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FOREWORD

This document i{s the final report for Task 3 of a 4-task program, which was
conducted at the U.S. Army Fuels and Lubricants Research Laboratory (USAFLRL)
at Southwest Research Institute, San Antonio, Texas, under Contract DAAK70-
78-C-0001, during the period June 1978 through September 1979. The work was
funded thréugh Interagency Agreement FL-78-A-01-2815 between the Department of
Energy and the Department of Defense. The contract monitor was Mr. F.W.

Schaekel of the Energy and Water Resources Laboratory, U.S. Army Mobility

Equipment Research and Development Command, DRDME-GL, Ft. Belvoir, VA,
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I. INTRODUCTION AND BACKGROUND

(1)*

The Army's original "Crude 01! Characterization Data Program" used crude
oil analysis data from the Bureau of Mines [now Department of Energy (DOE)]
Bartlesville Energy Technology Center. The data were stored on a commercial
ti{me-shared computer facility., This crude oll characterization data program
enabled its users to search the data base for crude oils with certain char-
acteristics. However, the data for this program contained only 800 crude ofl
analyses. A project task was initfated (n'the third quarter of 1978, through
a DOE to DOD Interagency Agreement to establish the data base {(n the DOE
Energy Information Administration's computer facility and to update and expand

the data base.

One phase of this task finvolved comparing the format of the customary Bureau
of Mines (BOM) crude ofl assay with the purchase specifications in Table 1
currently used by the Strategic Petroleum Reserve Office (SPRO), and resolving
format incompatibilities. This new data base was to include nearly 3500 sam-

ples covering the years 1950 forward.
II. DISCUSSION

The basic crude oil! data for the program was obtained from the DOE Bartles-
ville Energy Technology Center's (BETC) analyses of crude ofls for the years

(2,3)

1950 to 1977, some of which have been published. These data contain the

information shown in Table 2 for each individual crude oil.

The serialized crude oil data file organization and data for Sample No. 69001
are provided in Table 2. The data as configured in Table 2 were transmitted
to SPRO and stored on magnetic tape, The data were placed in file CN6086,-
PRJ.BOMTAPE,.YR5077 on the FEnergy Informatfon Administration's computer. The
data in this form were not suitable for direct search using the SPRO specifi-
cations as shown in Table 1., A new file called CN6086,RE5,SPRO.SEILE, refer-

* Superscript numbers {n parentheses refer to the List of References at the

end of this report.




TABLE

Characteristic

API Gravity (°API)
Total Sulfur (wtl) max
Pour Point (°F) max

Salt Content,
(Lb/1000 Bbl) max

Viscosity (SUS @ 60°F) max

Reid Vapor Pressure
(psig @ 100°F) max

Mercaptans (ppm in 375°-500°F
fraction) max

Yields (volX)
Naphtha (< 375°F)

Distillate (375°-620°F)
Gas 011 (620°-1050°F)
Res{duum (> 1050°F)

Water and Sediment
(volZ) max

1. CURRENT SPRO CRUDE OIL SPECIFICATIONS
SPRO Crude 0il Type
1 11 111 1V Vv V1

30-36 40=45 30-36 34-40 36=40 26-30
1.99 0.25 0,50 0.25 0.50 1.25
50 50 50 50 50 50
_50 S0 50 50 50 50
150 150 150 150 150 200
11 11 11 11 11 11

No limit 12 12 12 No limit 12
24=30 3542 21-29 29-36 30-38 15=-20
17-31 21-35 e P 3145 19-33 24-27
26-38 20=-34 282 20-34 23-37 38-42
10-19 4-9 7-14 0=5 7-14 15=20
1.0 1.0 1.0 1.0 1.0 1.0




TABLE 2, BETC CRUDE OIL DATA FILE ORGANIZATION
AND DATA FOR SAMPLE NO. 69001

T —

! Alpha=-Numeric
g ' Line Data for
: s Number Description Sample #69001
Line 1
1. Sample Identification 69001.00
5 2, Location Code 35.000
3. Gravity, specific 0.832
] £ 4, Sulfur Percent 0,200
f 5. Nitrogen, Percent 0,049
6. Pour Point, °F -5,000
7. SUS Viscosity at 100°F 43,000
Line 2
1. Carbon residue of crude, percent 0,900
2, Sulfur residue 0,000
3. Nitrogen Residue 0,000 ,
4, Light gasoline, percent 6,500
5. Total gasoline and naphtha, percent 28,200
b, Kerosine distillate, percent 10,300
7. Gas 01il, percent 13,917
Line 3
| 1. Nonviscous lubricating distillate, percent 11,886
E 2, Medfum lubricating distillate, percent 6.397
; 3. Viscous lubricating distillate, percent 0,000 l
; 4, Distillation loss, percent 2.600
l 5. Residuum, percent 26,700
| 6. County Code 113,000
q 7. Depth 200,000 |
|
f 1. Field name Burbank f
2. Geologic formation (AAPG Mnemonic code) CMPS |
I 3, LQ = Integer 0 |
. g 4, LQ = Octal 0 i
|
:
1 Line 5 |
i 1. Percent at cut 122°F mm Hg atmospheric 1.4
| 2. Percent at cut 167°F mm Hg atmospheric 1.6
i 3. Percent at cut 212°F mm Hg atmospheric 3.5
! i 4, Percent at cut 257°F mm Hg atomspheric 5.6
; 5. Percent at cut 302°F mm Hg atmospheric 5.3
; 6, Percent at cut 347°F mm Hg atmospheric 5.3
} 7. Percent at cut 392°F mm Hg atmospheric 5.5
3 8. Percent at cut 437°F mm Hg atmospheric 4.9
§ Line 6
B 1. Percent at cut 482°F mm Hg atmospheric 5.4
. 2. Percent at cut 527°F mm Hg atmospheric 4.9
3. Percent at cut 392°F at 40 mm Hg (585°F atmospheric) 3.8
4, Percent at cut 437°F at 40 mm Hg (636°F atmospheric) 6.3
5. Percent at cut 482°F at 40 mm Hg (687°F atmospheric) 6.1
6. Percent at cut 527°F at 40 mm Hg (737°F atmospheric) - P8
= 7. Percent at cut 472°F at 40 mm Hg (787°F atmospheric) 5.6

7




TABLE 2, BETC CRUDE OIL DATA FILE ORGANIZATION
AND DATA FOR SAMPLE NO. 69001 (con't)

Alpha-Numeric
] Line Data for
L Number Description Sample #69001
Line 7
1. Specific gravity 60/60°F at 122°F atmospheric 0,633
2, Specific gravity 60/60°F at 167°F atmospheric 0,674
3. Specific gravity 60/60°F at 212°F atmospheric 0,709
4, Specific gravity 60/60°F at 257°F atmospheric 0.734
5. Specific gravity 60/60°F at 302°F atmospheric 0,753
6. Specific gravity 60/60°F at 347°F atmospheric 0.772
7. Specific gravity 60/60°F at 392°F atmospheric 0,79
8. Specific gravity 60/60°F at 437°F atmospheric 0,804
Line 8
1. Specific gravity 60/60°F at 482°F at 40 mm Hg 0,817
2. Specific gravity 60/60°F at 527°F at 40 mm Hg 0,828
! 3. Specific gravity 60/60°F at 392°F at 40 mm Hg 0,846
4. Specific gravity 60/60°F at 437°F at 40 mm Hg 0,854
S. Specific gravity 60/60°F at 482°F at 40 mm Hg 0,865
6. Specific gravity 60/60°F at 527°F at 40 mm Hg 0.874
7. Specific gravity 60/60°F at 572°F at 40 mm Hg 0.882
Line 9
l. Specific gravity 60/60°F of residue at 40 mm Hg 0.923
2., SUS Viscosity for fractions at 392°F at 40 mm Hg 40.000
3. SUS Viscosity for fractions at 437°F at 40 mm Hg 46,000
4., S U S Viscosity for fractions at 482°F at 40 mm Hg 58.000
S. SUS Viscosity for fractions at 527°F at 40 mm Hg 81.000
6. S US Viscosity for fractions at 572°F at 40 mm Hg 135.000
7. Cloud test for fraction at 392°F at 40 mm Hg 10.000
Line 10
1. Cloud test for fraction at 437°F at 40 mm Hg 30.000
2. Cloud test for fraction at 482°F at 40 mm Hg 55.000
3. Cloud test for fraction at 527°F at 40 mm Hg 75.000
4, Cloud test for fraction at 572°F at 40 mm Hg 90.000
5. Specific gravity of light gasoline 0,684
6. Specific gravity of total gasoline and naphtha 0,744
7. Specific gravity of kerosine distillate 0.811
Line 11
1. Specific gravity of gas oil 0.842
2, Start of calculated specific gravity range for nonviscous
lubricating distillate 0,858
3. Start of calculated specific gravity range for medium
lubricating distillate 0.877
4, Start of calculated specific gravity range for viscous
lubricating distillate 0.886
5. End of calculated specific gravity range for viscous
lubricating distillate 0,000 ¢
6. S US Viscosity at 77°F 51.000
Line 12 1
Blank
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red to as the SPRO Search File, was generated from the Table 2 formatted data

for use In SPRO crude oil searches.

The SPRO Search File was organized for each crude oll according to key {tems
listed in Table 3, which also gives the file line and column numbers.

TABLE 3, SPRO SEARCH FILE ORGANIZATION BY LINE AND COLUMN

Item Description Line Columns
A Sample 1D 1 3-11
B API Gravity at 60°F 1 12-20
C Weight T Sulfur Content 1 21-29
D Pour Point, °F 1 36=-39
E SUS Viscosity at 100°F 1 L0=-48
F SUS Viscosity at 77°F 1 49-57
G SUS Viscosity at 60°F 1 58=66
H Weight ¥ Estimated Asphalt 2 3-11
1 X Naphtha (< 375°F) 2 12-20
J 2 Distillate (375°=620°F) 2 21-29
K X Gas 011 (620°-1050°F) 2 30-38
L 2 Residuum (> 1050°F) 2 39-47
M Location Code 2 48-56
N Field Name 3 3-18
0 Comment 4 All

In generating the SPRO Search File from the BETC crude oil data file, some
{tems are used directly while others must be calculated, The method used to
modify the data from the file and some supporting data are discussed below ac-

cording to the {tem letter {n Table 3,

@ Item A: Sample ID is taken directly from BETC data. The first two
digits i{ndicate the year the analvsis was performed. These two digits

are followed by a three-digit sequence which starts at 001 for each year.

@ Item B: API Gravity at 60°F (s a speclial function of specific gravity.

The specific gravity at 60°F taken from the BETC data was converted to
API gravity using the equation:

API = (141.5/sp. gr. 60/60°F) -~ 131.5.




Item C: Total Sulfur s the weight percent sulfur {n the crude oll taken
directly from BETC data.

Item D: Pour Point °F is taken directly from BETC data. A "less than"
symbo! indicates the actual value 1s below the reading reported (i.,e., <5

= below 5 degrees).

Item E: SUS Viscosity at 100°F i{s taken directly from BETC data,

Item F: SUS Viscosity at 77°F (s taken directly from BETC data when

available.

Item G: SUS Viscosity at b0O°F {s calculated from the SUS viscosities at
100°* and 77°F using the mathematical relationships presented (n the
ANSI/AST D 341-77 method entitled "Standard Viscos{ty-Temperature Charts

for Liquid Petroleum Products."”

The basic equation for the method {s:

log log (v + 0,7) = A -B log T

where :

v = kinematic viscosity, cSt
log = logarithm to base 10
T = temperature, °F

A & B = constants,

This calculation method requires kinematic viscosities. The conversion
between SUS and kinematic viscosity is made using the ANSI/AST™ D 2161-74
method entitled "Standard Method for Conversion of Kinemati{c Viscosity to

Saybolt Universal Viscosity or to Saybolt Furol Viscosity.,"

Some of the crudes {n the data base have a viscosity reading reported at
100°F but not at 77°F., For these crudes, the 60°F viscosity 1is

calculated using the following formula:




VIS60 = 10%*(10**((log log VISIO0) + 0,06))

where:

VIS60 = viscosity, SUS at 60°F
VISIO0 = viscosity, SUS at 100°F
*% =« exponential

log = logarithm to base 10,

This equation contains a constant which was determined using a limited
set of crude oil sample data as given i{n Table 4., Calculated viscosities
at 60°F using this equation compared favorably with those determined
using the AST™M D 341 method, provided the samples had pour points of less
than 50°F and viscosities at 60°F of less than 150 SUS,

There are some Instances (less than 1Y) where there are no 77°F or 100°F
viscosity values for a crude. In these cases, the viscosity values for
the crude are reported as all zero and should be {gnored. Finally, it is
possible, using the above calculations, for a crude to have an apparent
finite 60°F viscosity when {ts pour point {s 60°F or higher. Although
there 1s no computer program check for this, any crude having a pour
point of 55°F or higher would be eliminated in a SPRO search because the

upper pour point limit for acceptable crudes {s SO°F,

Item H: Welght I Estimated Asphalt 18 calculated by multiplying 4.9
times the Conradson carbon residue (X wt) of the entire crude, which is
available from the BETC data,

Item I: X Naphtha {s the less than 375°F cut of the crude, This value
i{s obtained from the summation of the 122°, 167°, 212°, 257°, 302°, and
347°F BETC cuts plus an interpolation of the 347°-392°F cut,

Ttem J: I Dist{llate {s the 375° to 620°F cut of the crude. This value
{8 obtained from the summation of the 437°, 482°, 527°, and 585°F (atmos=-
pheric equivalent temperature) BETC cuts plus {interpolations of the

347°<392°F and 588°-636°F (atmospheric equivalent temperature) cuts.
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T gt

° Item K: 2 Gas 01l i{s the 620° to 1050°F cut of the crude. This value s

(5) between the

calculated using a BETC-derived empirical correlation
787°F residue and data for the total percent off at 1050°F (experimental=-

ly determined for a limited set of oils).

2 Gas 011 = [(787°F residue) (-0,462202)] + 101,1145 - (X Naphtha + 2
Distillate)

The correlation had a slope, vy intercept, and standard error of -0,462202,
101,1145, 1,21, respectively.

Table 4 contains data for comparing total X off at 1050°F by linear
extrapolation [based on the 737° and 787°F (atmospheric equivalent tem-
perature) cuts] and by the BETC correlation. These data support the

correlation approach as opposed to the extrapolation,

° I[tem L: I Res{duum {s the part of the crude which, according to the gas
oil correlation botls above 1050°F:
T Residuum = 100 - [(787°F residue ) (-0.462202)] + 101,1145,

(Note: Distillate loss {s not considered in calculations).

® Item M: Locatfon {s a three-digit code indicating the source of the

particular crude.

® Item N: Field Name i{s the name of the oil field given by up to sixteen
letters,
® [tem O: Comment {s an 80=-character field available for comments,

The computer program for converting the BETC data to SPRO search file data is
listed in Table 5. In the program, eight of the {tems are taken directly from
the BETC data, while the remaining seven items (B, G, H, I, J, X, and L)
require some modification to the BETC data as previously discussed,

13




Data for crude oil sample No. 69001 were chosen to provide a typical example

of the crude of! data manipulation., Table 6 I8 a reproduction of a BETC crude
petroleum analysis for this sample. Table 7 is the BETC data (from Table No.
6) for Sample No. 69001, arranged in the file format previously given {n Table
No. 2, Table 8 provides a listing (in the same order as {n Table 3) of the
computer program (Table S5) transformed values for crude oifl Sample No, 69001,
Table 9 s a file listing of the transformed data for crude oil Sample No.
6901 as it would be found in the SPRO Crude 0{l Search File., The computer-
transformed data were verified by manual calculation and were found to be

within the reported significant figure limits,

For the purposes of {llustration, the first 48 lines of the SPRO Crude 0{l
Search File have been reproduced in Table 10, To search the SPRO crude ofl
Search File, an {ndividualized SPRO Search Program must bhe written for each
particular crude oil search, An example of an SPRO Search Program {s given in
Table 11, The searching of the SPRO file {s performed by reading {n the data
for each crude, rejecting any crude which does not conform to prespecified
limits, and storing {n a new file any crude which i{s not rejected. The search
program {n Table 1l was designed to find foreign crudes with an API gravity
between 30 and 36, a sulfur content less than 1,99%, and a pour point of SO°F

or lower.

Lines 1=4 and 205-209 {n Table 1l are the required job control language (JCL)
for the job. Lines 5-7, 198, and 199 read in each crude. Line 8 rejects the
crude {f {t {s not of foreign origin, Lines 9 and 10 reject the crude {f {ts
APT gravity i{s not between 30 and 36, Lines 1l and 12 reject crudes with more
than 1,992 sulfur. Line 13 rejects crudes with a pour point higher than 50°F.
Lines 16-195 provide the name of the location corresponding to the location
code. Table 12 {s a correlation of the location code numbers with thelir
respective locations. Finally, lines 14, 15, and 200-205 store any crude not
rejected on file CN6086,RE5,JE,LOT6, which can then be output to a line print-

er.

Table 13 contains a partial [{sting from the line printer output of the file

generated by the SPRO Search Program given in Table 11,




ITI. SUMMARY

Crude oil analysis data for the years 1950-1977 were obtained on magnetic tape
from the DOE Bartlesville Energy Technology Center and placed on the DOE
Energy Information Administration computer, for use by the Strategic Petroleum
Reserve Office (SPRO). A data transformation program was written to convert
the crude oil data to a new SPRO crude oil data file compatible with SPRO
crude oil purchase specifications, The present SPRO search file must be

searched through the use of specifically written search programs.
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TABLE S. TRANSFORMATION PROGRAM: BETC RAW DATA TO SPRO SEARCH FILE DATA

Line
No. Program Alpha-Numerics
RESUMORK I1I0F (n030+D02s EICHELDERGER: J. R,
S oPHOLD
3. EXEC FORTACLG TIME=(S,%)
4, FORY.SYSIN DD o
S. DIMENSION V34, vOL (19 «FIELD &
6. 100 RERD (3¢ 10+END=20) XIDoxXNL+ SPECsSUL+FoPRPT VIS100CHRE.
4 1Vl al=193 sFeRESIDo XCOeFoFIELDe IGEDLsFoF o «VOL ¢TI o I=101%"0
3. 1/l val=1e 380 VISTT
- HPI=c141.5 SPECH~-1731.4
10 CRESD=RESIDO(N-0,4022022¢101.114%
11 IF «CREZD.GT.100» CRESD=100
2 RETID=100-CRESD
13. YITwmn=0
14, IF «vIS100,EQ. 05070 300
b 8 YTEMP= (RLOGLIO AN DGI0YISINN v v o, O
15, VIiin0=10, 0010, 6oVTEMP
17. IF «VIS77.EQ.0 507TO 300
13. C=. 215376 5100-¢110n3eV[2100 (VIS100®®3e37 003
13, 772 2193777110093V 77 (WISTTee e 3TNNI »
20. 1=, el
L R 22=. 7C?7
- B= AL 0610 A0S0 22 -ALDG1 0. 0610¢21 vy (ALOGI0(SnS, » -
23. IRLOGLI0(S32, v rec=1>
Se. AErl 061008061021 oBOR 0G0 (S32, »
29 Tz, 0010, 00 R-BORLOGIN(SS2, v -0, T
26. /in0=4 . n 240 nllec]le, 032640 Ny ~(, N33302¢, NN2R2TSCENS
27 . 1.0002337 el nileegs, 100011400 100!
23. J1Cnn=v] m0ecle, 000 10H0-1001 >
29. 300 RIPH=z4, e PP
0. TEMP=«(VvOL « 7rec8) 45
3. TEM=«vOL 12 o) - 3
2. PNAP=VOL 1 ovVOL <22 oVvOL 3 ovVOL (4> oVOL (S oVOL (K o TEMP
¥ e PDI =TEMeVOL <110 evVOL <10 oVOL « 3 ovDL (3 oL (7 ~-TERP
is. PLRI=CRESD- «(PNRP+PD] O
3iS. IF (PRPT.LT.S 6070 33
. dRITE (F¢11: XIDeRPIs ZULIPRPTVIS1I00eVIST7oVISH0eRSPH,
37. IPNRP «PDIS+PORSIRESID. *NL+FIELD
33, 3070 100
39, “43 PRPT=RRS (PRPT
0, WRITE (312 XIDeRPIsSULsPRPTVISI00eVISTTeVISHneRIPH,.
41. IPNRPPDIS«PGRS»RESIDs XML.FIELD
4c. 070 100
43, 12 FORMAT (2+F9, 0sFI,1sF3,. 2, sFO,003FF Do e2XeSFI, 1,
44 12F3,.Ne 22X e @RGs 7
4% ecn CONTIMIE
n 11 FORMAT (2HeF9,0sFI,.1+F3,2y" FO.003F3, 00 702XeSF4, 10
47, 12F9.0¢ 02X s R4 - »
44 10 FORMAT (10xXebF10.3sF10.00 92 C10%e7F10.30 +010Xe8R4s10xeR40
43, 1IN0 10Xl 100 o2 (IXeBFI, 30 7o I17Xe7FI, 3¢ o2 1OXe?F10, 30 >
5 1105enF3, 3¢
S1. END
S, ‘o
%3, GO0.FTNBFENNL DD DSN=CN&086.PRJ. DONTAPE. YRE0D?7.LINTT=NA<N,
54, DITP= MR
99. GO.FTN9FN01 DN DIN=CNA 036 . RES., SPRO. SFILEsUNIT=DRIDVOL=SER=FERAN] &
23- DISP=(NEWs CATLG) s DCB= (RECFM=F B LRECL=R0s BLKSIZE=R0Q) »
'54 TPRACE=(TRK. (100100

16

THIS PACE 15 %451 QUALLTY PAAGTLSADIN
FBOM DOPY 2542558 10 DO




l‘ TABLE 6, CRUDE PETROLEUM ANALYSIS DATA SHEET FOR SAMPLE NO. 69001

b ) CRUDE PETROLEUM ANALYSIS

Buress of Mines ... Bartlesville Laborstary
Sample ... 5300}
': ' DERTINC A TION
Burbank field Oklahoma
layton and Burbank, Pennsylvanian Osage County

2,700 « 2,760 feet
GENERAL CHARACTERENCS

i Gravity, specifle, .. 0:532 . Qrevity, *API, ... 366 . Pour polat, * ¥, . belov 5
, Sulfur, pareent, ... 0:20 Color, ......Drownish
| Vissosity, Saybolt Universal a4 .-Fs 51 sec.; 100°F, 43 sec. Nitrogen, peroent, ... 2:0%7

ONTILLATION, BUREAU OF MINES ROUTINE METHOD

Sraen 1 —~Distiliation o4 atmespherte T . g
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! TABLE 7., CRUDE OIL RAW DATA FILE FOR SAMPLE NO. 69001
File
Line No. File Alpha-Numerics
13577, 69001, NN 35. 000 0.832 0.200 0.033 —5. 000
139573, (.90 ¢.000 0. 000 6.500 23.20u 10.200
133?79, 11.88» 6. 397 0.000 2.600 e6.700 112,000 -
12530, BUFER' CMPS o
13531. 1.400 1.600 3.500 5.600 S5.300 5.300 5.500
13382. S.400 4.900 3.600 6.300 6.100 S5.500
13593. 0.633 0.674 0.709 0.734 0.753 0.772 0.730
13524, 0.817 0.825 0.340 0.8%4 0.8585 0.57%
135385, 0.923 40.000 45. 000 53.000 £1.000 125. 000
1353A. 30. 000 55.000 75.000 90. 000 . 0.62% 0.734
13587. 0.042 0.253 0.877 0.8835 0.000 51.000
13569,
!
T TABLE 8. SPRO SEARCH FILE - COMPUTER CALCULATED DATA
! CRUDE OIL SAMPLE 69001
Item Description Alpha-Numeric Data
A Sample Identification 69001,
B API® Gravity at 60°F 38.7
C Wt X Sulfur 0.20
D Pour Point, °F S
E SUS Viscosity at 100°F 43,
F SUS Viscosity at 77°F 51.
G SUS Viscosity at 60°F 61,
H Wt est. Asphalt 4.4
I X Naphtha 26,1 "
J X Distillate 25.3
K % Gas 01l 37.4
L % Residuum 11,2
M Location Code 35.
N Field Name Burbank
. 0 Comment (Blank)
TABLE 9. DATA FOR CRUDE OIL SAMPLE NO. 69001 IN THE
SPRO CRUDE OIL SEARCH FILE
File .
Line No, File Alpha-Numerics
11133, a0y, 33, " 0,20 s. 43, 51. al.
11138, 4.4 26.1 2%.3 3°.4 i1.2 3%. "
11135, BUIR BANK
(EEEE
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TABLE 10,

REPRODUCTION OF 48 LINES IN THE SPRO SEARCH FILE

File

Line No.

Crude Oil File Alpha-Numerics

N3
T10,

e N

720,

2 IS
>33

%1023,
L |

ITETTLER

L
13.1

KIS ¥Rl 5y
%1030,
14,2

Bl> VALLE'Y

S1931,
L

JJLDEN TREND (N

S1032.
L4
MR SVILLE. S

S1033,
3

MARYSVILLESE

1034,
~ 3
SOLDERT . Sl

1N Is,
3.3
“DOVER N

$103s,
$. 4
MRYSVILLES

<1037,
3.3
TINPION

LI EEN
10,3
R

%1033,
4,3
JRP R

. -

Rl

.45
2.0

oo

33,

=1,

a1,

1797,

3.
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TABLE 11, A SPRO SEARCH PROGRAM
File
Line No. Program Alpha Numerics . .
Y= RESU. DD 0F m05ns D00 ETCHELBERGER, W,
s oPMOL D
3. EXEC FORTAROLEG -
4, FORY.SYIIN DD @
1. DIMENTION FIELD(@ve SIGN o
ne 00 RERD (FelO0eEND#=20 wIDerPle UL e JIGMERPT.V! 100aW] T7evl ol
B I PHaPNREPD] o PRRSRE TID sNLFTELD
‘. 1F N LY. 915070 300
.., IFRPT LT, 30070 300
10. 1F (AP, BT, 365070 300
 § & L IMey, 95
1IF SUL.GT.RLIN:GOTD 200 t
13 | 1F (PRPT GT,.S80.507T0 200 i
14, | WRITE (311 “IDeAPIs UL s SIGNPRPT. V15100071 "oyl nleRPH,
5. 1PMRE L PD] L PGRT CRESID XN W FTELD
in. IFOsNL EU. L WRITE (9 1)
' 57, 1F AL B O WRITE a0
] 13, 1F (XML, EQ. HNRITE (9, 1)
1. 1FCaML F /. 4 WRITE (3.4
TF (XML EG. S WRITE (9,
, P 1F L EW,. UNITE (9. %
IF XML EQ. 12 WRITE (3o 12
3. IE XM BV 1O WRITE (901 1
4. IF CONL L EU, 19 WRTITE <9, 1%
o TE (WML B 16 W TE (30 1%:
; s ] LF CaNL EQ 1T WRITE (9017
p IFevml FQ.21'WRITE(9.21
| 2a. : TF CONL . EQ. 2D WRITE (2. 23+
I oW, TE e . 4 eRITE (3.0
| jo. -1 1F ML FU. 2% WRITE (3,2%)
Lty TE ML EQ . On W] TE (9e0n)
| IF C4NL L EQ. 27V WRITE (3,27 .
B TF OO EW. 30 URTTE (9. 300
4. ] 16 cdmy ED. I WRITE (9. 31
5. \ (Coe™ FR. 1 RITE (930
s, TEONMNL b e WRTTE (3, A :
i i 1E oM Ew, IS WRITE (3, %)
3. | TF /ML Fu, 37 R TE (9, 37
?, TE Nl Eu 40 R TE a8
a0, 1F (9™ FU. 81 WRITE (3,81
. TECINL EQ. 42  WRTITE (3. 42
42, TF (ML Fu. A1 WRTITE (3,8
4 16 (vML FU. 4% W] TE (3. 4%
e TE AL L ED, An R TE (3. 480
S 48, TEOUNLLEU. 47 W] TE (3.4
4 15 e F U A WRITE (3,49,
47, TE e b, 0 WRITE (3,50
4 1F oML FU. 9SS WRITE (3.9%%:
4, TNl EU.nl WRITE (34m1
So. TE AN B ne WRITE (3ume
1 TN EQD. s O WRITE (ks
82, TE M . na RITE (3. ne
S TF WML EQ. n" WRITE (3.n"
Sa, 15 09N Eu . ne WRITE Caunes
o=, TE o™ FU. na WRITE ca.ns
-, 1E €Ml E@. P70 WRITE (3, 700
7, 16 o EQ, TIINRITE (3471
=3, TF(xM EQ. T2 WRITE (3,720
2. 1F (4™ FO. THWRITE (3.7
LALDY [FidMN  EQ. 7@ WR]ITE (3, "4
=1. TE M EQ, T URITE (2. 7% -
s, TE XML EG, TRIRRTITE (3. Th
=3, IE (ML FQ,. "7 eRITE (3,77
=4, TR oML Fu,. TR WRITE (3, "3
i A, TE (oML EQ, T R TE (3, 7% ¢
1 - TE VML Q. A0 WRTITE (3,800 '
7. TR eam EW. 31 WRITE (3,41
"A. TF oM EQ A2 R TE (3,37
-3, IFaNL FQ. B WRITE (.83
", T (/M FQ. 38 R TE (3. A8
{ L TF (/ML EG. 3% WRTTE (2. 3%
e TF OO FU. A% R TE « 54 380

‘4.

et ot

N "
.
=

}

[+
4
Y

£




!‘.
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}
; TABLE 11, A SPRO SEARCH PROGRAM (Cont'd)
File
Line No. Program Alpha-Numerics
73. IF (XML EQ. 37 WRITE «3.87»
B 1F (XML EQ. 38 WRITE (9,38
7S. IF (XML EQ. 3% WRITE (9,34
. “H. IF (XML EG. 90 WRITE (3,30,
7. 16 (ML EQ. %1 WRITE (3. 91
9. IF (ML EQ. 90 WRITE (3. 92,
. 1w FQ.9 'WRITE (3,33
0. TF (™ EQ. 4 WRITE (9. %)
1. IF (¥NL EQ, 9% WRITE (3, 9%,
12, IF CsML EQ, 36  WRITE « 3, 9
33, I1F CaNL EQ. 37  WRITE « 5037
I TF odML FQ@. ¥ WRITE « 3,94,
as. TF (XML EG. ¥ WRITE (3. 3%
n. IF em  FQ 100 WRITE <34 100
1F M EQ. 101 WRITE (94101
3a, IF Ml L EW. 102 RITE (3,102
33, IF (e FQ. 10 WRITE (9410
M, IF¥NL bW 104 YRITE (3. 104
A F TF XML EG 10% WRITE (3.1 0%
! 1F 4N L EGL 10 WRITE €341 06>
LR 1 4N FQ M0 WRITE (3.1 07
.. TF VN EW. 105 WRITE (9. 108
., E oM EQ. 10+ WRITE(S.10%,
- 16 09N EQ. 110 WRITE (3. 110
7. TF N EQ 111 WwRITE 3111
1 ", IFoam FQUILIWRITE (301120
A, 1F SN EQ 11 DHWRITE (3,31 % |
100, TE M FQ, 114 WRITE (3,114
101. 1F oM EQL 11 WRITE (3. 119 {
102, 1F (M  EQ.I1n WRITE (3e11m |
103, TF oM EQ 11T WRITE (3a117s ]
104, TE (M EQ. 113  WRITE (9.1 1a
108, ’ TEC¥NL FO. 119 WRITE (3119
108, | t CORMET ey LOCATION 17 A Apeaes
102, | PORMET e, LOCATION T AR TDNA
108, | FORMAT v, LDCATION | ARNaNTRT
v 10%. | 4 FORMAT oy LOCATION 15 CALIFORN
110. < EORMATY (Oov, LDCATION 15 COLDPADDC
111, . FORRAT o<, LOCATION 1L FLORIDA -
112, 12 ENRMAT ey LOCATION IS JLLINDOLS
113, 11 FORMAT (ow. (OCATION 15 INDIANR
11e. 19 FORMAT (2%, LOCATION 15 seNTAT
11%. 1= FORMGT e, LD RATION T RENTLORY
" 1im, 1 FNOMAT (O "LOCATION 15 LOUTSTAN
112, 21 FORMAT «oe LOCATION 17 SICHIGAN
114, ? EDRMRT Ow, LOCATION [T M0 15Sd
113, . FORMAT (2w LOCATION 15 MIST0URT
120. 29 FORRAT (O, LOCATION 15 MONT »
121 - FORMAT  Cxe LOCATION 15 HEPRASKA
122 ? FORMRT  Over L OCATION |5 NEVADR ’
123, ) ENEmRT (Ow. DCATION 1D Ee NF el
1.4 " FORRST (Sw, LOCATION [0 e O
¢ 129. 11 EORRRT (2xs LOCATION 17 NORTM DA
126, . FORMAT (2. "LOCATION 15 OWID
! 127, - FORMAT (2w, LOCATION 10 OxifsOms
| 129 g FORRAT (2% 'LDCATION 5 PENNTYLY
1 s 129, a0 FORMAT (29, LODCATION 15 J0UTH DA
: 130, 4 FORMRRT (2%, LOCATION 15 TENNESSE
131, .2 FORMAT (2%, "LOCATION IS TEXAT ’
132, 4 FORMAT (2x. LOCATION 15 UTAM ’
] 133, - FORMAT (2xs LODCATION 15 VIRGINIA
! & 114, - EORMAT (2%. LOCATION 15 WRTHINGT
138, a4 FORMAT (v, LOCATION 15 WEST VIS
135, 4 FORMAT (5w, (DCATION 15 WrOMING
137, s9 FORMAY (2w, LOCATION 15 ALATKA '
1139, =1 FORMAT (Ow. LDCATION 10 A DERTA
” 119, e FORMAT (2w, LODCATION 15 BRITIIN
140, =1 FORMAT (2w, LOCATION 15 NMANITORR
141, ~4 ENRMAT (2. LOCATION |5 NFw BRUN
142, 5% FORMAT (2xs LOCATION 15 NEWFOUND
143 -~ FORMAT (2%s LOCATION [5 MORTHUES
144, “a FORMAT (2, LOCATION 15 ONTARID




TABLE 11,

A SPRO SEARCH PROGRAM (Cont'd)

File
Line No. Program Alpha-Numerics
148, 0 FDRmMRY coxe COCRATION 10 GUEDEC ’
14, 71 SORMAT (O<e DCATION 1D A KATO M
147, r2 FORMAY (cxy (OCRTION 1D i oERIR
144, 73 FORMAT (Oxs LDCRTION 1T mnGOLs >
149, Ta ORMRT (Oxe LOCATION 10 EGYPY '
159 . FORMAT (Cxs  OCRTION [ SRBON
151, 43 FORMAY (2xs LOCATION 15 CIDYR |
1s > CORMAT (Cxe COCATION 10 MeDRGR w
153 ra DRMAT (Jwe _OCATION [T mDROCCO
154, & SORMRT (2 LOCRTION 15 NlGERIR
19% 40 OnmRT 2w OURTION [ HBU Disbd
195» a1 CORmRT (oxy  OCRTION 1 BReRE N
19 e SORMAT (2. LOCATION 15 INDIR
18 41 CDEmRT s CDCRTION 1 BPORMNED |
199 . ORMAT (Cee  DOATION 1L evs
ini, S FORMRY (Cve DURTION 1, UMKRTRR
=1, i FORMAT (Cey DCATION [0 [RRN {
1% o ORmAT . COCATION 1 (R |
1a 1A IWMAT (2¢. LOCATION |5 1IRERL ‘
14 e DRMAT (2. LOCATION 15 IRFAN |
1= . WY e DORTION 1T SUWRLY |
tne " FORMAT (2x. (DCATION 15 PR ISTRAN |
| 187 a CORMAT (2¢. (OCATION 17 P ESTIN ;
‘ ié 3 CORMAT 24y OCATION 15 ORTAS
1 1= .4 TR T <. OQCATION 13 EIRME
| > - NRMAT (2¢. (DCATION 15 TAdaN
I 1 - EORMAT (2de  DUATION 15 THe]LAND
| 17 “r ORmAT e DCATION T e BRNTSs
¥ 23 CORMAT (2% OCHTION 15 CTECHMOTL ¢
[ 124 . FORMAT (2. OCATION 15 POLAND o |
| 1™ 100 PR Y (e DOATION T S .
[ 1% 101 ORMAT (2w OCATION 10 1 & |
R ¥ 4 102 EORMAT (Fee (DCRTION 15 v T | {
| 17a, Tk CIRRRT (Os.  DCRTION 1 FReee | |
17, ) CORMAT Oy DCATION [ o BmeaNy |
T 10%  CORMAT(2x. LOCATION |5 GREECE :
I 141 1 e DemaT coee (DUATION 10 ITRLY |
13 oz FORmRT cowe COCATION 1L METHERLM
| 193, Lod CDRRAT Y. LOCATION 15 NORWAY
| 13, 1 OFmaY (2%, OCATION 15 NEW JEA
199, 110 NERAT (2%, (DOATION 10 NITED
k188 11 CORRRT2x. L OCATION | WES1CD
| 13 112 OemaY (2vs DCRTION [0 weaENTIN
| 139, 112 ENRRMRTY (2xe  DCATION 1S (MILE
; 133, 114 FORMRT (2w, COCATION 15 CDLONDIR
| 19a, 11% SNRMAT 2% LOCATION 15 EQUADDR |
1er, Lie  DRMAT (2%, LOCATION 15 PERU '
132 117 SORMAT (2x. (OCATION 12 VENEZUEL |
13y, 113 CORMAT (@Xs LOCATION 15 CUBA v i
134, 113 FORRAT (2%,  OCATION IS5 TRINIDRD
19%, 5s SORMAT (Sxe (OCATION 15 OMeNDUN
13, 710 3no
S 2a ONT INUE
194, 10 CORMAT (W ED, G0 F A, 1eFD, 2, TR FE, 0s3ED, 00 < 2N.NFD |,
] TR, e sl KA.
260, 1 CRRAT .o <e CRUDE 1D AP SULPMUR POUR PT 3SUS 100 "o
201, \ uUs 7?7 1L w0 ¢ e KA FO NF e F S 0 IR R, D S D
20e. Lo9e L RIPHMALT % NAPHMTH % DISTL %“6AS OIL . RESID (0OC CODE .
20 L a e SFS, 1eF 9, 00 e 2%y FIELD 17 cARe. fRAY.
2048, LMD
| 20% S0.ETHAF 001 DD DIN=CNA 036, RES. SPRO, SEILEsUMIT=DASD.DISP = SHl
204, SOLETAKANL DD DINeCNS 086, RES. JE.LOTRsUNTIT=DASD. VDL =SER=FERD &«
a0, CLOPs (MEM ST ) o DO R (RECEMeER | RECL=SN s BLK SIE RN o
20 SR Ew RN |0.%00
I
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TABLE 12, LISTING OF LOCATION CODE NUMBERS AND LOCATIONS
&
K Location Location
3! " Code Code
No. Location No. Location
e i 1 ALABARA a5, 7% GBABON
it 2 ¢ RARIZONA a7, 76 LIDYRA
W i ARKANSAS 48, 7?7  MADRGRSC
4. 4 CALIFDRN a5, 7’8 mMpDRDCCD
s. «  COLORRDO s0. 79 NIGERIA
5. 3 FLORIDA s1. B0 HBU DHAR
i - P 12 ILLINoIs 2. 21 BRAMEE IN
1 8. 13 INDIRNR 53, A2 INDIRM
ER 1% KRANSRAS “e. 4% BPORNED
10. 16 KENTUCKY 5S. 4 ]
1. 17 LOUISIAN e A% UMRATRR
i 12. 21 MICHIGAN s7. A6 1RRAN
i 13. 23 mIssIss sa, A7 1RAO
¢ 14, 24 mMISSOURI 59, 44 1IRRAEL
i 19. 2% MONTRNA wi. A IRPRN
i 16. 26 MNEDRRCKA wl. S0 RUMRIT
{ 12, 7 NEVADR . 41 PRARISTRAN
¢ 18. 30 MNEW MEX] wi, “¢  PALECTIN
i 19, 31 NEW YDRK e, G ORTRAR
: 20. 11 NORTM DR e, %4  CRUDD AR
. 21. 14 OMID . % TRIWHN
22. 1% DM LAMORRA 67. S5 THHILAND
: 23. T OPEMNNTYLY nH, ERETS U )
N 40 TOUTH DR wa, S8 CJECHOSL
2s. 41 TENMECSE 7h, 93 POLAND
26. 4 TE=RS 71, 100 RUmENTR
ev. 4 UThM TR 101 L
28. 4% VIRGINIA 73. 102 RUTTRALL
P 45 WRIHINGT Ta, 103 FRANCE
30, 47 WEST vIR 7S, 104  ERMANY
5 . 4% WYDMING Te. 10% GREECE
2. S0 ALHTERA ?7. 106  ITALY
33. 5% UMK NOWN 70, 107 METHERLR
14, a1 RLBERTA T, 108 NORWRY
3%. ne CBRITICH an, 109 MEW JERL
. a3 MENITODR 21. 110 UNITED &
37. “4  MNEW BRUN 4. 111 MEXICO
£ »%  MNEWFDUND 83, 118 HPRENTIN
3 39, 66 MOFTHWES aae, 112 CHILE
40, 65 ONTRRID g%, 114 COLOMKIR
41, 70 QUEBREC i, 11%  EQUANDR
a2, 71 OCACRATCH 57, 116  FERU
43, 72 ALGERIA =, 117 VEMNEZUEL
44, 73 ANGOLRA a9, 118 CUBK
s, 76 EGYPY 113 TRINIDAD
!
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TABLE 13. PARTIAL LISTING OF CRUDE OIL IDENTIFICATIONS AND DATA
FOR A PARTICULAR SPRO SEARCH PROGRAM

%

Crude Ol Data

CRUDE 1D APl POUR PT ZUS 100 Us 77
saoro. 33.9 S. 43, 0.
TORSPHALT L NAPHTH GRS OIL . RESID LOC CODE
1s.2 32.0 33.2 10,3 9.
FIELD 1S
LOCATION 15 UNKNOWN

Gwdd A Wy~
.

CRUDE 1D HPL SULPHUR POUR PY 0I5 100 us 77
51029, 30.3 1.4% 20. n0, 33.
OASPHALT YU NAPHMTH % DISTL GRS OIL RESID LOC CODE
26.9 23.3 22.0 39.9 14,9 el.
FIELD 1S STETTLER
LOCATION 1S SLBERTA

“RUDE 1D AP CULPHUR POUR PT CUS 100
S1029, 33.9 1.03 20. S2.
ORIPHALT . NARPHTH % DISTL “6RS OIL RESID LOC
1.1 2%.0 21.7 40.4 13.0
FIELD 15 BIG VALLEY
LOCATION IS ALBERTA

CRUDE 1ID AP SULPHUR POUR PT LIS 100 SuUs ??
S1030, 34,3 0.71 s 49, 0.
ORTPHALT . NAPHMTH % DISTL GRS DIL . RESID LOC CODE
14.2 3.7 2.9 33.5 12.3 ol.
FIELD 15 BIG VALLEY
LOCATION 15 ALBERTA

CRUDE 1D BP1L SULPHUR POUR PT  TUS 100 SUs ??
S10n3, 33.1 0.39 < 3. 45, 0.
L RASPHALT % MAPHTH % DISTL “6AS OIL ° RESID LOC CODE
13.2 e’.9 26.1 35.3 11.1 L
FIELD IS CAMPBELL
LOCATION 15 ALBERTA

CRUDE 1D AP1  SULPHUR POUR PT CUS 100 sus 7?7
S2009. 31.6 0.71 45, i 0.
ORASPHALT % NAPHTH % DISTL “GAS OIL % RESID LOC CODE
19.6 13. 4 24.3 42.4 14.3 104,
FI1ELD IS SUDERDRUCH
LOCATION IS SERMANY

CRUDE 1D AP1  SULPHUR PODUR PT 35US 100 SUs 7?7 SUS &0
S202s. 30.9 0.80 < 5. Se. e, 105,
W RIPHALT % NAPHTH % DISTL “6RS OIL ° RESID LOC CODE
30.4 26.3 24.0 35.4 12.8 117,
FIELD IS QOFICINA (HEAVY)
LOCATION IS VEMNEZUEL
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