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FOREWORD

This document is the final report for Tack 3 of a 4—tack program , which was

conducted at the U.S. Army Fuels and Lubricants Research Laboratory (USAFLRL )

at Southwest Research Institute , San Antonio , Texas, under Contract DAAK7O—

78—C-000 I , during the period June 1978 through September 1979. The work wag

funded through Interagency Agreement Et—78—A-Ol—281 5 between the Department of

Energy and the Department of Defence. The contract monitor was Mr. F.W.

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

Equipment Research and Development Command , DKDME—CL, Ft. Belvoir , VA.
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I • INTRODUCTION ANI) I(A CK( .R( 1) 5(1

( 1  ~~The Army ’s or [gins ! “Crude Oi l ( ‘h.i rac te r iia ion Dat. ,  Pr o gram ” u sed cr ude

o il analysis data from the Bureau of Minem~ f now Department of l~nt~rgv  ( ( ( O F ) )

Bartleaville Energy Technology Center. The data were s t o r e d  on a commerc ial

t ime—shared compu ter facilit y . This crude’ oil cha r a cteriz a tion data program

enab l ed i t s  users  to  search the data base for crude o i ls  w i t h  cer ta in  char—

. e c t er i st ic s .  However , the data f o r  t h is  program c ’ n t a l - ied univ BOO crude oil

analyses .  A p ro jec t  t ask was Initiated in - the third quart er of l~~7M . t hrough

a DOE to  DOD Interage ncy Agreement to  es tab l i sh  the data base in the DOE

Energy Informat Ion Ad r i in ls t r . i t is ’n ’s computer f a cilit y .mn~l t update and expand

tht  da t a  base .

One phase ‘1 this ac~ I nyu I vi’s ! cor~pa ring t
1 it I o rina t of the cus t 01.1 rv Bureau

-‘f Mines ( ( d M (  crude o i l  assay w i t h  thea p u r c h a s e  spec It t e a t  ions i n  Table I

current lv used by t lie St rat .‘g Ic P.• t r I  o ur, Rt.’~~ rv,- 1 c . (S!’Ri • and resolving

fo rma t I ncompat iF’ t i lt  i c c  • I ’  I s  in -v d i  t a (‘an’ - was t i  Inc h i d e near! ~
. (500 sam—

co ve i- i ue~ the ye Irs 1 1 ’ ., ‘ t v - i  r I

I I . D I - -

ihe basic s-rude o il l i t - i  f r  t h . -  p r s .Fr .mr - v u-s (~t m in e d I ron. t In- !u)F Rart lea—

v i i  Ic Energy T e c h n o l s g v  ( e n t , - r ’ c I t~F TI~~ 10.1 v svs  0 ~~:s i d , -  oi ls for t !u,  ye- - m r s

I QSO to  lQ 
• some s ’t  ~~ tch (isiv, - ( e o n  1 1 h  ~f cL,’ ! • 

• T hese data contain the

information sLow~i in T.ihl.’ 2 t s r  each i n s ( ( v I ( u u . i I - i  i l, - o il .

The ceri. il i, .- !  crude i!l data f Il e  org aniz at Ion and data fs ’r S.-u~ p 1e No. fuQOPI

-~ r.- provided in T a b l e  2. r’ o da t a  ~s e n !  igur~’d in Tab I~
. 2 were t ransmi t ted

t i  SP RO and ‘.t s ’ r . - s 1 on magnet ic t a pe .  The da ta  were placed in f i l e  ( N~~~~~.—

PR.1.ROMTAPF..YR 50 77 on t h e  Fnergv In forn iat to n - \drrl ni st r -mt ion ’s computer. The

! . i t , m  In t h I s  form we re not s u i tab l e  fo r direct sea rch using t ’ie SPRO specifi-

cat ions as shown in Table 1. A new f ile ca l le d  CN6086 .RES.SPRO .SEILF., refer—

* Supersc r i pt numbers in pa rentheses re fe r  t o  the L i s t  of References at the

~nd of this repor t .
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TABLE I • CURRENT Sl~}W CRi’!4: OIL St’F I F! ( \TI ( INS

F— -

~~~~~~~~ 

-- - -  —- - -  - - -

SI’R() Crude Oil Type
Cha racte r i s t i c  

________ 
ii III iv V vi

API ~ rav I t y ( °AP I) (0— (I -~0— ~5 30— 0’ 3~ —3() 36—40 • ‘ *,_  ( ( I

Tota l Sulfur (w tZ ~ max I.9~ 0 .25 O .S0 0 .2 5 0.’~’

Pour Po int (° F) max Sn 50 50 Si) SO SO

Sa lt Content ,
J h f  1000 Rhi ) max 50 50 50 50 50

\ i sc o s i t v  (SI’S b0°l’~ max 150 1 51) 150 ISO ISO 203)

Reid Vapor Pressure
(ps ig 100 °F) trua x II 1 1 11 I I 11 11

Mt’rcaptans (ppm in 3T h ° —~~0( ° F
fract ion~ r~-ix No lIri l ~ 1~ 12 12 ~~

. ‘ limIt 12

Yiel d s ( vo l t )

~ap h tha ( ‘~ 375°F) 2- .—\O 35— .. 2 1~ 2~ ‘0 (i~ Ui — ~~

D i s t i l la te  ( S — ~’2~~° V )  V — l i  f l — 3 S  ‘ 1— 3~ 3! - -~ !~~— 3 3

Fas 01! (s2o °—lOSO° F) ‘ t~_ ( 5  2O~~1- ’, 2~ —. 2 11)_) !. 2— r

Res iduum ( ‘  1050° F) 1~~— l u 4— Q ~— l !. 0— ’- 7— la l”—20

water and Sediment
(v o l t )  max 1.0 I.(( 1.0 1.~ 1.0 1.0

6

— ~~,- _

—~~~~~~~ — ~~--



TABLF 2 . IW TC ( ‘RI IW OIl. DATA F! 0R~~AN! ‘Af l l)N
AND l)ATA FOR SAMI’ I ) NO . h900 1

A ! ph a—Num er lc
t.tne Data for

Number  _________-_____ lh’sc rt pt 1or~~ _~~~~_ _  ________— Samp le 069001

L i n e  1
1. ‘~a ;- : ’ !.’ I 1, •n t  I’ teat j on 69001. 00
2. 1 s ’~ it  ion Cod.- 35 .000
3 . I t - m v  it  V , spO c i  Ic 0.832

I tu i r  i’e re. ’~ ’t  • 200
-
-‘ • Nit rssgt .n , ‘ . 1  c c i t t
) pout ‘ ‘ 1  u t , •f~
7. S U S Vi s cosi t y ,t 100 °F 4 3 .000

I.fne 2
I • t i r ’  -‘n r,’ c I d i , - 0 c r ims , - , a - i s - - it ) . 900

Sul~ jr ros l I m e  0.000
~~. N i t  r ’ c e - m  R, i, Idue~

-. . : ( t  gas - l lii’ - , percent ‘ .SOO
T o t - i l  gaso l ine’ .in I nap ht - - m , u . -r.c nt .‘~~.2OO

~. .e r - ’ ’s lne u l i s t i l  l , m t . ’ , 5. - r u t  l(~.30O
~ C-a s Oj  1 , ‘‘.- r c . - n t  I 1.Q 17

Line 3
1 . ‘

~ ‘ u i - ,• I se -‘ it s I -r Ic - m l  tr i g di st  1 1 I - m I e , ‘ - . t I I . W Is

2 , ~~o !  I lint 1 i t -  r is  it  ing di st ii l it  ‘-  , ;‘u i ‘ - ‘ i t  ~‘ .39 7
3 . V l s i  ‘ i t s  lu !’ r i_ ut tng d I s t i l l a t e , p e r  ‘ - it

-• . I) is  i l l  at ton - ‘ —.s • ~~ ‘ ‘ r i - n t  2 .
-
‘ . Rca id mumr - , , p.’ r ent • 70 ( 1

I i n t ’ l  y Code 11 ( .OOI)
7 . P s - p t  Ii 2700 .00))

u t i _

I • 
( . - 1 d n m --- .- ((ii rb.mnk

2. e - - I ‘g Ic 1 i t  l isti 5 -\A i’ - ~~u i • ’r~s ’ u t  I -  s~~ do I

3, T~~ — u t  •~~~ . r 0
-. . ( i~ — O c t - u I  0

I.ine S
1. t ’~ - y 5 ~~.fl~ • i t  cut 12 2 ° F m riu Hg l t- r i’s p! i i’ r ic  1. 3
2 . ‘e r s - ,~i1t i t  c u ’ In - ‘°~~ mm Hg - m t - -  - ‘ s -, - - ~Ic 1.6
3 . (‘e r • - i ~ a t  ~

- u 0 2 1 2 °F nut Hg at s ss p 1n-r ic 3.5
-1 , )‘ ‘‘ r - - ’ - nt  it  (- l i t  2 5 7 O F mm i( g - i t  - i—1 c

~
s ) - . - r j C

S. ~‘ere. ’nt - it  st 102~~ mm Hg —i t - ros p (s . - u I c  5 .3
~~. Per~’.- ut - i t  cut 34 7 ° F mr- Hg utmosp he’ ic  5 .3
7. (‘e r s .’nt sit s i t  3 - ~. ° F mm ~~ it n i sp l u s - r i c  5 .5

~~. Pers ent a t  cut -~ 3 ° !-~ mr’ Hg ;it us~ ph.- r ic

Line 6
1. Percen t  at - i t t  4 S2° F mm Hg .it-m -’ sj-’ (i -rlc 5.3
2 . i’.’re.-- ~ at ‘it “ 27 ° f’ mm Hg i t ” - n p ’u ’ - r i c 4.9

• Per . - s i t  a t  - - - . (u . °F — i t  3 nt’ Hg (514 5 ‘F a t ns - ’ s j ’ he r ic) 1~ S
.. i’.’ r c -n t  a t s - - .  s - - • ~ - it  -s - mm Hg H’ Is ° F a t -~os sb er c)  I, 

• 3
S . Percent .,t - -~~t -s -~ ’° F ~ 3 1  mm Hg ( f - S ‘~~F sm t nssc ; ’ l ue r l s ’) h. 1
‘i• i’ i- r ce ’ ,t  at c i t  S 2 7 ° F ~t ~~~~ ntnt Hg ( 7  i7° F .itnosp her lc) 5 .5
7 . P er~~.- n t  it ‘ - i i ?  -. 22 °f m t 31) mm Hg (257 °F .it osp !u.’ r fc )  5 .6

5 — f--- -

- 

- 

- —

~~~ 

-

~~~~~~

- .

~~ 

- 
.

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE 2. BE TC CRUDE OIL DATA FILE ORGANIZATION
AND DATA FOR SAMPLE NO. 6900 1 (con ’t)

_____— 

Alp ha—Numeric
Line Da ta f or

Numbe r Descr iption Samp le #69001

L ine 7
1. Speci f ic gravity 60/60 °F at 122° F atmospher ic  0.633
2 . Speci f ic  grav i ty  60/60 °F at 167 ° F atmosp heric 0.674
3. Spec i f i c  gravi ty 60/60° F at 2 12 ° F atmosp heric 0 .709
3. Specific gravity 60/60°F at 257°F a tmospheric 0.734
5. Sp e c i f i c gravity 60/60 °F a t 302 °F atmospheric Ø•753
h~ Specific gravity 60/60°F at 34 7 °F a tmospher ic 0.7 72
7 . Spec i f ic gravi ty  60/60 °F at 39 2° F atmosp heric 0. 790
8. Speci f ic  gravi ty  bO/~ 0 °F at 37 ° F at mosp heric 0.804

1.ine 8
1. Speci f ic gravi ty b0/ ~ O °F at 38 2° F at 40 mm Hg 0. 8 17
2 . Specif ic grav i ty  60 / rs U°F at 5 2 - 7 °F at 40 mm Hg 0. 528
3. Sp e c i f i c  g r a v i ty  6 0 ’H °F at 391 °F at 40 mm Hg 0.846
. Specific gravit y 60/60°F at 437 F at 40 mmii Hg ( 1 ,4 54

~~, Specif ic gravity t-,O’nI °F a t 482 °F at 4(3 mm Hg
6. Specific gravity b O / n s ) ° F ,~t s 2 7 ° F at 40 mmii Hg 0,574
7. Specif ic gravity 60/’-,d °F at 5 7 2 °F at 40 inn Hg O .8M.~

L ine 9
I. Speci f ic gravi ty  M)/60 °F of residue at 351 mm Hg 0.92 3
2 . S I’ S V is c o s i ty  for f rac t i ons  at 192 F at 40 mm Hg 40 .000
4 . S 1’ S V i s c o s i ty  fo r  fractions at 43’°F at 40 ntnt Hg 3m, .000
4. S “ S V i s c o s i t y  for f rac t ions at 52 °F at 30 mm Hg 55.000
5 • S U S V i sco s i t y  for f rac t ions  ‘it 5 2 7 °F mt 3(1 rum Hg ~ 1. 0U0

t-’ . S V S V i s c o s i t y  for f ract ions at ~ .‘2 °F at 30 mm Hg 135.000
7 . Cloud test fo r f r a c t i o n  at 392° F at 40 run Hg 10 .000

Line 10
I. C loud test  f o r  f r a c t i o n  at 437° F at 30 mm h g 10.000
2. C loud test  f o r  f rac t i on  at 4 52 °F at 40 mm Hg 55.000
3. C loud test  f o r  f r ac t i on  at 527° F at 3 1  mm Hg 75 . 000
4 . C I s s i m s I  test  for f rac t ion  at 572° F at 40 mm Hg 90.000
5. Spec i f ic gravity of li ght gasoline 0 .fs 84

~ . Specific gravity of t o t - a l  gasol ine and nap h thn 0. 744
7 . SpecifIc grav i ty  of kerosine disti llate 0.511

Line 11
1. S p e c i f i c  gravi ty of gas oi l  0.842
2. Start of calculated specific gravity range for nonviscous

lubricating d ist i l l a te 0.858
3. S tar t  of ca lculated specif ic gravity range for medium

lubricating di still ate 0.877
. Start of calculated specific gravity range for viscous

lubricating d Ist i l late  0.886
5. End of ca lcu la ted  specific gravity range for viscous

lubr icat ing d is t i l l a te 0.000
6. S I’ S V iscos i ty  at 2 7 ° F 51.000

Line 12
Blank
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red to as the SI’RO S~’arch F i le , was generated iron thu Table 2 fo~~ a t t e d data

f o r  use in SI’R(~ ~
- rude il l ,~ea r~’hi~s

ftc SPRO ‘~.‘-m rch File was o rgan it ed  b r  ,‘ iclu crude . 1 )  according t o  key Items

l is ted in Table 3 . w hIch a lso  gives the t i l e  lint, and column number s .

rAKIY I , SPRt~ SEARcH Fl I.E ~K(;AN I ‘A l t o s  MY I. t~~F AN 1 ( ( l l1 ’~~

- 
Is ea c rip t ion Line

-
‘ 

‘;ar — ; -~~.’ 11) 1 4 — !  I
B API ;r a v l t s -  .it ,,(I ° 1-

C ~‘e I ~.t
1i t ~ ‘-

~ iii ii r ‘r u t . -  s t  I .‘ 1— ,~
~~~~~ PoI-:t 1 4~’~ 

5 ( ~

SI’S V is c - - ., I t v  at  l’~
(
~’F I -.

‘-I ’S ‘
~ I s c u s s i ty  at 17’ F I Y4 — 5 ’  I

4: u-P. S I scos i t  v it n ~‘F I
31 na’ I ~‘b t ~ st i r : .  it .- d Asphalt 2 3—11
I Z !~.,u’ ’u t 1 u m  ( ‘ 3 7 5 ° f -) .

I - ~‘~~iI ~~ (37 S °~~’20 f )  -)

I , 1 . -S O t t  - I ‘— 1 -5 0 °F) , 3 ’ s _. 3

• I Res l~hui — ( ‘ !0S0 °~~’3 ,‘ - s e _ , 7

9 Lnca Ion - - s d~’ 2
I ~ j .’H ‘~ m - .---. - 4 3— 1

Li
~ 

- 

- 
~~

.,‘nt 
- - —- -- 

. 

-

~~~~ A l l  j
In  ~‘a ’ n . - r . m tj n g  .- SPRO S~’ .u- - - F il .- l r - ’~’ 

• . ~FTu s t ’ : - l a ’  oil - - i t a  111 . - .

it .-—s - i re 5 - , • ‘d d i r e c t  lv v~- I .- ,‘ rh . - r  ‘~ ~~II~ t ‘- .~ I ‘ ml It a’ • ‘rhe’ met hod - ~~~ e l  t is

• -
~ t he  - - i t . i  I rant • - f I h.~ and c -rn,- - .s t ;- por ’ Ing d a t a  - i r ’ -  dl c c u u ’ s s e - 1 bc l- ’v  .mc —

C a r s l  I ug t - ‘ T 5 . (~ ent I .-t  t er in Ta h 1,- 4 .

• Item A:  ‘~a i s p l . ’ 11) s s  t a ken  d i re c t  Iv Irs-sn !31T “si t . ru11, f i r~~t t v ’

d ig it ’s  I nd i ca t e  I i  -.- .‘.-m r rh.  a n - m 1 v s I ~ w-t~ per f - ’rrns’i~. These two 4 lg I t s

ar .  f s s l !  - w a - ’ Isv -. t ! i r .- .- — ’1 ,~it s. ’q i ia - - us - .- v’:1 , ’3 i s t . m r t . s  at 001 b r  a - i c - v a - a r .

• I t e — ~ ~: -~ r r - s v  ‘ v at  fs0 F is .1 c;’t’ c I -t I t i n - - t Ion -t sped t ic gr a v it v •

The s p e c i f i c  g rav i tY  at 60 °F ta ken i t” — the ~FTu data  v i ’ s  c,s nr a~r t e s ’ t o

A ( ’ g r a v i ty  s is inc  the equation :

— (1 - .1 .~ ~p. gr. ~0 ~‘~~‘F) — 111. 5 .

_  -~ 
i-I



— - 
-
~~ 

—,--‘- — -
~ 
— -—-- - — - - - -  — --

• Iti ’nt : io t~~I Sulfur is rh . wulc !mt .uu i - a - n t  suI t l it t a -  .- r i m d a ’ o i l  I

d i r ec t  lv t r , ~- M V r 5 - 4 .~t i .

• lt.- - -  1’ : Pour Point °F i~ t ike~ d i r e c t Iv t r ” ~ BETC d a t  . A ‘ ‘ I . - - .

~s v r s ? ’ ’ l  in di c ates  l5 s a -  ~~‘ i n i l  ~‘,i l u t e  j~~~ h a ’ l s ’v ii:,- ra ’ i , t j  u~- r . - I ’ - r  r~~- (1. .- .. <

— be low ‘s 5 ,- s ~ri’i c  I ,

• I t - ’ — -  ~ : SI ’  \ i s , - ,’s l t - ,- at la( 1 f’ I’. r , - ‘ n  .1: , .- . ~ lv  I T . ? ”  141 Il d a t - . .

• It t - --- F: SI ‘
~ V i  ‘~s ’5 l i v  at  ‘7° F I s  t a’  a - ’ ! I • Iv ‘ r , ’r- ‘~ V s lain ~~

- ‘  a - -

.i v m t ia h li ’,

• It . ’— - :  ~t c  V i ~~5 . - .,1~~-, ~ •- ‘ •
~~ 1.’. ,- .m l c u l . u r . - .’ b r - si— ’ • I~~ . 

~~
V 4  ‘,‘j ~~5 ’~~I t i . - ~.

- - 7 ‘‘ F us rig • - - - 
‘ - - - Ic ml  r.’ a I onsh I ps p - - ¶ - 

- In ‘ - -

.\~~~~ - I .-\u - - “ - .1 — ‘7  r a t  ti , ’ s ! a - s t  It I,- ’’ ’ t , * t t - ’ - i  i s  “ I sc ’s I t s - — • - - - , . a t  - s r .  - ‘ -

b r  l.i:~ t~~: ~.- t r - i eu r  t ’ .’ u m c t s .”

Th. basic equia to n ~ - r  - - n.- ’ ’ !  is:

- ‘c log (v • (‘I • ) A — B 1.’17 “

a’ r .‘

— ~ in’ - - s Ic v i c s - - ’ s I’v , c St

I ~‘~: — I - ‘~~ i r I I - ‘ - - a - 10
-a-

- — t a ’ — ; a -  r a t  sm r a -  •

A a - - ‘n’4 t i ’u ts .

~~js e- m l c m I a  ton met ’ od T a - ; ! a - a - ’ s  kin.’ - s - , t i c  ~‘ 1 . c o cI ’ ! . - . ~s 

h.’ s., .’a’~ t c I S  md ~ ina ’~ .at Ic v I M c o s t t v  Is r - s ! ,  s m c I f l ~ ‘ , - , ‘ . 1 \ ‘-, ‘
~~‘ I’ , i’ i  —

— .‘t b e d  .‘nt It l e t  “ - i  i s - a rt ’ ‘~a ’ t  ~~~~~ f o r  - - ‘ r ’~’ - r  c i  - s ~b • n.-~~- a t  Ic V I  ‘ sc - -s I’ - - I - ’

S.i~-~~s ’ I  - i [ v a ’ r ’ s - u  I V i - - - ‘ s  f t  v - v  t o  S,ivh ’ It F’ur.’ VI  ~~‘ - ‘s It - .

S ‘ “— a ’ - . t : e  -r t n t ,’s In t ’- a - d a t - a  !‘,-i~~p h,iv.’ a v l s i - - c l I I,’ ! - Ing - • - a t

l - ~~
) °F 1’ lu t  - s - - i  a t  ~2 °F. For rha’ ’s .- - r u s ts ’ ’., t h e  ~‘ ‘ ° F vis co sity Is

c- i lcti l a t . - - :  i t ’ s  i rs ~- u 5 :, . 

~ low ing fs . r”~ s I a :
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V I S ~i ’ — !s ) * * ;lll** s ( log tog V I S 1 I.~~
( ) )  ‘

where:

~ ~
- - — V i  SCOS It v • 51 ’— ,i t ts fl °F

\ ‘ t S I d O  — ~‘ 1$C s ’ s t t , , ‘-pc - i t  l t c °~

** — exponen t !  ii

log  — I- -gsm r ithm t o  b - i ’ s . -  lI~.

2 - ic  .‘ ‘ s i t  t o n  c ’ n t m i s - c  - a - - - : ‘s t a nt  ~ - 
I w a s  - b e t  a-r ”s!n a ’d ~ ing a I imited

set - -t ~~t s i b a -  s s f  I as ’ s ; - i a ’  ! m ! 4  is ,- i - • - . - - s  In Tabla 4. - . i i ~ - s - a t e ’ d  v 1 s c s ~’s l t l C H

• °F s t ’ s  Inc t ’ Is a ’ - ; - -  it  i - n  ~i’ rnpiI ra ’ i .m~- - r ,mh lv w i t h  t hese  - b e t  , • r u ’sI is. ’ - ’
ising t he A ’~T’! I) ~4 1 ssw t t :5 ’.b • pi - -~- Ided ‘ Is . ’ s tr- p !a ’ ’ s  l id  ;‘5 - ss r points ssf less

t ha n  50 °F ass , !  ‘.- j ’ .5 -o s i t l es  it  ~ 0 F  eb l a - - c  t h i s  150 ~l’S .

r5 ’ ’ r ’  ar.’ some I - s s t a n c s ’ c  ( 1 , - c c  t h a n  1~~
( where rI .- r a -  u s a -  no 7 7 ° F or

V ! s ~’ - ’s It  Va ’,- : . - - ‘ - r  8 c r ’ :- 5 .- , ‘ n l’s ca’s.’s • ~ v I  s - o s t t v  values I -

¶ - a - c r ude a r ,’  r a ’ s - - u t  .‘d ~c i ‘a - r i -  and s ho u ld  “‘a i~’’ s- ’re~
4. ~t n - i1 IV , it I’.

- - ‘~~— t ” - l . - , u5195 ‘ ‘ a .l”e V i ’ calcu . a t  . - ‘ s ’ - , ‘ - ‘r a c r i s P , ’ t - - have an a ppara ’ ss t

t n t ’ ,’ • . ‘F , I s~- ,- s i t - , - .‘ha- n t t ~ ps ’ t T  ~ O 5 ~~~i ~~‘s tsI~~°~ ’ - -r t :i~- b-a ’ r. ‘dl’ -tm ~ s ’ s

- .- s - - 18 no ~- - --- ‘:- tsti ’ r ,-r - 
- ~, - r  l’-t  ‘., - m v  . : r t t s t a ’ ;,s v l  n1’ a ; - n :i

s’ ss iii 55° - ‘, ~
- ‘  - - watt I P ?~a a~ oi l — n ,a be ’ us a ‘— l’! i - I search beca use t ~~~

- e s s r  ;so l” t  l i n t I t  - r ua. ’cert ahle c r - : s ’e ’s Is S0•f’.

• ~~~~ ~- :  “a s’ lgh r ~ ! - usat - ‘ A.s ;~t :.u i t  1.s c a l c u l a t e d  1’v “sui 1 t Iplv 1n~u 4 ,Q

- 
-

- - us :  - a - ’ ’: - n cs u d- .- ( .t ) - - the ent ire c rude • wIs ich Is

s iva j  Ii”- I - - ri-— i’- .  !4 3”TC - b a t  - i

• ~~~~“ : Z ‘ai ;’ ’- t h i  is t ”-a ’ l a s s  than ~ ‘5° F cu t  - ‘I t t aa cr ude , This value

is ta l i.’ - ! ‘ r - - - - t h e  cui ~ r.a t ion -f i bs . -  1 .12° , ~~~~~~~~ 7 l ’ ° . 2 5 7 ° , 1fl’’, and

-. ‘‘F ‘a-F u~ -~ ‘ s  s p us an In I ‘ ‘ r u -  - 1 .1 t I en - - t ha’ ~4 7° — Q. ° ‘ cut

• • tte r  ‘ : Z - t ~~t iIiate Is the 3’’- ’ !.- ‘~ ‘ - .~ °F ciii of the crude. This value

Is - ‘~‘t .a  ‘t ed  ‘ r - - -- t he ‘ssmrr r’lt ton - ‘‘ ib: . ’ - ‘  ~~‘‘ , ~~~~~~~~~~~ “‘2 ’’, and 585° F (atm os—

• ;she ric ,- - s t y  den t  t a ’r:’,• r a t : i - a’ - RL TC - - it s pl um s Interpo lation s of the

L. ‘° — 4 ~~ ‘~~~~ .mnst ‘~~~~~—~~1~~’F I 1 1 s ’t C r (  equtvaia ’nt t em p e rmtum r e~ cuts .

L I 
— ----~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - - -~~~~~~ -~~~~~~~~~~~~~~ —~~~~~~ - - - — - -— -



F ‘—a--- 

~~

— --
---

~~~

-—- — -a-- a-- -- — -—— -

~~~ 

—a--- -----—-—-- - -a- - - -- - — --—
-a--- -a’

— : 0
— -• —7 — a—’ - ‘ a-_ - ‘ C -C — ‘ a- 4 —, 4’ C r . , ‘_ a- — ‘a 7% a- . C- a- . 4- — ,~‘ C a-~ .gs 0 — a’s

• a- — t- — C . .~ a- - . c “ a a- ,r — a-- ‘-. 7% - ‘  a- a •‘-i .— , - a •,— , 
~ - - 4’ -a- a - ‘ • i ’ 4

~ 4 0 a- •~‘ 
- - — a-— — — C- • a- ’ ‘-  -~ ~ - ‘~ a- ., - - -4 —‘ ‘- -a- ‘ - C ‘ - -- a — c - . a-o- a- - - a ~I’ a- t a r a- • . a- a .- C a- . a 5’ a 0- - • a- 0 a S a a . a a a’ a- C C’ a- C S a-

5: ,. —.
-v

.4

C —.Its a - - ,,- a - a  - a’ a - .
- 0- a - - , - -‘ . — C  1a -  • a- -. - a- -s - -‘~~~ 4 ’ a - .’ -a  r ~~~~~~~~~~~~~ .4 -—. . — . —. -

‘ 4’ ‘ ‘ . - --a . a-, — a. — —. 4, ‘a- — • •

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ I I

‘C
‘C ‘~‘ 

4_

— I -‘ *—‘ .‘ .1
4! — - . - .  -~ , C —7 - . a- . a- -, a- a- a- . - , • a- S a- - , a- , - a a’ - 7 a a-

L a - ,., 
~~~a- -a- 

a 
~~~~~~~~~~~~ -. ,—~~ 

, ui~’~ ~~~~
-

~~~~~~ ‘

I—’ ,. a . . . a
L ,O~ C ~~~~~~~~~~~~~~~~~~~ 4 I I Z a -  - -~~‘

-
~~~ c - - — -, , ,  ‘ - a  , 4 4  a e ’~~~ -r -~~~~. -  ‘ _ a- a’ ._ -a — —

‘C •. a- — — a-., - - - - a’. ~ 
, 5 a- - - , _ - , — -- a., , a- . . 7 I -’ , a- , P-a- — C .  — - - - — - -  P-’ t’d I

‘a’-— —‘ a- a -t a- - , a’-. C .4 a- 4 C - P’-a .4 a-I 4 4 4 • 0 C - ‘ a- ‘a 4 —.-t- .- ,~4 a  ‘ — 7  — - o a - ’ - - - — — S ” - - c _ . C  ‘S ~~~“ ‘ t 5 ’ —  — a - - —— a . - - - . -  -
~~~~— —-—. 1 I .—. .—. .—, . .—

~ 
— -——‘

:~~~~ 
- —

~~~ 
—— —

Ia- C- Ic -
~~~~~~~~

- -
~~~~ - - a - c c r i  : - -- -

~~~ - : -  - 

—
Sic  c - a-.~ , a-, ‘ . a — a’-. a- a- s’ • ~‘ ‘‘1 , -a a-, . - - - ~ s- C’ -T a- a- - ‘ — a- a-’- a- ,  C -, —‘ —— i  a ‘ ‘ - I . . . ‘ . ‘ , .  a • • . —

-— ._ r,._ s -  - • I - - - - - r .  ‘ * ‘ a ‘ V - ‘  .- 7 4  7 .  ‘ ,r ,t ~~d’ Pa 4 4  ‘ -
A. -”- - -

a-’
— .. 

~
. a - -. —‘ ‘a 4 4- — a a’- a”. - , a- - ,. f-a- 7% a- , a- . — a-~ — •~‘ a- ’ ‘ - ‘ S a--  — —‘ a- ,  C • 4’ a’. — S 4’

3:
4’

— — — — . — — - ‘ - 4  ~~ C a-’ —a- — ‘ a -. -a = 4’ — . — — ‘ — C — ‘ - - 4’ -

- a - a -  - a .  ~~ . a - S ” 4 S ” . . - 4 ’ 4 , . f’ - 4 4  • _~~~~~ 4,~~~~~~~~~ ’ C 4 a -  •‘ 7 a  45 5 • 4 ’ ‘ €, ‘4 ’ 4,< IC
- ii.

a, C • C -, - 4- s’ a--’ 45 c — — — - -a- - — a-— a-’- - a-’ a-’ 0 - - - S C
— — a V Q’ 45 S’ - — 45 s’S a-” I’ a ~~ ~‘ C a- ‘S P-, w~’ 0’ t ‘- .t 4- — a-’. — .9’ — at’ — a-’ — 4’ tA a-a f a —

I -‘ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- -,- a- a — . ... ~~~~ “ ,. .., . ‘ — ‘- a - . -’a . 9 ’.~~~~~~~~~
V ‘. f - - a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,4 C’ .,. - .~

,

- H - ~ .t  —

-~ a ,:.  .,‘~0 a-’
~~~~~~

a Z~~~a - 0  a- . a-- a — I ‘- - a - c  c - • ” a - . c , G a  b —
- - —  q!a - . a~~~0-~~~~~ — 5 ’ ’- C a - ~~~~~~~,S -a — C - - , — — — 0 - -- C ” -  — — — f — t - a . 4 0 C 5 0 0 - ?C5 5- - C — - . — ’-- - ~

- 
~4 - . 1 a -  - ‘ “ a C  - _ .I  ~~~~ — , a - , 0 a- . a- 7’, , 4 ’ 4  s’ a- ,—. _ C  i* ’ — — — a ’ — — — - --. ’- , a - — — — --  —

I ;
i i  — a-’ a- a , .  a I I I a m a , ,  a I a I
i ~~~~~~~~~~ I I  ~ i l l !  I~ : 1  I~’~ I :  I !  s : ~ I t t :

4’.. 1~~
O 0 - r - ’ o c a~~~ -- ? ’ - C O~~. a - .— c ” . S ’ .a-~~~ 4 C i’a- — a-. 0- ’ O a - Q a t -’- ~~~~~~~~~~~~~~~~~~~~~~~~~0 .4 -, ‘S ~~~~~~~~-‘ — . — —-- .-- .4 .a a-— — ,— .4 d a- — 4’ ‘S ‘ a-’ -. “ a-’ - - 4’ 4’ 45 4’ — ‘ -0 C 5’ •I.’ —

- a

~~~~~~~~~~~~~~~~~~ n
- P’, #. r ’9 ’ - ” ’ a ’ 9 4 4  . ‘ S 4 5 4 , 4’ C C . 4~~~~~ ’a C C ’ 0 0-~~~~~ C ’ O Pa d ’ ,af S 5 . . I

12

——-a- —-- - 
- :.~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— - - - -  - a -—  --
~~~~~

-- “-- - —  —a-- -

~~~



— - — —~~~~~~~~ — -—--- --—-- -

• Item K: t (a s  011 is the 620° to 1050 °F cut of the crude . This va lue  Is

c,ilcula ted us ing a BETC—derived empirical ci,rru’latton~ ~~ between the

7 . 4 a O ~~~ residue ,tussl data for the tatat percen t ~‘ff at 1050°F (experIment s!—

ty deteriutned for a limited set  at oils).

‘ 

~ Gas Oil — f (7~
4 -”F resid uc)(~~~.4622O2)J + 101 .1145 — (~ Naphtha •

Pis t i l la t e )

rhe cor re la t i on  had a slope . v intercept , and standa rd error of -d.462202 ,

l0l .ll.~5 , 1. 21 , respec t Ive ly .

Table -
~ c— -’ut.iins da ta  for ct~~par ing tot a l  % o f f  at  1050 F by linear

ex tr ap ola tion [based on the 137° and ~~i F  (atmosp heric equival ent tern—

pe ratur,’) cui t - a. J .-mnd ttv the BFTC correlation. These dat a support the

correlat ton - a p p r ’ i s -h as opposed t a t  the ext rapolat ton .

• Item : t Residuum Is the part s a t the crude which , accnrdin g to t ! t ’  gas

o t t  c o r r a l - i t i tis hails it - -va ’ L i  t t I ’F:

~ R e s i d u u m ,  — I’’ ) — [ ( 
~~-‘°F r a ’ siduia ’ (~~)_ 4s22 (L~) J  • 101 .11~ S.

~~
-a
~ 
e ‘~ [ 1  l l l at o  loss is n- -i considered in c., I cu t a t  Ions

• Iten ~ : 1 - - c a t  t o n is - i three—dig It cod e ind icat ing the source i t t  the

- t a r t  Ic’u,i., r crude .

• It.”s -
~: 

T~I eld Siiu,,’ Is l’si, s irs , , ’  of the ’ nIl f i e l d  given l iv s i p  to sixt een

l e t t e r ’ s .

• i tem 0: Comment t~ ~~ ‘(0_character field avai lable for cousnents.

The computer program t s r converting the RF,T(’ data to SPRO search file data Is

li sted in 7 - i h i a ’  r, Tn the program , eight of the Items -are taken directl y Iron

the B~ F~ data , w h i le  the remaining seven Items (R, (‘a , H , 1 , .1, ~
( , and 1.)

requ Ire car’s.’ m o d i f i c a t i o n  to the R” T (  data as previously discussed .
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Da ta for  cr ude o i l  samp le No. 69001 were chosen to provide a typical example

of the crude oil data manipu lation. Table h Is a reproduction of a MFTC crud.’

petroleum analysts for this samp le . Table 7 is the BETC data (from Table N - .

b) for Samp le No. b 900 1 , arranged In the file forma t previously given in Table

N~~. 2. Tabl e 8 pr ovides a listing (in the same order as in Table 3) (if the

computer program (Table 5) t ransformed values for crude oil Samp le No. 69001.

Table 9 is - ‘  file listing of the transformed data for  crude oil Sample No .

as it would he found in the SPRO Crude Oil Search File . The comp ait er—

trana formed data were verified by manua l calculation and were found to t)(’

within the reported significant figure l imits.

For t he t~ i riti~~ .s of il l us t r a t i o n , the f i r s t  48 lines of the SPRO Crude Oil

Search File have ht-ae’n reproduced in Table 10. To search the SPRO crude oil

Search File , an Ind ivIdual ized SPRO Search Program must he written for each

part icular crude oil search. An example if an SPRO Search Program is given in

LabIa ’ 11. The searching of the ~PRO f ile l’s performed by reading in the data

for each crude • re ect  ing any crude w hich does not conforas to prespa’ci fled

l i - s i t s , and ‘s ta r ing  in - a new I t ie  -a rt y  crude which is not rej ec ted . T’t a -  search

prssg rarss  in T;ihlt ’ 11 was dt’qI~~ned to f ind fore ign crudes with an AP I  g rav i ty

hetwee n )O .,:s - l ~h, a ‘sti l: - S r  content lets ’s than .99~ , and a pour point of 50~~
or lower.

l,ines 1—4 and 2O’ 5—2 ~~Q in Tab le 11 are the required job control language (dC lj )

‘or t he job . I ines 5— 7 , l~~-M , and 199 read in each crude . l.ine 8 re ects  the

cru de if i t  is not of foreign origin. l.inec q and 10 reject the crude If i ts

A pr  gr.ivitv  is not between 30 and ~~~~~ l ines 11 and 12 ro iec t  crudes w i th  more

than 1.99 sulfur,  l ine  13 r e j e c t s  crudes w i t h  a pour po in t higher than ~0 °F.

~.ineq l6— I~~S provide the name of the location correspond ing to the location

code. Table 12 is a correlation of the location code numbers with their

respec tive locations. Finall y , lIne s 14 , 15 , and 200—205 store any crude not

retected on f i le CN6086 .RE5.JE.LOT6, which can then be output t.-
~ a line prin t-

er.

Table 13 contaIns a part ial  listing from the line printer output of the f i l e

gener ated by the S PRO Search Program given In Table 11.
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III. SUMMARY

Crude oi l a n a ly s i s  lat -‘ tar the ve ,ir s  1 ~‘- O — 1 Q7 7 were obta I ned on magnetic tape

~r rrss the DOE Bart lu’s vi l le Fnergy Techno logy  Cen te r and pla c e d  at’ the DOE

Fnt ’ r gv  Inforana t ton Ad:~ Iriist r a t  ton conputer , 1 - ‘r uSe ’ by t h a -  S t ra t egic Pet roleum

Reserve Ot~ Ice (SPRO~ . -\ data transfarana t [ in  pr sgr~ir’s was w r i t t e n  to  convert

t he rudt’ oi l data to  a new SPRO crude - I l  dat - a  f l ie css rrp ; i t ih le w i th  ~i

crude oil — urc h,ise spec! f i c at  h-us • The present ~~~~ ‘sa’,ar~ ts I I Ic m,jst he

searc hed through t he’ i s e ’ -I s 1 - a ’ c i  ‘ Ic i l  lv wr i t  ten search ~r sg r .arns .

V .  R I~F RFN (’FS

I • ~ri -s~’, • A. , - -~~ - ‘sc , ~ ,- . , - m d  Ni’w ~ .mn , ~ . M . • “Crude Oi l  h.aracter 17 - i t ion

i t s  r- -~ r-c ’~,” In t e r i r s-  Report AV l ~I N - . 35 , prepared liv .5. Army F’ua~~s

ao l  !.u~~r [cant ’s Research I aha - r . i t - r - .- , Sout hwest R a ’ ’ s a ’ , i r c h  s ’ s t  I tu te  , ~ ove rn—

“rent -‘sc ~- . ’ s ’ sj - ’ r r  ‘
~~~- . V A - - ’’- , ‘ul~ - l~~~-’ .

2 .  “ i- ’ innev , C.M, , F e r r a - r - ~ , F ,’ . , and ~~‘ s i ~- a- r , ~~..1. , “Ana lv ’sa”s -
~~ Crude O i l s

• ~r - --- ~~ I”- r ’ - r t - i - - t ~I l ~ Ie ’ lt ’’s ~ -r ‘ ! - . - Un~~t a ’d S t .at~~’s,” i~a ’ p- r t  - -
~~ i nv u ’ ’ — t  I~r a —

t i i s r ’ s  ‘ - — Q , U .S . a - : - a r t ~~ a ’nt o~ the inter i -r , Ruri’au - -~~ 
M lne ac , lQh’ - .

3. Fer ra ri - , F,.~~. , .t ’~~l Nl ch - --~ s , P . T . ,  “An alyses if 1~ - Q c rud.’  Oils ~r~ n 171
‘r s i r ,- i ~ ’n i~ i - t a ’ l d s , ’’ Information - i r c u l  a r ~~~~~ a r t  le’ v i l l e  Fnerg ’~

- 
~ e~—

search ( , ‘rat a ’r , Rart la ’cVI li e, Ok l;ahor~a , 1Q 7 2 .

• R - s w :a ’ r - s , 1 .N . , an d Stay [nob -a , L.L. , “ m a  I Report on (rid e and Product

- Z t r;s~ a , : c t m t , ’— - f — t he—A rt Pevlew and Assessment ,” AFLRI. No . 11 0, pre—

pared by  l .S. Army Fuel ’s and Lubricants Research Laboratory, Southwest

Rese arch In ct it tit ” . ( a n t r act No , nA A N ’ t — 7 8 ~ C~~~00l and Interagency Agree—

ment N— , t I — 7 ’ ~—A- 4~ l— 1 8 l ~ - , Government Access ion Nra . AD AOF,660 S , November

1 978 .

5. Gr i,,’ le , P.L., Pr lv a t a -  c oeniaunicat ion , Rar t l e s v il le Energy Technology Cen-

ter , Ra r tI e q vi l lp , Oklahoma .
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TABLE 5. TRANSFORMATION PROGRAM : BETC RAW DATA TO SPRO SEARCH FILE DATA

Lane
No. Proqeam AIph.-Num.racs

I, “ ‘~tJ~ fl~ N IQP •a- . i ’ .’a e”D02’ .  E l CH€LIE~~ E~~.J.~~.
2. ‘PHfl( D
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l a
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TABLE et . CRUDE PETROLEUM ANALYSIS flATA SHEET FOR SAMPLE NO. 6900 1
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TABLE 7 . CRUDE OIL. RAW DATA FI1,F FOR SAM1’1.~ NO, 6900 1

File
Line No File Alpha Numerics

3 ’ .’. “ c- ’ ’ i ’  I . ( i ’ ’ ’ ’  35, 01)’’ Cl. HC~ (I. 20u (I, 04 -’ - ‘-,~~ a- a r ,

(t .Oca O 0.~ a~oa 6.5(’O 23.2uta 1i .’3’’’’
Ii. — ,- .:~~~ ,‘ 0.0 1’, ’ 2,60(1 Z ’ â . f & t a a  ~~~~~~~~I Ltii F’~ ’- CriPs o

— , 
~1 . 1. ‘4 - - -  I. 60u ~~~. 500 5.600 5.300 ~~~. ~~ou • ,,

5 ,4 o 1 1  4.900 3,~ ;1)0 ó.30u ~~~. ioo s.~.o”i s : — a~ . 0.’. - 0.’~74 0.70’~ 0. ’~4 0.753 0.772 Cl. ’ •“
0.8i7 0.92w 0. r4.~ 0.C~54 0.865 ~. - 74

1’ . ’,-’ 40.000 4.000 53.000 t~1.000 l?5..n”
‘ja, , ia 55.00” 75, a) (o t  90.OOu . 0.634 0.744
0 , t 3 , (J.C5~3 0.877 0.88’, 0.000 51.00(1

l
_
~
-’ ‘~~~ .

TA BL E 4. SPRO SF,ARCH FILE — COMPUTER CALCULATED I)ATA
CRUDE 01!. SAMPLE 6~~)I)1

Item Description Alp ha—Numeric Data
A Samp le Identification 60001 .
B API ° ~~r a v i t v  at  60° F 38.7
C ~ t Z Su lfur 0 ,20
D Pour Poin t , •F S.
F SI’S Viscosit y at 100 °F ‘~3.
F S”~ Visc osity at 77°F 51.

C SI’S V i s c o s i t y  at 60° F 6 1.
H Wt~ e” s t •  ARp balt 4 .4

I ~ Nap It h a  2~- . 1
J ~ I’Is t illa t e 25.3
K ~ Ga’s 1) 1 1 37 .4
I. ~ R e ” f lriurri 11 ,2
M l ocat i on  Code 35 .
N Fi eld Name Burbank
0 Comment (Blank)

TABLE 9. DATA FOR CRUDE OIL SAMPI.F NO. s00fll IN THE
SPRO CRUDE 011. SEARCH FIt F

Fale —r
File Alpha-Numr’r’cs

, Ij . ~~. — ‘I. ~~~~~~ 
,.,~~it 

a- , 4 ) , ! .  ‘ — I .

~ ~~~~~~ 
— 

a - I  — ‘s 3 II
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TABLE 1I~. REPRODUCTION OF 4~ LINI- S IN THE SPRO SEARCH FILE
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TAB L E 11 . A SPRO SEARCH PROGRAM

F ila-
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TABLE 11. A SPRO SEARCH PROG R AM (Cont ’d)
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