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Introduction 

The computer is a useful tool in connection with the storage and 

retrieval of mineral resources information. Although expensive initially, 

because of the necessary "front-end" planning and development, a 

computerized file of information offers certain unique a.dvantages to 

the user that are not available via traditional manual filing methods, 

especially where the given subject is complex, such as mineral resources. 

Computerized methods are the only means presently available by which 

a given subject file of information can be disassembled into its 

component parts (fields and subfields), operations performed on those 

parts (read, sort, lookup, match, compare, move, arithmetic, etc.), 

and then the file reorganized (reformatted) in whole or in part according 

to any other arrangement desired. Manual files, by contrast, provide 

for 1.imited lookup only, on the basis of those two or three main 

categories (fields) within the record that have been sorted (alphabetized) 

in advance. Once built, a manual file is frozen; a new arrangement is 

not possible except via a new compilation. In a manual file, only the 

two or three presorted fields can be manipulated. All other fields in 

the record are nonaddressable because they are not in a predictable 

arder. For the above reasons, a manual file is of limited usefulness. 

The inability to disassemble the manual file is a ·maj a r drawback 

because for most uses of data, disassembly is an initial requirement. 
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The purpose of this paper is to show sorne of the ways in which 

computer methods are utilized to enhance the effectiveness of the 

U.S. Geological Survey with respect to the organization, manipulation, 

and display of mineral-resources information. 

The CRIB File 

The U.S. Geological Survey's mineral-resources data file, called 

CRIB ( Computerized Resources Information Bank), wa r-; developed over a 

2 year period (1970-1972) and became operational in July 1972 (Calkins 

and others, 1973). As of 1974, the file contained about 30 , 000 

mineral-resource records, of which 10,287 are in the master file and 

the remainder in various holding areas undergoing editing. 

CRIB consists of a set of variable-length records on mineral 

deposits and mineral commodities of the United States and, to sorne 

extent, of the world. A record may relate to a single mineral commodity, 

several related commodities, a mineral deposit, or several related 

deposits, such as a district. The record accommodates about 250 

individual data items under the following main tapies . 

Record identification 
Reporter 
Name 
Location 
Commodity information 
Exploration and development 
Description of deposit 
Geology and mineralogy 
Production 
Reserves 
Potential resources 
References 

Sources of information include various manual files and written reports 
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within the U.S. Geological Survey and information collected by other 

agencies and organizations. The information is organized into logical 

elements on special CRIB reporting forms (input documents) and then is 

keyed on tape for entry into computer storage. 

Data acquisition thus far has been based largely upon the 

voluntary contributions of geologists within the U.S. Geological Survey 

and upon various arrangements made or being worked out with other 

agencies and organizations. Therefore, geographic and cornrnodity 

coverage is not uniforrn, and the quality and completeness of a given 

record varies widely, depending upon the content of' the original 

information. For example, information contributed by the Tennessee 

Valley Authority's Geologic Branch is rapidly producing high-quality 

coverage of those seven Southeastern States within the study area of 

this agency. Similarly, CRIB coverage of several countries in South 

America is of high quality, because of contributions r>f a f'ew key Survey 

geologists. 

The GIPSY System 

The usefulness of a computer file depends not only upon the logi

cal organization of the data items needed to <l.escrihP. Lh e :;ubject, but 

also upon the ability of the computer program to perfurrn the tas ks 

required by a storage and retrieval operation. 
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The development of sophisticated information storage and retrieval 

program requires 2 or more years, and the cost is very high. Several 

such programs existed at the time the CRIB file was being considered, 

and three had already been acquired and impl emented on the U.S. Geological 

Survey's computer system. One of these, the General Information Process

ing System (GIPSY) was chosen as the processing system for CRIB, pri

marily because it accommodates variable-length records and has a powerful 

retrieval mechanism. The decision to adapt an existing and proven 

program for use with CRIB, instead of writing our own "in-house" storage 

and retrieval program, effectively moved the CRIB project ahead by 2 

years and saved an estimated 1/4 million dollars in development costs. 

GIPSY was developed in 1968 at the University of Oklahoma under 

the direction of Dr. James W. Sweeney (Addison and others, 1969; Oklahoma 

Univ., Office Inf. Systems Programs, 1974) and was originally used to 

process palynology data and medical records at the University of Oklahoma. 

The GIPSY program is widely used within the U.S. Geological Survey and 

the Department of the Interior. GIPSY files operating or under develop

ment include geothermal resources, isotope ages, oil and gas fields, 

rare-earth minerals, paleontologic records, bibliographic records, water

resources project records, spec~alized professional-personnel records, 

legal case histories, mineral resources, and pipeline and production data 

on the Outer Continental Shelf. GIPSY also is being used by the National 

Oceanic and Atmospheric Administration (NOAA), Washington, D.C.; by the 

Missouri Medical School, Columbia, Missouri; by the Baylor Medical School, 

Houston, Texas, and by Cornell University. 
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The GIPSY system consists of a main program and a set of utility 

programs which together perform all of the computer-processing tasks 

needed to build, operate, and maintain a storage and retrieval file. 

It operates on IBM 360-370 computers and disk storage devices. The 

program accepts variable-length fields and variable-length records to 

a maximum of 32,000 characters per record. Records rnay be processed 

in batch or time-sharing modes, both of which are operational on the 

Survey's IBM 370-155 computer at Restan, Virginia. An indexing feature 

also is available by which one or more fields in the file can be 

indexed (inverted) on one or more terms. 

GIPSY uses three separate but interrelated files: the records 

file, the dictionary file, and the save-records file. All three are 

direct-access files and use full-track blocking. The records file con

tains the records themselves, which are stored in random order. The 

dictionary file is a list of labels (data items), print control informa

tion, and any data item descriptions. Several dictionaries may be con

structed-to address certain data items only, to provide different print

out formats or to provide special search dictionaries. 

The save-records file (SRF) is a transient storage area far 

records retrieved during the retrieval process and is part of the 

"iterative" feature of GIPSY. During the initial retrieval, each record 

is read sequentially to see if it meets the specified search conditions. 

Each time a "hit" occurs, the track address of that record is moved to 

the save-records file. After this initial retrieval the user then has 

the option of performing another search (an iteration) on the subset of 
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records retrieved during the first retrieval. This second search is done 

by direct-access method using the track addresses in the save-records 

file. Commonly, several iterations are made during the overall retrieval. 

The net effect is to reduce the number of records searched to smaller 

and smaller subsets, thereby increasing the search efficiency. Usually, 

the save-records files are temporary and are deleted after each job. 

Additional functions of the GIPSY program are described in the 

next sections in connection with user applications. 

Uses of CRIB 

CRIB data are used in two general ways: 1) prima.ry (standard) 

retrievals in which the user desires a particular subset of information 

from the file, and in most cases, a printed report (printout) of the 

results; and 2) secondary applications in which the results of a GIPSY 

retrieval are used as input to other programs. 

Primary retrievals are handled entirely within the GIPSY program 

itself. The Questran program of GIPSY contains a set of 15 commands 

(i.e., SELECT, SORT, ITERATE, etc.) which provide for retrieval, inter

media.te processing, and printing. These commands together with the 

search variables desired and the logical operators (AND, OR, and NOT) 

constitute a self-contained search and presentation system. The search 

variables are composed of two parts: 1) the "label," which identifies 

the field (data item) to be searched; and 2) the required data that must 

be present in that field in order for a "hit" to occur (a specific 

nwneric value , a word, a particular code or phrase, etc.). A wide 

assortment of search conditions allows the user to make highly selective 
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searches against the file--for words, parts of words, phrases, prefixes, 

suffixes, word range, numbers, special characters, and the presence or 

absence of a data item. Search variables in the numeric mode include 

equal, not equal, greater than, less than, and numeric range. After a 

r etrieval but before printing, various types of intermediate processing 

t asks can be performed, such as sorting, iteration, and surrrrning. Three 

print arrangements are available: 

PRIN'I' - Prints the "standard output record" - a p redefined format 

stored in the dictionary. 

LIST - Prints only those data items (fields) asked for. The data 

items are printed one below the other in single spacing. 

COPY Prints only those data items asked for. The data items 

are arranged along one or more print lines, normally in 

fixed-field, fixed-length records as specified by the user. 

In the print and list options any label description is printed 

along with the field information. 

GIPSY is basically a self-contained storage and retrieval system. 

On the other hand, if the user wishes to continue processing beyond 

the standard retrieval and printout, a provision is available for 

passing the results of a GIPSY retrieval to other programs. Exit from 

GIPSY is accomplished by means of the COPY command, through which a 

subset of retrieved data is rearranged into fixed-field, fixed-length 

records. These records are copied into a workfile where they are 

available for additional processing as a second job step. In this way 
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the user can take advantage of other programs or systems, and thus 

widen considerably the overall usefulness of the original data base. 

Secondary applications of CRIB data are being implemented as time 

permits and as needs arise. Those implemented to date fall into the 

following categories: 

A. Fi l e maintenance: 

l. Use o f existing FORTRAN pro grams t o convert Universal 

Transverse Mercator (UTM) coordinates and State Grid coordin

ates int o geodetic coordinates, and to place the results into 

the latitude-longitude fields of the CRIB records. 

2. An editing program in Assembly Language to correct or flag 

certain key fields in the CRIB record. 

B. Specialized output reports 

The generation of specialized reports is often desirable in 

arder to provide increased clarity and readability. These include 

tabulated listings, group listings, summary totals, and other 

types of "report generator" operations. Program languages and 

program systems used by the CRIB staff for such reports include 

RPG (Report Program Generator), COBOL, Assembly Language, and IRS 

(Inquiry and Reporting System). 

C. Map plotting applications 

Use of the CAM (Cartographic Automatic Mapping) program (U.S. 

Central Intelligence Agency, 1970), and the DPS (Data Presentation 

Systems) (Wachter, 1968) to generate maps. 
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D. Creation of a specialized Circum-Pacific mineral resources file 

from CRIB data using an IRS program. 

Examples 

The following examples illustrate a few of the ways in which CRIB 

data are being used to organize and display mineral resources information: 

Primary retrievals 

Example 1: 

Question: What information is available on the tin deposits in 

Alaska? 

Search method: Word search - <XXXX ) 

specified by a blank befare and after word sought. 

Output option: PRINT - print entire record. 

The information sought is obtained by searching the "country," 

"state," and "comrnodities present" fields. The parameter statements .. 

anda sample of the printed output are shown in figure l. Eight 

parameter cards (punched cards) are needed to define the question to 

the system and to specify the print option (PRINT). The form name 

CRIB is identified to the system followed by the SELECT command, which 

initiates the search. The search conditions (statements A through C) 

describe the specific information sought, followed by the logic state

ment (A * B * C) which defines the logical relations that must exist 

among the three search conditions. These eight parameter statements 

tell the system to retrieve those records containing the word US 

9 



(United States) in the country field AND the word 02 in the state field 

AND the word SN(tin) in the commodity field. In the logic statement, 

either the character "*" or the word, "AND" may be used for "AND." 

The PRINT card tells the system to print the entire record in the 

predefined arrangement, which has been s:r:ecified in advance in the 

dictionary file. 

Certain system-generated statements also appear with the eight 

parameter cards, including the label descriptions, the number of records 

searched, the number of records selected, and others. 

Example 2: 

Question: The user asks for certain information relating to 

limestone quarries in New York. 

Search method: Phase search - (xXXX XXX) 

Word search - <XXXXX) 

Output option: LIST - print only those fields specified. 

The parameter statements and a sample of the printed output are 

shown in figure 2. This question is answered by searching the labels 

AlO (name), A40 (country), A50 (state), and ClO (commodities present). 

The conditions A through E ask for those records containing the phrase 

LIMESTONE QUARRY OR LIMESTONE QUARRIES (plural) in the name field AND 

US in the country field AND 36 (New York) in the state field AND LST 

( limestone) in the commodity field. The search resulted in 20 "hits '.' 

The selected records are then sorted (alphabetized) by the first 10 

characters in the name field (AlO 10) and the fields specified under 

the LIST command are then printed one below the other in single spacing. 

10 



Secondary applications 

Example 3: 

This example includes a GIPSY retrieval followed by a COBOL pro

gram to provide a group listing. A GIPSY retrieval is made of all 

reco r ds on South America, the results sorted by c ountry code (Al+o) and 

latitude (A70) and then certain fields are copied in f ixed-fiel d 

records. These records are then processed thro ugh a COBOL program to 

provide a group listing with header lines. The parameter statements 

for the retrieval and two pages of the printed output are shown in 

figure 3. The resulting printed output contains several refinements 

over the printed COPY output provided by the GIPSY p r ogram. These 

include header lines, conversion of the country codes to country na.mes, 

and starting a new page for each country. 

Example 4: 

The user wishes to obtain a listing of major producing copper mines 

in Chile together with a summary of the annual production. The para

meter statements and the printed output are shown in figure 4. 

The procedure for extracting this information can be summarized 

as follows: 

l. GIPSY retrieval for CI (Chile) in the country field and CU 

in the major commodity field. 

2. COPY the fields pertaining to annual production as well as 

certain other fields. 

3. Pass to IRS (Inquiry and Reporting System) program for addi

tional processing. The IRS program sorts the commodity codes 
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in alphabetical arder, the production figures in ascending 

arder, and provides group totals for each cornmodity produced 

by the given copper mine. Also included, but left unlabeled, 

are the number of records in each group as well as the maximum, 

minimum,and average production for each group. 

Example 5: 

In connection with the Circum-Pacific map project, create the 

Circum-Pacific Mineral Resources File (MRF) using data from CRIB as 

a basis for testing and development. Make a retrieval from the Circum

Pacific map file, and then make a map plot. The Circum-Pacific mineral 

resources file (still under development) is a special-purpose file 

being designed especially for plotting mineral resources on maps. It 

has been very helpful to have CRIB data available for use during the 

test and development stage of this new file. The parameter statements 

for the GIPSY retrieval, together with output from two subsequent 

job steps and s,ome sample map plots, are shown in figure 5. The 

problem involve.s several reformatting and data-transfer operations. 

The main operations are summarized below: 

l. GIPSY retrieval on records for South America. Copy certain 

fields in fixed-length records in card-image format of four cards per 

record. The GIPSY part of the operation is shown in figure 5a. 
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2. The output from the GIPSY COPY is passed to an IRS reformatting 

step for conversion into the Circum-Pacific file. The input storage 

format is shown in figure 5b. Reformatted file is passed to step 3. 

3. A retrieval far CU ( copper) in Peru is made from the newly 

created Circum-Pacific file, using another IRS program. The results 

of this retrieval are sorted by latitude and longitude and the output 

reformatted for entry into the CAM (Cartographic Automatic Mapping 

Program). The output is in punched cards, two cards per location. A 

sample listing of the punched=card output is shovin in figure 5c. 

4. The punched cards are fed into the CAM map-plot program to 

produce a plot tape. The plot tape is run on the Calco~p drum plotter 

which produced the map shown in figure 5d, a map of sorne copper 

deposits in Peru. 

The same steps were repeated to produce the maps shown in figure 

5e (copper as well as copper AND molybdenum mines in Peru), figure 

5f (metal mines in Bolivia), and figure 5g (metal mines in Arizona). 

Figure 5g was produced by the DPS (Data Presentation System) GEOPLOT 

program. The DPS program is more versatile than the CAM program with 

regard to symbols and annotations; on the other hand, the CAM program 

produces coastal and political boundaries and has certain other 

versatile features, such as the easy plotting of the geodetic grid, 

not available in the DPS program. 
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SELECT 
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COUNT~Y COOE••••••••••••• 

8, A'50< 02 > 
STATE COOEe•••••••••••••• 

C. ClO< SN > 
COMMOuITIES PHESENT: 
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9:13:10,3 SElMCH HEGINN!NG 
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SEl.fCTEO !> S\JBSET 

VARI&~LES SATISFIED 

A 8045 

R 76 

e 55 
~ 

PRI~T°' 

Figure l. - Parameter statements and sample of the printed output 

resulting from a search for tin deposits in Alaska. 
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,
Figure J.. - Continuad. 
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GEOLOGICAI. OESC~I~TlVE NOTES••••••• COMPLE~ ORE SHOOTS ALONG DlKES IN ANO 
AdOVE CUPULA OF GRANITEa AAOVE A THRUST FAULT. 

Figure l. - Continued. 
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UNIVERSfTY OF OKLAHíl~A 11:29 A.M. MONDAY NOVE ~P. ER. 11 ,1974G t P S V 

F('l~M 

(~18 

SELECT 

A. AlO<LI~ESTONE QUAPRY> 
NA~F••••••••••••••••••••• 

8. A 10 <L I~ ES TO~E QUA RR IE S> 
NAME••••••••••••••••••••• 

C. HO< US > 
COJNTRY cooe••••••••••••• 

D. ASO< 3& > 
STATE co~e ••••••••••••••• 

E. ClO< LST > 
COM~OOITtES PRESENT: 

LOCIC (A+B)•C•O•E 
SEARCH 

tt:2q:40.3 SEA~CH 8EGINNTNG 
11:30:53.0 SEA~CH CO~PLETED 

SEAR(HEO 10287 

1\) S El ECTE!l 20 SUf\SET 
o 

VARIABLES SATISFtEO 

A 26 

8 

e eo1t5 

o 22't 

E lt3 

SC'~T 

AlO 10 
ENO OF SORT 

UST 

IHO 

Al O 

A40 

A50 Figure 2. - Parameter statements and sa.mple of the printed output 

ClO 
resulting from a search for limestone quarries in New York. 
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PAGE 01 

RE:~R) Nn •••••••••••• wooc21q 
NhYf••••••••••••••••••••• ALSEN ll~ESTílNE OUARRY 
:~u~TRY CODE ••••••••••••• US 
STATE CO~E••••••••••••••• 36 
cnM~ODITIES ºRESfNT: LST 
J RE '1 .\TER [Al S ( M ( ~ERALS , ROCKS, ETC • ) : l S T 
Hnsr A~O/OR COU~TRY ~OCKS ANO AGE.. MTO-ORDOV[C!A~ TRENTON GROUP 
lJ f,RAHA~, J. A., 1952, "MINERAL PESOURCES MAP OF N.v.s.", 1:750,000; N.v.s. 

SCTE~CE SERVICE 

QECORD NO•••••••••••• W000209 
NA~E••••••••••••••••••••• AQUETUCK LIMESTONE QUARRY 
COUNTRY COOE ••••••••••••• US . 
STATE CODF. ••••••••••••••• 36 
:o~~o~tTl~S PQ~SENT: LST 
~RE MATERIALS (~[NERALS,ROCKS,ETC.J: LST 
HJST A~OIOR COU~TPY ROCKS ANO AGE.. LOW ANO MtOOLE OEVONtAN ONONDAGA LIMESTONE 
1) Mfq~lll, F. J. H., 1904, "~AP FCONO~IC OEPOStTS OF N.Y.", 1:750,000; N.v.s. 

~USEU~, 23~0 REPORT 

OECOAO N~ •••••••••••• wooozzo . 
NAME••••••••••••••••••••• RRICK TlVER~-MOUNT IDA LI~ESTO~E QUARRV 
:ouNTPY c~JE............. us 
STATE conE ••••••••••••••• 36 
:n~w~otTtES PPESENT: LST 
ORE ~ATERtALS C~t~ERALS,ROCKS,ETC.l: LTMESTONE 
HQST AND/00 cnuNTRY qn~KS ANO AGE.. MIO OEVONIA~ HELDERBERG GROUP 
lJ GiAHA~. J. A., 1952, "MINERAL PESOURCES MAP OF N.Y.S.", 1:750,000, N.v.s. 
~USfUM, ~.v.s. SCIENCE SERVICE 

1\) 
1\) PF~'.JRO NO •• •••••• •• •• W000214 

~A~E••••••••••••••••••••• C~TSKJLL lJMESTONE QUARRY 
CQIJ"'ITPY CIJOE. •• • • ••• • •• • • us 
STATF COOE ••••••••••••••• 36 
:'.J"l"IQOJTt!:S PR!:SENT: LST 
n~!: "Al~~J.\LS ("'INERl\LS,ROCl<.S,ETC.): LST 
-40ST A'líl/JR Ullf"laY RO::KS ANO AGE •• HID-ORDOVICIAN TRENTON GROUP 
1) -.CEQQlllt F. J.~ •• 1904, "MAP FCONOMJC DEPOSITS OF N.Y."t 1:750,000i N.v.s. 

~USEU'1, 23QO OEPC1RT 

RE:ORD ~º•••••••••••• W00021R 
•iA~i:: ••• •• •• •. •• ••••• •••.. CE..,ENTON - AL SEN L tMESTONE QUAPR TES 
:01J'ITOY CJOE. • ••••• • • •... US 
STAT!: co~=··············· 36 
:0~~~0(TIES PR!:SENT: LST 
GRE ~ATEPIALS (MlNEPALS,ROCKS,ETC.): LST 
~~~T AND/OR COU~TRY POCKS iNn. AGE.. LOW A"'IO MIO DEVONIAN ONONOA~A ANO 

HELOEPBERG ll~ESTONES 
lJ GRAHAM, J. 4., 1952, "MINERAL RESOURCES·MAP OF N.Y.S.", 1:750,000; ~.v.s • 
. SClENCE SERVICE 

PECORO NO•••••••••••• W000215 
NA~i::••••••••••••••••••••• CEMENTON LIMESTONE QUARRY 
:ou~TRY COOE ••••••••••••• us 
STATE CODF ••••••••••••••• 36 

Figure 2. - Continued. 



PAGE 02 
co~~ODJTJ~S PP:S~~T: LST 
QQ: ~~TF.R!ALS l~INFRALS,PQCKS,ETC.): LST 
HJST A~O/Qq CPU~TRY RnC(S ANO Ar.E.. ~tO-OROOVICIAN TRENTON GROUP 
11 ~ERQILL, F. J.~ •• 1904, "~AP ECONP~rc DEPOSITS OF N.Y.", lt750,000; N.v.s. 

~useu~. z3on REPORT 

RE:ORO NO•••••••••••• WOOC211 
NA~E••••••••••••••••••••• CLIMAX WEST LIMESTONE QUARRY
:ouNTRY (<Y.JE............. us 
STATE C00~••••••••••••••• 36 
CO~MQDTTTES PRESENT: LST 
JQE ~ATERTALS l~TNERALS,ROCKS,ETC.>: LST 
~OST AND/OR COll~TRY ROCKS ANO AGE.. ~JO-DEVONIAN HELOERBERG GROUP 
11 ~ERRTllt F. J. H., 1904, "MAP ECONO~IC OEPOSITS OF N.Y.", 1:750,000; N.v.s. 

MUSEU~, 23RO REPORT 

RE:ORO NO.~•••••••••• WC00212 
N4~E••••••••••••••••••••• COX SACKIE LIMESTONE QUARRY 
:0UNTRY CODE ••••••••••••• US 
STATE co~e ••••••••••••••• 36 
cn~vnoJTiéS PRESENT: LST 
OQ: ~ATERIALS l~JNERALS,ROCKS,ETC.>: LST 
H0ST A~D/OR COU~TRY ROCKS ANO AGF.. MIO-OROOVICIAN TRENTON GROUP 
l> ~EqRILL, F. J. H., 1904, "~AP ECONO~IC OEPOSITS OF N.Y."t 1:750,000; N.Y.S. 

~USEU~, 23RO REPQRT 

Rf(QOO NO•••••••••••• W000206 
NA~E••••••••••••••••••••• HOOStCK FALLS llMESTONE QUARRY 
C~UNTRY CODE••••••••••••• US 
STATE COOE ••••••••••••••• 36 
:o~unotTIES PRESENT: LST 

1\) OPE ~ATERIALS C~INFRALS,ROCKS,ETC.>: LST 
"' ~rsT ANO/QR COUNTRY RQCKS ANO AGE.. MIO OROOVICtA~ WALLOOMSAC FORMATtON 

l> ~r~~tLL, F. J. H., 1904, "MAP ECONOMIC OEPOSITS OF N.Y.", 1:750,000i N.v.s. 
WUSEU~, 23Qíl QEP0RT 

RE:ORO NO•••••••••••• W000213 
NA~E••••••••••••••••••••• HUnSON LIMESTONE QUARRY 
COU~TRY CO~E••••••••••••• US 
STATE CO~E. •••••••••••••• 36 
cr~~nnIT!ES PRESENT: LST 
QQE MATER!ALS (MINERALS,ROCKS,ETC.): LST 
HJST A~~/OR COUNTRY ROCKS ANO AGE.. ~ID-OEVONIAN HF.LDERRERG GROUP 
l> Mf~RJLL, F. J. H., ¡qo4, .. "IAP ECONmnc OEPCISITS OF N.Y.", 1:75C,OOO; N.-Y.s. 

'4USEUM, 23~0 REPORT 

PECOR~ NO•••••••••••• WOOOZ07 
~4~~••••••••••••••••••••• LEBANON SPRINGS LIMESTONE QUARRY 
COU~TRY C~DE••••••••••••• U~ 
STATE COOE••••••••••••••• 36 
:o~MnOTTl~S PRFSENT: LST 
OPE MATERIAlS (~INERALS,ROCKS,ETC.): LST 
rlQST ANO/OR COUNTPY ROCKS AND AGE •• ~ID OROOVICtA~ WALLOO~SAC FORMA~ION 
1) MERRILL, F. J. H., 190~, RMAP ECO~OMlC OEPOSTTS OF N.Y."t 1:750,000; N~Y.S. 

~USEU~, Z3RO REPOPT 

Figure 2. - Continued. 
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FORM 

CRIB 

SELECT 

Ae l40<CI> 
COUkTAY COOE••••••••••••• 

e. A40<PE> 
COUNTRY CODE••••••••••••• 

c. A40<AR> 
COUNTRY COOE••••••••••••• 

o. A40<CO> 
cou~TAY COOE ••••••••••••• 

E. A40<8R> 
COUNTAY CODE••••••••••••• 

,.. A40<1/E> 
COUNTRY CODE••••••••••••• 

Ge A40<VY> 
COUNTAY CODE••••••••••••• 

"· A40<PA> 
COUNTMY CODE••••••••••••• 

1\) 
~ I. A4U<GT> 

COUNTAY CODE••••••••••••• 

J. A40<E.C> 
COUNTAY CODE••••••••••••• 

Ke A40<8L> 
COUNTRY COOE••••••••••••• 

L06IC A•B•C•O•E•F•G•H•l•J•K 
SEAHCH 

17t0Jtl7el SEARCH BEGINNING 
17109:34.7 SlAHCH COMPLETEO 

SEARCtiED 10047 

SELECTED 512 SUBSET 

YARUl:iLES SA TISF IED 

A •9 

8 178 
Figure 3. - A GIPSY retrieval followed by a COBOL progra.m to produce

e 33 

o 14 a group listing on South Arnerica. Shown are the parameter 
E 183 

statements for the GIPSY retrieval and two pages of the 

printed output. 
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SORT 
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A709 
E~D OF SORT 

COPY 

810 9 

A40 11 

AlO 60 

ClO 30 

ATO 11 
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"' AIO 12 
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Figure ~. - Continued. 



1 

1\) 
O\ 

ARGENTINA 

RE.CORO NO DEPOSIT NAME 
1<001)115 ZINC, ARGENTINA•COUNTRY SUMMARY, 1961-65 
1(000395 ZINC, ARGENTINA - COUNTRY SUMMARYt 1966-1970 
K0003'+8 ZINC, ARGENTINA - COUNTRY SUMMARYt 1951-1955 
K0002R8 ZINC, A~GENTINA - COUNTRY SUMMARY, 1946-1950 
KC00216 ZINC, ARGENTINA - COUNTRY SUMMARYt 1941-1945 
1<000166 ZINC, ARGENTINA - COUNTRY SUMMARYt 1956•1960 
woo2096 PUMAHUASI PB, ZNt AG MINE 
W002094 PIRUUITAS SN MINE 
W002093 PIRCAS SN MINE 
W002073 AGUILAR PBt ZNt AG MINE 
111002076 CAPILLITAS CU OISTRICT 
W002082 LA MEJICANA CU MINE 
•002071 CASTANO VIEJO PBt ZNt AG MINE 
--002088 PACHON CU DEPOSIT 
W002078 CERRO MERCEDARIO CU PROSPECT 

SEVERAL MINES <SEE COMMENTS> 
SEVERAL MINES <SEE COMMENTS)

woo2oas LEONCITO CU PROSPECT 
11002092 YALGÚARAZ CU PROSPECT 
•002074 ARROYO LA HONDA CU PROSPECT 
W002090 PARAMILLOS NORTE CU PROSPECT 
111002091 PARAMILLOS SUR CU PROSPECT 
w002089 PARAMILLO DE USPALLATA PBt ZNt AG MINE 
~00?097 RIO DE LAS VACAS CU PROSPECT 
W002086 LOS CONOORES W MINE 
•00201H LAS CUEVAS CU PkOSPECT 
W0020$30 CORDON DEL PLATA cu, PRt ZN PROSPECTS 
W002095 PORTILLO ARGE~TINO CU•PB-Z~ PROSPECT 
•002081 INFIERNILLO ·cu PROSPECT 
11002083 LAS CHOICAS CU MINE 
l!i002075 CAMPANA MAHUIDA CU PROSPECT 
W002087 LOS MANTIALES P8t ZN• AG MINES 
•002079 CONCOROONQUI CU OEPOSIT 

ZN 
ZN 
ZN 
ZN 
ZN 
ZN 
PB 
SN 
SN 
PB 
cu 
cu 
PB 
cu 
cu 
PB 
PB 
cu 
cu 
cu 
cu 
cu 
PB 
cu 
~ 

cu 
cu 
CU 
cu 
cu 
cu 
PB 
cu 

COMMOOITIES PRESENT 

ZN AG 
AU 
AG 
ZN AG 
PB ZN MO MN AG AU 

ZN AG 

MO FE 
ZN cu V 
ZN cu V 
MO 
HO ZN 
MO PB ZN 
MO 
MO PB ZN 
ZN AG cu 
MO PB ZN 
81 
PB ZN 
MO P8 ZN AU 

. MO PB ZN 
MO PB ZN AS 

HO AU PB ZN FE 
ZN AG AU 

PAGE NO. 

LATITUDE LONGITUOE 

22-18- s 065-35- w 
22-40- s 066-33- w 
22-45- s 066-36- w 
23-15- s 065-4 2- w 
27-21- s 066- 24 - w 
28-56- s 061.:45 - w 
30-51- s 069-44- .. 
31-40- s 070-25- w 
31-58- s 010-02- w 
32-00-005 066-00·00W 
32•00-00S 066-00-00W 
32-02- . s 069-35- w 
32-15- s 069-24- w 
32-15- s 070 - 19- w 
32-25- s 069-06- w 
32-30- s 069-06- w 
32-30- s 069-12- w 
32-35- s 010-00- w 
32-39- s 065-18- w 
32-50- s 010-02- w 
33•15- s 069-30-· w 
33-37- s 069-35- w 
34-35- s 068-50- w 
34-47- s 070-14- w 
38-20- s 070-30- w 
42-06- s 0~9-00- w 
42-10- s 071-03• w 

Figure 3. - Continuad. 



BOLIVIA PAGE NO. 2 

RECORD NO 
1<000167 ZINC, BOLIVIA - COUNTRY 

DEPOSIT 
SUMMARY, 

NAME 
1956-1960 ZN 

COMMOOITIES PRESENT LATITUOE LONGITUOE 

1<000217 ZINC, HOLIVIA - COUNTRY SUMMA~Y, 1941-1945 ZN 
KOOOlló ZINC, BOLIVIA-CúUNTHY SUMMARYt l9bl-l965 ZN 
1<000289 
K.000349 

ZINC, 
ZINC, 

BOLIVIA 
BOLIVIA 

- COUNTRY 
- COUNTRy 

SU~MARY, 1946-1950 
SUMMAWY, 1951•1955 

ZN 
ZN 

K000396 ZINC, BOLIVIA - COUNTRY SUMMARY, 1966-1970 ZN 

I 

(\) 
....... 

W002068 
111001530 
•001531 
woo2010 
ilt002069 
W002043 
111002063 
woo2oss 
•002050 
•002071 
•002059 
W002062 
woo2os~ 
W002046 
W002044 
W002066 
W002056 
111002064 
W00204 7 
•002048 
W002045 
11002051'.i 
W002057 

MOJOS ANO TUICHI RIVERS AU PLACERS 
KAKA RIVER PLACERS, TEOPONTE-GUANAY 
TIPUANI GOLD PLACERS 
CHALLANA RIVER AU PLACERS 
ZONGO ANO COHOICO RIVERS AU PLACERS 
MATILDE (ZN-PB-CU-AG> ~INE 
HUALLATANI-MILLUNI SN MINES 
CHOJILLA W•SN MINE 
BOLSA NEGRA w-SN MINE 
UPPER LA PAZ RIVER AUt SN PLACERS 
VILOCO SNt w. MINE 
ATOROMA-MALLACHUMA SN ~INES 
CARACOLES SN-w-~I M)NE 
COROCORO CU MINE 
·BERENGUELA LEAD-ZINC•CAOMIUM DEPOSIT 
CERRO GRANDE - ~EHENGUELA SN MINES 
COLQUIRI SN-w MINE 
K A:.C I SN t . ~ • MI NE 
CHACARILLA CNITTO METAL MINING CO.> CU MINE 
SAN JOSE SN-PB•AG MINE <INCLUDING COLORADA, 
~OROCOCALA•SANTA FE-JAPO SN MINES 
HUANUNI SN MINE 
LLALLAGUA SN MINt 

TETILLA• ANO ITO 

AU 
AU 
AU 
AU 
AU 
PB 
SN 
w 
w 
AU 
SN 
SN 
SN 
cu 
ZN 
SN 
SN 
w 
cu 
SN 
SN 
SN 
SN 

SN 

ZN 
w 
SN 
SN 
SN 
w 

w 
AG 
PB 

PB 
SN 
AG 
AG 

AG 

cu 
BI 

SI 
PB 
CD 

AG 

PB 

PB 

AG 
PB 

AG 

ZN 

S3 

ZN · 

CD 
AG 

se 

SB 

· NI 

cu 

14-30 s 
15-28-00S 
15-31-00S 
15-35 s 
15-43 s 
15-48 s 
16-18 s 
16-23 s 
16-34 s 
16-40 s 
16-52 s 
16-54 s 
16-55 s 
17-10 s 
17-19 s 
17-22 s 
17-24 s 
17-27 s 
17-35 s 
17-58 s 
18-10 s 
18-15 s 
lA-27 s 

068-40 w 
067-44-00W 
068•01•00W 
067-55 w 
067-44 w 
068-50 w 
068•13 w 
067-45 w 
067-47 w 
061-00 w 
067-36 w 
067-34 w 
067-29 w 
068-28 w 
068-44 w 
066-25 w 
067-07 w 
066-46 w 
068-lt+ w 
067-07 w 
066-50• w 
066-50 w 
066-36 w 

•002065 
w002067 . 
woo2012 
w002042 
W00c052 
•002051 
11002053 
w002060 
W00206l 

AVICAYA - ANTEQUERA - TOTORAL 
COLUUECHACA SN•AG MINE 
~UTUN IRON DEPOSITS 
fo>OTOSI DlSTRICT CSN, AG> 
PORCO ~8-ZN-AG MINE 
PULACAYO PB•ZN-AG MINE 
TASNA BI•SN-W MINE 
CHOCAYA S~ · MINE 
CHOROLGUE SN-W-~I.M!NE 

SN MINES 
SN 
FE 
SN 
SN 
cu 
SN 
PB 
SN 

P8 

AG 
PB 
ZN . 
BI 
ZN 
w 

AG 

ZN 
ZN 
PB 
AG 
SN 
AB 

PB 
SB 
AG 
cu 
AG 
SI 

w 
AG 

w 
81 
AU 

SB 

se 
SB 

cu 

AU 
cu 

18-36
18-42
19-10
19-38
19-49
20-24
20-39
20-57
20-ss

s 
s 
s 
s 
s 
s 

s 
s 
s 

066-23
066-0l
057-54
065-45
065-58
066-42
066-11
066-18
066-02

fi 
w 
w 
w 
w 
w 
w 
w 

" 11002049 rATASl-PORTUGALETE PBt AG MINE · PB AG ZN 21-10 s 066-09 w 

Figure ,. - Continuad. 
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FO~~ 

CRIB 

SHECT 

A. A40< Ct > 
COUNTRY cooe ••••••••••••• 

"• MAJOR< CU > 
MAJOR•••••• 

LOGIC A ANO 8 
SEARCti . 

12:59:1•.0 SEARCH BEGt~NtNG 
12:59:50.1 SF.A~CH COMPLETEO 

SEARCHEO 10287 

SE LEC TE O 41 SUBSET 

Y4Rfl8LES SATISFIEO 

A 4>9 

8 659 

COPY 

01 8 
N 
()) ou ll.3 

01' 8 

DlC 39 

llO 39 

AlO 7 

ATO 9 

l80 10 

NEW RECORD 

02 8 

D2A 1193 
Figure 4. - A GIPSY retrieval followed by an IRS program to produce a 

028 8 

D2C 39 listing of majar copper mines in Chile, together with a 
llO 39 

summa.ry of the annual production of the commodities pro
810 1 

duced by each mine. Shown are the parameters statements 

for the GIPSY retrieval and the printed output. 



A7C 9 

Ai!!J 10 

~E W "E CORO 

~3 8 

03A 11.3 

038 8 

D3C 39 

'10 39 

'10 1 

uo 9 

~80 10 

~ew RECORD 

O!t 8 

º~' 11.3 

048 8 

04C 39
N 
\() 

llO 39 

IUO 1 

'709 

l80 10 

~F.W RECOPO 

05 8 

05l 11.3 

051\ 8 

05C 39 

&10 39 

@10 7 

AlO 9 

A80 10 

MEW "ECORO 

06 ti 

Figure 4. - Continued. 
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ll-11-74 PAGF 
A~~IJAL PRODUCTIO~ OF :OPPáR MI NF5 IN CHt LE 

CU ES T 
:u EST 
CU ES T 
:u EST 
: J EST 
CU ES T 
CU EST 
CJ 
~U EST 
CU EST 
CU EST 
CU ACC 
CU EST 
CU EST 
:u EST 
CLJ ACC 
CU EST 

TOULS 1 

llv:>"'IET TílNSlQ68 
21COMFT TONS1972 
3600~ET TC~Sl971; 

'.\óOOM: T TONSl 971 
3~0C~ET TONS197C; 
~OCO~ET TnNs¡q7¡ 
5000MET TONS19o9; 
10200~ET TQ~Sl970 

ll600MET TONS19ó8 
1350 ·.)~FT TONS1970 
icoCJ"'l~T TONS1970 
2l500~ET TONS1970 
585CO"'IET TONS1971 
lOl~OOMET TONS1971 
104000MET TONS1933 
28300v~ET TONS1969 
400000MET TONS197ll 
10~7500 

PffORlllATIO~ LACKI~G 

INFOR~ATION LACKING 

RECOVERAALE METAL 

INFORMUIOH LACK tNG, EST • 

Tíl U JPJLLA CU "IINE 
C011 fl AR'1 AL A ( ~ "'I I~ E 
CAl.A"IA Cll "'l!NE 
l.AUTAll~'J CJ "IINE 
VALLFNAR C~ "'IINE 
PAIPOTE CU Ml~E 
l A AFRICANA CU MINE 
BAGllEDANrJ CU MINE 
El SOLDADO CU "IINE 
F.l SALADO CJ MTNF 
~TCHTLL~ 

SA:iASCI\ :u li4JNE 
Rin SLANCO CU MINE 
é XCJ1I CA CU MT NE 
POTRERILLOS CU MINE 
CHUO•JICAMAU CU MINE 

GREATERLAU.TAURO CU MINE 

W8Jl~552l-04-4P.S)70-ll-OOW 

W0 015343l-ll S~71-01- W 
W0 0153 3 22-7R S~60-56- W 
W00154327-13-42S)70-21-24W 
WC0l5562R-34 SJ70-47 W 
W00l54877-74 $)70-18 W 
W00154233-27-42~~70-49-24W 
W00178523-20 S069-50 W 
W00151932-38-485071-06-54W 
~~Cl53732-44-24SJ7C-58-C6W 
W20154722-43-54~070-14-24W 
W~Ol55220-ll-3bS)ó9-2l-06W 

WC0155133-08-305070-lb-l2W 
WO~l54122-28-3~5J68-52-30W 
WC0l~5026-28-36S~69-25-48W 
WOC153522-20-00S069-44-24W 
W00154327-13-42SJ70-21-24W 

17 
ltO~OOO 

1100 
b 16 l 7 

MO ACC 
T:JTALS: 

2200MET 
2200 

TONS1969 CHUOUICAMATA CU MINE WC0153522-20-00S069-4~-24W 

l 
2200 

"' 2200 
~ 2200 

~R: 
Ji:t E 

EST 
l=S T 

3b000~ET TONSlqSQ 
400C0~ET TONSlq~a 

ESTIMATEO GREATER 
FSTl~ATED 3.0t CU 

T~AN lt CU SA~ ~IGUEL, OUETANA 
f~COPILLA CU MINE 

CU ~INE W00155322-26-4ASQ6q-oo-36W 
W00t55522-04-48SJ70-ll-00W 
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Figure 5c. - Listing of punched-card output for copper map of Peru. 



Figure 5d. - Ma.p ahowing copper deposite in Peru. 

METRL MINES IN PERU 
37 



·-----·--··- ·-----

Figure 5e. - Map showing oopper and copper-molybdenum deposite in Peru. 
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Figure 5t. • Map ahowing ad.ne• in Bo11•ia. 
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U.S. GEOLOGICAL SURVEY STATE HYDROLOGIC tJNIT MAPS 
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ABSTRACT 

The U.S. Geological Survey, in cooperation with the U.S. Water 
Resources Council, is producing a new set of 1:500,000 scale maps 
suitable far supporting National, regional, State, and local 
planning activities, including the National Assessment, and as a 
standard geographical framework f or more detailed water and related 
land-resources planning. The State maps will provide a uniform, 
nationally consistent set of maps showing drainage, culture, hydro
graphy, and hydrologic boundaries of: (1) Water Resources Regions, 
(2) Water Resources Subregions, (3) National Water Data Network 
Accounting Units and (4) Cataloging Units of the Catalog of 
Information on Water Data. Available maps have been unsatisfactory 
because of inadequate bases or scale&. The maps have undergone 
extensive field and headquarters review by principal Federal, 
regional, and State water-resources agencies throughout the country 
and, when publish.ed, will have received Water Resources Council 
approval. 

The new maps utilize the u.s. Geological Survey's State base 
map series, and show culture in black, hydrography in blue, 
hydrologic subdivision bouadaries and 8-digit hydrologic codes in 
red, and political codes in green. All river basins with drainage 
areas greater than 700 square miles (1813 square kilometres) are 
accurately delineated on· a satisfactory base for the f irst time. 
The maps should have widespread use, applicability, and lasting 
value in planning activities, and also in organizing and dissemina
ting data both on a political and hydrological basis. The State 
base is most appropriate because water-resources planning and 
management are being conducted increasingly at State level. 
Distribution of the maps will be handled by the Geological Survey 
as a standard map series. 

INTRODUCTION 

This paper perhaps should have been called more appropriately 
"A national project to depict hydrologic units." Many agencies at 
all levels of government are actively engaged in programs relating 
to water-resources planning and assessment. Yet, despite the 
numerous planning reports, there has not been available a uniform, 
nationally consistent set of maps that accurately del!neate, on a 
good base and at a satisfactoty---scale, the hydrographic boundaries 

1/ Hydrologist, Office of Water Data Coordination 
]:_/ Cartographic Technician, Off ice of Water Data Coordination 
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of the majar river basins of the United States. Available rnaps 
have been unsatisfactory for rnany purposes because of inadequate 
bases or scales, not to rnention a lack of agreernent arnong Federal, 
State, and local agencies as to the suitability and desirability 
of such subdivisions. At present, groups concerned with water use 
a wide variety of criteria for narnes, coding, and boundaries for 
areas and river basins. Nurnerous discussions with representatives 
of Federal and State agencies indicated an agreernent on the need 
for such a set of rnaps. 

This national project to depict hydrologic units really began 
over 65 years ago. A 1910 U.S. Geological Survey report stated 
"For the purpose of uniformity in the presentation of reports a 
general plan has been agreed upon by the U.S. Reclarnation Service, 
the U.S. Weather Bureau, and the U.S. Geological Survey, according 
to which the area of the United States has been divided into 12 
parts whose boundaries coincide with certain natural drainage areas." 
The Geological Survey's Office of Water Data Coordination's maps 
for the "Catalog of Inforrnation on Water Data" were developed in 
1964-65. The cataloging-unit boundaries for those maps (1966 edition) 
were developed frorn the Federal Interagency River Basin Comrnittee rnaps 
(1947), the Federal Interagency Committee on Water Resources maps 
(1961), and the U.S. Department of Agriculture maps (1963). Later 
editions (1968, 1970, 1972) of the "Catalog of Information on Water 
Data" used the U.S. Water Resources Council (1968, 1970) and the 
Department of Agriculture (1970) breakdown of the country to further 
refine the maps. Over t1-!_e years_ ~everal indivi~ual Federal agencies• 
including the U.S. Geological Survey, as well as interagency 
comrnittees and work groups, have attempted to divide the country 
into units whose boundaries coincide with certain natural drainage 
divide lines. Figure 1 shows the breakdown of the country into the 
21 regions presently used by the U.S. Water Resources Council (WRC). 

In the fall of 1972, the U.S. Geological Survey's Office of 
Water Data Coordination, with support from the U.S. Water Resources 
Council, initiated a project to print a nationwide set of State 
Hydrologic Unit Maps suitable for supporting National, regional, 
State, and local planning activities. The project proposed to develop 
a set of State maps showi_!!g_ drainage,_ culture, polit~cal boundaries,_ 
and hydrologic-unit boundaries and codes, thus making available a 
standard geographical f ramework for more-detailed water-and land
resource planning. The maps have undergone íntensíve and extensíve 
field and headquarters review by almost all principal Federal, 
and State water resources agencies throughout the country. These 
maps will have received U.S. Water Resources Council review and 
approval by July 1975. Printing of all the State maps is planned 
to be completed by the end of 1975. The distribution and sale of 
these maps will be handled by the Geological Survey as a standard 
map series. 

44 



DESCRIPTION OF MAPS 

The State Hydrologic Unit Maps accurately depict a nationally 
consistent set of boundaries and codes for "basic hydrologic units" 
of the nation on a sati~factory base and suitable scale for the 
first time. The basic building blocks shown on these State maps are 
called Cataloging Units and these are aggregated into other units 
called Accounting Units, Subregions, and Regions (Figure 2). The 
boundaries shown on the review· maps were the 21 Regions and 222 
Subregions designated by the Water Resources Council and the 330 
Accounting Units of the National Water-Data Network and 1,550 
Cataloging Units used in the 1972 edition of the "Catalog of 
Information on Water Data" that is prepared by the Off ice of Water 
Data Coordination. The number of Subregions, Accounting Units and 
Cataloging Units are subject to change during the review process 
now underway. 

Figure 3 is an example of a State map (Maine). This new series 
of u.s. Geological Survey State Hydrologic Unit Maps provides a 
uniform, nationally consistent set of hydrologic units accurately 
delineated to show individual river basins draining approximately 
700 square miles (1813 square kilometres) in area or greater, 
except for Alaska which will be a ·smaller scale map. The maps will 
be useful far water-resources planning, coordination of water-data 
acquisition activities, the U.S. Water Resources Council's National 
Assessment, network design, land-use planning, and the National 
Water Data Exchange (NAWDEX). These maps will have many other uses, 
and copies have been requested for unexpected special purposes, 
such as additional mapping subdivisions required by the Federal 
Insurance Administration and the U.S. Forest Service. 

These maps at a scale of 1:500,000 utilize the U.S. Geological 
Survey State Base Map Series and show culture in black, hydrography 
in blue, hydrologic-unit boundaries and the eight-digit hydrologic 
unit codes in red, and the political (State and County) codes in 
green. Thus, all river basins with drainage areas greater than 
700 square miles (1813 square kilometres), except in Alaska, are 
being accurately delineated nationwide on a satisfactory base for 
the first time. This set of maps which, hopefully, will be adopted 
as an "official" set of maps should have widespread use and applica
bility and lasting value in planning activities and also in geograph
ically organizing and disseminating data, both on a political and 
hydrologic basis. The maps are suitable for computer printing of 
station locations and other areal data, and they can be collated 
or mosaicked into any forro desireo. The State base is most appro
priate because water-resources planning and management are increas
ingly being conducted at the State level. 

Figure 4 shows the map explanation used on a typical State 
Hydrologic Unit Map, in this case New Hampshire and Verrnont. The 
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map explanation indicates the majar source references from which the 
boundaries were adopted. The political subdivision cede has been 
adopted from the "Counties and County Equivalents of States of the 
United States" published by the National Bureau of Standards (1973) 
in which each county or county equivalent is identif ied by a two
character State code and a three-character county code. The 
Regions, Subregions, and Accounting Units are aggregates of the 
Cataloging Units. Concerning the eight-digit code, the first two 
numbers represent the Region, the second two the Subregion, the 
third two the Accounting Unit, and the fourth the Cataloging Unit. 
At the bottom of the figure is a table showing the hydrólogic units 
far the States broken down according to their Regions, Subregions, 
Accounting Units, and Cataloging Units. 

OPERATING GUIDELINES FOR MAP 
PREPARATION AND REVIEW 

Four majar criteria were used in the preparation of the maps. 
First, essentially all boundaries are hydrologic in nature. Second, 
each smaller unit nes·ts within the next larger unit. This nesting 
is valid only within the boundaries of the United States and all 
boundaries of units lying in contiguous States match precisely. 
Third, Bulletin 4 (1951) and Bulletin 14 (1967) of the U.S. Water 
Resources Council were used as the principal references far the 
technical criteria. In the review process, district (field) offices 
of the Geological Survey were relied upon f or hydrologic-unit 
boundary changes. The States, regional cornmissions, and Federal 
agencies were relied upon f or the ranking of the units as well as 
the delineation of unit boundaries and the numbering of the units. 
The boundary locations and the ranking of units were determined 
using professional judgment based on principals of hydrology 
and cartography. Fourth,- and perhaps most important, the o~erriding 
consideration in resolving dif f erences was the acceptance of bound
aries and subdivisions most widely used by responsible State, 
regional, and Federal agencies. In general, these are the areas shown 
in a 1970 publication of the Water Resources Council and in the 1972 
edition of the Geological Survey's Catalog of Information on Water 
Data (U.S. Geological Survey, Office of Water Data Coordination, 1973). 

Technical problems were many and will not be discussed in detail. 
However, Figure 5 shows the various types of Subregions and Accounting 
Units and shows their relationship to the Cataloging Units. There 
are single-river basins, closed-river basins, interior-river basins, 
multiple-river basins, and lakes or estuaries. Technical problems 
were encountered with such items as:(l) boundary delineation and 
hydrologic coding for basins, bays, estuaries, small coastal islands, 
closed basins and large non-contributing areas, swamps and depressions; 
(2) interconnected basin flow; (3) man-induced changes or diversions 
in natural drainage; (4) hydrologic differences between surface-water 
and ground-water contributing areas; and (5) making drainage corrections 
to the best and latest available maps. 
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Many conf licting review comments were received and these were 
resolved by the U.S. Water Resources Council after identification 
by the .Geological Survey. All the changes were documented on a 
single set of State maps after the field review. Then the maps 
were transmitted to the U.S. Water Resources Council who, through 
the National Planning and Assessment Committee with representation 
from all the majar water-resource oriented Federal agencies, 
considered, reviewed, and approved the maps region by regían, 
although the maps will be published on a State by State basis. 
Therefore, both field and headquarter's review and approval were 
received. Field review by many Federal agencies had already 
occurred either through river basin connnissions, or regional 
interagency conunittees. These maps probably have had a more 
thorough nationwide review befare publication than any prior set 
of Geological Survey maps. 

PRESENT STATUS OF THE MAPS 

U.S. Water Resources Council approval has been received for 
Regions covering most States eást of the Mississippi 'River, 
and nine State maps have been printed, these being mostly in the 
northeast. The remainder of the m·aps will be printed by the end 
of 1975. After the maps have been printed, the basic map materials 
can be made available to Federal and State agencies for other uses, 
such as far overprinting boundaries of other hydrologic, planning, 
or water-management units. The maps will be used by the U.S. 
Water Resources Council and the Regional Sponsors for the 1975 
National Assessment of Water and Related Land Resources. The 
Office of the Chief Geographer of U.S. Geological Survey plans to 
use the hydrologic-unit boundaries and the coding system in the 
land-use data analysis compilation activities and land-use mapping 
program of the Geological Survey. 

SUMMARY 

The Hydrolagic Unit Maps»described depict the basic hydro
logical and political areal planning units of the country, thus 
providing a uniform and standard geographical framework far either 
more- or less-detailed water-resource, and related land-resource, 
planning. Their use will standardize not only the boundaries of 
planning activities but the organization and dissemination of data. 
As a result of the intensive and extensive review and approval 
given to this set of maps, the disagreements or differences among 
and between Federal, regional, State, and local water resources 
agencies as to location, size, and extent of hydrologic unit bound
aries have been resolved as far as possible. The maps should have 
great lasting value and only minar changes are contemplated on future 
editions of the maps, with these being mainly in the hierarchal 
ranking or the further subdivision of the "basic hydrologic units" 
or Cataloging Units as water-resource development occurs in an area. 
The maps could also serve as the geographical basis far the U.S. 
National Atlas proposed by Heindl in 1970. 
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EXPLANATION 

This map Jnd accompanying table show Hydrologic Units 
that are basll:ally hydrographic in naturc . The C'ataloging 
lJnits shown will supplant the C'ataloging lJnits prcviously 
uscd hy the lJ .S. Gcological Survey in its C'atalog of lnforma
tion on Wat< r Data ( 1966 - 7 2). The previous lJ .S. Gcological 
Survt·y Cat;·log-lndexing Systcm was by map numhcr and 
11.-ttcr. suc:h as 49M. Thc boundaries as show~ havc been 
adaptcd fro ·n ..Thc C'atalog of lnformation on Watt•r Data" 
( 197 2) • ..Water Rcsourn·s Regio ns ami Subrcgions for the 
Nat1onal Asscssment of Water ami Related L.and Resoun:cs" 
by the U.S. Water Resourc:es Counc:il ( 1970), .. River Basins 
ol thc United States" by the lJ .S. Soil Conservation Scrvice 
( 1 % .'l. 1l>7Q)...Rivcr Basin Maps Showing Hydrolo¡úc: Sta
tions" hy th-: lntcr-AgcrH:y C'ommittee on Water Rcsoun:es. 
Subrnmmittl'e on llydrology ( 1961 ), and Sta te planning 
maps . 

Thc Polit~cal Subdivision C'odc has been adopted from 
"C'ounties ¡¡nd County Equivalents of the Statcs of the 
Unitcd Stall's" prescnted in Federal lnformation Prm.:essing 
Standards Publication 6-2. issucd hy the National Burcau of 
Standards ( 1 Q73) in which cac:h rnunty or county equivalen! · 
is identific<f by a 2-charac:tcr State c:od.: and a 3-c:harac:ter 
county rndc 

The Regions, Subregions and Aci:ounting lJnits are aggre
gates of the Cataloging Units. The Regions and Subregions 
are currentiy ( 1974) used by the U.S. Water Resources C'oun
cil for comprehensive planning, including the National Assess
ment. and as a standard geographical framework for more 
detailed 'A-'llet and related land-resources planning. The 
Accounting Units are those currently (1974) in use by the 
U.S. Geological Survey for manqin1 the National Water Data 
Network. 

HYDROLOGIC UNIT CODE 

Repon~ .<11~ Accounting Unit 

...._.~º~c......., u ... 
l{c¡:¡nnal lin11o>clary 

Suhrc~1nnal Boundary 

Accounting Unit Boundary 

Cataloging Unit Boundary 

The Regional and Subregional boundaries serve as Accounting 
Unit boundaríes ~s well as C'ataloging Unit boundaries 

except where di1eontinued at the lnternational l:loundary 

POLITICAL SUBDIVISION CODE 

001 
County or County Equivalen! Code 

The State code for New Hampahire i1 33 and Vermont is SO. 
The1e codea are not 1hown on the map. 

The followlna 11blt lhowt tht hydrolop: Uldtl fcw tht Statta 

Reaion Subrtslon 
Accountlna 

Unlt 
C1taloaJn1 Unlt1 

04 00 01,02 
06 00 02,03 

01 
New Ensland 

07 00 01. 02, 03, 04 

08 01 01, 02, 03, 04, 05, 
06,07 

02 01,02,03 

11 00 00 

02 
Mld 

Atlantlc 

01 00 01, 02, 03, OS, 07 
02 00 03 

Figure 4.--Explanation shown on typical State Hydrologic 
Unit Map (New Hampshire or Vermont). 



A. Single River Basin B. Closed River Basin 

Subregion or Accounting 
Unit Boundary 

Cataloging Unit Boundary 

C. Interior River Basin 

n. Mult1.ple Hlver Basin E. Lake or EHtuary 
(alonR a sea coast) 

Figure 5.--Types of Subregions and Accounting Units 
showing their relationship to the Cataloging Units. 
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INFORMA.TION RE1RIEVAL PROGRAM 

The purpose of this paper is to discuss infonnation storage and retrieval 

activities currently being conducted by the Water Resources Scientific 

Infonnation Center of the Office of Water Research and Technology in the U. S. 

Department of the Interior and their irnplications, to describe the information 

base that is being compiled, to explain the software retrieval program being 

used with this data base and the network of reactive on-line terminals now in 

operation. 

Input 

The Water Resources Scientific Infonnation Center (WRSIC) of the Office of 

Water Research and Technology was established l.Il1der the authorization for 

water resources research, training, and information dissemination provided by 

the Water Resources Research Act of 1964, and started operational ftmctions 

in the fall of 1967. The objective of the WRSIC is to disseminate scientific 

and technical infonnation to the water resources cormntmity. One of the first 

WRSIC tasks was the establishment of sources of information input and several 

were initiated. Among the most significant contributors of input are the 51 

statc water resources research institutes and centers. These institutes, ·tmder 

agreements with the Office of Water Research and Technology, abstract, index, 

and submit the doclllllents which they produce by completing a precoded WRSIC 

abstract form for each doclllllent. Similarly, agreements have been reached with 

most Federal water resources agencies. In these latter agreements, WRSIC 

agrees to provide services to the agencies in return for copies of their water 

resources doctunents with completed abstract forms. These forms, as in the 

case of the state water resources research institutes, nrust be completed using 

the WRSIC format and tenns from its water resources thesaurus. 
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As another source we have initiated arrangements with a large discipline 

-oriented abstracting service, Biological Abstracts whereby references in 

specified areas of water resources are selected, indexing tenns added, and 

the data ' transcribed onto the WRSIC precoded input form to enable processing 

for the WRSIC infonna.tion base, and for display in published fonn as part of 

Selectcd Water Resources Abstracts. We receive an additional 3-4,000 

abstracts for the abstract journal through this rneans. This enables readers 

of Selected Water Resources Abstracts to avoid the necessity of additionally 

searching Biological Abstracts and improves our coverage of non-English 

language literature. Eventually we plan to incorporate input from other 

majar discipline-oriented secondary abstracting services. 

TI1e largest source of input, representing approximately 80-90% of the total 

WRSIC input, is from the literature centers of competence or information 

analysis centers. WRSIC supports seven such centers, and for three others 

it receives cooperative support frorn the Environrnental Protection Agency. 

As we see, WRSIC has approached the problern of establishing a comprehensive 

and exploitable information base by looking far literature centers of 

cornpetence in lll1iversities where literature is already being reviewed in 

support of research and by persuading these competent groups to adopt the 

conunon standards for abstracting and indexing required by WRSIC far input. 

The use of university research groups as input centers to convert inforrnation 

collected in performing research to a conunon fonnat, and merge it to comprise 

a comprehensive searchable infonna.tion base, has preven to be very successful, 

providing minimum overlap and bread coverage. The integration of the input 

received by a center with that received from other sources into a 
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state-of-the-art review is one of the benefits from this approach to input 

processing. This essentially converts the activity of an input or literature 

center of competence, as described by WRSIC, into an infonnation analysis 

center in which output services are provided at the centers, as well as input 

to the WRSIC. 

Output Services 

Briefly, WRSIC output services consist of Selected Water Resources Abstracts 

whid1 appcars twice monthly, contains approximately 600 abstracts in cach 

issue during the current year, and has cumulative indexes in Decemher, by 

subject, author, organization, and accession nlUTlbers. An accumulated quar

terly report of OWRT research reports primarily far use within its program, 

is another publication produced. The annual Water Resources Research Catalog 

of current research projects is produced with the help of Smithsonian Science 

Information Exchange. The 1974 issue used with the 1973 issue comes in two 

volumes with over 8,000 total research project descriptions from the U. S. 

and 67 foreign cotmtries. Among the various state-of-the-art reports we have 

issued are one on metropolitan water resources management, two on aspects of 

eutrophication, one on institutional aspects of water resources development, 

one on water well construction technology, and one on public water supply 

treatment technology. We have also produced various topical bibliographies, 

such as Stonn Water Rtmoff, Coastal and Near Shore Processes, and Aerial 

Remate Sensing. Th.e Water Resources Thesaurus has been published in its 

second edition and is generally used by water resources research organiza

tions within the U. S.. and abr-0ad, both in ¡rrovi4ing input to WRSIC.and in 

organizing local doct.nnent. collections. 
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In early 1969, when WRSIC had just begtm its docwnentation activity, the 

University of Oklahoma ma.de its Generalized Infonnation Processing System 

(GIPSY) available to the Department of the Interior on a no-cost cooperative 

basis. Recognizing GIPSY's advantages of flexibility, efficient use of 

storage, ease of maintenance of files even by noncomputer personnel, WRSIC 

was one of the first in the Department to request that GIPSY be used for its 

data files. In the batch mode, it has proven to be responsive to specific 

requests for information concerning research accornplishments and development 

in discrete subject areas. 

A second stage in program evolution was lUldertaken to determine the value and 

place of an on-line interactive retrieval system in terms of: 

operational perfonnance and reliability 

quality and range of service 

flexibility for growth and change 

user acceptability 

user-machine interrelationship llllder a series of variables 

training requirements 

space and facilities requirements 

transitional problems far implementation as a national network. 

A corrnnitment to any system is preceded by a period of test and evaluation. 

Such a period was used not only. to test the techn.ical aspects of GIPSY but 

also its performance in an integrated envirorunent, including economics, cost 

benefit, responsiveness, and ease of administering. These conditions were 

tested on a representative national scale using three state water resources 
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research institutes as test objects. It was felt that a plan of scope and 

within the prescribed framework would yield results and conclusions permitting 

more intelligent decisions for a national network. 

In February 1972, with our support, the University of Oklahorna Research 

Institute began a research program to test the operating efficiency and program 

effectiveness of GIPSY to disseminate scientific and technical information. 

The experience gained in the limited prototype network was to be translated to 

establish an eventual national one comprising virtually all state water 

resources research institutes. 

'Ibe institutes selected far participation in the program were Cornell, 

Wisconsin, and North Carolina. Each institute was assigned a service area 

comprising several states. 

The principal findings from this exercise seemed to be: 

l. 'Ibe idea of remate access to WRSIC data base in a real-time fashion 

is valid and, therefore, also is the concept of a decentralized national 

network. 

2. Turnarolllld time from query to receipt of results during the test was 

generally too long. This was due to several peripheral factors, not the least 

important being the mails. However, turnarm.md standards were difficult to 

set because of the varying needs by users. 

3. Although GIPSY was flexible in fonnulating and executing a search, 

and easy to learn, it was slow in searching a growing file and excessive 

tedmical malfllllction and equipment breakdown degraded the responses. 

4. Communication anpng the participants was deficient. 
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5. Promotion and publicity were inadequate. 

6. University sector comprised 66% of the users, govenunent 19%, and 

prívate sector 15%. 

A total of 460 searches were made at a w1it cost of $141. Revenue equaling to 

about $12 per search was received. 

Current Status in Washington 

File Buildup and Maintenance. The file of computer searchable records is 

derived as a planned benefit from the program that produces and prints the 

Selected Water Resources Abstracts (SWRA). As of the moment the file contains 

75,000 records. 
1 

As ead1 issue of SWRA is composed electronically", the tape is converted to 

records which are added to the main file, at the Department as well as 

copied onto tapes for addition to the file maintained at Oklahoma and to the 

file now being created at Oak Ridge National Laboratory. 

1he file grows at an average monthly rate of 1,200 records. Since all 

elements of the record, including the abstract, are in machine-readable fonn-

a condition rare among the infonnation handling centers--it is possible now to 

sean for a typical search 120 million characters of infonnation in less than 

seven minutes. In tenns of characters, the file grows at the rate of 1,800,000 

a month or about 300, 000 computer searchable words. 

Custom Searching 

Both files (SWRA and Catalog) are available for searching to certain categories 

of users, on written request to WRSIC: 

Agencies and their grantees llllder an exchange agreement with OWRT by 

which WRSIC receiv~s input in prescribed fonnat (EPA). 
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Agencies not covered by an agreement but having an accollllt with the 

Cornputer Center to which the search can be charged (Interior). 

State water resources research institutes (network). 

Unusual requests from Federal agencies as a way to test the content of 

quality of file. 

A preponderant user of custom searches has been, and continues to be at an 

increasing frequency, the Envirorunental Protection Agency, accollllting for half 

of all discrete searches. 'Ihe searches are in partial compensation for its 

input to WRSIC infonnation base stemning from the sponsored doct.nnentation work 

at several installations. 

1he file is also used for retrospective searches to produce printed biblio

graphies on the more urgent topics in water resources research. Limitations 

in staff time and fllllds, and problems associated with printing are hampering 

exploitation of this source. Sorne of this deficiency is made up by production 

of bibliographies in cooperation with others. 

Development 

The termination of the Oklahoma project raised the question of continuity of 

on-line information retrieval as an integral part of the OWRT infonnation 

dissemination program. 1he absence of negative conviction about its value as 

a continuing project in turn raised the issue of the conditions under which 

it was to continue. 

'Ihe search for a new arrangement was guided by the following general 

requirements: 

Capacity to grow without causing crises in system capabilities. 
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Addition of new network members effortlessly and again with little 

appreciable strain on system capabilities. 

Provision of better and greater variety of services reliably and 

economically. 

Capability to convert to similar systems for greater interchange of 

infonnation resources. 

Accoroplislunent of all this with decreasing costs. 

The system_that best met our requirements was AEC/RECON. 

The principal difference between GIPSY and RECON is in the data elements that 

can be searched: in GIPSY all parts of the record (author, title, organiza

tion, citation, fields and groups, descriptors, identifiers, abstract, and 

accession nlUilber) can be searched serially while, since the recent installa

tion of the index feature, descriptors and identifiers· can be accessed in 

addition randomly. RECON offers random access to descriptors, identifiers, 

and authors; other fields (titles, organizations, citations) will be brought 

into random access as resources permit. 

Por the privilege of using WRSIC data base by its laboratories, the AEC 

offered its computer system and facilities far use by the terminal stations 

that may be designated by OWRT. Access to other files including Nuclear 

Science Abstracts is also available to our stations. 

The lengthy daily connection (8 hours/day) to AEC/RECON permits carrying out 

more searches more carefully and thoroughly. More important, the daily 

access to the file enables the state water resources institutes and/or other 

contract tel1Tlinals to initiate a respectable promotion program confident in 
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the knowledge that the demand for service generated in consequence of the 

publicity can be met more promptly and reliably, and with a higher degree of 

precision than has been the case heretofore. 

The availability of more time and facilities opens up to the system users 

opportunities to manipulate the file to repackage the infonnation in other 

useful formats, either on their own initiative or in response to demand which 

they will have purposely generated. These packages include printed biblio

graphies and selective dissemination notices; depending on topical urgency 

and appeal, they may become respectable auxiliary sources of revenue. ' 

During the present year search costs are expected to decline to $63, to $31 

in '75,' and $16 in '76' with potential reduction to $5 per search. 

The WRSIC network of RECON tenninals now includes stations at Cornell 

University, University of Wisconsin, University of North Carolina, University 

of Arizona, University of Virginia; 20 other AEC terminals have access to our 

file along with the 15 other files which are also available to our network. 

Thank you. 
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OASIS, A 11 0NE-STOP 11 INFORMATION SERVICE 

By James R. Stear 

l. Introduction 

Recent years have clearly shown that the rapidly growing fields 

of science, technology, and their applications to the problems of human 

environrnent and society soon reach a stage at which systematic computer

i zed management of published records becomes a necessary adjunct to 

efficient progress. With the gradual growth and consolidation of large 

Government programs, this point has been reached for the earth sciences 

field, just as it was reached sorne time ago in the defense, space, atomic 

energy, health, and other fields. 

Recognizing this, the National Oceanic and Atmospheric Administration 

(NOAA) has established a new information service, the Oceanic and Atmo

. spheric Scientific Information System (OASIS). OASIS provides computerized 

information retrieval services by accessing a large number of bibliographic 

data bases. While in this respect it is analogous to its older counterpart 

in other fields, OASIS is unique in being one part of a comprehensive, 

"one-stop" system for referral to both published environmental infonnation 

and to environmental data files operated by the NOAA Environmental Data 

Service. 

2. The Role of NOAA 

The record of the last 25 years . shows that Federal Government leader

ship is required for the development of new information systems and 

services, especially in those areas in which the Government conducts or 

sponsors much of the work. In 1965, the Committee on Scientific and 
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Technical Information (COSATI) of the Federal Council for Science and 

Technology indicated that the Federal Government has the responsibility 

to see that there is appropriate acquiring, announcing, processing, and 

making accessible the significant worldwide scientific and technical 

literature to qualified individuals and organizations in the United 

States. 1 

Perhaps the most well-remembered of the several studies of scientific 

information activities conducted in the last dozen years is Science, 

Government, and Information, more widely known as 11 The Weinberg Report, 11 

which states that: 

"Each Federal agency concerned with science and technology 
must accept its responsibility for information activities 
in fields that are relevant to its mission. Each agency 
must devote an appreciable fraction of its talent and 
other resources to support of information activities. 

11Since the information process is part of the research 
and development process, agencies that support research 
and development in fields that are relevant to their 
mission accept responsibility for supporting and otherwise 
carrying out information activities in these fields. Each 
of the mission-oriented agencies ought to become 11 delegated 
agents 11 for information in fields that 1ie within their 
missions. In these fields the agencies should maintain a 
strong internal information system and should support 
non-Government systems into a consistent whole. 112 

The mission assigned to NOAA upan its formation in 1970 clearly 

provides far NOAA to develop and operate a scientific and technical 

information system: 11 
••• NOAA shall perfonn the following functions: 11 

a. 110bserve, collect, communicate, analyze, process, provide and 
disseminate comprehensive data and information about the state of the 
upper and lower atmosphere, of the oceans and the resources thereof 
including those in the seabed, of marine and anadromous fish and 
related biological resources, of inland waters, of the earth, the sun 
and the space environment; 
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b. "Operate and maintain a system for the storage, retrieval and 
dissemination of data relating to the state and resources of the oceans 
and inland waters including the seabed, and the state of the upper and 
lower atmosphere, of the earth, the sun and the space of environment; 

c. "Perform research and develop technology relating to the observa
tion, communication, processing, correlation, analysis, dissemination, 
storage, retrieval, and use of environmental data as may be necessary or 
desirable to permit the Administration to discharge its responsibilities;
••• 113 

These missions led to the effort to develop OASIS. OASIS is only 

a portian of a total information and data system. It is the portian 

which is concerned with access to bibliographic inforrnation, documents, 

and information about current research activities. 

3. Objectives of OASIS 

OASIS has been and continues to be developed as a "one-stop" 

service far computerized searching of references to technical publications 

and research dealing with the environmental sciences and marine resources. 

Only one request is required to search all NOAA and rion-NOAA data bases 

that can potentially yield relevant information searches. Access to 

bibliographic environmental data files not available elsewhere are an 

integral part of OASIS. However, in arder not to duplicate data bases 

available elsewhere, many of the data bases offered are obtained through 

information dissemination centers which are external to NOAA. OASIS 

services are publicly available to individuals and org~nizations. 

There is a charge for essentially all OASIS services. The charges 

are set at a rate to recover only retrieval costs. Search costs are 

genera lly based upan the type of search requested and the da ta bases 

searched. 
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4. Acguisition of Data Base Management System 

Two data base management systems have been acquired and are being 

tested for NOAA-held data bases. 

RECON (Remate Console)/STIMS A modified version of the NASA/RECON, 

which was developed to serve NASA's scientific and technical 1nformation 

requirements. The data base management system provides for file building, 

maintenance, and interactive terminal searches of the established data 

bases. The system is installed on an IBM System 360/65 and operates under 

TSO (IBM's ·Time Sharing Option). 

GIPSY (Generalized Information Processing System) - A system initially 

developed by the University of Oklahoma that provides retrieval capabilities 

similar to RECON. The system also operates under TSO on an IBM 360/65. 

GIPSY is serving far an interim period as the operational sys.tem far the 

NOAA-held data bases. 

5. Acguisition of New Data Bases 

Since it is the objective of OASIS to provide access to all data bases 

containing bibliographic and research information in the fields of atmo

spheric, earth, and marine sciences, and in marine resources, new data bases 

will be added to OASIS as they become available. An example is NOAA's 

continued participation and work with the Food and Agriculture Organization 

of the United Nations and other participating countries in the development 

and automation of the Aquatic Science and Fisheries Abstracts data base. 

New data bases will either be automated by NOAA or be obtained through com

mercial vendors or other .government information centers. Either NOAA in

house acquisition and automation, or access through non-NOAA information 

centers will take place depending upan economicor service advantages. 

66 



6. OASIS Services and Typical Users 

a. USER INTERACTIVE SEARCHES OF BIBLIOGRAPHIC DATA BASES 

User interactive searching refers to queries of a data base at a 
terminal. Immediate responses between the computer and user are 
provided. A user can query a large data base and have his answers 
in a few minutes. For non-NOAA data bases, arrangements can be 
made for interactive terminal access only at NOAA facilities. User 
interactive searching is valuable when the user needs information 
immediately. It is also useful for testing the presence of relevant 
material in a data base or refining search strategies. 

b. SELECTIVE DISSEMINATION OF INFORMATION (SDI) FROM BIBLIOGRAPHIC 
DATA BASES 

SDI, sometimes called Current Awareness, is the retrieval of cita
tions to current scientific literature as it is published, and 1ts 
periodic dissemination to the user. The service resembles a 
subscription, and the frequency of receipt depends on the frequency 
with which the data base is updated. This service is usually of 
greatest value to individuals whose interests are of a long-term, 
continuing nature. 

c. RETROSPECTIVE SEARCHES OF BIBLIOGRAPHIC DATA BASES 

A retrospective search is the retrieval of specified subject matter 
from an entire data base. Abstracts are available for sorne of the 
data bases. This service is usually of greatest value to those who 
are working on projects that must be completed in a short time or 
who are beginning a new project and wish to survey the field. 

d. CURRENT RESEARCH INFORMATION SEARCHES 

Information summaries are available on current and recently completed 
government and nongovernment research projects. These summaries are 
not bibliographic citations of published material, but rather are 
descriptions of research projects, including names of principal 
investigators and the organizations perfonning the research, etc. 

OASIS services are available to anyone having need for technical 

information in the environmental sciences and marine resources. Typical 

users include advisory agents, librarians, planners, engineers, scientists, 

and managers. 
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7. Data Bases Avail able 

A consolidated listing of data bases available through OASIS follows: 

Data Base 

Air Pollution Abstracts (APA) 

Aquaculture (AQ) 

Bibliography and Index of Geology 
(GEOREF) 

Bibliography of North American 
Geology (GEOL) 

Biological Abstracts (BA) · 

Bioresearch Index (BRI) 

Chemical Abstracts Condensates 
(CA-Condensa tes) 

Chemical ·Titles (CT) 

Defense Documentation Center (DDC) 

Energy (ENER) 

Engineering Index Compendex (EI) 

Food Science and Technology Abstracts 
(FSTA) 

Geophysical Abstracts (GPA) 

Government Reports Announcements 
(GRA) 

Heated Effluents (HEF) 

Information Service in Physics, 
Electrotechnology, Computers and 
Control (INSPEC) 

Automatic Subject Citation Alert (ASCA) 

Meteorological and Geoastrophysical 
Abstracts (MGA) 

Coverage 

1967-Present 

1970-Present 

1967-Present 

1961-1968 

1969-Present 

1969-Present 

1970-Present 

1962-1968 

1953-Present 

1970-Present 

1970-Present 

1970-Present 

1966-1970 

1964-Present 

1774-Present 

1969-Present 

Current Year 

1972-Present 
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Data Base 

National Aeronautics and Space
Administration Information Bank 
(NASA) 

National Agricultural Library (CAIN) 

National Oceanographic Data Center 
Biological Information Retrieval 
System (BIRS) 

Oceanic Index (OI) 

Pandex/Transdex (PT) 

Searchable Physics Informatics 
Notices (SPIN) 

Selected Water Resources 
Abstracts (SWRA) 

Smithsonian Science Information 
Exchange, Inc. (SSIE) 

Salid Waste Information Retrieval 
Sys tem (SWIRS) 

Toxic Materials (TOXMAT) 

Toxline 

8. How to Reguest OASIS Services 

Coverage 

1963-Present 

1970-Present 

1955-Present 

1964-Present 

1970-Present 

1970-1973 

1968-Present 

N/A (Current and 
Recently Completed R&D) 

1964-Present 

1963-Present 

1948-Present 

The User's Guide to OASis4· provides a complete handbook on OASIS. 

Specific instructions are included far requesting OASIS services. Copies 

of the guide or any question concerning OASIS should be directed to OASIS 

Technical Information Specialist, NOAA (0832), Washington, D.C. 20235, 

Telephone (202) 634-7334. Copies are also available from the National 

Technical Information Service (NTIS) upan request. 
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ABSTRACT, A Lunar Data Information Center has been established 
at The Lunar Science Institute. Through the Photo/Map Library 
the Sample Information Library, the Literature Library, and the 
Geophysical Data Library, information can be disseminated to 
both in-house scientists and to the scientific community. 

Although not a distribution center for lunar related materials, 
the staff assists the seasoned scientist or neophyte in reviewing 
the data. A liberal loan policy allows the scientist to borrow 
materials for short periods for scientific research or educational 
purposes. 

Scientific staff at the Institute provide guidance in specific 
areas of photo-interpretation, lunar sample examination, and 
geophysical data interpretation. 

The methods of storing, indexing, and retrieving the many 
unique kinds of data challenged the staff of the Center. The 
"browse files," "feature index," and "lunar thesaurus" have 
resulted in an unusual user-oriented collection. 

In addition to the specialized library techniques and services, 
Data User's Guides for lunar sample information, lunar maps and 
photos, and educational approaches to lunar science, are in 
preparation. A bibliography of lunar literature automated for 
author and subject search is a continuing project. Through the 
media of the Lunar Science Information Bulletin, approximately 
1500 scientists throughout the world are alerted to new happenings 
in the lunar field. 

America's "giant step for mankind" disturbed the dust of Mare 
Tranquillitatis in July 1969. From that year until the Taurus
Littrow site was explored in the last month of 1972, six missions 
were successfully completed. A total of 842 pounds of lunar rock 
and soil was returned to the Curatorial Facility at Houston; over 
30,000 photographs were taken of the Moon by Apello astronauts; 
and approximately 35 experiments were flown ·on the Apello space
crafts. It is a common misconception that now the lunar program 
is dead, having served its purpose in the cold war of competitive 
space technology. The little known but important fact is that 
over 6.3 million dollars is available annually for the further 
study of lunar samples. Additional funds are allocated for other 
projects in the Lunar Synthesis Program. 
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As a vital member of this space program, ·The Lunar Science 
Instit ute was orga n ized at the direction of President Lyndon B. 
lJ ohnson in a spee ch delivered at the Manned Spacecraft Center in 
Houston in 1968. The LSI, originally operated by the National 
Academy of Sciences and Rice University, is now operated by 
Universities Space Research Association, a consortium of 54 
universities. 

One of the earliest and continuing programs at the Institute 
provides positions for staff scientists, visiting scientists, post
doctoral fellows, and graduate students who are engaged in research 
in the lunar sciences. A clase relationship exists between the LSI 
and Johnson Space Center, with JSC and LSI scientists often working 
and publishing jointly. An active schedule of informal seminars 
e n courages frequent interdisciplinary discussions. Small conferences 
devoted to specific elements of lunar study are sponsored by the LSI, 
many in conjunction with universities or organized committees. The 
annual Lunar Science Conference, sponsored by NASA JSC and the 
Institute, is held in Houston each spring. Over 700 lunar scientists 
from all over the world gather to exchange ideas and data. 

A number of publication methods are used by the Institute to 
provide the lunar community with results from the various conferences. 
For the small problem-oriented conferences, proceedings or sununaries 
are frequently published in journals. Proceedings of the annual 
Lunar Science Conferences are prepared and edited through the LSI 
under contract to NASA. A tri-monthly publication, the Lunar Science 
Information Bulletin, is currently mailed to approximately 1600 
individuals in the U. s. and abroad. It is a media for the announce
ments of new publications, conferences, and research opportunities 
in the field, and provides a convenient schedule of events. 

In January 1973, a propasa! was initiated to make the LSI a 
Lunar Data Center. The initial plan pointed to a two part center: 
the literature library and "other data," referring to lunar maps 
and photos. The library was already well established at the 
Institute and was working toward acquiring all the lunar literature 
pertaining to Apollo and post-Apollo periods. More services have 
been added to aid not only the resident LSI scientist, but also 
scientists elsewhere in the lunar community. A current-awareness 
bibliography, prepared from the journals and various abstract 
services received at the LSI Library, is published regularly in the 
Lunar Scienae Information Bulletin and THE MOON. These items are 
incorporated into a computerized data ba~e which began as an off
shoot to the Lunar Sample Analysis Data Base operated by the 
Curator's Office at the Johnson Space Center. The present capability 
allows for searches by author and title keyword with any combination 
of these based on computer "and" logic. Co-ordinate subject indexing 
of this data base is planned. 

The Photo/Map Library, in November 1973, accepted the collec
tion of lunar photography and cartography which had been amassed in 
a facility at the Johnson Space Center, known as REDAF. The LSI 
Photolibrary now holds all maps and lunar photography f rom the 
time of Ranger, Surveyor, and Lunar Orbiter through the Apollo 
missions. Sorne Russian lunar mapping products are also included. 
Photography indexes and supportive documenta (both pre- and post
mission) provide resources for study of the lunar surface. A 
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r e presentative collection of Mercury, Ma r s , Venus and Jupiter 
p hotography has been added for comparative studies. A data 
analyst at the Institute can assist with photo interpretation and 
information regarding the new lunar mapping series. 

A user-need arase for a well-organized, functional collection 
of the lunar sample materials. The Sample Information Library 
contains orthogonal photos of all lunar samples and copies of NASA 
curatorial cutting diagrams. Photomicrographs are being added to 
the individual sample files as the thin sections are completed. 
Preliminary descriptions of each mission's samples are contained 
in the Sample Information Catalogs. Subsequent catalogs of boulders, 
coarse fines, soils and cores are published as study and subsampling 
continue. The collection includes all Apello mission documents which 
deal with the sampling of the lunar surface: Preliminary Examination 
Team Reports, u.s.G.S. sample and site location reports, and the 
astronauts' voice transcripts from each mission. Lunar surface 
and orbital photography are used in conjunction with lunar maps 
to provide background geologic information on each site. Browse 
capability is emphasized in the organization and cataloging of the 
materials. Effort has been made to accommodate three main user 
types: the experienced lunar Principal Investigator who is 
preparing his sample request proposal: the research scientist 
inexperienced in the lunar field who wishes to familiarize himself 
with the data and submit a sample proposal for .the first time; and 
the educator whose purpose is to prepare a course in lunar and 
planetary studies. Scientific assistance is provided through a 
staff scientist at the LSI who is well-versed in the lunar sample 
program. 

Lunar data resulting from the Apello program is not limited 
to sample information. Geophysical data from experiments on the 
spacecraft and from instruments on the lunar surface are transmitted 
to the earth. To enable scientists to review this material, NASA 
and the National Space Science Data Center (NSSDC) are cataioging 
and indexing the data and preparing microform data sets which will 
be located in subcenters across the country. The Geophysical Data 
Center at the LSI and the Geophysical Data Curator at JSC will 
assist the researcher to access these valuable data. 

As each aspect of lunar data is unique in form and accessibility 
guides are being prepared which outline the materials most pertinent 
to each facet of the data and describe their content, scope and use. 
A Short Guide to Lunar Sample Information is ava1lable upon request 
to the LSI. The Apello Scientific Experiments Data Handbook, 
prepared by NASA, may be requested through the Institute. Guides 
in the areas of cartography, photography, and educational materials 
are in progress. 

Reference assistance and interlibrary loans of sorne materials 
are available to qualified scientists and educators. Although the 
LSI does not function as a distribution point for lunar documents, 
maps and photos, we will assist in preparing the necessary forros 
to arder copies from such facilities as the National Space Science 
Data Center, u. s. Geological Survey, and National Technical Infor
mation Service. While awaiting the materials, the requestor may 
borrow from the LSI Data Center collection. 

The lunar program did not cease in 1972; scientists realize 
that the work has barely begun. The LSI Data Center makes it 
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possible for researchers all over the world to effectively locate 
and use t he information resulting from the lunar program. The 
c omp l exity and d i versity of the lunar data provide many stumbling 
blocks to both the scientist and librarían who are novices in the 
f ield. Through the collections amassed and the expertise gained 
over the past five years, we hope to clarify and simplify access 
to the realm of lunar data. We welcome your interest and will be 
delighted to assist with any problems you encounter. 

ACKNOWLEDGMENT, The Lunar Science Institute is operated by the 
Universities Space Research Association under contract no. NSR 
09-051-001 with the National Aeronautics and Space Administration. 
This paper is LSI Contribution No. 199 

75 



GEOSCIENCE INFORMATION SOCI ETY ANNUAL MEETING 

MIAMI BEACH, FLORIDA 
November 18-20, 1974 

USE OF INTERACTIVE COMPUTER GRAPHICS FOR 011 
AND GAS EXPLORATION 

Willis H. Alderman 
Amoco Production Company 

Denver, Colorado 80202 

Abstract - The use of the interactive computer terminal far generation 

of graphic displays is becoming ene of the most potential, powerful and 

interesting newer tools available to the geologist and geophysicist • 

.Live, integrated, user-oriented data files are of utmost importance 

to the oil and gas explorationist. Digital data must be organized, 

indexed, cross-referenced and identified more precisely than any other 

kind of file. The capabilities and usage of an on-line, large computer 

data base are explained. Slides show a geologist in a working enviran

ment generating his maps and cross sections on an interactive terminal 

cathode ray tube system (CRT). 

Computer graphic hardware and software development is progressing 

at a rapid pace. Many more sci~ntific digital data bases are becoming 

available. The future looks bright for interactive computer graphics. 

INTRODUCTION 

I recognize that you are a very diverse audience representing many 

job disciplines. To some of you part of what I say may be entirely new 

while to others it will be quite familiar. Permit me to preface my talk 
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with my philosophy on information files in general before proceeding to 

my main subject on the use of digital data through interactive graphics 

hardware and software. 

All data files exist for one main purpose •.. that is to be used. 

They are not the property of the file clerk. He is not the real user. 

In oil and gas exploration we must have live files. The more alive 

the better because information is the lifeblood of exploration. The 

easier the geologist and geophysicist can selectively pick out bits and 

pieces of this information for his use, the better job he can do. His 

job and the reason for the exploration companies being in business is 

for the explorationists to use this data in imaginative, different and 

creative ways to locate new oil and gas prospe~ts and discover oil and 

gas at a profit. These prospects represent investment opportunities 

through purchase of leases, upgrading these favorable areas by doing 

seismic work and the like, and finally by drilling wells, hopefully to 

bring in new oil and gas discoveries. But let's get back to the subject. 

WHAT'S THE PROBLEM AND WHAT ARE WE DOING ABOUT IT? 

We are all aware of the fact that during the past 50 years we've 

experienced a tremendous and an accelerating information explosion, 

and it continues. 

There are three main ways to atore, retrieve and use data: 

1) Conventional hard copy files in rooms of shelves and file 

cabinets. 

2) Use of microfilm mediums. 

3) Digital data stored and used through a computer system. 
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No one of these is a panace.a to our storage and retrieval problems. 

The trick is to find the right method for each data category. It 

must be related and indexed properly and filed properly for quick 

retrieval and for efficient use. 

Computerized digital data must be organized, indexed, cross

referenced, identified, and locatable more precisely than any hard 

copy or microfilm file. The computer is really dumb, but very nec

essary to us today. 

I've talked about different file types and our data problems. 

Now let's get to my main tapie, "USE OF INTERACTIVE COMPUTER 

GRAPHICS FOR 011 AND GAS EXPLORATION." 

INTERACTIVE GRAPHIC DISPLAY TERMINALS 

Interactive Graphic Display Terminal describes a system where 

the user directly manipulates digital data to create graphic dis

plays on a screen that looks like a T.V., called a cathode ray tube 

(CRT). The computer driving the terminal may be located in his 

office, on another floor, in a building down the street, or even 

in another town. The CRT is one of the most interesting and po

tential computer tools to be developed during the past ten years. 

They are past the crawl stage, are walking well, and will be run

ning soon. 

The system is referred to as interactive because the user of 

the terminal is electronically linked by telecommunication (on-line) 

to a computer which is under bis direct control. The computer 

responds to the user's instructions through built-in programs. 
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The purpose of the system is to produce maps, cross sections, 

engineering drawings, or to display calculations, printed informa

tion and the like on the CRT screen directly in front of him. 

This series of slides shows one of our geologists generating 

his maps and cross sections on Amoco's Interactive Graphic Display 

Terminal (CRT). The kind of digital data used in this presentation 

is commonly referred to as well scout ticket information. The data 

is from oíl, gas and dry hale wells. It uses such information as 

well total depths, geologic marker tops, locations, core and drill 

stem test information, oíl and gas production figures. 

1 

Here is a geologist operating 
the Interactive Graphics 
Terminal. It is linked and 
driven by a computer located 
in another area. 



2 

This Program Function Keyboard 
(PFK) provides a series of 
on-line programs. He chooses 
the desired computer program 
by punching the appropriate 
button. 

3 

A map of the United States 
appears on the f ace of the 
Cathode Ray Tube (CRT). It 
shows the geographical location 
and density of wells far which 
data resides on the computer, 
on-line storage disk. Note the 
cluster of points along th~ 
N. Dakota/Montana boundary. 
The number of wells and other 
data is also shown. 

4 

A punch of the menue button on 
the PFK lights up a list of the 
geological formations with 
marker tops that are on the 
computer disk and available 
for mapping. 
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5 

I nstructions and pararnaters 
f or calculations are typed in 
on the Keyboard below the f ace 
of the CRT. The Posting 
Prograrn button on the PFK (lower 
right) is punched to generate 
the display. 

6 

The posted map appears on a 
latitude-longitude base grid. 
Subsea daturns for the selected 
geologic marker are displayed 
and the user types in the 
desired contour interval. 
The Map Contour button is 
punched initiating generation 
of contour vectors. 

7 

In a f ew seconds the contour map 
appears on the CRT. If there 
are erroneous points f rorn bad 
data, they can be deleted and 
changed. 
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8 
1 

Cross-sections can be computer 
1 

1 

generated by point detecting ¡-·1. 
wells desired in the section 
(dashed line). Keyboard and PFK 
instructions initiate genera
tion of the section 

9 

and the cross-section appears 
on the CRT. 

10 

Differ~nt perspectives of the 
section can be viewed by punch
ing th~ Rotation Button on 
the PFK. 
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U. S. DEPARTMENT OF THE INTERIOR ENERGY - DATA FILES 

According to a recent accounting there are 72 Federal 

agencies engaged in energy-related activities. These 

include the Executive Office of the President; Office of 

the Vice-President; Executive Departments, such as Interior; 

Independent agencies, like the Federal Power Commission; 

Quasi-official agencies, including the National Academies 

of Science and Engineering and the National Research 

Council; the Legislative Branch--the Government Printing 

Office; and various other Boards, Commissions, and 

Committees. In addition, there are many indi.vidual bureaus 

within these principal agencies. 

The interests of many of these agencies are peripheral 

to the generation or analysis of data dealing with energy 

supply and consumption. Their chief interests focus on 

such things as in-house energy conservation. Other 

agencies, however, have a direct interest in energy and 

its availability; prominent among these are the Defense 

Department; Atomic Energy Commission (now divided into a 

regulatory arm and an Energy Research and Development 

Agency); Federal Power Commission; Federal Energy Adminis

tration; National Science Foundation; and the Interior 

Department. 
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There is a distinct disparity. .between .the numbers 

of agencies deali~g with ~e.ne:r_gy matters and the numbers 

of operational data sys.tem:s. Although the counts may be 

incomple.te, there see·m to. be -.about eight library data 

files intended fer bibliographic and reference purposes 

and 14 containing actual energy-related data of one sort 

or anothei. Those maintained ~ithin Interiór may be 

briefly described. 

One important attribute of a data system is a good 

acronym and on this point the Bureau of Mines seores well 

with MERIT. This means Mines Energy Resources, Information 

and Transportation System. MERIT is a fixéd-field system 

adaptable to Bistro, Cobol, and Fortran languages and 

· utilizes two Burroughs 5500 computers. It contains the 

equivalent of 4.5 million computer cards and includes sorne 

25 subsystems covering oil, natural gas, coal and related 

energy information from resource to consumption. The file 

is located in Denver, with a terminal being installed in 

Washington. There are constraints upon access to the file 

as a result of inclusion of proprietary data. File main

tehance costs are about $150,000 per year and the MERIT 

file is entirely an in-house operation of the Bureau of 

Mines. 
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The u. s. Geolog.ic.al .Survey. maintains a file known 

by the acronym CRIB--Computer.iz.ed Resource Information 

Bank. The file contains 25,000 records of 150 items each; 

its coverage is world-wide. Far software, CRIB utilizes 

GIPSY--General Information Processing System. The hard

ware is an IBM 360/370 at the Survey headquarters in 

Restan, Virginia. Cost to date of building CRIB has been 

about $462,000 with annual maintenance now at a level of 

$35,000. Steps are being taken to make this data bank 

available to the public. 

The balance of this paper is devoted to a single 

data file, using it as an example of how such a file may 

evolve into a useful working tool. This Petroleum Data 

System is maintained by the Geological Survey under con

tract to the University of Oklahoma Office of Research 

Administration. The Petroleum Data System contract was 

commenced in 1969 and has been maintained since that time. 

Until the present the file was funded by a number of 

Federal agencies, including the Bureau of Mines, Bureau 

of Land Management, Office of Saline Water, and Geological 

Survey in the Department of the Interior and the Office of 

Emergency Preparedness and the Federal Power Commission. 

Funding is now entirely within the Geological Survey. The 

Petroleum Data System is comprised basically of two separate 

components. 
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The first componerit is made. up of drilling .statistics 

prepared by the Amei.ican Petr:ol:eüm Institute-Amer.ican 

Association of Petro.letim Geologists Conunittee· on Statistics 

of Drilling. These data are ~vailable on individual mag

netic tapes beginning with the year 1965. Since 1966 the 

data cover both de~elopment wells and exploratory wells; 

for earlier years the data are entirely for exploratory 

wells. For the years prior to 1965 data were derived from 

paper copy at AAPG headquarters and the entire file was 

then placed on a single disc pack, all converted to the 

GIPSY software system. There are now approximately 400,000 

records on exploratory and development wells and the average 

maintenance cost is $3,000 to $4,000, not including the 

cost of the annual drilling statistics tape. These tapes 

are available .either from the American Petroleum Institute 

or the American Association of Petroleum Geologists, are 

copyrighted, and therefore this component of the Petroleum 

Data System is restricted in access to the Federal govern

ment. The dictionary far this data base contains 115 

labels and these are devoted to well location, geological 

information, and data on the outcome of drilling and on its 

degree of success. It is emphasized that this file deals 

only with individual wells and in this respect it differs 

from the other component of the" Petroleum Data Sys.tem. 
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The second part of the PDS is devoted to information 

on individual oil and gas fields o f the United States. 

This file treats individual wells only in total numbers, 

with the exception of the discovery well for each field, 

far which additional information is prepared. The Oil 

and Gas Field File presently contains more than 66,000 

records, each record containing 50-200 items, far a total 

of nearly 44 million bytes. The dictionaiy far the data 

base contains 700 labels or entries, has been built at a 

cost of $450,000 and requires annual maintenance of about 

$110,000. The Oil and Gas Field portian of the file deals 

with location, to county level, and with geological occur

rences of the reservoirs, engineering aspects of the 

reservoirs, and production information. It does not 

contain, directly, data on field reserves unless these 

have been published elsewhere. 

Information on the oil and gas fields is derived 

from published sources, the primary input documents being 

the annual reports of the various state oil and gas 

regulatory agencies. Additional information is derived 

from publications of the International Oil Scouts Associ

ation, whereas other data are obtained from individual 

reports. New and additional information is being provided 

the data file under a cooperat~ve program between the 
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u. s. Geological Survey .and the American Association of 

Petroleum Geologists. The ·oil and gas field data 

component of the Petro.leum· Data System is available for 

access by anyone. 

In addition to the geological and engineering 

information on the reservoirs within the individual oil 

and gas fields there are related files tied to the princi

pal file by unique reservoir identification numbers. One 

of these peripheral files contains analytical data from 

the u. s. Bureau of Mines on oil field brines. There 

are a total of 2,731 brine records totaling 1.3 million 

bytes of information. The dictionary for this data base 

contains 70 labels. 

The natural gas analysis section of POS contains 

4,500 records totaling 1.7 million bytes of information. 

The dictionary for this file contains 33 labels or entries 

and the file data originates with the Bureau of Mines 

helium research station in Amarillo, Texas. Updates are 

received from the National Technical Information Service. 

The crude oil analysis portion of the Petroleum Data 

System contains 6,059 records totaling about 3~ million 

bytes of data. The lookup dictionary consists of 135 

entries or labels. Th~se analyses have beeri conducted 

since 1921 at the Bureau of Mines Energy Research Station 
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in Bartlesville, Oklahorna. Th.e analyses were prepared 

by the Hernphill analytical technique and consist of 

fractionation of the s ·arnples into 10 cornponents at 

arnbient temperatures and five additional components under 

vacuum. Few crude oil samples are currently available 

because of restrictions in funding for this type of 

research by the Bureau of Mines. 

Another input into the Petroleum Data Systern Oil 

and Gas Field file consists of 7,930 Federal Power 

Commission Exhibit H records. The dictionary for this 

portian of the file contains 405 labels or entries. 

Geographic coverage of the Federal Power Commission data 

includes Louisiana, the Rocky Mountains, and the Permian 

Basin. 

A final section of the Petroleurn Data System is 

made up of a file containing 1,783 labels or entries of 

miscellaneous information useful for special studies but 

not of a nature that can be included in the larger files. 

An example of an entry in this file is the tabulated data 

from the special study of giant petroleum and gas f ields 

of the world prepared by the American Association of 

Petroleum Geologists. Placing this data on tape is a 

means of simplifying the sorting and summing of the data 

for statistical purposes. 
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The Petroleum Data System file is maintained on a 

continuing basis thro~ghout the .year as input documents 

become available. Wh~n received at the University the 

data are reduced by clerks to a standard format. After 

data reduction the format sheets then go to a staff of 

key punch operators for transfer either to cards or else 

directly to tápe. In many cases the original documents 

may be keypunched directly onto tape without going through 

the data reduction step. The basic unit of entry is the 

oil or gas field or pool. To each is applied the oil and 

gas f ield code number prepared by the Federal Power 

Commission. This provides a nationwide uniformity and 

steps are being taken to encourage all agencies publish

ing data on oil and gas fields to adopt this coding. The 

FPC coding does not identify individual pools within an 

oil or gas field and therefore each pool, since it consti

tutes a separate record, is assigned a unique identifier. 

In this way the individual files may be cross-correlated. 

In actual f act the oil and gas f ield file now includes 

the data from the brine, oil analysis, and FPC files; 

these are also maintained separately, however, to reduce 

the cost of file manipulation when only specialized data 

are being investigated. 
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The word "record" in the Petroleum Data System refers 

to all of the data on an individual oil and gas field or 

pool. Because of the nature of GIPSY only a minimum amount 

of coding is employed in the records. State, county, geo

logic basins, and geologic formation cedes as well as names 

are placed in the records. · For each pool the name of the 

producing forniation is given as well as the name of the 

geologic formation in which the producing unit is included; 

furthermore the age of the producing formation is identified 

with respect to era, system and series according to coding 

method devised for the American Association of Petroleum 

Geologists and utilized by the u. s. Geological Survey. 

The file is checked for errors both through appli

cation use and through introspective search. In this way 

errors become evident. The GIPSY sum command may be used 

for introspective search and is very useful in suggesting• 
errors. This is because the sum command provides total, 

average, maximum, and minimum values. 

With respect to programming, all files are manipulated 

by GIPSY. This is an advantage because of its ease of 

operator use and because it is utilized for many other 

applications at the Geological Survey Computer Center. 

Hardware, IBM-360/370, is compatible at both the Geological 

Survey and the University of Oklahoma and therefore experi

enced personnel are available at each center. 
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A number of special conversion programs were required 

in the construction of the various files. Such conversion 

programs included those for the geologic age of the f orrna

tions, the geologic basins, the various analyses, and the 

South Louisiana data, and will be required for the explora

tory and development well data.. All such conversion programs 

were written under the contract. 

With respect to data quality it is emphasized that 

new data are not generated under the contra.et. The purpose 

instead is to compile as much existing data as is available 

into a machine-retrievable data base. The quality of the 

resulting file therefore is a direct reflection of the quality 

of petroleum statistics available to the public. Some of 

the problems encountered in utilizing nonproprietary 

published data are as follows: 

l. In sorne states, such as Louisiana, Oklahoma, and 

Wyoming, it is not the practice of the regulatory agencies 

to define pools within fields. In documents all data are 

generally attributed only to the field. The yearbook of 

the International Oil Scouts Association lists individual 

pools but provides little pertinent information on them. 

As a result there is frequently no way to reconcile the 

pools far a given field from one document to another. This 

problem is especially acute in South Louisiana where most 
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of the fields contain many pools, sometimes as rnany as 

15, and these are exce~dingly difficult to distinguish 

except on the basis of depth. In other cases, such as 

with the state of Texas, individual producing pools are 

listed separately and are in ef fect treated as separate 

fields. It is necessary therefore to prepare a consoli

dated record of the individual pools to give field totals . 

In yet other cases complete data are provided for both 

pools and reservoirs within pools. 

2. Updating of the file is a slow process princi

pally because the f ields and reservoirs in the various 

source documents do not carry unique identifiers. If 

this difficulty can be overcome even for the principal 

producing states it will enormously facilitate annual 

updating. It will also mean that updating can be done 

either from magnetic tapes or by direct card punching by 

key punch operators without preliminary data reduction. 

3. Between the various source documents there are 

many variances in nomenclature, particularly as applied 

to natural gas. Thus nonassociated gas may be listed as 

natural gas or dry gas, even though the dry gas may con

tain large amounts of natural gas liquids. In the same 

way associated gas is also known as casing head gas, 

solution gas, and dissolved gas. For purposes of this 

data file gas cap gas is included with associated ·gas. 
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Although the file is adaptable for many different 

purposes i~s used within the Geological Survey as princi

pally for reserves and resource analysis. This is partic

ularly true of fuel resources on Federal lands and the 

usefulness of the file for this purpose will be greatly 

enhanced with the publication of land ownership maps under 

a project being undertaken by the Bureau of Land Management. 

The Petroleum Data System may be accessed through 

arrangements with the Office of Research Adrninistration of 

the University of Oklahoma. It is also possible to obtain 

the entire file on tape from that source, although it must 

be recognized that the tapes quickly become outdated. 
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