in
pressure is related to the total carbonate content., The
pressure readings ~re corrected for temperature and pressure.

The percentages of calcium carbonate and total carbonate in the
sample are calculatcd from a set of graphs.



A 1
|
e

Iranian Oil Exploration & Producing Company

Exploitation Geology Department

DUTIES OF RESIDENT GEOLOGISTS

Masgjid-i~-Sulaiman
August, 1961.




EXPLOITATION GEOLOGY DEPARTMENT

TECHNICAL INSTRUCTION

DUTIES OF RESIDENT GEOLOGISTS

. GENERAL REMARKS

The duties of a Resident Geologist have been dealt with piecemeal in
Administrative Instructions issued by Headquarters from time to time over the
past three years, They are succinctly summarised in the formal Job Descriptions.

The purpose of this instruction is to assemble the material from all
previous decuments on the subject in one comprehensive compilation.

2. APPROVED ESTABLISHMENTS

T~ 2 A R R

Three-we!l! Fieid

Resident Geologist

Resident Geologist {(Supernumerary)
Geologsst 11, or 11

Junior zeoiogist

Ustad-Kar

glidemakers

QL P e b b e

TWQ ywel}f_ ‘_‘E:mid

Recident Geologist
Geotogist 1Y, or 11l
Junior Geologst
Ustad-Kar
Shidemakers

] P et e e

One-well Field

Resident Geologist
Geotogist U, or I, or Junior Geologist _
Slidemakers 4

— pems

Expioration Well

Resident Geologist
Geologist 11, or Il
Ustad-Kar
Slidemakers

N
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Workover Project

[

Geologist 11, or III {as required)
Slidemakers (as required) 3

3. PRIMARY RESPONSIBILITY

J.i General

The primary and paramount responsibility of the Resident Geologist
is the maintenance of absolute geological control over all wells in the area
assigned to him. This control is maintained only by adherence to a general
pattern of operations, carried out with scrupulous care, which has proved over
a period of years io be successful if not allowed to deteriorate into a blind
habit, This means that at all times the Resident Geologist must cultivate and
combine a critical approach to technical problems with a sceptical attitude of
mind to unproved hypotheses, however plausible these may be.

3.2 Well Controt

3.2.1 Sampling interval

In general, assuming adequate quality and quantity of samples, control
can usually be maintained by using the following sampling intervals: -

Bakhtiari ) 10 feet
Upper Fars
Middle Fars (Marl Member) 5 feet
Midd!e Fars (Limestone Member )) 9 feet
Lower Fars, Member 7 )
Lower Fars, Members 6 - 2 :-
Salt and Marl Sections 5 feet
Anhyd. and Lst. Sections 2 feet
Lower Fars, Member ] I foot
V(.Cap Rock) '
Asmari and Pre-Asmari 2 feet

These are not rigid iimits. In areas of structural uncertainty,
Members 6 to 2 should be scrutinised with care. This will frequently necessitate
closer sampling, circulating samples from bottom or even coring.




Where, for reasons of weak circulation, presence aof iost
circulation material, inappropriate mud properties or s:milar adventitious
factors, the sampies become poor in quaiity and/or quantity, the Resident
Geologist must exercise extreme care. In such cases, key-beds and charac-
teristic stratal assemblages may be missed unless energet:c measures are
taken to obtain representative material from the hoie. These include coring,
- Insertion of sample-coilecting devices in the tiuming, requests for im-
provement of circulation and/or mud properties and the like. These steps
will require the cooperation of other Departments and; :f just:itied, will
always receive the support of H. Q.

3.4.2, Sample Segregation aon Site

The responsibility for segregating and colLecting samples of cuttings
from the mud in circulation at the requested intervals lies with the driiler on
shift; but the actual tagsk :8 usuaily delegated 10 the !abourer whose duty is to
keep the mmd-screen free of obstructions.

Occasional unobtrug:ve checks are necessary to guard against two
major but unavoidabie risks in this arrangement:- {(a) forgetfulness on the part
of the screen labourer whereby, having omitted to collect a samplefromthe screen
before ~learing it, he may take a grab-sampile from the accumulated pile of
perhaps the jast 30 feet of sampies; and (b) forgetfuiness on the part of the
driller, whereby no samples are taken at ali over one or more intervals.

In making these checks, care must be taken not 1o forfeit the good-
will of the drillers and labourers. This goodwill must always be guarded and
fostered. The checks are, however, obviously desirable from time to time
and are, for example, absoiutely necessary where an apparently monotonous
series of samples of the same rock-type cannot be correlated with a variable
drilling-rate, or where widely diversified rock-types appear over an interval
in which the driiling-rate is constant.

When lost-circuiation material is in circulation, various devices
such as fiuming-baifies, trap-doors or by-passes must be tried out, in order
to obtain adequate and reliable samples. The Drilling Department should be
asked to cooperate in advising on and designing such items.

1t is generally desirable that samples should not be washed on site.
Over-vigorous washing may eliminate characteristic maris and, when cuttings
are smali; may entail much loss of harder rocks; while there is danger that
salty samples may be ruined by washing in fresh-water.,
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3.2.3. Sample-Collection trom Site

The responsibility for the coliection of batches of samples from the
dritling-site hies with the Resident Geologist. The trequency of such
collections must obviously be keyed to the drisi:ng rate, the stratigraphbic
position at current bottom, and the urgency with which information s reyquired,

As tar down as, say, 100 feet above the base of Lower kars,
Member 7, sampies may be collected at most twice a4 day, merely to keep up
with the driiling~-rate unless a casing point depends on a tormation boundary
or key-bed.

Below the base of Lower Fars, Member 7, drilling rates are
norma!ly so high and kKey-beds are ot such ymportance, particularly :n reg.ons
ot poor structural control. that a greater frequency of coiiection 1s des:rable.
As far as possible the timing of collections made more than twice a4 day should
divide the whole 24-hours into approximately egua! mtervais. except as modified
by periods when no driiiing is taking place.

In eritical siruations, such as those of loss of control or of approach-
ing or suspected Cap Rock. :t 18 desirable that the Resident Geologist, equipped
with adequate fabour, slide-making materials and a microscope, shouid stay
on site unti! the immediate probiem 18 resolved.

Samples must be collected initiaily so that they are in the iaboratory,
washed and ready for inspection by the Resident Geolog:st at starting time
every morning (7 days per week).

This implies work outside office-hours ior both statf and iabour. It
18 therefore appropriate to emphasise at th:s point that the work of the Resident
Geologist and his personnel is regulated not by oft:ciai working hours bt hy
the current stratigraphic situation in the weiis under hig control. Sometimes,
it may be possibie to synchronise the work with oftice hours - but this will be
an exceptional coincidence, which must not under any circumstances be forced
at the expense of safe well-control.

3.2.4. Laboratory Procedures

3.2.4.). Sample Preparation

On arrival at the laboratory, the sampies should be carefully washed
and sieved under the supervision of the toreman, a sma!! part of the unwashed
sampie being retained for separate scrutiny.
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Occasional inspection of the process by the Geoliogist 111 18
desirabie to check (i) that soft samples are not disintegrated by vigorous
treatment; (ii) that sieves suitable for the average cuttings-sizes are emp'oyed;
(iii) that samples from saliferous formations are being washed in concentrated
brine; (iv) that adequate precautions are taken to avoid switching of samples
or imterchange of samples from two or more weils.

3.2.4.2. Examination of Cuttings

The examination and recording of constitution in percentages may,
at the discretion of the Resident Geologist, be delegated to other statf members,
but the adequate description of these samples remains the responsibiiity of the
Resident Geologist. 1If this task is delegated by the Resident Geoliogist, he must,
nonetheless, carry out a preiiminary general inspection of the cuttings, so that
important key-beds are not missed, misidentified or underlogged.

Provided the material does not disintegrate in water, samples are
examined wet, colours being assessed by comparison with the standard "Rock-
Color Chart" issued by the Geological Society of America (I195i). The use of a
binocular microscope is advantageous and desirable to aid in the proper
assessment of rock type and other pertinent features, 1t is essential in Asmari
and pre-Asmari material. Basic rock types are described and classified in
accordance with the '"Note on terminology of the description of sedimentary
rocks adapteéd for use in Iran' (S. E, Watson, 196i).

Potential reservoir rocks, whether carhbonate or clastic, are
described and classified according to the Archie system. This system enabies
a quantitative evaluation of porosity and permeabl ity to be carried out by visual
examination of the cuttings.

When drilling rates are high, it is necessary for the Resident
Geologist, in his cursory inspection, to earmark immediately for sixde-
preparation any samples likely to yield features of diagnestic value, such as
rare limestone fragments in a marl series or of anhydrite in a salty sequence.
'This prevenis loss of time in gaining important evidence which would otherwise
only come to light in the routine serial slide-preparation.

The inspection tor recording the percentage constitution is normally
combined with the careful serial selection of materia!l for slide-preparation.
The type of cuttings so selected must, for greatest value, be related to the
stratigraphic position. Thus, in Upper Fars, rare stringers of anhydrite are
not relevant, whereas similar stringers in the saity Lower Fars may be of
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paramount importance as key-beds. The picking of cuttings for slides must
never be allowed to degenerate into a blund non-selective routine.

3.2.4.3. Shide Preparation

The grinding of cuttings and the preparation of microscope glides
i8 lett entirely to the laboratory labour under the supervision of the foreman,
subject to general supervision by staff. Stringent precautions are necessary
to avord any possibiiity of the transposition of samples from any one well or
the interchange of samples trom two or more wells.

3.2.4.4. Examination of Slides

In the examfnation ot microscope siides, the ifollowing data
should be recorded; -

(a) Rock types

(b) . Lithology and texture

(c) Mineraiogy and babit

(d) ‘Fissures and fractures
(e) Evidence of hydrocarhons
(f) Fauna

The emphas:s 10 be piaced on these po:nts depends on the
stratigraphic context, and is a matter of .nd:vidual discretion; but, in every
case, every availabie ptece of informat:on must be recorded on the form -
provided specifically for this purpose. (Form No. 73. 611{(7-61)).

It is, of course, assumed ihat! the Resident Geologist has been
trawed mn bhasic stratsgraphical paiacontology. Ut is his duty to apply his
knowiedge to the configuration of lranian facies and faunas;, and to familiarise
hymseit with at least the key microtauna ot the generai succession, with
particular emphasis on the Asmar: and pre-Asmari, To assist him, numerous
genera! and special references are ava:table in the Geological Labrary and the
Geological Report Files respectively, and the Pajaeontological Section is
always ready to advise, However, aii Resident Geologists must be prepared
to make routine determinstions of signiicant torms that wiis enabie them to
define all mportant Hme-horizons al 'east as far down the succession as the
ese of vhe Albian,

Cerwiin of the microscopic¢ siide examinalions are, inevitably,
delegated to other Genlogical staft members; but, as with the cuttings
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examination, the Resident Geologist should make a rapid inspection of beds
which appear significant. The ultimate responsibility for the correct assess-
ment of the geological position remains squarely w:ith the Resident Geolog:st,

As a general rule, with periodic checks. Junior Geo.ogists
rap.dly attain competence to control wells as far down as the base of Lower
Fars, Member 7; while, with close supervis:on, Geologist III's may be allowed
some responsibility below this horizon. This genera:ity must, however, be
modified to meet the idiosyncrasies of individual fietds as well as variable
levels of skiil and training of the individuals concerned.

In all cases, wherever the merest suspicion of the proximity or
presence of Cap Rock arises, the Resident Geologist must personally carry
out the examination of ali cuttings and slides.

3.2.5. Coring Procedures

e ez m

3.2.5.1. General Remarks

e e L

The occasional necessity of coring for geological informas:on has
already been noted. Similar coring for reservoir engineering data s also
carried out, In each case, the Resident Geolog:st has certain obiigatons,

3.2.5.2. Requests for Corng
Coring for geological information i8 generally requested when
wnadeguate samples threaten a !oss of stratigraphic conirol or when conf rma -
ton of Cap Rock is required. Poor sampie qualzty most usuaily resuns from
tud boie conditions (shows, iosses, caving), and thus coring often hecomes
desirabie under the most d:fficult mechanical cond:ftons

Compliance with such requests :s natursi'y reiuctant and * . s
a matter of rout'ne cooperation to seek other mesns of regaining con?roi
beforehand. When these fai! or are impracticabie#. however there mus' be
no hesitation about réquesting at least spot-coring 1o be carried out unt.
controi (8 regained. In such cases, the request must be pressed with {act
and firmness, and Geologica! H, Q. should he advised of the situai-on by
tefephone. 1f siili opposed. the reguest should be repeated in writing; the
fetrer should be addressed to the Drilling Superintendent  copsed to Disiract
Supermtendent {Basic), Ch:ef Drilling Superintendent and 1o Geological H, Q.
giving 4 concise account of the reasons for the request the quantity and, or
pertodicity of coring required and a brief comment on the consequences of
continued loss of control bevond the pownt at which the request was made.
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3.2.5.3. Collection of Cores

Tt is the responsibility of the Res‘den® Geoliogrst to be present
when the core is lifted from the hole and extracted from the core-barre!
and to coliect and lahe! the core in properiv des:gned core-boxes, Where
the core has been specificaliy requested by the Petroseum Engineering
Department these responsibijities are jomtiy shared with the representar ve
nfthat Department, :f present,

In the latter case, seiected portiansof the core are usuzily p.iced
in special cans on site for onward desparch. In any event, the whoie or part
of the core remaining i] taken to the Geol!ogival Laboratory for examinat on.

3.2.5.3. Notes on C ore Phenomena

AT S B TEARK WS W TG RN N w A SaTual e

Observations made on a core depend upon the purpose for wh:ch
the core was taken. Of ihese. there are four main geoiogica: categor.es wig,

(a) Key-Bed Identification

ot e 3w

The majority of cores taken to ‘den'tfy key -beds are from the
incompetent Lower Fars when sample quaiity bas seriousiy deteriorared.
Attention should be concentrated on, and specimens for m:Ccroscopac
examination taken from, all beds or stringers of indurated mar!, pmestone
and anhydrite. Dips are not significant except perbaps :f there i3 consistency
of dip throughout the core.

\b) Cap Rock Identification

In regions of poor structural contro! ' is frequently possibie
for the actual position of the Cap Rock to be 1000 feet or more differeat from
forecast. Where such uncertainty is combined with poor or unrei.abie
samples, it becomes necessary to core all anhydrite beds which pers:st for
o feet, once the drili has penetrated within wha' the Resident Geoiogist may
consider at the time to be the zone of uncertainty.

Often, several such cores are necessary; but this shouid not
be the occasion for a gradual relaxation of vigilance. In fact, of course, the
chances of the core being Cap Rock increase with depth, and each successtve
hard layer should be regarded as potential Cap Rock uniii proved not to be so.

Each core should be inspected on site. as soon as extracted.
A succession, including such anhydrite as was driiied before coring, of 6 to
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15 feet of anhydrite followed by up to 3 feet of brown bituminous marj is,
in both Agha Jari and Gachsaran, a strong pointer to Cap Rock.

Subsequent discovery, under the microscope, of Carbonate D
in the anhydrite is highly indicative; but Cap Rock should not be officialiy
confirmed before the appearance of the Upper Cap Rock Limestone, as it
is possible, particularly in Gachsaran, for Carbonate D and bituminous
marl to be brought tectonically in close juxtaposition within the higher members
of the Lower Fars.

{c) Cap Rock Confirmation

It occasionally happens that samples are suffictently amb:guous
or contaminated to render it advisabie to core after Carbonate D has been
identified. This is particuiarly the case where mar: cavings are present and
a mud treated with quehracho i8 in circuiation. Both of these evenis comhine
to simulate or mask the presence of bituminous mar: thus introduc:ng the r.sk
of over - or under-loggsng the bituminous mar:,

Where this opportunity has been missed but there s stiii
presumpiive evidence of Cap Rock, a forecast from avarlable data of the
position of the Cap Rock Limestone must be made and a core taken over the
most probable intervai. (In Agha Jari, for example a 20-foot core commenced
40 feet below the presumed top of Cap Rock wiiv intersect the Cap Rock
Limestone if the dips lie between 20%and 50%. In most wells 1o be dritied, a
somewhat cioser estimate of dip is possible).

{d) Reservoir Stratigraphy and Structure

Occasionally, the coring of the reservorr formatson tAsmael or
pre-Asmary) becomesa joint project with Petroleum Engineering Depari raen’
to obain stratigraphic and physical data, This allows an excenent opporhun. ty
{or obtaining detatled informaiion with the greatest economy of effort.  The
muore fossiliferous layers can be selected for slide-preparston whathout the
necessity. as in cuttings-samples, of preparming shides aon -8€lec vely 4*
every wnterval, Moreover, continuous coring provides a statisiwal dip-record
normally of greater validity than the Schlumberger dip-meier survey wh ¢h
does not always distinguish between bedding and well-deveioped 10int svsiems.

All perinent. data concerning the core and the description of the
core are recorded on the core report form. (Form No, 73-68 {rev. 7-8}))
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4. SECONDARY RESPONSIBILITIES

S s e

4. ! General Remarks

Besides the primary responsibility of well-contvol, the Res:dent
Geologiat 1s responsible for the assimilation, corvelation, svnthesis, and d.s
ser:nation of all avasiable geological informa!ion pertinent Lo the ares ‘o wh.eh
he 18 agsigned. 'That such tasks increase his efficiency in well-control .s an
onvious and fmportant by -product of the undertaking; sat.sfactory advice on
geclogrea! matters can never he given uniess the ques!ion al iS8Ue ‘N axk agpecis,
together with aii possible selutions, 18 clear in the m'nd of the adviser,

4.2 Areal Geology
An early tagk of the Res:dent Geologist is that of fam:biarising
himself by al! means availabje but chiefly by phys:ca: exertion, wrth u:! the
dera:ls of the surface geology of his area, with its relationship with that of
contiguous neighbourhoods, and with 1ts position :n the whole tectonic and
stratigraph:c comp'ex which makes up the Agreement Area, :

This wii!l involve, when fime aliows, the examination and
measuremenis of sections, the runuing of ‘nsfrumental cross -sect;ons,
revisional mapping, visits to neighbouring areas and copious reading. it
normaily forms, therefore, a iong-term project which may not be compiefed
durmg the time of assignment.

However, familiarisation of this sort frequent!y forms an
inridental part of other geological tasks. as wiil be descri:bed in subjacent
paragraphs.

4.3 Sub-Surface Geology

The Resideni Geologist must not only familiarise hrmseif w.ih
the mfluence of the surfyce structures on the reservoir dome and wilh the
configuration of the dome itseif; he must continuaiiy assim:iate and
continuously review the current interpretation of the reservoir structnure in
the l:ght of new data and deductions thevrefrom. This involves critical study
of ;nformation on dips and of observations on stratigraphy and lithology,
and ihe preparation and revision of exhaustive corvelation chart's and cross-
sections. Above ali, his attitude to the current interpretation even where
based on comprehensive dada and ciose control, must be one of scepticism,
tempered with surprise onl!y :n the event of the interpretation proving correct.
Phen omena demonstrating the unreitability of many widely-held and time-
hailowed hypotheses are not uncommon occurrences.
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4.4. Well Location

An important function of the Resident Geologist is the accurate
physical location of sites for drilling wells.

4.4.1. Development Wells

The steps in the procedure for the location of a norma: deveiopment
well on an established field are: -

(a) The schematic location, sited solely in relation to the most up-to-
date U. G.C. map available, is one of a group recommended to Mangement by
Petroleum Engineering Department, and approved after discussion between the
Management and the Pertinent Departments. (C.D.S., C,P.E. and C.E. G, ),
The schematic location is, at the outset, usually given as a general area some
1/4 mile wide along and up to 1 mile long across the contours, to allow for

subsequent structural revisions.

by & As and when it is decided to driil on a particular schematic
location, the Resident Geologist inspects the general vicinity, if necessary
runs an instrumental section to fix precisely the surface structure, assembles
all possible up-to-date information bearing on the local configuration of the
reservoir, and selects a suitable structural location for a weil to reach the
reservoir on the desired contour. He then revisits the site and identifies the
exact spot of the structural location. Should it appear to him suitable for rig-
erection, he immediately cairns the spot. If as {s more likely, it is not
suitable, he moves the location along the desired contour to the nearest
suitable place for rig erection and cairns the selected place.

(c) When this procedure is compieted, the Resident Geologist
informs Geological H. Q. of the proposed location, supplying documentary
and other supporting data for his selection.

(d) As soon as possible, the site is visited by Senior Exploitation
Geologist in company with the Resident Geologist. The duty of the former
is to check the location, alter it if necessary, and indicaie clearly the extreme
limits within which it may subsequently be moved for mechanical reasons.

(e) The Resideni Geologist then convenes an offical Driiling
Location Party, consisting essentially of the Drilling Superintendent, the Area
Construction Engineer, and other parties in the area who are directly
concerned with the location preparation. This party visits the location and
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examines its mechanical aspects in detail. Should their final choice of
location lie within the bounds prescribed, a final cairn is built and marked,
surveyed in by a surveyor supplied by or designated by Geological H. Q. , then
or at an early date, the original cairn destroyed, and all concerned are
advised.

f) Should the Drilling Location Party wish to move the site beyond
the prescribed limits, particularly athwart the contours, a cairn may be

built, but will not be ratified and approved until revisited by Senior Exploitation
Geologist , who will approve, or record reasons for not approving, the location.

(g) In the event of disapproval by Senior Exploitation Geologist, the
further steps to be taken depend on discussion between those concerned with
the Headquarters and, if necessary, with Management. Under these
circumstances, the final location will be approved directly by Management,
advised by appropriate H, Q. staff. '

(h) In areas of little or no topographic relief where it is difficull
to ascertain ground positions by means of a compass, a surveyor supplied
by or designated by Geological, H. Q. will be made available to fix the initial
location position on the ground (e.g. areas such as Khalafabad and Ahwaz).

4.4.2. Exploration Wells

Exploration weills for geological purposes may be defined as
major geographic or stratigraphic outsteps from deveioped areas. The
location procedure is closely similar to that of development wells. However,
since the formal location takes place as much as a year before spudding in,

a Resident Geologist is not usually involved.

4.5. Advisory Duties

The Resident Geologist's obligations to other Departments are
strictly advisory. This advisory function is of two kinds. On the one hand,
he must always be in a position to reply reliably and comprehensively to ail
questions seeking information of a geological nature concerning his area.
On the other hand, he may, at bis own discretion, volunteer advice on
geological matters affecting areal operations.

Usually, this advice deals with such items as recommendations

on casing programs where these are based on the stratigraphic succession,
forecasts of mechanically troublesome horizons and suggestions for coping
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All pertnent wlorsesizon which cormes Lo BEht during the driiiing
of 2 well should be permanentiv recovded. This snlormation is recorded

e:ther in routing Tis or speciil notes and 18 filed accordingly . thus forming
part of the permarent Geolugical Records.  The foliowing regular reports are
requsred: -

5.1 1 Datly Geologicai §
made out daiiv for each well activé in {he fielo or ares on a standa rd form
which enables mos! of the basic information required for the report Lo be
f1ifed in as the cuttings samples are examined. The Daily Geological Report
Form comprises sections for recording sample descriptionsin percentages.
comments on the samples themselves, comments on drilling activities during
the preceding 24 hours, a synopsis Gf. mud properties, and information
concerning fluid losses and/or shows of any type. A cony of the Daily
Geological Report 15 sent to Headouariers for scruiiny and filing and one
copy goes into the appropiiate well file in the Resident Geologist's office.
Locally, copies should be made available for scrotiny (but not reteniron
uniess a specific requesl i& made) by the District Superintendent (Basic),
Resident Petroleum Engineer, and Drilling Superintendent. Resident
Geologists on outside exploration wells should send two copies of the Daily
Geological Report to Headguarters, the extra copy Leing for despatch to
Tehran. The Daily Geological Repeort should be typewritten on the appro-
priate form. (Form No. 73.607 or 73. 610).

u

%, 1.2, Slide Descriptions

The thin sections are examined and descripticns are made on
forms provided for this purpose. The descriptions are made in duplicate
and one copy is sent to Headquarters for scrutiny and filing while one copy
1§ retained for the appropriate {ile in the Resident Geologist's office.
(Form No. 73.61 (7-61)).
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5.1.3. Weekly Geological Report

This report is prepared only by Resident Geologists on
outside exploration wells. It is a concise, factual statement of activities,
geojogical and mechanical, which took place on the well during the previous
week. Two copies of this report are sent to Headquarters, who in turn
forward one copy to Tehran. (Note: in some instances this report may not
be required).

5.1.4. Monthiy Report

The Monthly Report is primarily a technical report
summarising the geological activities of the preceding month and shouid
always follow the basic rules of report presentation. It is prepared by
Resident Geologists on both exploitation and exploration weils, and shouid
mciude a general well summary in tabular form, followed by reports on
individual wellg and general information. The reports on individual wetis
coata’n sections on drijing activities, testing, mud, shows and !osses,
stratigraphy, structure, and Schlumberger logs. Detailed and lengthy
statements on mud and drilling activities are not necessary. Stratigraphy
and struciure should receive comprehensive treatment. It must, however,
bhe borne ' mind that this is primarily an objective report of events:; ali
deductions, inferences and intuitive inspirations based on these events mus!
be clearly differentiated from the facts :n a separate section. Locking through
the field copies of previous Monthly Reports is helpful as they give 'n
indicaiion of the format and type of content which is desirable. Cotnns
accompanving reports are frequently of value in demonstrating the strar -
graphic reiatronship of a particular wefl to surrounding welis,

The Monthiy Report should be compieted as soon as possihie
after the first of the month. Six copies of this report are required «n Head-
quarters, of which four copies are sent to Tehran. The .ocal disgtribution
would normally be one copy each to District Superintendent {Basic),

Res:dent Petroteum Engineer, and Drilting Superintendent thess copies heipg
for retention or perusal at the discretion of the Fieid Adminisiration,
Generally speaking oniy the R, P, E. actuasiy needs & copy for retention,

5.1.5. Annual Repoit

R T

This report 15 prepared by all Resident Geologists, whethgy
in develoving fields or on cutside expioration wells, The Annua! Report
should be a concise factial statement of geological activities in the area
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concerned during the course of the calendar year. As mmch data as
possible should be presented in tabular and statist:cal form. The
geological highitghts of the preceding year should be briefly discussed
Changes tn staff throughout the year as well as numer:cal changes in labour
strength should be listed. Previous Annua! Reports should be consulied for
gurdance on format, ete. The Annual Report shouid be submiited to
Headquarters as soon as pesstbie after the first of the calendar year.
Mstribution and copies requirved are the same as for the monthly report,

-1.6. Graphic Logs
Graphic Logs are kept on all welts drilled. The following
ings are required:-

Surface to total depth svate 121000
Cap Rock scaie 15200
Asmari and pre-Asmar:  scase ;200

Al present logs are made up on fransparent forms provided
for this purpese. Two coloured copies of all logs are required for Head-
gquarters, one for retention here and one copy for Tebran. In practice
the transparent logs are sent 1o Headgquarters for printing and the prinis
are returned to the field for colouring. Standard colours are used, a iist
of which 1s availabie in each Resident Geologist's office. The Graphic
Logs are a means of presenting 1 concise form 2ail pertinent geological
and mechanical data on a well, and provide space for the recording of
information on penetrstion rate, bit changes, casing strings, lithologic
data Schlumberger logging. cores, drilling fluid properties, shows of
various types, etc. in active fields, a great deal of time is taken up w:ith
log plotting and it is somelimes necessary {o iet the logs wait while slides
and sumples are worked up. This 18 accepiable provided a rough copy of
a graphic log is kept up~to-date for correlative purposes. However, efforts
should be made to supply finished portions of the graphic iog to Headquarters
a8 quickiy as possible.

9. 1.7. Completion Reports
A Completion Report is written on each well atier active cpera -
tions on it are fermunated. [t 1s a ('OD('joe factuzi summary of events
oceurring during the drilling of the well and the resulls oldained from the
well, Lompletmn Reports are prepare d on a standardised format, a copy of
which is available in Resident Geologigt's offices. The Co p]efimw Reports
for exploraiion wells differ {rom those of exploitation weh..% oniy iz the
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relative length of some sections of the report, e.g. stratigraphy, and

the number of illustrations appended to the report. Existing Completion
Reports in the files should be consulted to ohiain an 1dea of format and
contents. Normal distribution for a Comeletion Report is three copies for
Headquarters and five copies for Tehran. Local distribution 1s at the
discretion of the Resident Geolegist.

5.1 8 Formation Forecast and Geological
Recommendations

This important document is prepared by the Resident Geologist
when a drilling location for & well has been finally seiected. It contains all
pertinent geological information required for the preparation of the driliing
program. This document follows a standard format (see available examples).
It is submitted in draft form to Geological Headquarters where any revisions
or modifications deemed necessary are made directly on the draft One
copy (annotated) is returned to the field and the other copy is filed in
Geological H.Q. The Resident Geologist then produces, for distribution,
the finalised copy of the formation forecast and geological recommendations.
Sections touching upon things not strictly geologicai (such as casing, mud,
testing) should be prepared after discussions with the Resident Petroleum
Engineer and Drilling Superintendent. Any amendments to the {inalized
document require the same procedure before issuing.

5.1.5. Drilling Programs

Present practice requires that drilling programs be drawn up
by the Resident Petroleum Engineer, but that such programs incorporate,
after due consideration, the formation forecast and geolegical recomrmenda-~
tions issued by the Resident Geologist. The drilling program is signed by
the Resident Geologist and the Resident Peiroleum Engineer and then suo-
mitted to H. Q. for final approval. Any departures from the geological
recommendations should be pointed out to H, Q. Geclogical as well as to
the Resident Petroleum Engineer as soon as noticed in the draft copy of
the drilling program.

5. 2. Office Routine

i Ty o AT e K M

The order of pricrity of work in the Geological Cffice should
be as follows: -

L. Examination and description of cuttings samples and
selection of slide material.
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2. Examination and description of slides,

3. Preparation of daily reports of a routine nature such as the
daily geological report.

4, Keeping graphic logs up-to-date.

o, Other projects, assignments, etc.

It is recognized and understood in Headquarters that there are
times when the Resident Geologist must single out a particular task or well
as being especially critical. When this happens the other tasks may fall

momentarily behind. However, every effort should be made to keep up-to-
date on all routine work.

5.3. Non-Routine Reports

Additionally the following reports are required to Headquarters,
Geological Department: -

5.3.1. Daily Phone Call. The Resident Geologist should
contact the Senior Exploitation Geologist, or in his absence the Head of the
Department, by telephone or radio, by 10. 00 a. m. or sooner every morning
(7 days per week). The purpose of this call is to report the stratigraphic
horizon of the well plus any other pertinent data. Sample quality, penetration
rate, and any correlations with adjacent wells fall into the category of
pertinent data.

5.3.2. Other Phone Calls. Any key-bed, whether
provisional or confirmed, should be reported to Senior Exploitation Gebdlogist
or, in his absence, to the Head of the Exploitation Geology Department as
soon as possible. Likewise, all beds of interest (e.g. hard drilling in an
anhydrite which could be suspected as Cap Rock) should be immediately
reported whether officially classed as a key-bed or not.

5.3.3. Technical Notes: The Resident Geologist is
expected to become an authority on the geology of his assigned area.
Accordingly, he will prepare, as time permits, various notes and diagrams
(sections, maps, etc.) which will add to the sum total of geological knowledge
of his assigned area. This will involve doing limited amounts of field work in
order to provide the basic data for structural sections, dip surveys etc. A
technical note may be written on any aspect of the geology of the area which,
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in the opinion of the Resident Geologist, needs exposition. As part of his
duties in an assigned area, a Resident Geologist may from time to time be
requested by the Field Administration to provide opinions on aspects of
geology unrelated to drilling wells, e.g. building stone, water supply, founda-
tions, etc. Any opinions or information of this type del.ivered by the Resident
Geologist form part of the ever-growing mass of geological data on the area.

5.4. Geological Files: A filing system exists in the Department
which is largely self-explanatory. A master list of all files in use in the
Department is available in each office together with an explanation of its basic
principles. Strict adherence to this filing system is necessary if we are to
prevent a chaotic dispersal of information. Misfiled information 1s, to all
intents and purposes, lost.

6. REPORTING RE LATTONSHIPS

6.1. Senior Explowtaticn Geologist

The Resident Geologist reporﬂ; directly to the Seunior
Exploitation Geologist and through him to the Head of the Exploitation Geology
Department. This necessitates the maintenance of close contact with H, Q,
Geological at all times.

6.2. District Superinfendent {Basic)

Within his assigned area the Resident Geologist, works within
the Administrative framework supervised by the District Superintendent (Basic)
or, in the case of Resident Geologists on Exploration Weils, of the Project
Manager. The Resident Geologist is an mtepra part of the local field personne]
and carries ouf in good faith all administrative matters concerning his section
in accordance with instructions and policy promulgared by the Dnstrict
Superintendent (Basic). Any apparent conflicis hetween the adminisirative
sphere and the technical side of the work should be reperied to Geologicai H, Q.
immediately. Under no circumstances can we accept at field level procedures
which in any way negate, diiute, or otherwise impmge upon the technical
standards and technical effectiveness required of this Department, even though
such infringements by the lncal administration may be inadvertent.

6.3 Qgerational Liaison

Additionally, within his assigned avea the Resident Geologist
maintains close working reiationships with the Drilling Superiniendent, Resident
Petrcleum Engineer, and all other personnei with whom his duties bring him
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into frequent daily contact. In general, these relationships are amicable
and are founded upon mutual respect for each section’s technical problems
and the abilities of the people involved in solving these problems. The
overall goal of these technical sections must be the same, i.e. the
efficient safe exploration and drilling for, and production of, oil. Although
pleasant and amicable working relationships with other sections are highly
desirable (this should be obvious and the reasons therefore need no
elaboration), they must never be brought about by a relaxation of the
working and technical standards of our Department, even though our
maintenance of these standards may cause discoimfiture of others.

6.4. Miscellaneous

Whenever possible, any queries or points of difference that
anse on the local scene should be settled locally insofar as this is consistent
with Departmental policy, while keeping Geological H, Q. informed at all
times of the issues and progress involved. Should an issue become intract-
able locally, Geological H. Q. stands ready to aid in its solution by vigorously
seeking a ruling, from Management if necessary, at the Headquarters level.
However, to provide the backing necessary for instances which may arise,
we require complete possession of all facts pertinent to the problem. These
can only be supplied by the Resident Geologist.

ISSE AVt

Senior Exploitation Geologist

L Lt

Head, Exploitation Geology Department

Masjid-i-Sulaiman
(5th August,
DGL/1s
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PLAYBACK PROCEIURE:

Bach channel on the raw field tape represents six drops. In the first
analyger operation the raw field tapes are photographed and a new tape
is made, ocalled the "D" tape; the photograph is referred to as & "Single".
The "D" tape and the "Single" photograph contain identical information.
Bach. trace represents, depending upon ibe drop pattern, that number of
drops that will give twenty tracesje.g. if the drop patterm is 12 drop
tangent circles, each channel on the "D" tape represents two field tape
channels or twelve drops. In this case twelve drops is eguivalent to
one circle. In the event the drop pattern is 24 drop tangent circles
egoh channel on the raw field tape represents sim drops, or one circle
is composed of four tracks and forty tracks are required for one spread
of 24 drop tangent ocircles and two "D" tapes of 20 tracks each are re-
quired for one spread.

The "C" tape is made from the "D" tape.'All corractions for elevation
and normal moveout are applied in this step. A variable density, variable
area, galvo trace section or combinations of the galvo itrace and variable
density or area sections are made from this tape. Any of the various
composites can be applied. The usual composite in Lidbya is 2/1. This
figure indicates that each trace on the final section represents iwo

"C" tape channels, one of which is mixed with the adjacent trace. The

2/1 composite is roughly the equivalent of a 50% geophone overlap

used in conventional seismic work. Each section represents eight spreads.

The normal moveout is removed by a cam out to a prescribed velocity usually
obtained from a continuous velocity log recorded in a deep well.
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Enclosure No. 1:

Enclosure No. 1 is a print of four photographic records illustrating some laboratory
signal and noise tests which require a little explanation. These tests offer ex-
cellent proof of the noise cancelling ability of the Geograph integration procedures.

On Record "A", the first trace, labeled "Signal', was made by recording the unfiltered
output of a single geophone held in the hund and tapped at intervals. The second
trace and the first 24 traces of Record "B" are the output of a geophone on the hood
of a truck with the motor running in an attempt to create random noise. These first
24 traces of Record ''B" were recorded on 24 separate rotations of the drum to stimu-
late random noise that would be recorded on 24 separate drops. The noise records have
a broad spectrum of frequencies which certainly appear (within reasonable limits) to
include the spectrum of frequencies generally encountered in random noilse on seismic
records,

The third trace (signal plus noise) of Record "A" 1is a simple compositing of the first
two traces. All traces of Records "A", "B", and "C" are unfiltered. This third trace
illustrates how the signal is buried in or obscured by the noise when the signal-to-
noise ratio is about one to one.

The bottom trace of Record ""B" is an example of what random noise will do to cancel 1t-
self by phase discrimination, by paralleling the 24 noise traces into one trace, In
photographing this bottom trace of Record '"B"”, the gain and level of the amplifier were
left the same as in the 24 traces above; therefore, the reduction in noise level on
this last trace is an actual reduction, accomplished by phase discrimination of the
random noise.

On Record ''C'", the signal trace of Record "A" was added to each of the first 24 traces
of Record "B". 1If these 24 traces are studied individually, it will be seen that in
general, the signal-to-noise ratio is of the order of one to one. These 24 traces
were then paralleled into the one resulting trace at the bottom of Record "c". Notice
the obvious large increase in signal-to-noise ratio, accomplished without the use of
filtering.

Record "D" 1llustrates the 24 traces of Record “C" when filtered through an SIE GA-11
amplifier 1-20-64. The bottom trace of Record ''C" is a composite of the above filtered
24 traces of Record ''D" photographed at the same recording level as the individual
traces. The bottom trace illustrates the cancelling effect phase discrimination has

on filtered records.

Enclosure No. 2:

Enclosure No. 2 illustrates with actual field recordings what can be accomplished by
use of various degrees of compositing and filtering in an area of extraneous and hori-
zontal disturbances. The flexibility of the analyzer allows the use of only that

amount of integration necessary to raise the signal-to-noise ratio to the desired level.

The top four records, Nos. 1 thru 4, inclusive, are single drops made by dropping in
a straight line from 1,000 feet away from the patch, through the patch to 1,000 feet
on the other side. The drops are 21 feet apart and are "in-line"; that is, the drops
were made in a straight line along the 1line of profile rather than in a more compli-
cated zig—-zag or circular pattern. The fact that the drops are reproduced here
unfiltered accounts for the extreme amount of wind noises, 120 cycle pickup, air wave,
and other stray noises displayed on the individual traces.

The first composited record (No. 5) is the result of integrating four adjacent drops
into one trace, filtering the data and correcting it for weathering, elevation, and
drop time. In this example, normal moveout was not removed. In other words, this re-
cord is made by compositing the first four singles to form the first trace, the second
four singles to form the second trace, and so on until all the singles of the top four
records are combined to form the first composited record. There is no mix or carry-
over of any kind on this record. Note how much of theundesired noises shown on the
single drop traces have been eliminated with composite of only four drops per trace.




An analogy which 18 often used to aid in comparing weight dropping procedures to con-
ventional seismic reflection methods is to consider weight dropping as the reverse of
conventional recording. Therefore, in the example outlined above, it may be considered
that the weight was dropped at each spot where a single geophone would be placed in
conventional shooting and that the combining of four drops into one trace is analogous
to conventional recording with four geophones per trace. At the point where the shot
point (or pattern of shot holes) would be placed in conventional shooting, a ''patch"
of geophones is placed. The number of geophones per patch may vary from 24 to 288 (or
more), depending upon the difficulty of obtaining useable reflections. The di stance
between "patches’ varies from approximately 1,000 feet to 4,000 feet or even longer in
some 1nstances.in which it is desirable to accomplish velocity profiling.

The next record (No. 6) shows a composite of eight single drops per trace with four
drops carryover from one trace to the next. This means the record has some ground
mix in that each adjacent trace has four drops that are common to both traces.

The next record (No. 7) shows a higher degree of compositing in that each ttace is the
composite of 12 single drops and adjacent traces have eight drops that are common to
both,

The last record (No. 8) shows a high degree of compositing in that each trace 18 the
composite of 20 single drops and adjacent traces have 16 drops that are common to both,

You will note that the higher the compositing used, the higher the signal-to-noise
ratio. Of course, there is a l1limit to the degree of compositing that one can use and
the last record of 20 over 16 is as high as we recommend. Even with this high degree
of mix, the "'step-out” of events for this last record is the same as those of lesser
composites.

Enclosure No. 3:

Enclosure No. 3 shows the comparison of weight dropping energy to dynamite in a picked
area of the Delaware Basin where the horizontal reverberations are a minimum. The
three records were made by conventional 24-trace magnetic recording equipment. There
were 10 geophones per trace, and the level 'and sensitivity of the recording equipment
was the same for all three records. The bottom record is the recording from a pattern
shot in which 10 holes were drilled 39 feet deep, spaced 60 feet apart and loaded with
10 pounds of power in each hole giving 100 pounds for the pattern. The middle record
is the recording from a single hole, 200 feet deep, and loaded with 50 pounds of pow-
der. The top record is the recording from a single drop of the weight beside the deep
200-foot hole.

It is indeed amazing that the single drop of the weight gives as good or better record
than the dynamite when one considers that the dropping of a 6,000 pound weight nine
feet 1is equivalent in total power to only one-half ounce of 60 percent gelatine dyna-
mite, This is proof that the weight drop 1s many times as efficiént as dynamite in
setting up an elastic wave, Of course, in areas where the horizontal reverberations
are high, it is necessary to drop the weight many times in different places in order
to minimize this horizontal energy by cancellation.

Enclosure No. 4:

Enclosure No. 4 is a sample of Geograph records taken in North Africa over sand dunes
that were approximately 100 feet high., These records were made from saw-tooth pattern
dropping with 12 drops per segment and composites four over three; that 1is, four seg-
ments of 12 drops each were composited to form the first trace and three segments of
12 drops each were composited with an additional segment of 12 drops to form the next
trace, and so on. The patches were 400 meters apart, and 288 geophones were used in
each patch.

Enclosure No. 5:

Enclosure No. 5 illustrates a general comparison of Geograph and conventional seismic
records recorded in Libya. The comparison is not a direct one in that the two lines




are 1.3 kilometers apart and the conventional records have been heavily marked before
the photograph was made. The two lines are parallel with the top of each section
being the north end of the line. The spread length is 400 meters in both instances.

The Geograph records were obtained from dropping a saw-tooth pattern with 12 drops
per segment. The Geograph patches contained 288 geophones each and were 400 meters
apart. These records were filtered 1-20-1-42 through an SIE GA-11 amplifier,

. i

The conventional records were obtained from pattern shooting. The shot hole pattern
consisted of 18 holes in a bexagonal pattern, the holes being 20 feet deep with 10
pounds of 60 percent explosive in each hole. The geophones were laid out in a split
spread of 24 traces with 24 geophones per trace. The conventional records were fil-
tered 1-24-1-60 through an SIE GA-22A amplifier,

Enclosure No. 6:

Enclosure No, 6 18 a sample of Geograph records taken in Val Verde Basin of West Texas.
These are made from circle pattern dropping. The circles were 400 feet in diameter and
were overlapping 50 percent; each circle was composed of 72 drops. The patches con-
tained 288 geophones each and were spaced 2,000 feet apart. The composite is 1/0,
which means that each trace is the composite of the 72 drops for that circle. There
are no drops from one trace used in another trace. Note the steep dip portrayed by

the Devonian reflections.

¢

Enclosure No, 7: s

Enclosure No. 7 is another example of Geograph record from the Val Verde Basin of West
Texas. This is also 1/0 with the same technique as Enclosure No. 6; however, this
record shows faulting in the Devonian section with very good character.

Enclosure No. 8:

Enclosure No, 8 is the same as Enclosure No. 7, except that the composite 1s 4/3 which
means that the first trace is the composite of four circles after "step-out’ corrections
have been made between circles and then three of these circles are carried over to the
second trace. This is a high degree of ground mix, but the same faults are shown as
in Enclosure No. 7, and the signal-to-noise has been greatly increased. Also, one can
see that this additional compositing has brought out another reflecting event between
1.2 and 1.5 seconds that was very difficult to see in Enclosure No. 7, which was a 1/0
composite.

Enclosure No. 9:

Enclosure No. 9 is a sample of Geograph records taken in Libya, North Africa. This is
zig-zag dropping, with six drops to the segment. The patches had 288 geophones in
each and were spaced 500 meters apart. The composite is 2/1 or two segments of six
drops each were composited to make the first trace and one segment of six drops was
carried over to the second trace. This is some ground mix, but not very high, and

the record shows numerous reflecting horizons. With this method, the Geograph crews
in Libya have averaged over five kilometers per day for more than six months working
seven days a week. The cost per kilometer of Geograph operations in Libya for this
work 1s approximately one-half to one-fourth that of conventional equipment in the
same area. ’
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“VIBROSEIS™
STANDARD SYSTEM

Geophones are placed at the ends of the spread
j with the vibrators forming a pattern in the 4
v middle. *

* A trademark of Continental Oil Company
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BLOCK DIAGRAM OF ‘'VIBROSEIS''* SYSTEM

The master synchronizing signal which is composed of the desired frequency spectrum
to be introduced into the earth is transmitted by radio from the Field Recording Unit
to the slave Synchronous Vibrator Units. Here the radio signal is used to control the
vibrator so as to insure that the input signal being introduced into the earth is an
exact duplication of the master synchronizing signal as well as insuring precise in-
phase matching of the vibrators operating simultaneously.

The signal is detected at two geophone arrays, one of which by the nature of the field
layout is remote from the recording unit. In the case of Transposed In-Line Pro-
filing where all the geophone outputs in a group are coupled together into one signal,
the signal from the Remote Geophone Nest is radioed to the recording unit as shown
in the above diagram. When, in the case of Standard In-Line Profiling, the remote
spread has a separate recorded signal for each of the 10 geophone stations, a cable
system is used to transmit the signal to the recording unit.

.

The detected signals are recorded on magnetic tape and also may be recorded on an
oscillograph.

The field data stored on the magnetic tape is correlated with the original input signal
:ntroduced into the earth. The output of the correlation process is equivalent to an
ordinary seismic record and is recorded on magnetic tape for use in additional " play
back' equipment or from which a recording on photographic paper for hand compu-
tation in the field office may be made.

One man in the field headquarters can perform the actual correlation process on the
records obtained in a field work day in less than eight hours. The introduction of the
correlation step, plus the flexibility of the source and detector layouts, greatly im-
prove reflection character, definition and identification.

X
"VIBROSEIS"*

EXPLORATION SYSTEM

Offering to the geophystcist

L CONTROL OF THE INPUT SIGNAL

MULTIPLE SOURCES OF ENERGY OPERATING

d SIMULTANEOUSLY AND IN SYNCHRONISM

® CROSS CORRELATION OF RECEIVED SIGNAL
WITH INPUT SIGNAL

® ELIMINATION OF COSTLY DYNAMITE AND
DRILLING EXPENSE )

o IMPROVED RECORD QUALITY IN DIFFICULT AREAS

CLOSE-UP OF A HYDRAULIC VIBRATOR UNIT

* Trodemark of Continental Qil Company

Seismograph Service Corporation
P. 0. BOX 1590, TULSA, OKLAHOMA



—_—) Proven results of the ' VIBROSEIS' ®*technique have ’
T Vibrotor Stations ST already convinced many geophysicists of the tremen-
\ dous advantage of this new exploration tool in the
—— 3 Vibrotor Trucks "o ee: " 11 .
Recording rrwk , difficult" areas where the drilling of shotholes is £
=T .A%-& c‘ibh ~ prohibitive in cost and time; and where it is impos- 3t
rrrrtﬁ%é‘@w LIiILITTh sible or uneconomical to obtain permits for the drill- 2t
Geophone Spreod '\ Ii’Geophone Spread ) . ing of shotholes and for the use of explosives. i
"ﬂlii:x'w \ /
RECORD CROSS SECTION OF A RECORDING OF THE DEVONIAN )U =
AT A TIME OF 2.6 SECONDS IN THE DEEP DELAWARE BASIN s
Penetration through many layers of sedimentation =5 =
with high signal to noise ratio maintained giving S N
excellent definition and character presentation. o ' =3
Reflecting Formation ﬁi . =il t r—
STANDARD IN-LINE PROFILING , : 2 227 g =

RECORDING DISTANCE 1350 TO 1700° APPROX. 4 e
PLAYBACK FILTER- 15-11 (24 -48 CPS) S =2
25% - 0% -25% UP-DOWN MIX >

The vibrotors occupy o pottern between
two inline offset geophone spreads,
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Whether standard or transposed inline profiling is ' £S
used, all units move in the same direction along the ; - ; -2
profile providing maximum signal recovery with ’

maximum coverage in minimum time.
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VARIABLE DENSITY CROSS SECTION
OF A FAULT IN CENTRAL OKLAHOMA

The flexibility of the source and detector layouts

TRANSPOSED IN-LINE PROFILING

The vibrators occupy an inline spread between two offset

gecphone nests. (Positions of vibrotors :nd geophones plus the correlation process greatly improve reflec-
I.':::h:;:::)hm the standard inline profiling method tion character definition and identification. )
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