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CHAPTER I 

INTRODUCTION AND SCOPE 

In recent years, there has been an increasing awareness 

throughout the world concerning the limited number of hydrocarbon 

reserves available. The task of the explorationist is becoming 

increasingly difficult, as the "easy" oil has been found. Yet the 

demand for oil and gas energy is increasing, and new pools and oil 

fields must be uncovered. 

Through extensive research efforts, geological and geophysical 

methods have been found to be the most satisfactory for locating oil, 

but these are indirect methods. They indicate only the structural 

and stratigraphic locations where oil might be found. They give no 

evidence whatsoever as to whether there might be a significant 

accumulation at a depth of one, two, three, or even four miles below 

the surface of the earth. The only method that is available for 

answering this critical question is the exploratory well. 

In view of the high costs and complicated methods used in oil 

exploration and production, it is essential that a computer-based, 

integrated information system be developed so that the decisions for 

locating the oil, drilling the well, and developing the reservoir can 

be properly and promptly made. 
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Scope of Thesis 

In this dissertation, the author will generally review and 

discuss the existing exploration and production data processing systems 

and also develop a monitor system which is intended to organize and 

combine all related computer programs in such a way that the data process­

ing procedures can be accessed and monitored through the monitor system. 

The outlines and the sequence of discussion are described as 

follows: 

System Hardware Configuration 

Hardware covers the basic considerations in the selection of 

a computer-based information system, the differences between a 

connnercial computer and a scientific computer system, and the special 

peripheral equipment required by the exploration and production data 

processing system. 

Today, the industry witnesses two simultaneous trends; one is 

to use massive systems for massive operations, and the other is use 

the mini computer specially conf igurated to handle special purpose 

operations. 

Exploration Data Processing System 

Exploration data, in ge~eral, will be used to locate the oil and 

gas reservoir. It can be subdivided as follows: 

Geophysical Information System. That system provides a quantitative 

analysis about the subsurface structure by means of gravity, magnetic 

and seismic survey. 



Geological Information System. That system provides detailed 

qualitative information about subsurface structure such as formation, 

lithology, fault and isopach. 

3 

Automatic Mapping System. That system displays the location of the 

reservoir by either two-dimensional contour mapping or three­

dimensional perspective plot. The object of exploration efforts is 

to find out the goelogical structure under the earth's surface. A 

very efficient way to display the structural information is by the 

contour mapping which will tell exploration engineers and scientists 

where the reservoir is and how much the reservoir contains. Basically, 

contour mapping is a set of mathematical techniques to perform analysis 

and display of three-dimensional surfaces. The techniques are designed 

for the class of problems for which the surface is defined by a 

sampling of points on the surface. 

Production Data Processing System 

Petroleum production deals primarily with drilling the producing 

wells and developing oil and gas reservoirs. 

Optimal Drilling System. This is a real time computer controlled 

system which is so designed that the cost of drilling will be reduced 

by maximizing the efficiency of operation. 

Petroleum Production Evaluation System. This evaluation system 

represents a series of computer programs designed to analyze the flow 

of oil, gas and water in a reservoir. 



The computer program calculates individual well pressures and 

individual well production characteristics and compares these 

calculations with the observed field data gathered over the life of 

4 

the reservoir. When an adequate comparison is obtained, the reservoir 

model is now capable of predicting future performance. Many alternatives 

can be evaluated such as increased production rates, infill drilling, 

and secondary recovery techniques when predicting future performance. 

Reservoir Simulation System. This system is designed to 

simulate mathematically the complex interaction of natural forces 

and physical properties under actual field conditions. 

Computerized Investment Planning System. This system provides 

a means for reservoir engineers and management to combine data and 

assumptions within an analytical planning system which quickly and 

effectively integrates these data in developing an optimal solution 

and operating guide lines. 

Automatic Reservoir Calculation System. The reservoir parameters 

such as pay zone (oil production zone) thickness, porosity, permeability, 

and hydrocarbon saturation calculated from the well logging system 

will be automatically fed into this system. The output is the total 

hydrocarbon volume in the reservoir and the total volume of oil 

which can be produced (movable oil). 



Monitoring System 

Since the information system for petroleum exploration and 

production involves tremendous amounts of computer hardware, software, 

and highly complicated technology, it might take the industry several 

years' effort to develop and accomplish an integrated information 

system. 

One way to solve the problem, at least to a certain extent, is 

to develop an information monitoring system which has the capability 

to retrieve all kinds of data-based files and also has the capability 

to access each of the exploration and production subsystems. After 

the data have been processed, the results will be reported or 

displayed through a computer output unit. 

An efficient way to monitor the whole system is to use an 

interactive computer language through a cathode ray tube graphic 

terminal which permits the users to select the functional programs 

and edit on-line the operational procedures. Through this computer 

graphic terminal, an exploration scientist or a production engineer 

can continuously test his data with various models until the optimal 

solution or answer is found. Then, he can push a button on the 

terminal and a photostatic copy is made from a hard copy device. 

In this dissertation, the author intends not only to review 

the existing automatic data processing system, primarily the 

computer software and application theory for petroleum exploration 

and production, but also to envision the trends and demand for 

automation in the future. 
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The monitor system developed by the author is primarily 

intended to present an idea, a "TOTAL SYSTEMS" approach concept 

(Eldin, 1968), to illustrate how an information system can be 

organized and integrated in such a way that the overall efficiency 

of the system can be improved. However, in the real world 

implementation, the scope of application in the design of an 

integrated information system has to be modified or rectified, 

depending very much on the computer hardware capability, software 

availability and complexity of the application involved. 

In a more practical sense, particularly, in view of the 

complexity of petroleum exploration and production involved, 

there are difficulties in the development of a unique data-based 

file system and retrieval procedure to cover all the exploration 

and production data files. Thus, it is more practical and 

feasible to integrate an information system regarding petroleum 

exploration and production to a lower subsystem level. In other 

words, to develop systems for geological, seismic, gravity and 

magnetic and production application respectively. Nevertheless, 

the trend to develop an integrated information system in the 

petroleum industry is unique and obvious. 

Furthermore, the author realizes that an effective integrated 

information system should be designed by the user of the system. 

However, creative system analysts have a considerable contribution 

to achieve this goal. The efforts presented in this research are 



directed toward the data processing aspect of the information system 

and does not in any way claim to be presenting solutions to problems 

that the petroleum industry has spent millions of dollars to explore 

during the last decade. 
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CHAPTER II 

SYSTEM HARDWARE CONFIGURATION 

The petroleum industry is one of the most advanced industries in 

implementing the automatic data processing system. The selection of a 

data processing systemJ however, can still be a harrowing experience 

for all concerned. Even today, after the first decade of digital pro­

cessing of their data, the exploration scientists and production engi­

neers are still not thoroughly familiar with digital computing systems. 

On the other hand, specialists in digital computing and related equip­

ment of ten do not have the depth of knowledge and experience which 

would allow them to design the ideal system for oil exploration and 

production. 

It is evident that the combination of the computer technology and 

exploration and production experience will bridge the gap. As a result, 

an ideal information system can be derived. Lindseth (1971) has made 

an extensive study on the Digital Equipment for Exploration Data Pro­

cessing. Some of the ideas are presented below. 

8 



The Selection of a Computer-based 

Information System 

In spite of recent advances in design technology, there are 

still two basic types of computers. One type is designed for 

commercial and business type processing; the other type is designed 

for scientific and engineering calculations. The two applications 

9 

are not compatible and it can be stated that with few exceptions a 

scientific processing system will not be efficient on commercial 

applications. As machines increase in size the difference diminishes. 

Recent improvements in design technology tend to diminish the differences 

as they apply to the central processor. 

Commercial machines are basically designed to handle a large 

number of relatively small transactions. 

Some geological applications fit this system very well. Geologic 

data files in which well tops are retrieved from a digital tape file, 

subsea, or perhaps isopach, calculations made, and the output listed, 

is in many ways similar to a commercial application and a commercial 

machine may be well suited for this work. 

A scientific machine concentrates on numerical calculations. 

Numerous complex numerical calculations are of ten repeated millions 

of times and require very high-speed processors, with the ability to 

handle large numbers, and often with specially designed mathematical 

units to perform certain mathematical functions. Perhaps the most 

typical application of this type in the exploration ~dustry is 



seismic data processing. Enormous blocks of numerical data are 

input to the machine and subject to extremely lengthy and complex 

calculations at very high speed in order to perform digital filtering 

and related mathematical processes. 

Until recently, small machines which would perform these 

operations for seismic data did not exist; only medium to large 

size systems were capable of handling the huge volumes of data and 

the extremely lengthy calculations at reasonable cost. The total 

capacity of any of these machines was nearly always very large, and 

the basic operating costs high. Therefore, they could not normally 

be justified economically unless a large volume of input data on a 

continuing basis was available to them. 

For some time, the tendency of many centers has been toward 
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ever larger computer systems in which all possible work is con­

solidated for operations on a single large system. However, many 

people have found to their sorrow that increasing the size of a single 

system to handle combined loads of different processing requirements 

resulted in a drop in productivity and an increase in expense. Many 

of the new so-called mini-computers actually have the speed and power 

of the medium to large size systems of five to ten years ago. 

Today, the industry witnesses two simultaneous trends: one 

to massive systems for massive operations, and the other to a 

proliferation of small systems specially configured to handle special 

operations. In many cases, other desirable conditions are also 



considered, such as the effort to better apply the computer to one 

use to which it is well adapted, as an extension to the human mind, 

performing very high-speed routine tasks of sorting, classifying and 

calculating, to provide the analyst and interpreter with data in a 

form readily usable for decision making. 

Special Hardware Configuration 

Any system used for processing exploration and production data 

of any kind will require a number of additional special purpose 

devices which will not commonly be found on standard equipment 

configurations. Some of these are very expensive, but in some cases 

are necessary to perform the processing operation successfully. Some 

of the special-purpose output devices may be operated as a separate 

off-line operation, rather than connected directly to the computer; 

generally, output on high-speed magnetic tape which in turn is read 

by a separate lower speed tape drive attached to the off-line output 

device. 
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A current design trend is to connect off-line devices to a very 

low cost mini-computer. The unit will often have fairly extensive 

progrannning capabilities so that the special purpose device is 

essentially a small auxiliary computer system. The flexibility of a 

programmable computer offers many advantages over the more traditional 

hard-wired control units for special purpose gear and is today for 

many applications actually cheaper. This was not the case a 

relatively short time ago. One of the greatest arguments against 



multi-use computer systems is that one or more expensive pieces of 

peripheral gear may be idel except for the time when a specific type 
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of data is being processed. A complete, smaller, special configuration 

may be no more expensive in total than the special peripheral gear 

attached to the large system, and provide much more convenience and 

greater capabilities for the user. 

The special configurations consist of one or more of the following 

special peripheral devices. 

Fast Computation Units 

The most elementary of these devices is a simple hardware 

multiply instruction. All computers have the ability to add numbers, 

but many, particularly the small and the commercial models, perform 

the multiplication operation by a software program. A standard 

hardware option for practically all of these is a hardware device 

to allow direct multiplication to be performed. Any scienfific 

system would include one of these as a necessary item. 

The hardware multiply and, to a lesser degree, the hardware 

floating point are frequently standard options for many computer 

systems. A slightly more complex instruction which is strictly 

special-purpose is the multiply/add instruction developed by some 

manufacturers. This allows a multiplication to be performed and 

the result sununed to a previously stored value as a single operation, 

simplifying programming and increasing the speed for this commonly 

used operation. 



Thus far, the special additions are all modification to the 

basic central processing unit and provide limited increases in 

performance. They may be insufficient for many geophysical data 

processing applications, particularly so-called filtering operations, 

such as time domain convolution and cross-correlation procedures, so 
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a number of special purpose arithmetic boxes have been designed to 

perform special operation in conjunction with or parallel to the 

central processor. The first of these devices introduced was the 

convolution unit designed for most of the computers used for seismic 

data processing. This high speed unit attached to the system performs 

the convolution operation in an arithmetic unit separate from the 

central processing unit. 

It soon became apparent that a special arithmetic unit to 

perform the Fast Fourier Transform algorithm would provide an even 

greater increase in throughput, so a number of these were designed 

and are available for many makes of computers. The apparatus is 

similar to the convolution box but performs the Fast Fourier Transform 

instead of the convolution function. 

The next step was to combine these two functions into a single 

box and, in some cases, add certain other capabilities which make 

the unit especially well adapted to signal processing. The result 

of the combination is a device which is usually termed an array 

processor or array transform processor. These range in size from 

the small minicomputer attachment worth some $20,000 to huge systems 



costing several hundreds of thousands of dollars. Essentially, they 

all perform similar operations, the only difference being in capacity 

and speed. 

Graphic Display Units 

The extremely large volumes of data which are handled by all 

exploration personnel require some quick and readily comprehensible 

form of data output. Maps, charts, graphs and so forth have long 

been used as means of effective and rapid data presentation, and 
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many devices have been developed which are capable of producing computer 

output directly in this form. 

The seismic plotter has always been a substantial part of the 

seismic data processing system. In relation to the new powerful 

mini-computer system, no completely acceptable alternative to the 

high quality film output section at a reasonable price has ~een 

introduced to this date. However, a very acceptable substitute is 

provided by the high-speed electrostatic printer device. 

The electrostatic printer develops the output image in much 

the same form as the faster developed on a television screen. A 

sequence of closely spaced lines is developed, each made up of a 

series of dots in a form which then plotted will form an image. 

The operation is extremely fast, equivalent to approximately 5,000 

printer lines per minute, or a few seconds per seismic record. 
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Plotters are extremely versatile under control of proper 

computer software. They may produce practically any graphic output, 

maps, charts, sections, and other displays that are used by geologists. 

Unfortunately, even the fastest is a relatively slow device compared 

to most computer operations. Hence, standard procedure is very often 

to operate the graphic plotters as off-line units. The desired 

information to be plotted is recorded on a digital magnetic tape. 

A slow speed tape reading unit is attached to the plotter through 

a control unit, reads the tape and feeds it to the plotter at an 

acceptable rate. As mentioned earlier, newer plotting systems now 

almost invariably use a mini-computer and the control unit. The 

low cost of the mini-computer and increased sophistication in 

software permits, in many cases, the full geologic processing 

operation to be done on the mini-computer, again permitting direct 

control over the system by the exploration scientists and reservoir 

engineers. 

Interactive Graphics Terminal 

The use of interactive computer graphics enables the engineers 

and scientists to communicate with the computer directly. They can 

access and retrieve the huge data immediately. After examining the 

display on the screen, they can edit and modify the data immediately, 

then may apply a variety of numerical models and display the results 

in the form of contour map or report chart. If the result is satis­

factory, by pushing a button, a photostatic copy is made from a 

hardcopy device. 



One of the interactive display terminals has been developed 

and manufactured by Tektronix, Inc. The hardware of this display 

terminal consists of five components: (1) CRT (Cathode Ray Tube) 

Display Unit, (2) Programmed Function Key Board, (3) Joystick, (4) 

Alphanumeric Keyboard, and (5) Graphic Tablet. 

The terminal is a direct-view, storage-type cathode ray tube 

display terminal. It is capable of printing characters, symbols, 

lines, and vectors. It also has an alphanumeric keyboard for 

transmitting to the computer. The terminal can generate graphics 

data on the display unit and send graphics data to the computer by 

use of a "Joystick" and the "Graphic Tablet". The Program Function 

Keyboard is used to interact with the computer operating system and 

with the user's graphical interactive application program. 

CRT Display Unit. The display unit, as shown in the upper half 

of Figure 1, contains a direct-view storage CRT. The surface of the 

display unit acts as the CRT terminal's memory, and serves the double 

purpose of image storage and viewing screen. Once data is written 

on the surface of the display unit, it remains visible for more 

than 15 minutes without noticeable degradation. To clear the viewing 

surface for fresh data, the screen of the display unit erases in one­

half second. The display can also present a "non-storing" cursor, 

which can be moved about on the screen. The cursor is useful for 

locating beam position and for graphic input. 

16 



The Tektronix display screen is approximately 8-1/4 inches wide 

by 6-1/8 inches high. It contains 1023 by 760 addressable points, 

normally referred to as raster units. The origin or (O.O) point on 

the display surface is at the lower left corner of the screen. 

Joystick. This device allows the user to conveniently converse 

with the computer system and his program in a graphic dialogue. 

Pictures can be drawn on the screen by the user and the data trans­

mitted to the computer as it is being drawn. Also, screen locations 

can be identified to the program. 

Alphanumeric Keyboard. The Tektronix keyboard as shown in the 

lower half of Figure 1 contains 72 keys. As each key is struck, 

data representing the associated character is transmitted to the 

computer. The characters transmitted are also displayed on the CRT 

screen under normal circumstances. 

Graphic Tablet. The graphic tablet is a graphic input device. 

It is used to input locational data from the 11-1/4" x 11-1/4" 

tablet surface. The tablet surface represents 1024 x 1024 raster 

units with (O.O) being at the lower left hand corner. The locational 

data is defined by the use of an electronic stylus pen, and the 

input must be initiated and terminated by using the PFK keys, with 

subsequent entries made by pressing the stylus pen point to the 

tablet surface. 

17 
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CRT DISPLAY UNIT 



Virtual Storage Computer 

In the petroleum industry, there are a great number of 

appliation-oriented programs designed to solve one of the exploration 

and production problems. Each of those programs may occupy several 

hundred thousand storage units (bytes). An integrated information 

system such as this paper intends to develop will combine all the 

exploration and production programs into a unique system. This 

system will occupy, once being brought into the computer, such a 

great amount of memory storage that no existing system can provide 

enough storage space unless extensive programming efforts are 

made to overlay each of these subsystems. Another way to solve 

the problem is to use the virtual storage computer system such as 

the 370/VS developed by IBM (1972). 

Virtual storage -- an image created by system control pro­

gramming -- is the functional equivalent of a computer's main 

(real) storage. Virtual storage techniques can create an apparent 

address space far in excess of the real storage capacity of the 

computer. 

The contents of virtual storage are physically located in 

real storage and in auxiliary disk storage. Real storage is used 

in conjunction with the auxiliary storage in such a way that the 

virtual storage address space, rather than the limited space of 

real storage, is available for program instructions and data. Hence, 

in many cases, the programmer is relieved of many of the constraintg 
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imposed on him by the size of real storage, and his productivity may 

be enhanced. 

With virtual storage, users may experience much greater flexi­

bility in the designing and programming of applications. Less time 

can be spent maintaining current programs, and jobs can be scheduled 

and run with greater freedom. In general, the more ambitious the 

application, the more the user should benefit from virtual storage, 

especially in terms of integrated data bases, communications systems 

for tying together a company's operations, terminal services for pro­

grammers, and on-line data entry. 

A basic requirement for implementing virtual storage is a mecha­

nism for dynamic address translation -- that is for converting an 

address in virtual storage to an address in real storage. Dynamic 

address translation (DAT) involves a table look-up process for find­

ing the appropriate real address when a page in real storage is 

referenced, and for signalling when a page must be brought into real 

storage. 

Figure 2 illustrates the concept of virtual storage in compari­

son with the conventional computer. 

With virtual storage, new applications can be easier and less 

costly to install, and they are available to a wider range of data 

processing installations. Analysts and programmers can concentrate 

on the problems of the application itself, rather than on those 

created by limited main storage. 

20 
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Considerations in System Design 

For practically any seismic application, the central processing 

unit should have a cycle speed of approximately one microsecond. The 

upper limitation for practical processing is probably somewhere around 

4 to 8 microseconds, with the range from 1 to 2 being the most common. 

Addition and multiplication speeds also have a substantial bearing on 

seismic throughput. Hopefully the add time will not be much greater 

than 2 basic cycle times and a multiply time not more than 8 to 10 

times. In most of these applications, hardware multiply will be 

required to obtain adequate speeds. 

A minimum of 2 magnetic tape drives will be required for any 

geological or geophysical system, and an additional one is preferable. 

The possible exception is a minimum geological system in which the 

output is directly placed on a plotter or printer. This is rather 

an unusual case. 

Most recently, with the advent of very high performance, low 

cost mini systems, much of the exotic and mystical nature is being 

removed from computer installations and they are becoming more of a 

working tool. 

The trend toward ever larger systems continues, as it should 

be, for uniform loads which expand through natural growth. 



CHAPTER III 

GEOLOGICAL INFORMATION SYSTEM 

For any given project, the geologist is faced with the tasks 

of gathering, sorting, classifying, filing, retrieving, reducing, 

displaying, and interpreting data. As more and more information 

becomes available, more time is required for gathering, sorting and 

filing, etc., and often too little time is devoted to interpretation. 

At this point, the geologist is not being used effectively, and the 

feasibility of a data information system coupled with an efficient 

and flexible retrieval program becomes quite apparent. Thus, the 

concept of a data information system is one of the most obvious 

applications of the computer in geology. 

With many of the more arduous tasks of data filing, sorting, 

and retrieving now done by the computer, the geologist is given more 

time for data reduction, display and interpretation. It will be seen 

that data reduction and display can also be done with considerable 

effect by a computer. Once data has been retrieved from the information 

system, maps can be contoured, cross sections plotted, and other types 

of geologic modeling can be done. The displaying of retrieved data 

is another major application of the computer in geology. 
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The GEOLOGICAL INFORMATION SYSTEM consists of a series of 

computer programs and files such as general well data files, well 

2.4 

data retrieval program, cross section program, grid generation program, 

trend surface analysis program, contour mapping and perspective display 

program. (CDP,1971) 

Harbaugh and Merriam (1968) in "Computer Applications in 

Stratigraphic Analysis" discussed the theory and methodology of a 

geological information system fairly extensively. One of the most 

comprehensive geological information systems which offers service to 

the petroleum industry was developed by Computer Data Processors in 

Calgary, Canada. The author together with Hessing, Pierce and Powers 

(1972) presented algorithms and procedures used for automatic contour 

mapping and surface interpolation which honor every input data point. 

This chapter is based primarily on these publications and other 

articles. Figure 3 illustrates how these various programs are linked, 

one to the other, to form the system. 
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Well Data Information System 

Practically all information relating to any given well drilled 

for petroleum, whether a dry hole or a producer, has potential value. 

Some of the information will be of interest to the geologist, some to 

the geophysicist, and some to the petroleum engineer. Many of the 

potential uses will overlap, with the same data being used for 

different purposes. Such pooling of well information into a single 

file is commonly referred to as an Information System or Data Bank. 

Most explorationists will refer to it as a General Well Data File. 
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Petroleum Information, in cooperation with the petroleum industry, 

has developed data files containing information on approximately 

600,000 wells drilled in the United States. These files provide the 

most valuable information for future oil exploration. 

The generation and maintenance of the file system and the 

contents of the file are discussed as follows (CDP, 1971). 

A retrieval program has been written to selectively retrieve 

items of information from the File, according to each User's re­

quirements and these, in conjunction with the other programs (Contour, 

etc.) can save the geologist a lot of time on a routine basis. 

Data Collection 

In designing the initial data gathering procedure, every effort 

is made to use directly all existing items of information. If some 

of the data is in digital form, a suite of conversion programs will 



be used to read the existing data from the old file and reformat it 

to be compatible with the new file. 

However, the largest portion of data that will normally enter 

into the file will consist of old hard copy reports. The system is 

therefore designed to effectively gather, transcribe and keypunch 

this data to be merged into the master file. The data flow must 

continue for the gathering of information for all new wells (See 

Figure 4). 

Edit Update Program - Geofile 
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In order to maintain a CURRENT FILE of data which is essentially 

error free, the program GEOFILE performs an edit on each feasible item 

of information before entering data on the file. Only those items of 

information which successfully pass the various edit and logic checks 

are entered onto the CURRENT FILE. 

1. To be accepted by the various edit routines, and subsequently 

be entered on the File, every well must contain: valid unique 

identifier, valid initialization date, valid reference 

elevation, and valid total depth. 

2. All subsequent dates to be entered on the FILE must 

chronologically fall between the initialization date 

of the well and the date of the UPDATE run. 

3. All subsequent depths to be entered on the FILE must fall 

between 0 and the entered total depth of the well. 



4. Certain items of information such as depths, dates, 

elevations, pressures, coordinates, etc., must fall 

within certain prespecified limits. 

5. All fields of information are edited for illegal 

characters. 

6. Certain groups of information together must pass 

specific logic checks. 
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File Contents 

The GENERAL WELL DATA FILE consists of several items of 

information most often required by the exploration geologist. 

Those items of information for each well on the FILE are shown 

in Figure 5. 
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The Retrieval Process 

Of all the tasks required of a geologist, data retrieval must 

be the most tedious. Before evaluation can begin, and a final data 

interpretation made, the required information must first be obtained 

from the various files. The retrieval of the required data could thus 

take several days or even weeks. 

With the aid of the computer, the task of retrieving required 

information has become very much simplified. The retrieval program 

is used to select or extract various necessary data from the CURRENT 

WELL FILE, according to the specifications of the USER. Any data 

contained in the FILE can be retrieved. Various data contained in 

the FILE can be retrieved. Various data types contained in the FILE 

can act as logical operators (to be discussed in this section). But 

first, a brief look at the operation of the Retrieval Program is in 

order. 

Retrieval Operation 

Once the parameters that control the volume and types of data 

to be retrieved have been determined, PROGRAM CONTROL CARDS are punched, 

and along with an Input tape, are submitted to the computer center, where 

the retrieval is initialized (Figure 6). 

Input to the Retrieval Program is either the CURRENT WELL FILE 

TAPE, a SUB FILE tape created during a previous retrieval, or a tape 

of data in precisely the same format as the CURRENT FILE. 
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Data output, of course, is governed by the parameters set by the 

USER for that particular retrieval, Standard output consists of the 

general well information for each well (location, dates classification, 

total depth, etc.) and those items of information specified by the USER 

(Figure 7). 

OR 

NOTE: 
GErlERALLY ALL Rc:ouc:sTs \'JILL 

REQUIRE AS OUTPUT o;~LY THE 

t.1.c\P TAPE t1ND Tl-1:: PRINTER 
LISTE'lG. n;:: sua rlLE: AiJO 
cu:.1? TA?i::. O?T!O:\I ARE USED 
FOR SPECIAL PROJECTS ONLY. 

Fi~t.1re. 6. 

RETRIEVAL OPERATION 
From CDP (1971) 
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There are, however, four different output units which may be 

utilized during a data retrieval: 
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Line Printer. In all but a few cases, the data to be retrieved 

will be output to the line printer. The output format, though dependent 

upon the number of different types of data retrieved is FIXED, and data 

is sorted by the UNIQUE WELL IDENTIFIER. The printer listing provides 

the USER with hard copy data for his study area. In some cases, the 

project ends at this stage. 

Further, a summary of statistics (Figure 8) is listed for each 

data retrieval, indicating the number of wells retrieved, the number 

of geologic units retrieved and their respective range of values, etc. 

This statistical summary is a valuable tool in evaluating a data 

retrieval, setting contour intervals for further processing, etc. 

Map Tape. In most cases where further processing is required, 

a MAP TAPE is generated. Residing on it are the locations of the 

various wells retrieved (by UNIQUE IDENTIFIER) and the various requested 

z values. These z values generally include a reference evaluation, 

structural subsea values, computed isopach values, etd. Most often, 

the MAP TAPE is then used as input for further processing such as 

coordinate generation, data gridding, etc. 

Sub File. Where very large volumes of data are to be processed, 

and several subsequent data retrievals are required, it is often 

advantageous to create a SUB FILE. The SUB FILE is a tape of data 
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containing ALL the information available on the CURRENT FILE for the 

various wells requested during a retrieval. It is in precisely the 

same format as the CURRENT FILE, and can therefore be used as input 
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to the retrieval program. The use of this option can save much 

computer time when multiple types of retrievals are to be made from a 

smaller area, as each subsequent retrieval has less input data to scan. 

Such is the case when well information for fairly active areas is 

required by many explorationists. 

Dump Tape. This feature allows the USER to output the retrieved 

information to a tape in "card image" format. This option is used to 

accommodate those requests which are not standard to the Retrieval 

Program. The DUMP TAPE is then used as input for other types of 

processing such as data manipulation, sorting, and re-formatting, 

etc. Data sorting on this portion of the FILE will require less 

computer time than sorting the entire CURRENT FILE, and for this reason, 

the option is often utilized. For most retrievals though, only the 

line printer and map tape units are employed. The creation of the 

SUB FILE and DUMP TAPE is for special projects which do not constitute 

a standard data retrieval. 

Retrieval Logic 

As each data retrieval is tailored to the specific needs and 

requirements of the indivisual USER, it is important that various 

items of information in the FILE be used as "retrieval keys" or 



operators. The various retrieval operations to be discussed need 

not be utilized for all projects, but most data retrievals will make 

use of at least one. These logical operators can be broadly 
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classified as: Include/exclude restrictions and AND/OR/NOT restrictions. 

A brief explanation of these logical or BOOLEAN operators follows. 

Include/Exclude Restrictions 

Include or Logical Equal To. This operator means that, in 

order to be accepted by the retrieval program, the data in question 

must be equal to the User specified codes or limits. Otherwise, that 

well will be rejected; e.g., a geologist may be interested in only 

those wells that were drilled in administrative region OKLA. OKLA, 

then, is the INCLUDE OPERATOR, and only those wells in OKLA will be 

retrieved. 

Exclude or Logical Not Equal To. This operator simply works in 

the reverse way to the INCLUDE OPERATOR; e.g., a geologist may be 

interested in all wells except those that were classified as WILDCAT 

wells. The WILDCAT classification is the EXCLUDE operator, and all 

wells other than WILDCATS will be retrieved. 

And/Or/Not Restrictions 

Often it is desirable to retrieve wells from the File on the 

basis of some specific data type being present or absent, or on the 

basis of at least one of several related data types being present. 

The logical AND/OR/NOT operators are used for these types of retrievals. 
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"And" Operator. All types of data (either Equal to or Not Equal 

to) that are AND controlled must be present or the well will be 

rejected; e.g., a USER may be interested in wells that were classified 

as WILDCATS, AND produced oil, AND were drilled since 1965. If only 

one or two of the above three restrictions are satisfied, the well 

in question will be rejected. All three conditions must be fulfilled. 

"Or" Operator. At least ONE of the OR controlled data types must 

be present, or the well will be rejected; e.g., a geologist may be 

interested in only those wells that were tested in FORMATION X, OR 

had a hydrocarbon show in FORMATION X, OR had a core cut in FORMATION 

X. If any ONE of the above conditions is met, the well will be retrieved. 

"Not" Operator. The presence of any NOT controlled data types 

in a well, will cause the entire well to be rejected; e.g., a 

geologist may choose to do a retrieval (for trend analysis) of all 

the wells in an area that do not have a specific carbonate unit 

present. 
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Retrieval Program Options 

Outlined below are the various program options available to the 

USER with the different types of logical operators that can be applied 

to each data type. 

Well Location or Areal Definition 

For most retrievals, information required will be for specific 

wells, or for a group of wells that fall within some areally or 

geographically defined limits. The various wells contained in the 

FILE can be defined areally by any one or all of three different 

methods, namely: 

By UNIQUE WELL IDENTIFIER 

By some rectangular area defined by minimum and maximum 

degrees of latitude and longitude. 

By some irregularly shaped political, geological or 

graphically defined area, e.g., state. 

An example which defines the area to be retrieved is shown 

in Figure 9. 

Gross Well Information 

There are, however, other well variables upon which a 

retrieval can be keyed. Like the methods for defining well 

location, generally only one or two of these options are implemented. 

The various well parameters referred to in this category are: 

Well classification 

Well status 

Well depth (total) 

Well dates (initial and/or final) 
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Interval Analysis 

Certain items of data are retrieved from the FILE by 

reference to a specific isopach interval. By necessity, this 

"REFERENCING INTERVAL" must have been previously defined, or 

the data cannot be retrieved. Data that must be retrieved in 

this manner include: 

Well Log Information 

Cored Intervals 

Intervals of Hydrocarbon Shows 

Producing Zones 

Formation Test Results 
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Cross Section 

During the evaluation of a set of data, the geologist often 

requires the use of a structural or stratigraphic cross section. 

The CROSS SECTION program is used to retrieve information from the 

FILE, reduce it according to the parameters chosen by the geologist, 

and display it accordingly. 

Input to the program must be either the CURRENT FILE or a tape 

of data in the same format, such as a SUBFILE created during a data 

retrieval, whereas output from the program consists of a printer 

listing of the requested information (Figure 10) and a magnetic 

tape which is subsequently used to drive the plotter. Information 

output to the printer includes the location (by its UNIQUE 

IDENTIFIER) of each retrieved well; the name and code and type of 

each retrieved well; the name and code and type of each of the 

geologic units to be plotted, along with the quality of the pick; 

the drill depth and computed subsea values for both the top and 

base; the unit descriptive code (faulted, disconformable, etc.) 

and where applicable, the percent of sand, shale, for each of the 

geologic units retrieved. Intervals of hydrocarbon shows, if 

requested, are also output to the printer. 

A summary of statistics appears at the back of the listing 

to aid the USER in evaluat:Lng the quality of the retrieval. 

Included are the length of the section in actual meters, the 

minimum and maximum elevations of each of the retrieved units, 

and the size of the section to be plotted in inches. 
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Ojakangas (1967) had developed a method by which geologic 

section may be drafted automatically to show the geology at 

present as well as at any specified time in the past. 

A stratigraphic cross section prepared by a computer­

controlled plotter showing the geology of Wind River Basin is 

shown in Figure 12. 
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Gridding Process 

Gridding is a surface fitting process by numerical approxima-

tion technique. The program GRID is used to interpolate a uniform 

grid of z values from a set of randomly distributed data points 

in x, y, and z where x and y represent the Cartesian coordinates, 

and z is the associated value of the field at each coordinate pair. 

Crain (1969) reviewed the various surface interpolation 

schemes. He concluded that the most commonly used mathematical 

surf ace interpolation employs polynominals and other simple 

functions. 

The Interpolating Polynomial 

The function of the simplest mathematical form is the 

"interpolating polynomial", namely: 

. 2 2 ( f(x,y)= a 0 + a1x +a y + a 3x + a 4 xy + a5 y + •.•• 1) 

The coefficients are determined by solving the set of equations: 

f(xiyi) = zi, u = 1,2, ••. N (2) 

This is a direct extension of the interpolating polynomial. 

To fit a geological surface, a lower order (usually not higher 

than three) is adequate. 

Orthogonal Polynomials 

The advantages of orthogonal polynomials can be used to 

allow computation to much higher orders. This advantage is 

somewhat offset by the complexity of generating orthogonal 

polynomials to fit non-equispaced data. 
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The author has developed a gridding program which uses the contour 

surface developed by Hessing, Lee, Pierce and Powers (1972) (see 

(15)). This involves constructing a net of quadrilaterals (see 

Figure 13). The vertices of each quadrilateral are either an original 

data point or a calculated point using a weighted least squares fit. 

Then, a bicubic surface is constructed and fitted over each of the 

quadrilaterals. The bicubic parameterizations are described as follows 

(Ferguson, 1964): 

3 3 
X(u,v) l I a upvq 

p=O q=O p,q 

3 3 
Y(u,v) = l l b upvq 

p=O q=O p,q 

3 3. 
Z(u,v) = l l c upvq O<u,v_::l, 

p=O q=O p,q 

The desired grid (xi ., y .. ) of points is generated in the 
,J 1,J 

region. Once a quadrilateral is found which contains a point 

(xi,j' Yi,j), the corresponding equations 

x(u,v) = xi . 
,J 

y(u,v) = Yi . ,J 

are solved for u,v by the Newton-Raphson method (Scharborough, 1950). 

The desired z-value is calculated by zi . = z(u,v). Thus the points 
,J 

generated in this way lie on the same surf aces used in the contouring 

program. 



The algorithms used to solve non-linear simultaneous equations 

(Searborough, 1950) is described in Appendix C. The computer generated 

grids, interpolated. from a set of randomly distributed data, together 

with superimposed contour maps are shown in Figures 14 and 15. Figure 

48 

14 represents a contour map for randomly spaced data. Figure 15 represents 

a contour map for gridded data. The surfaces shown in Figure 14 and Figure 

15 are matched very well. 
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Trend Surf ace Analysis 

Trend analysis deals with the recognition, isolation, and measurement 

of trends that can be represented by lines, surfaces, or four-dimensional 

"hypersurfaces". Trend analysis in geology seeks to separate broadscale 

variations, or trends from local variations. This is accomplished by 

fitting a trend function to a set of data values. Most trend analysis 

in geology has dealt with trend surfaces consisting of a plane or gently 

curving surfaces defined by a lower order polynomial. 

Trend-surface analysis, as practices in geology, has invariably 

involved the fitting of trend surfaces to satisfy the least-squares 

criterion. This results in the trend surface passing through, above, or 

below each actual data point. The difference between the computed value of 

the trend surface at a point and the value of the observed actual surface 

at that point is termed the residual value (or deviation value). In 

satisfying the least-squares criterion, the sum of the squared residuals is 

minimized. If the trend surface is thought of as the regional or large­

scale component, then the residual value can be emphasizing local component: 

represented by residual values. (Harbaugh and Merriam, 1968) 

Figure 16 from Forgotson and Iglehart (1967) illustrates the 

methodology. The upper left diagram is a contour map of observed data, 

below which is a map showing the second-order computed regional surface. 

Below that is a residual map showing a positive and negative anomaly. 

These residual features are derived by subtracting the regional surface 

from the observed data. 
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The upper diagrams show a contour map and profile of observed 
data. The middle diagrams show the second-order computed re­
gional trend surface and its corresponding profile. The lower 
diagrams show the residual map and its profile obtained by sub­
tracting the regional surface from the observed data. 
From Forgotson and Igleh~rt (1967) 
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The examples of four-dimensional surfaces to illustrate trend 

surfaces are shown in Figure 17. 

Figure 
J7. 

Examples of linear through quartic regional trend surfaces 
(after Krumbein. 1957). 
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Least Squares Criterion 

The least-squares criterion is readily illustrated by the problem 

of fitting a straight line to observed values of two variables that have 

been plotted as points on a two-dimensional diagram. The least squares 

criterion for best fit can be expressed as follows. 

2 (x - x ) = minimum, obs trend 

where x = observed data value, and obs 

xtrend = calculated trend surface value at data point. 

A least squares fit for a plane through the data points is 

illustrated in Figure 18. 

As practices by geologists, trend analysis has invariably involved 

the fitting of a line (in two dimensions) to satisfy the least squares 

criterion (see Figure 19). 

In trend surface analysis, this plane is expressed as a first 

order polynomial equation: 

z=A +B +c x y 

Each of the variables in x and y has been raised to the power of one; 

hence the name first order polynomial. Where the x and y variables 

raised to the power of two, we would be dealing with a second order 

polynomial or a parabola. 

z=A 2 +B +c 2 +D +F +G x xy y x y 

Thus, any surface, regardless of its complexity, can be expressed 

as a polynomial equation simply by raising the order of the polynomial 

to the necessary powers of x and y. A fairly simple structural surface 

requires a lower order polynomial equation to define it uniquely. 
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However, very little can be gained in exploration by determining 

the order of polynomial required to define a specific surface. As 

outlined above, the purpose of trend surface analysis is rather to 

separate the larger scale regional variations or trends from the smaller, 

more localized features. In most cases, the lower order polynomials 

(first through fifth), are all that are required for defining a suitable 

trend for a particular set of data. 

The Trend Operation 

The trend surface program developed by Computer Data_ Processors, Ltd., 

is described as follows: The operation of the program consists of forcing 

through the input x-y-z data various orders of polynomial equations, in 

order to arrive at a best or closest fit, according to the least squares 

criterion, for each polynomially defined surface selected. Coefficients 

for up to a ninth order polynomial equation can be established, and any 

five surfaces can be determined at one pass through the data. 

Output from the TREND SURFACE program will consist of: the location 

of each input point by UNIQUE IDENTIFIER, and/or its x-y coordinates, 

the actual input z value, and the corresponding trend and residual values 

for each input point for each order of polynomial chosen. 

Figure 20 is an illustration of printed output from the Trend 

Surface Program. 

Figure 21 is a statistical report for the Trend Surf ace Program 

which is used to evaluate the output of the program and aid the user to 

choose the orders of trend and/or residual values to be used for mapping. 
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Automatic Contour Mapping 

The representation of three-dimensional surfaces in the two­

dimensional plane by means of contour lines is in widespread use in 
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most fields of the physical and natural sciences. In particular, it is 

one of the most common ways of displaying numerical data used in geology. 

Structure, thickness, lithofacies, and geochemic,al data are commonly 

portrayed with contour maps. 

In contouring, computers have several principal advantages: 

reduced cost by comparison with manual methods; strict adherence to 

a consistent contouring method, that is, objectivity and repeatability; 

and ease in updating and revision due to added information. 

In more rigorous terminology, the object of contouring is to draw 

lines of constant value of a dependent variable (z), projected into 

the plane of two independent variables (x,y). Normally the raw data 

will consist either of a finite number of values of the dependent 

variable (zi) at a set of locations (xi yi), or a mathematical 

expression relating z to x and y. 

Automation of contour mapping procedures has been accomplished 

successfully by a variety of methods. In general, these contain two 

distinct stages: first to interpolate a mesh of grid points from the 

raw data locations and, secondly, the contouring of the grid data. 

(Crain, 1969). This, contouring by this scheme works fairly well if 

the data are uniformly spaced. For irregularly spaced data, the grid 



approach may be unable to honor every data point and the contour lines 

will fail to represent a surf ace which contains the original data 

points. 
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One method of honoring every data point by constructing a smooth 

surface through the original data was developed by Hessing, Lee, Pierce 

and Powers (1972) and published in GEOPHYSICS. This method divides the 

region to be contoured into quadrilaterals whose vertices include the 

data points. After supplying values at each of the remaining vertices 

by using a surface-fitting technique, bicubic functions are constructed 

on each quadrilateral to form a smooth surface through the data points. 

Points on a contour line are obtained from these surf aces by solving 

the resulting cubic equations. The algorithm and the details of the 

procedure are described in Appendix B, and the example contour map from 

this procedure is shown in Figure 22. 
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F.igure ?2. Contour oiapor..:mpled3tacase. 
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Three Dimensional Perspective Display 

During the evaluation of a set of well information, the interpreter 

often finds it to his advantage to reduce that data and display it in 

some fashion. Traditionally, the exploration geologist has made effective 

use of structural and stratigraphic cross sections, posted show maps, 

contoured maps of structure and isopach, etc. To the skilled and 

experienced interpreter, a contoured map represents a type of three­

dimensional picture, the length and width of the map representing the 

x and y components of his data, and the various contour levels of his 

z component. From this display of information, a professional 

interpretation is made. 

Often, however, even to the most experienced explorationist, 

some of the more subtle features of a contoured map which may be 

highly significant are masked. This is particularly true when 

attempting to envision the trend or regional component of the data. 

In effect, the true perspective of the data is sometimes lost. 

The purpose then, of the PERSPECTIVE program is to create a 

plot of some variable in three dimensions. Often this variable 

is the top or base of some geologic unit, a polynomially defined 

trend or residual, the top of a pay zone, etc. The effect is similar 

to that obtained by viewing an areal photograph of some consistent 

geological features (such as sand dunes) through a stereoscope. The 

third dimension is actually represented in perspective to the plane 

of the page. 



Input to the PERSPECTIVE must be a set of those gridded data, 

whereas output is a simple listing of those parameters chosen by the 

USER but, more important, a plot tape. 

Figure 23 illustrates the scheme of the perspective display. 

Figure 24 is an example of a perspective plot together with 

the corresponding contour map. 
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VIEW POINT 

S:1l:fure 2.~. 

I LLUSTR/;TI i\JG GRID PERSPECTiVE PARAMETERS 
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CHAPTER IV 

GEOPHYSICAL INFORMATION SYSTEM 

Exploration geophysics is one of the most recent and remarkable 

weapons in the oilman's exploratory arsenal. Developed within the past 

45 years, it has become an important ally aiding our efforts to find 

fuels and raw materials in the earth. 

Today, geophysics is closely interrelated with the development and 

use of advanced technology in such areas as communications engineering, 

telemetry and information retrieval--sciences which also have become 

integral parts of the nation's space programs. 

The primary concern of petroleum geophysicists has been one of 

obtaining more reliable information with which to localize areas where 

accumulations of oil and gas might occur. To this end, they have con­

sistently sought improved technology to measure gravity and magnetism 

and to propagate and record elastic and electromagnetic waves in the 

earth. 

The acceleration in development of geophysical technology has 

been particularly apparent since the middle 1950's. At that time, two 

major innovations were introduced: (1) magnetic tape seismic signal 

recording and (2) sophisticated reproduction techniques. 

The seismograph provides the only direct way of acquiring subsurface 

structural information without drilling wells, and it has been successful 

in supplying this information. 
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Seismic waves generated at or near the surface penetrate the earth's 

crust and reflect from subsurface rock layers back to the surface. There 

the reflected signals can be recorded, just as is done with radar. The 

geophysicist receives a printed record or seismogram from which he can 

measure the depth to various strata. 

When a series of seismic shots are made over a considerable distance, 

the resulting succession of seismograms show a cross section of the sub­

surface structures. 

In the early days, dynamite was used almost exclusively for 

generating seismic waves, but today mechanical sources of wave energy-­

such as earth vibrators--are also used. In one widely used vibratory 

technique (shaking rather than shooting), a truck-(or boat-) mounted 

unit creates seismic waves by means of a vibrator pad which is lowered 

to the earth, or into the water when it is used offshore. 

In marshes and offshore areas, the industry relies primarily on 

the air gun, a compressed air device which is highly efficient and 

compatible with the ecology. Vibratory techniques are also used; 

dynamite has almost disappeared from the scene in such areas. 

In contract to the ruggedness of the source of seismic reflections 

are extremely sensitive instruments. 

Each geophone picks up the signals bouncing off many layers of 

strata and produces its own seismic "trace," which is recorded both on 

sensitized paper and on magnetic tape. The amount of time (milliseconds) 

it takes for a seismic wave to bounce back from the various strata gives 

the geophysicist a clue to the depth of each rock layer. 
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The digital recorder has vastly improved the industry's ability to 

record and play back seismic recordings. In earlier days, reproductions 

of the field-produced original sustained a noticeable fall-off in 

quality. By contrast, reproductions of recordings taken from the digital 

recorder have shown no quality loss, while the digital recorder itself 

is capable of picking up a greater range of seismic signals. 

Computers and electronic equipment used to play back seismic 

recordings have overcome many of the noise and interpretational problems 

which formerly limited the seismic explorer. Computerized display equip­

ment also makes it possible to compress wide areas of seismic exploration 

into desk-size sections that may be analyzed more easily than older 

style displays. 

In addition to the seismograph, there are other tools which are 

also widely used by geophysicists to measure various characteristics of 

the earth. Of these, the best known are the magnetometer and the 

gravimeter. 

The magnetometer is an instrument which measures variations in the 

earth's magnetic field caused by changes in magnetic properties of sub­

surface rocks. Resembling a large camera, the magnetometer is used both 

on the ground and in the air to accurately measure magnetic intensity. 

Airborne, it is a particularly effective means of mapping the broad 

structural characteristics pf large areas. 

The earth's magnetic properties have always intrigued scientists, 

beginning with the discovery that a lodestone will align itself in an 

approximately north-south direction. Later it was ascertained that 
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each of the earth's three major classes of rocks--sedimentary, igneous 

and metamorphic--have different magnetic properties according to their 

content of iron. Sedimentary rocks--those associated with oil and gas-­

generally have low magnetic properties compared to the others, particularly 

igneous rocks, which are much denser and contain more iron. 

As a widely used reconnaissance tool, the magnetometer has been 

responsible for identifying and mapping some of the world's best oil 

hunting areas. 

The gravimeter, on the other hand, literally weighs the earth. 

It can detect variations in the gravitational pull of rocks which lie 

as much as several miles below the earth's surface. Because large 

masses of dense rock increase the pull of gravity, gravimeter readings 

at a number of surface points provide a key to underlying structural 

conditions. Anticlines, for example, can often be located because the 

apex of the arch places denser layers of rock closer to the earth's 

surface, thus increasing the "pull" in the innnediate area. Salt domes, 

too, have been identified with the gravimeter because the salt is 

considerably less dense than surrounding rocks. 

Our ultimate goal in using geophysics in exploration is to find 

oil and gas. Since there is no direct means of detection from the 

surface, we must use indirect means to look for conditions where they 

are likely to exist. 
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Gravity and Magnetic Data Processing System 

The petroleum industry usually uses an airborne magnetic survey 

as a preliminary step for exploartion, since it can cover a very large 

area with a relatively cheaper cost. If the result shows some promising 

features, a gravity and seismic survey might follow in order to locate 

the so called "oil trap" structure. 

One of the gravity and magnetic data processing systems was 

developed by Geometric in Palo Alto, California, which offers computer­

ized data presentation and interpretation services using advanced 

techniques for the compilation, reduction, machine-contour-plotting, 

and analysis of a variety of mappable data. 

The system structure and flow diagram are illustrated in Figure 25. 

The detail descriptions are given as follows: 

Input Data 

The system can process data of various types and formats. Accept­

able data include magnetic tape (digital and FM), punched cards, punched 

paper tape, analog strip charts, maps and lists of posted values. 

Data Reduction and Interpolation 

The data from each survey are first examined to detect gross 

errors in data acquisition and compilation. Systematic errors are 

removed according to techniques appropriate to the data. 

Survey data are usually randomly distributed and often must be 

interpolated to a grid in order to plot contour. 
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Filtering or Trend Surface Analysis 

Filtering is used to accentuate anomalies of a given dimension 

by reducing the amplitude of other anomalies present. In potential 

field data, the effect is to isolate shallow sources from deep or 

distant sources. Such separation of anomalies is accomplished by the 

use of a trend surface prior to the initial interpolation process 

described above, or by a separate filtering process on the interpolated 

grid. Filtering is performed using a fast Fourier transform algorithm 

in two-dimensional frequency space to observe large, small or inter­

mediate sources corresponding to high-pass, low-pass or bandpass criteria. 

Practically any type of data can be filtered in such a fashion to enhance 

its use in interpreting trends and subtle features. 

Derivatives 

First and second vertical derivatives are computed using a fast 

Fourier transform algorithm. The frequency response of the desired 

derivative is first computed and multiplied by the data spectra in the 

frequency domain. Inverse transformation of the derivative operator 

and the data spectra yields the derivative, which is then contoured 

for presentation. The second vertical derivative is used to delineate 

the plan-view boundaries of magnetic intra-basement anomaly sources. 

The first derivative is, in many cases, more useful for interpretation 

and magnetic depth-to-basement calculations and is also used, together 

with horizontal derivatives, in several newer methods involving vector 

gradients, Euler's theorem and the total gradient. 



Upward and Downward Continuation 

It is possible to compute potential fields, e.g., gravity and 

magnetic, at levels other than that at which the data were originally 

acquired. These upward and downward continuation maps are computed 
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by exponentially filtering the data in the vertical direction, the 

result of which is to reduce or accentuate the effects of near-surface 

bodies. Such maps can also provide additional estimations of the 

depths to anomalous sources. 

Depth-to-Basement Computation 

Depth-to-basement calculations are performed on filtered or 

detrended maps and profiles. The calculations utilize either the 

well known methods outlined by Vacquier, et al, or a newer method 

developed by GeoMetrics for automated depth-to-basement computations. 

The latter uses the phase and amplitude Fourier spectra (not power 

spectra) of the surface magnetic fields. The spectra of the magnetic 

fields from a generalized sedimentary/basement model are composed of 

the magnetization spectra of the basement, an exponential depth factor, 

and a magnetic latitude effect. The spectra are first corrected for 

asymmetries due to magnetic declination and inclination, i.e., the 

data are reduced-to-the-pole. Using either two-dimensional spectra 

in map form, or the one-dimensional spectra of profiles, the spectrum 

of the magnetically anomalous bodies. Non-linear regression is then 

applied to the demodulated spectrum to determine source parameters, 



such as the depth to intra-basement, infra-basement, and sedimentary 

anomalies for petroleum exploration, and depth, width, inclination 

and type of body for mineral exploration. 

Figure 26 is a machine drawn contour map for total magnetic 

intensity by aeromagnetic survey. 

Figure 27 is a perspective or 3-D map presentation of total 

magnetic intensity data of Figure 26 as viewed from the lower left 

and lower right corners of the contour map of Figure 26. This 

presentation, together with the contour map, can be used as a visual 

aid for discerning trends, for presentation of complex data to higher 

management, or for presentation in slides and publications. 
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Fig. 26. Observed total magnetic intensity contour map, machine drawn by 
a digital incremental plotter. The aeromagnetic survey data were 
processed by the compilation, interpolation, splining, and contouring 
methods outlined herein. ~no"' i;eoll-te1;.&<~ ("'!'•) 
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fie, 27. Perspective or 30 map presentation of" totol magnetic intensity data 
of Fig. 2a as viewed from the la1Jer left and lower right corners of 
the contour map of Fig.ZS. This presentation, tosether r1ith the con­
tour map, can be used as a visu21 aici for discerning trends, for 
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Seismic Data Processing System 

As mentioned before, the seismic data provides the only direct way 

of acquiring subsurface structural information without drilling wells, 

and it has played an important role in oil exploration. One of the 

seismic data processing systems was developed by the Seismograph Service 

Company in Tulsa, Oklahoma. The Seismic Data Processing System features 

an integrated software design which includes the acquisition, processing 

and interpretation of seismic data. 

Basic System Design 

Data Reduction. Depending upon the seismic source, field data is 

initially reduced with a variety of programs such as cross-correlation, 

grain recovery, spherical divergence, etc., but it is basically re­

formatted to a floating point work tape in this portion of the system. 

Preprocessor. The preprocessor concept allows the majority of 

data parameters to be entered independent of the actual data. Tables 

are generated, filters designed, and other parameters are interpreted 

and verified. Numerous logic checks on input parameters are incorporated 

to insure quality control. The preprocessor function can be run in an 

edit mode to permit a final check for errors that would abort the 

routines during the actual processing of seismic data. 

Processing Routines. Processing routines encompass some 40 

application programs. All of these programs are applied in the 

floating point mode to floating point data. There is no scaling 



associated with any processing routine other than output. These 

application programs are the basis for one of the most comprehensive 

floating point systems in existence today. 

The data flow and system configuration are illustrated in Figure 
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28. The software subroutines are grouped by the functional character­

istics and are described as follows. 

General Programs 

FLOIN. Data can be accepted in floating point formats from 

practically any type of 7- or 9- track field recorders. Facilities 

are also available to process any type of analog input. Special 

features include binary gain recovery, automatic rejection of invalid 

records, bias removal, time break detection, resampling (up or down), 

true amplitude recovery, and scanning. 

FLOCOR. Special VIBROSEIS correlation techniques are used with 

options to use the recorded sweep, validity checks, variable channel 

input, and correlation in the floating point mode. 

FLOGAIN. Gain application is accomplished in the floating point 

mode, and such types of gain curves as program, exponential, true 

spherical divergence (multi-channel, if desired) and time to the Nth 

are used. 

FLOEQUL. Trace-to-trace or record-to-record equalization is 

accomplished prior to output and may be time variant (up to 3 windows) 

or time invariant. Transition problems are eliminated with variable 
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zones. Types of solutions include Absolute Value Mean, Root Mean 

Square, Absolute Descale and Constant Descale. The use of certain 

types of equalization in conjunction with complete floating point pro­

cessing allows for the measurement of meaningful amplitude relation­

ships that might not be possible in a fixed point processing system. 

Velocity Programs 

VELCON. Automatic velocity is determined using the sum of all 

possible cross-correlation techniques. A 24-trace 'gather' is defined 

and a sliding 24-millisecond window sweeping from starting average 

velocity to ending average velocity with incremental velocity scans 

is used to determine the maximum correlation value. Floating point 

accuracy allows an RMS average velocity curve to be drawn through 

points of true maxima, based on certain criteria. 

VELTAN. Concentrated velocity modeling is done using the VELCON 

method of computation. All CDP points are used for determination of 

the model. Output to the Cal-Comp plotter includes a display of each 

CDP analysis. Adjacent interval velocity, average velocity, and 

power plots are displayed in cross sectional form. 

FLOVELF. Normal moveout computation is made using straight 

raypath calculations. Types of input include RMS Average Velocity, 

Delta-T, Exponential, Time vs Depth, Velocity Power Series, and 

Interval Velocity. As many as 40 charts with up to 102 different 

velocity layers are available on one line. 



FLOSNMO. Normal moveout application is always made to at least 

1 millisecond accuracy, regardless of the sampling rate used in pro­

cessing. Application is made on an interpolative basis, that is, 

functions are derived and interpolative corrections are made between 

functions from one common depth point to the next. 

Static Programs 

FLOCOST. Based on correlation methods, the deviations within 

a CDP group are measured. These deviations are then checked for 

coherence over a series of windows. Threshold requirements are 

entered and deletion or partial delection of traces within a group 

is made based upon these threshold requirements. 

FLOSTIM. Automatic static corrections are made using a CDP 

group taking the average correlation maxima over as many as three 

windows with decreasing priority. 

Filtering Programs 
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FLOFILT. Digital filters are designed in floating point. They 

are true zero-phase filters and are applied in the time domain. The 

filters are optionally time variant (up to five zones) so transitional 

problems ar eliminated. The operators are self-designing in regard to 

length and can be displayed on the line printer in both the time and 

frequency domains. Types of filters include Low Pass, High Pass, 

Band Pass, Band Reject, Notch and Spike. Since the filter weights are 

floating point, and the data is floating point, there is no need for 

scaling after filtering. 



Analysis Programs 

FILTEST. FILTEST is a routine to aid in designing the optimum 

band limits and time zones for digital filtering. 

FLOANYL. This program is used to analyze the quality of the 

field data as well as the data after processing. Such things as the 

mean, maximum and minimum values are listed. This program can be 
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used to determine the types of gain correction curves which would best 

fit the data. 



CHAPTER V 

PRODUCTION INFORMATION SYSTEM 

Petroleum production deals primarily with drilling the producing 

wells and developing oil and gas reservoirs. 

After a thorough geological and geophysical survey has been made, 

the subsurface structure has been mapped, and a possible oil reservoir 

has been located, then the production stage begins. The first step is 

to drill a well according to the geological study. This involves some 

optimal drilling technique which could be controlled by a real time 

computer. 

To predict and control the reservoir production, the Petroleum 

Production Evaluation System calculates individual well pressures and 

production characteristics so that the flow of oil, gas and water in 

a reservoir can be analyzed. 

Another sub-system included in the production information system 

is the Reservoir Simulation System which is designed to simulate 

mathematically the complex interaction of the natural forces and 

physical properties under actual field conditions. 

In order to make the best investment and return, a Computerized 

Investment Planning System is developed which provides reservoir 

engineers and management an optimal solution and operating guidelines. 
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Real Time Drilling Optimization 
and Monitoring System 

Drilling for petroleum is one of the most costly industrial 

activities in America. To drill a well is a tremendous undertaking 

requiring great quantities of equiment and high costs. The cost of 

a single exploratory well - known as a "wildcat" - may range from 

about $100,000 to about $3 million, depending largely on where the 

well is drilled and how deep it must go. 

86 

The risks involved in finding a new oil or gas field still remain 

high, despite the technological advances made by the industry in recent 

years. Only about one out of every nine exploratory wells is a field 

discovery and only one in 50 stands a chance of finding significant new 

reserves. 

Once a field has been found, the costs and the risks usually decline. 

"Development" wells may range in cost from about $50,000 to over $1 million. 

In remote areas, like Alaska's North Slope or in the ocean regions, the 

costs remain high for each development well drilled. 

In recent years, the industry has concentrated its efforts on 

developing new equipment and new techniques to improve drilling efficiency 

and lessen costs. One of these is optimized drilling, in which wells are 

drilled using computer-analyzed data taken from wells already drilled in 

the same fields or those nearby. The computer, after analyzing and 

comparing the data, prescribes such drilling variables as the weight on 

the bit, rotary speed, rate of mud circulation, type of drill bit and 

dozens of other factors. 



Real Time Drilling Monitor 

The RTDM (Real Time Drilling Monitor) is a real time operated 

drilling optimization and monitoring system that utilizes on-site 

drilling data to give discrete time optimal controls over a drilling 

task. The data is recorded continuously during the drilling, but 

sampled only at a fixed time interval (e.g., every 10 minutes) of a 

bit run. The resulting information is then fed back to a computer 
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(or a computer terminal) as a performance measurement of the drilling 

operation. After a real time evaluation and correction, a new control 

decision is made by which a new interval of a bit run is to be drilled. 

These interval control decisions are continuously revised throughout 

the process of a drilling job. 

Deterrent Factors in Conventional Optimum Drilling 

In the last decade, optimum drilling has played an important role 

in the drilling industry as a means of reducing costs by improved 

efficiency of operation. Various bit manufacturers and oil company 

research departments have made impressive efforts in the advancement 

of this technique. Nevertheless, the practical value of optimum drill­

ing is still limited. This is largely because of some obstacles 

encountered in drilling optimization. Experience indicates that the 

following are the major deterrent factors that affect the operation. 

Data. The quality of optimum drilling depends to a large extent 

upon the accuracy of drilling data. Conventional drilling data is 

collected from offset wells in the forms of geolograph, well logs, and 
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bit records. It gives a detailed history of an offset well. However, 

it provides little information about a proposed well. The utilization 

of these data requires interpretation, such as data evaluation, assembly, 

and extrapolation. This procedure can induce a variety of errors, mainly 

human and inherent, which may then be in part or both cumulative to the 

final decision. 

To appreciate this, one might start to visualize the necessity 

of an on-site data acquisition device such as the one used in the 

monitor system. Use of this on-site data retrieval provides a direct 

data contact between the drilling object and the drilling machine. It 

enables the system to detect infinitesimal changes in the bottom hole 

conditions and provide immediate control response to the drilling 

operation. 

Bit Run Strategy. In conventional optimum drilling, drilling 

controls are given as a guideline in terms of a specific set of 

optimum operating values such as bit weights, rotary speeds, etc., 

in order to achieve a preset sequence of footages for a proposed well. 

These bit run footage goals are estimated by the analysis of the 

offset bit run records. They are rigid and often inadequate. As a 

result, bit run optimum strategies may not result in a workable drill­

ing program for a proposed well. This is particularly true when two 

wells do not correlate in their characteristics. A succession of 

increasing cost would occur as a consequence of these strategies. 

A substantial savings can be realized if the optimum drilling 

strategy is based upon a flexible, rather than restrictive, interval 

decision such as RTDM provides. 
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Formation. In conventional optimum drilling, in order to provide 

a realistic drilling program for a proposed well, a complex and cumber­

some formation assignment is conducted. It is to estimate a variety of 

formation characteristics that a proposed drilling trajectory would 

encounter (a drilling trajectory is a path to be followed by drilling 

bits from a prescribed surface location to a predetermined subsurface 

objective). This forecast includes: the subsea depths of formation 

tops, regional dip, porosity, lithology, drillability, abrasiveness, 

· etc. It is apparent that it is difficult to obtain an accurate and 

reliable forecast on such a heterogeneous matter as formation. However, 

in conventional optimum drilling, determination of an optimum drilling 

program for a proposed well is primarily based upon this information. 

Once the actual drilling is started, sizable control discrepancies can 

occur. It would be necessary to reschedule the optimum drilling program 

in order to achieve the expected results. 

In RTDM, instead of being forced to make compromises of a rigid 

drilling program, the system is able to evaluate the formation in real 

time. With the use of feed-back data, the formation parameters are 

computed, with which the system optimization is performed. The result­

ing real time decision is then possible for the most realistic optimum 

for the transient formation conditions that the bit may encounter. 

Monitor System Description 

The RTDM is a drilling monitoring control system that is based 

upon a continuous evaluation of real time drilling data and provides 



optimum control decisions for drilling. It is presently designed for 

use with a computer time-sharing terminal and incorporated with an 

on-site data acquisition device. The system physically consists of 
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two components; 1) system hardware, and 2) system software (the computer 

programs that monitor and control the hardware). 

System Hardware 

A. Equipment 

The equipment of the system includes; 

(1) A Drilling Data Acquisition Analog 

A Honeywell Voltmeter, Model 620-II. 

(2) A Drilling Real Time Computer 

A G.E. Time-Sharing Computer Terminal 

Interrelations of these hardware units are shown in Figure 29, 

System Hardware Elements. 

In Figure 29, a real time data feedback and drilling control 

cycle is illustrated by the path indicated. The dashed marked 

"rectangle" encloses the units which could be housed in a drilling 

cabin or a mobile trailer. A time-sharing computer, G.E. 635 connected 

by data lines, is assumed. 

B. Communication and Response 

The response times of the monitor system I/0 are subject to the 

hardware efficiency and specifications. In the present system, data 

feedback output rate (as well as the terminal data input rate) is 0.8 

data items/sec. The drilling control response with respect to each 
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interval is presently less than 30 seconds. This speed can be greatly 

enhanced if an independent real time computing facility (e.g., a mini-

computer) is available at the drilling site. 

System Software. The software of the system consists of 14720 

characters, including five dynamic data files, six subroutines, and 

twelve function-subroutines. The software is written in FORTRAN 

language for use in any G.E. time-sharing system. 

Data files - Data files are an essential part of the real time 

monitor system. They insure that the system performs its multi-

interval decisions throughout the process without losing its integrity. 

Subroutines - Functions of the software's subroutines are: 

Subroutine 
Name 

.DFA 

.TMG 

.CVT 

.FDX 

.TAU 

.RTW 

Main 
Function 

Data file updating and accessing 

Time synchronization and control 

Feedback analog data conversion 

Formation sensing and classification 

Dullness evaluation 

Control variables calculation 

Function - Subprograms - There are twelve lower-level system 

routines, performing special mathematical computations. 

All of the above routines are under the control of a supervisory 

main program, which interfaces I/O, assigns data channels, executes 

interrupts, and enables the user to communicate with the system. 
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Petroleum Production Evaluation System 

One of the most comprehensive petroleum production evaluation 

systems, designed to analyze past field performance and predict future 

behavior of all reservoirs, was developed by International Computer 

Applications Ltd. This evaluation system represents a series of pro­

grams designed to analyze the flow of oil, gas and water in porous 

media. This suite of programs is designed to analyze past field 

performance and predict future behavior of all oil and condensate 

reservoirs. Past field performance is evaluated through a technique 

called "history matching". The computer program calculates individual 

well pressures and individual well production characteristics and 

compares them with the observed field data gathered over the life of 

the reservoir. When an adequate comparison is obtained, the reservoir 

model is now capable of predicting future performance. Many alternatives 

can be evaluated such as increased production rates, infill drilling, and 

secondary recovery techniques when predicting future performance. 

This system is divided into three subcomponents. The Compositional 

Model, the Compressible Flow Model, and Incompressible Flow Model. The 

Compositional Model differs from Compressible Models in that it accurately 

accounts for mass transfer between phases. The Compressible Model is 

designed to treat a black oil reservoir where the three phases are water, 

gas and oil. The incompressible system is similar to the compressible 

system with the exception that a constant pressure gradient distribution 

exists in the reservoir at all times. 
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Three-Dimensional Compositional Model 

This program is designed to simulate historical and future per­

formance of volatile oil and gas condensate reservoirs produced under 

any of a variety of schemes. These producing schemes include natural 

depletion, dry or enriched gas injection, water injection, and full or 

partial cycling. The program simulates one-, two-, or full three­

dimensional flow of water and two hydrocarbon phases in a heterogeneous 

reservoir. Mass transfer between hydrocarbon liquid and gaseous phases 

is handled using K-values (permeability) dependent upon pressure, 

temperature, and fluid composition. 

The K-values used are functions of pressure obtained by matching 

laboratory data from a depletion experiment on a reservoir fluid 

sample. The fluid properties of density, viscosity and compressibility 

are computed from published correlations (again, modified as necessary 

to match available laboratory data) as functions of pressure and com­

position at reservoir temperature. Flash calculations are performed 

at specified separator pressure and temperature conditions to yield 

compositions and amounts of surface liquid and gas recoveries. 

The novel and rigorous method of solution employed differs 

appreciably from the several approaches reported in the literature for 

compositional simulation. The program numerically solves the set of 

simultaneous finite difference equations corresponding to: 

(1) the set of N partial differential equations expressing 

conservation of mass of each of the N components 



(2) the N relationships Yi = KiXi expressing phase equilibrium 

within each grid block 

(3) the constraints EXi = 1, EYi = 1 
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Solution of these equations is implemented in such a manner that the 

calculation is implicitly built into the flow equations. Thus solution 

is in effect simultaneously performed for composition as well as 

pressure and fluid saturations. 

Program Features 

(1) evaluate feasibilities and economics of full and partial 

cycling of gas condensate reservoirs, 

(2) estimate sweep efficiency of cycling operations for 

alternate well spacings or configurations, 

(3) estimate recoveries and economics of gas and/or water 

injection as opposed to natural depletion of volatile 

oil reservoirs, 

(4) determine the need for compositional as opposed to 

simpler--two or three "component"--models for prediction 

of performance of a specific volatile oil or gas condensate 

reservoir. 

Input Data Requirements 

The input data requirements consist of: 

(1) the permeability and porosity distributions over the 

reservoir, 



(2) the location of reservoir boundaries including the 

subsea depth to the top and bottom of the sand(s) as 

a function of areal position, 

(3) depths of any initial gas-liquid and liquid-water 

contacts, 

(4) composition of oil and/or gas initially present, 

(5) tabular or polynomial representations of pressure­

dependent K-values as determined from laboratory data, 

(6) correction factors determined from any available 

laboratory data to be applied in correlations used to 

calculate viscosity, density and compressibility as 

functions of pressure and composition, 

(7) water compressibility, density and viscosity and rock 

compressibility, 

(8) relative permeability and capillary pressure data, 
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(9) well locations and perforation intervals; surface condition 

rates of gas, oil and water production and surface separator 

operating conditions. Alternatively, producing pressures 

may be given along with well PI indices as known or 

determined by history matching, 

(10) operating data such as workovers, limiting gas and/or water 

production rates or limiting gas-oil and/or water-oil ratios. 

As in many reservoir simulations much of the above required input 

data is uncertain or even unavailable. This, however, is not a serious 

drawback if reservoir performance data is available. The performance 
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data is used in what is called the history matching phase. This is 

where the uncertain or unknown data is adjusted until the model simulates 

the actual reservoir performance. A very accurate reservoir description 

can often be obtained by history matching. 

Compressible Flow Model 

This model comprises three different programs. The Three­

Dimensional, Three-Phase Program accounts for three compressible 

phases (oil, water and gas--including disolved gas) flowing in three 

spatial directions. This is used for any reservoir where performance 

is affected by three-dimensional flow and compressible analysis is 

needed. 

3-D, 3-Phase Compressible Flow Model. This program represents 

a powerful tool for use by reservoir engineers in analyzing observed 

field performance and predicting future behavior. The reservoir model 

consists of a numerical solution of the partial differential equations 

describing three-phase flow in three space dimensions. The program 

also contains the logic necessary to efficiently solve the flow equations 

in less than the full three-dimensional mode and therefore can be 

economically used to solve one, two or full three-dimensional problems 

at the user's option. 

Reservoir heterogeneity is accounted for through the variable 

permeability, porosity, and field geometry arrays which are read as 

input data. Fluid property variations with pressure and saturation 
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are read in tabular form. The variable reservoir description and 

accurate fluid property treatments combined with the solution to the 

unsteady state flow problem, results in a model that can give an accurate 

prediction of reservoir performance under any given operating conditions. 

Two-Dimensional, Three-Phase Compressible Flow Model. This 

program is just a two-dimensional version of the Three-Dimensional, 

Three-Phase Compressible Flow Model. It has all of the features of 

the three-dimensional model except that flow is accounted for in only 

two space dimensions. The two-dimensional version can be used for 

areal and cross-sectional as well as one-dimensional studies. This 

program coupled with INTERCOMP's Vertical Equilibrium Program provides 

an economical package which will accrately simulate any three­

dimensional reservoir problems. 

One-Dimensional, Three Phase Compressible Flow Model. This 

program is just a one-dimensional version of the Three Dimensional, 

Three-Phase Compressible Flow Model. It has all of the features of 

the three-dimensional model except that flow is accounted for in only 

one space dimension. The one-dimensional model is a very useful tool 

for studying reef type reservoirs where flow in the vertical direction 

dominates and gravity drainage is important. This program has a gas 

percolation routine built in to handle upward migration of gas without 

resorting to small time steps. 
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Three-Dimensional, Two-Phase Incompressible Flow Model 

This program simulates the transient flow of two incompressible 

fluids flowing in a three-dimensional porous media. The calculations 

include the effect of viscous, gravity, and capillary forces. Reservoir 

heterogeneity is accounted for through variable permeability, porosity 

and reservoir geometry arrays which are read in as input data. The 

combination of variable reservoir description with rock and fluid 

property data such as relative permeability and capillary pressure data, 

results in a model which can be used to accurately simulate the per­

formance of many production operations. 

The program numerically solves the partial differential equations 

describing two-phase, incompressible, unsteady-state flow in a porous 

media. These equations are solved in three dimensions. However, the 

program logic is such that the model will accurately and economically 

simulate flow in one, two, or three space dimensions. 

There are two limitations to be considered: First the model 

accounts only .for two-phase flow. Second, since the fluids are assumed 

to be incompressible, the program must be run in a pressure maintenance 

mode. The program is therefore useful mainly for pressure maintenance 

operations with water and oil as the two phases present. Gas-oil 

simulations may be done if gas compressibility is not important. This 

is sometimes the case where small pressure gradients are the rule. 
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Recognizing these limitations, this program can be used to predict 

reservoir behavior in an accurate and very economical manner. The 

assumption of incompressible fluids does minimize the amount of cal-

culations necessary to perform the simulation and will therefore give 

answers at the lowest possible cost. 

The program may be used to predict fluid movement in one, two, 

or three space dimensions so that areal and cross sectional studies 

as well as full three-dimensional studies can be done using the same 

model. Internal logic in the program prevents unnecessary calculations 

when run in less than full three-dimensional mode, so computing time 

is minimized. 

Basic Equations. The flow equations used in this model are well 

known and result from a combination of the continuity equation plus 

Darcy's Law for each phase. The system of equations for incompressible 

flow used in this model are: 
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where n and w refer to the nonwetting and wetting phases respectively. 

Equations (1) and (2) are approximated by an implicit finite difference 

equation at each grid block and the resulting difference equation at 

each grid block and the resulting difference equations are solved 

using the Douglas-Rachford iterative alternating direction method. 

Nomenclature. Variables: 

g = acceleration of gravity 

k = absolute permeability 

k = relative permeability r 

p = pressure 

pc = capillary pressure 

q = injection or production rate, per unit bulk volume of 

reservoir 

s = saturation 

t time 

u = viscosity 

¢ = porosity 

<P = potential 

p = density 

Subscripts: 

n = nonwetting phase 

w = wetting phase 



Required Input Data 

(1) The reservoir description information consists of permeability, 

porosity, elevation, outline of reservoir and the location of the 

initial wetting-nonwetting phase contact. 

(2) The fluid property data consists of densities, viscosities, 

relative permeability and capillary pressure data. 

(3) The operating information consits of well locations, rates, 

and producing strategies such as workovers, limiting water-oil ratios, 

etc. 

In many cases, most of the above input data, required by the model, 

is uncertain or even unavailable. A very accurate reservoir description 

can often be obtained by history matching. 

Typical performance data which are useful for history matching 

purposes include individual well pressure as a function of time and 

production and producing gas-oil or water-oil ratios. 

Reservoir Simulation System 

D. R. McCord and Associates, Inc., a subsidiary of University 

Computing Company, has recently announced the completion of the 

Reservoir Simulation System. The Reservoir Simulation System (RSSYSTEM) 

is a group of eight computer programs designed to simulate mathematically 
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the complex interaction of natural forces and physical properties under 

actual field conditions. Because of the ability of computers to solve 

the space variables in numerical analysis, established engineering 

techniques may be extended to the more complex systems of multi-phase, 

multi-dimensional conditions. Each of the models in the RSSYSTEM has its 

own capability and application; horizontal, vertical, multi-layered or 

three-dimensional configurations may be considered. In any of the 

linear flow models, radial flow into a given wellbore can be taken into 

account. Within the vertical configuration, either linear or radial 

flow within the matrix may be considered. The effects of formation 

dip, gravity and capillary pressure are incorporated mathematically. 

Although reservoir engineering problems vary almost inexhaustibly, 

the models of the RSSYSTEM have been found to be comprehensive enough 

to account for virtually all naturally occurring variations in rock 

and hydrocarbon properties. 

Once a problem has been defined, or the purpose of the study 

established, the appropriate model is selected. Through judicious 

application of known geological and engineering field data, which is 

coded into spe~ially designed formats, computer runs may be designed 

to simulate past production behavior or field history, when this 

information is available. A match of individual well pressure and 

production history is achieved by careful adjustments to various rock 

and fluid parameters. This method also checks the validity and quality 
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of the existing data. One of the principal functions of the RSSYSTEM 

is to predict or forecast performance. The model is used with the 

revised data to predict the production and pressure of each well 

operating under normal field control. The reservoir engineer may test 

his ideas in considerable detail, and if the production of the field 

is simulated with enough variations, a reliable near-optimum situation 

can be determined. A plan of development selected from the choices 

offered by this kind of reservoir study is always more advantageous 

and economical than a scheme undertaken through a random approach. 

The flow diagram of the system structure and input stream are 

illustrated in Figure 33. 

The simplified full field study, using the computer mathematical 

model, is shown in Figure 34. 
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Computerized Investment Planning System 

In all business enterprises, some form of planning takes place, 

although the quantity arid quality may vary widely depending upon the 

nature of the business and the attitude and level of sophistication 

of the management. Since the petroleum industry has long been involved 

in applying the latest technology to improve operations, it is no 

surprise that petroleum companies have been among the first to begin 

applying modern computer-based management methods to their critical 

planning problems. 

The greatest advantage to be gained from applying the computer in 

a planning situation is to provide a mechanism by which data and 

assumptions can be easily and quickly converted into meaningful 

planning guidelines. With an efficient and flexible system, it is 

possible to feed in new data as soon as it becomes available to keep 

planning current. 

From a technical standpoint, the oil business gives rise to some 

of the most difficult analytical planning problems encountered in 

business. As a result, progress toward development of improved 

computerized planning systems for the petroleum industry has come 

slowly. However, recent mathematical developments combined with the 

ability of modern day computers to process enormous quantities of data 

at fantastic speeds now makes it possible to consider all significant 

interactions in a complex oil system in generating the kind of information 

required by enlightened petroleum managements to make better decisions. 
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Scientific Software Corporation, a consulting company in Englewood, 

Colorado, has developed a Computerized Investment Planning System which 

probably is the most comprehensive and flexible computer system in 

solving such a program. The Investment Planning System provides a means 

for reservoir engineers, pipeline engineers, and company management to 

combine data and assumptions within an analytical planning system which 

quickly and efficiently integrates these data in developing optimal 

expansion and operating guidelines. IPS is applicable to planning 

development of an oil or gas reservoir system, be it a single reservoir, 

a single reservoir with multiple horizons, or a set of reservoirs which 

do or do not interact through a common pipeline. Extension of IPS 

downstream to include refining and marketing considerations is feasible. 

In this way, optimal investment balances between functional areas in an 

integrated petroleum company could be established. 

System Description 

The investment system is shown schematically in Figure 35. The 

large box represents the financing entity which pumps investment 

capital into the system. This capital initially goes into geology and 

geophysics, land acquisition, exploratory drilling and development 

drilling, and producing facilities. The geological and geophysical 

box and the land acquisition box convert capital into exploratory 

projects which determine the inner workings of the exploratory drilling 
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box. Drilling boxes act as converters which transform investment 

capital into wells and facilities. The production box converts input 

of wells and facilities into crude. Crude, in turn, is converted into 

money in the crude sales box. What is left of this money after paying 

royalties is gross (working interest) income from which are deducted 

operating costs, income tax and mineral and property taxes. The 

remainder represents cash earnings after tax and is returned to the 

financing entity. The difference between what is returned to and what 

is left to the financing entity is profit. Ordinarily, the objective 

is to make this difference as large as possible. 
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In order to use a mathematical model in a computer to assist in 

planning performance of this system, the flows and the objective of 

the operations must be translated into mathematical equations. This 

translation involves: (1) Defining the relationship between inputs 

and outputs to each of the boxes. (2) Tying together output of boxes 

with inputs to succeeding boxes. (3) Expressing in mathematical form 

the economic yardstick by which performance of the system is to be 

measured. 

The resulting equations contain variables (the unknown inputs and 

outputs of the boxes) which are functions of time. For example, amount 

of drilling which occurs, volume of production obtained and amount of 

income tax paid are all functions of time. In addition, variables are 

interrelated through time because they depend on the investment plan. 

Output from drilling boxes depends upon outputs from geology and land 

acquisition up to that time. Output from the production box at any 

time depends on output of drilling boxes up to that time. Similarly, 

income tax and royalties paid at any time depend upon all past outputs 

from drilling boxes. 

The inner workings of each box are readily determined by the basic 

data appropriated to the system. Conversion of capital to exploratory 

projects and exploratory wells is determined by the petroliferous 

nature of the area or areas of operation. Conversion of capital to 

wells and facilities depends upon cost of pipelines, etc; as well as 
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depth and geographic location of productive horizons. Limited avail­

ability of drilling rigs and manpower for supervision affect develop­

ment drilling and producing facilities. Production is governed by 

productivity and recovery from individual wells or reservoirs, by 

production mechanism in each field, as well as by capacity and type of 

surface facilities. Finally, money flow in crude sales, royalties, 

and income tax is determined by contractual and government rules which 

apply. The desired economic yardstack is dynamic rather than static-­

input and output of each box are unknown functions of time--a planning 

horizon must be considered which is broken up into time intervals or 

periods. Number of periods and number of years in each period are 

specified by the planner. Often a period of one year is satisfactory 

for early stages of the planning horizon with longer periods thereafter. 

Thus, a planning horizon of 15 years might realistically be 

divided into seven to ten periods. Activity within each period is 

represented as a system of the type depicted above. All of these 

systems are interconnected and are considered simultaneously in 

determining an investment plan which is best for a 15-year planning 

horizon. 

Organization of the System 

There are four distinct segments which perform the four main 

functions of investment planning; (1) Data input. 

modeling and simulation. (3) Report generation. 

(2) Economic 

(4) Alternative 
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plan comparison. These segments are designed to operate efficiently 

as one integrated system but ordinarily calculations would be stopped 

after each segment. 

The unique features of the Input Segment are flexibility and 

ease of inputting data, degree to which input data are checked for 

errors, and printing of useful and easily readable summary reports 

of all input data for a given case. Providing input summary reports 

along with output reports in reporting study results allows manage­

ment to readily relate assumptions to results and provides careful 

documentation of the basis for an investment planning study. 

The front end of the Economic Modeling and Simulation Segment 

is a problem generator. The problem generator performs two major 

functions: (1) It generates all mathematical equations required to 

model the system. (2) It calculates numerical values for all 

coefficients in these equations. Because the problem generator is 

very efficient, the analyst can make changes in his data and/or his 

assumptions and let the computer do the work of reflecting those 

changes both in the equations and in the numerical coefficients. 

The back end of the Economic Modeling and Simulation Segment is the 

economic simulation model generated by the problem generator. This 

model describes flow of money and hydrocarbons over time--it simulates 

the behavior of the system and comes up with optimal planning guide­

lines. (Both linear and non-linear optimization techniques are utilized 

in simulating performance to generate optimal guidelines.) 



The Report Generation Segment produces study results in a form 

readily understandable and usable by analysts and management. This 

segment also punches into cards a complete tabulation of aggregate 

dollar and crude flows in every year of the planning horizon. 
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The final segment accepts as input these cards for two different 

case studies and passes them in parallel through a conventional 

economic evaluation program which computes incremental yardsticks by 

which the two alternative cases can be compared. 
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CHAPTER VI 

MONITOR SYSTEM 

An information system is a tool to improve the decision-making 

ability. The most effective approach is the "TOTAL SYSTEMS" which 

organizes and integrates all subsystems into a single information 

system. 

In this paper, the author intends to develop an information 

system which combines and organizes the existing subsystems pertaining 

to petroleum exploration and production into a unique monitor system. 

By having all information (data files, processing programs and pro­

cedures) stored on random access equipment, in one central processing 

location, through man-machine communication facilities (CRT terminal, 

tele-processing equipment), the exploration scientist and production 

engineer can immediately retrieve the data file, access the processing 

modules, test various numerical models and display the result. The 

process can be continuously carried on until an optimal answer or 

result is achieved. 

The monitor system developed herein, however, is primarily intended 

to present the "TOTAL SYSTEMS" concept rather than an application pro­

cedure. In any event, the scope of application, as mentioned in the 

introduction, has to be modified or rectified, depending largely on the 

computer availability and complexity of the applications. In view of 

the complication of the petroleum exploration and production involved, 
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there are difficulties in the development of a unique data-based file 

system and retrieval procedure to cover all the files pertaining to 

exploration and production. It is, therefore, more practical and 

feasible to integrate the system to a lower subsystem level. In other 

words, to develop integrated systems for geological, seismic, gravity 

and magnetic and production application respectively. 

The proposed monitor system utilizes an interactive graphic terminal 

which is connected to a host computer. The Graphic Computer Terminal 

is manufactured by TEKTRONIX INC. (model 4002A) which is shown in 

Figure 36-1. The hardware components identified by the encircled 

numbers are described below. 

Cathode Ray Tube 

The direct view storage CRT 1 is approximately 8-1/4" wide 

by 6-1/2" high and is capable of displaying characters, symbols and 

lines. 

Alphanumeric Keyboard 

The alphanumeric keyboard 2 allows alphanumeric data to be 

transmitted to the computer. 

Joystock 

The joystick 3 device allows the user to select a location on 

the CRT display. Moving the joystick causes a cross hair "cursor" to 

move about on the screen. When a desired position is located on the 

screen by the "cursor", the location is sent to the computer by press­

ing PROGRAM FUNCTION KEY Number 30 which is labeled POINT DETECT. 



Program Function Keyboard (PFK) 

The program Function Keyboard 4 is used to select options at 

various times during operation. 

Copier 
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The Copier 5 may be used to obtain hard copy of the CRT displays. 

Figure 36-1 . TEKTRONIX 4002A Terminal 
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System Organization Chart and Flow Diagram 

The Monitoring System consists of a number of computer programs 

and computational procedures which can be best illustrated by the 

organization chart and flow diagrams. 

Figure 37 is an organization chart of the Integrated Information 

System which shows the overall structure of the Exploration and Prod­

uction System. 

Figure 38, the flow diagram of the Integrated Information System, 

illustrates the logic flow and relationship among these subsystems: 

Figure 38-1, the Geological Information System, Figure 38-2, the 

Geophysical Information System, Figure 38-3, the Production Information 

System. All are flow diagrams for managing the applications for 

exploration and production. The detailed descriptions are discussed 

in Chapters III, IV, and V respectively. 

The subsystem marked by A indicates this particular subsystem 

is available in the petroleum industry in the form of a computer 

program or procedure. 
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Index Code for Each Subsystem 

For convenience of cross reference, an index code system is 

developed for each of the subsystems and programs. Each index code 

contains four (4) digits. The first digit indicates the first level 

identification, the second digit indicates the second level identifi­

cation, and so forth. For example, 1111, 

The first "l" indicates "The Exploration System". 

The second "l" indicates "The Geological Information System". 

The third "l" indicates "The Well Data Information System". 

The fourth "l" indicates "The Random Data File". 

The whole sybsystem and index codes are described below. 
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Index Code for each Subsystem and Program 

PAGE 

1000 Exploration Information System 124 

1100 Geological Information System 23 

1110 Well Data Information System 26 

1111 Raw Data Tape 25 

1112 EDIT and Update 27 

1113 Master File 25 

1120 Retrieval Program 31 

1121 Sub-File 32 

1122 Map File 32 

1123 Printer Listing 34 

1130 Coordinates Generation (Geologist) 25 

1140 Cross Section Program 41 

1150 Gridding Program 46 

1160 Trend Program 52 

1170 3-D Plot 64 

1180 2-D Contour 61 
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1210 

1211 

1212 

1213 

1214 
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Computer Interactive Output and 
Operation Examples 

Upon the user's request, through the alphanumeric keyboard and 

joystick, the interactive terminal will display a list of options 

(subsystems) available on the screen of the CRT, the user can make 

a selection by detecting the block desired. The operational 
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instruction is self-defined and displayed on each of the subsystems. 

Figure 39 displays the Exploration and Production Monitoring 

System. Figures 40 through 45 describe the Exploration, Geological, 

Geophysical, Aeromagnetic, Seismic and Production Information Systems 

respectively. 

The following examples are used to illustrate the function and 

operational procedure of the Mointoring System. 

Example -- To Retrieve Well Data and Generate Contour Map 

An exploration geologist tries to study the geological 

structure for finding a possible oil reservoir. First of all, he 

has to select the Geological Exploration System. After detecting 

the block (system) desired, the Geological Exploration System is 

shown on the screen with all optional subsystems posted (Figure 41). 

Since this is a study of subsurface structure, the Well Data 

Display option is chosen and it also is shown in Figure 46, which 

contains a menu of initial options. By choosing the REGIONAL MAP 

OPTION, (using the joystick, position the cross hair on the line 

indicating the REGIONAL MAP OPTION, then press the DETECT KEY), a 

map of the United States is shown. (Figure 47). 



To select the area of interest, again use the joystick and 

detect key, the data in the area of interest is shown in Figure 48. 

To contour the data of interest, simply press the CONTOUR KEY 

which is KEY 16 in the Program Function Keyboard, the map is shown 

in Figure 49. 
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Figure 46. The first display of the program is a menu of initial 
options. Using the joystick, position the cross hair on the line 
indicating the REGIONAL MAP OPTION. Then press the POINT DETECT 
key. · · 

·;· 



' ... 

; 3S f 

• • 
Figure4'1. The REGIONAL ~AP OPTION spots the wel Is from the work 
.tile onto a map of the United States. Center the cross hair on 
a particular area of interest and press the POINT DETECT key 

142 



• 

·..:'sses 
·-s1u6 

0 -S6U 
e"-s62e 

• 

·-Site 

.• 

• 
·-5$43 

•.5537 • 

·-se u1 

·- 927 

. ... ,, 
·-···· ·-se11 

"-S7H 

·-117• 
·-sasa •-1•1• 

·-se6s •-sH7 
·-sua 

143 

""If J llUll •ML ur • 

-5492 

• llJNJllUll U"LUE • 

-5927 

£NT£1 CONTOUI JNT£1U"L 

50 

HONOI £U£Rf DATA 4 

32 YELLS ~OST£D 

STRUCTURE 

• 
I 



·-;:3"; J1·fJ21 "•G/ ' I 

144 

lllNJllUll UALU£ • 

-5927 

50 

MONO• EVERY DATA ~ NO 

,2 WELLS POSTED 

SHUCTUl!C 

I IOU rEEl 
I I 



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

In the study presented herein, the author intends not only to 

review the existing automatic data processing system, primarily the 

computer software and application theory for petroleum exploration 

and production, but also to envision the trend and demand for automa­

tion in the future. 

The computer applications in the petroleum industry are increasing 

at a faster pace than ever. The computer-oriented information system 

has been proven to be not only desirable but necessary. The most 

effective way to utilize a computer-oriented system is the "TOTAL 

SYSTEM" approach which organizes and integrates all subsystems into a 

single information system. 

An integrated information system can be materialized, at least 

to a certain extent, by using an interactive computer terminal, together 

with a CRT display unit and generalized data-based files. By having all 

information (data files, application programs and processing procedures) 

stored on direct access equipment, in one central processing location, 

through man-machine communication facilities (CRT terminal, alphanumeric 

and programming functional keyboard, etc), the exploration scientist or 

production engineer can converse directly with the computer to retrieve 

and edit his data, access the processing modules, test various models 

and hypotheses and display the result. This process can be continuously 
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carried on, from one area to another, until an optimal solution or a 

final answer is achieved. The ultimate goal of this information system 

is to enable the scientist and engineer to use the computer as an 

extension of his own mind. 

Nevertheless, the monitor system developed herein is primarily 

intended to present the "TOTAL SYSTEMS" approach concept rather than 

an application procedure. In view of the complexity of the petroleum 

exploration and production involved, it is more feasible to integrate 

the information system to a lower subsystem level. 

Furthermore, the author realizes that an effective integrated 

information system should be designed by the user of the system. However, 

creative system analysts have a considerable contribution to achieve this 

goal. The efforts presented in this research are directed toward the data 

processing aspect of the information system and does not in any way claim 

to be presenting solutions to problems that the petroleum industry has 

spent millions of dollars to explore during the last decade. 
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Recommendations for Further Study 

The research presented herein represents only the beginning in the 

development of an integrated information system. A great deal remains 

to be accomplished by the petroleum industry. 

The sequence in which the items for further study are listed in 

no way indicates the order of importance or preference. 

1. To develop a comprehensive file management system which 

contains all exploration and production data with standardized file 

format and up-date procedure. With a direct data entry terminal 

operating as part of a time-sharing system, it permits data to be 

edited on line by computer programs using complex logic to detect and 

signal errors in format, invalid codes, and to check logical content 

of the files. 

2. To develop a generalized retrieval program which can easily 

access, update and process all data-based files and create a project 

(working) file used by the monitoring system. 

3. Each subsystem or individual application program should be 

so programmed that it becomes a unique module which can be easily 

incorporated into the "TOTAL SYSTEM". 

4. To develop a problem (exploration and production) oriented 

language so that the user can converse with the computer more readily. 

5. To develop a language interface program (or super translator) 

which can incorporate a set of programs written in different languages, 

i.e., if the Monitoring system, for example, is written in FORTRAN 



language which cannot directly call (link) a program or a subroutine 

written in the COBOL, PL-1 language or other high level language. 

With this interface program, the capacity and flexibility of the 

Monitoring System are largely increased. 
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