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Oleum Refinery
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/ 9 : 0 -g is one of the oldest ser- Looking at crude oil—that black, sticky substance {
g vanls of mankind. It was seen seeping to the surface or being pumped out of our fl
used 3000 years ago by the Sumerians for caulking earth today—it is hard to associate such raw malterial I
.| - . » - .
boats. The early Egyptians called asphalt “mum” with mankind’s welfare and happiness. Yel, crude is
and used it for mummifying their dead. To make being transformed daily into hundreds of useful pro-
Noah's Ark seaworthy, the instructions, as recorded in ducts, These include the piteh of ancient times; the
Genesis, were to “pitch it within and without with heating gas, fuel oil, gasoline, kerosene, lubricating oil
B Bas, ) B
pitch.” This same product of the oil seeps was most and grease so familiar to our present generation; and |
probably used as a mortar for constructing the Tower hundreds of less familiar products used extensively in |
of Babel. The infant Moses' floating erib of bulrushes the manufacture of chemicals, paints, building materials, |
was walterproofed “with slime and with piteh.” Both foods, medicines, insecticides, syntheties and explosives. |
the Babylonians and the ancient Incas of Peru buill The uses of petroleum are steadily expanding. |
y
1oadways and floors of asphalt. Hannibal in 250 B. C, Ghemists have already studied over 3000 substances
routed an enemy fleet by spreading mineral oil on the found in oil, cach having individual characteristics that
water and lighting it. History records many other bits distinguish it from other compounds of the petroleum
of evidence proving that oil was known lo and used families. Seientists tell ug that this work of identifi-
by nearly every generation. cation and classification has only begun. It may never
sy Sl ; ; ) cause the ber of possible petroleum com:
that men have succeeded Lo any great extent in mastering pollndsiappeareslouoanea i As e Tt ¥
5 : ‘)’ = fuicts R ATaL Our intention in this narrative is to present an illus-
petrolenm sciences and techniques. Drilling of the firs - s R e
i . alihle \ ¢ oo1n mi L} ‘
oil well in Pennsylvania in 1859 opened an era of abund- trated story of UII 'uf”””h[' l'-l it o i
- ; . I wling and intormalive o eVERYOIE,
ant oil supply. Increasing supplies and demand prompt: 1L interesling & : ) | |
: . And be [richtened by the following short detour through .
ed the development of better refining methods.  And, e ST Bl
: ; R T the subjects of atoms and molecules. liven a brie
as our experience with petroleum grew, it wis ; : ful 70 1 under- !
: tul and versa- aequaintance will be quite helpful to a general un
covered that erude oil was a far more uselul and vets ; : 3
] o | standing of refining processes,
tile substance than anyone had ever imagined.
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= SR are the building blocks of this.
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Slightly fewer than 100 varieties have been identified,

and physicists do not expect to discover many more.
But, just as the 26 letters of our alphabet have been

arranged and combined to form more than a half-million

words in our English dictionary, so have these atoms

been arranged and combined to form countless millions

of compounds. Our bodies, the earth at our feet, the
vegetation, the water we drink, the air we breathe—
all substances in all of their shapes and varicties—are

composed basically of atoms.

No one has ever seen one of these sub-microscopic
perticles.  The largest is so infinitely tiny that even
the powerlul electron :iu'm'rf-}:hmlfl'-' |_‘r,!=,l,:1 never L:ii_-'!;lﬁa{-'_i one
out. Nevertheless, science knows a great deal about
itoms.  Besides 1solating and elassifying each of the
known varieties, scienlists have determined their \'.',{ai'-_llhi;u
and other ]._IJ:I;.'.':HrfJI” properties. They know the manney
i which various atoms combine with 1:!:lil=l olther, In
recent years they have also succeeded remarkably in

-;"J||i1|nl'|1_;: the atom inlo ils component parls, ':iF'nu:_- open

1INgE up an amazing new souree ol cnergy and ”'“{‘\'n'”*'{l'I'U;

!:J*.]I.Il‘lll.]illll 15 II-fl]l'il”tlIJLf” :I”Iiun].{l i-i-l!‘“lh{l.ll‘l'l ol g“.”t'u_. wo
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earth and the entire universe.

kinds of atoms, hydrogen (H) and carbon (C). That is

why ;ﬁ-;{l_teﬁ_};;-jﬁ;&;j often refer to petroleum oils as hydro.
carbons. Evidently the many different substances in ol
represent carbon and hydrogen atoms joined in many
ways, Some crude oils in addition contain substance:

in which oxyg

- aloms are present.

Wf( Eﬁ@l—_ﬂif FEIL\ more concerned with the substances i

petroleum than we are with their atomic composition

But in order to understand the substances more full
we ._"-‘f_hjli_'i._“_-l know something about the different way
atoms can combine with each other. Each kind of aton
—carbon, !.'m_','(g'lﬁ-t_-};:;'-.l'.';_., oxygen, ele.—has its own peculiar
‘[1'!!"Jii_'|_lhi_i_"ﬁi"{.‘." habit”, or valence. as the chemist calls it

[ 1. Aty I dieated L
In the accompanying drawings we have indicated U

,‘.J“H”._['qf!;l “_.“ _.__-rl,-_l,.ll(;'l}.r.'r“ atoms “'\ equipping Hem w 1th hand
'_'r“\*,{l'l!mor:u';ln_ \.".‘_ila“l one JIIEI_H[H 15 :'.'.'II{lll 10 |Ir:'-h" q valence ob 1
Oxygen, shown with two hands, has a valence of

and carbon, as found in petrolenm, has a valence 0

IH“"“ ii”“”l' lo remember aboul uilrl-_-. aloms I
| I Leeping Lhel
““l.\". are .:.I.'.I"'"':.:l' Ibl-“Jin{rllJitl. ”lll"\' 1nsisl on Keepiy |
cach sther or

hands busy by taking a hrm grip orn

. Tvon Lo hand
grasping any other palm within reach. When Bvo &

are |||au|i,'.|“_. Lhe coupling s called a Hbona
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For example. above, when an atom of c oxygen ( (0)
.«. ;l}- Fnl f.TJslﬂ [_{| fi: -] 1nf .w flUl[li Lﬂ: I'l:"['l {‘.)'/ ||’] i.ﬁi(ﬂ_q_g

|1!n[}r atom, the resulti ng c U-)iiw’ul_h(-f is waler {ﬂ .i(ﬁ)]} ']H_iL
sSma J|Ii._; st liijwila“-- 1nrﬂ: fhla'-} \_‘.lﬂi(sln \'“.!l[{..«h (sLji“_lE ].Jc,_vﬁlimt_ﬁn
‘“”'I'J'l' ['L-«]ll" \o)m _-_; T r S ] |[.+|j:|f_h,, as waler 1,',{_’1|jb[ ]P"{"‘}'}:Llh

frlv ca J[Ihr.i a llall“”-fllll {-Ju \.,{_1{5’;3_;,, .‘ﬁﬂl{iﬂ_ lj_]_l. '?-‘J-ll!i‘\l.!.l:‘r-‘.‘ ""1&;{' :

a molecule of waler is two atoms of hydrogen chem-
ically combined with one atom of oxygen. An interesting
fact about this union is that hydrogen and oxygen
normally are invisible eases when existing !.;m".'_f_;_',_,:,-f,_lj‘_-g_iﬂ.ll:

but in combination they form a visible fluid.

f_:};-_'ulii'n_'dE:_u}i|-,';_ when an il‘t'ljl_]'l'liIr,{.;:it}l"ll?l”l'i:l_l-l i_[E_E_.'.'” uH_:_I'u[’:_l'n_t:};-. |_=_u_|'{u',1;:

with four atoms of hydrogen [{I:I:E]}.F the resulling com

f-.'-I”'.i.l”".' 18 "'Hi-li}_ll_fglil_t- l.l'-[fji.::_f..;l.J . ]_::-_iu'u';.' loo are some inleresting
facts; “.-‘-.r'J_H,'r“_run.l_ a |_J_L'm;1,i- solid, boils al the |4_);-Hi'|1‘_++'1|_i__'+”\';-
high lemperature of 6300 degrees I'. Hydrogen, one ol

the lightest of gases, boils at the sub-zero temperature ol

st

“'II.J

d e : 1 : o
i) wll Tees |_|r. In ’l".ﬁ'll'i“u'lu,qillll“ hH_l;\]l-I- miay ”hl’s[l_hll{p (el

ol the lightest of |31:}i:r-'-.“;1n|'.| TASes which boils at 253

"I}‘,"_"r-"""-"'éw -‘.‘.\\_ :’1‘4ﬂ)“l_|'|l"|l)ll”t'l ];.1_'.”!'-|;|||:g 1he |[t't;l|.iiiin-\'- ol |dlﬂi

|':|lllI[I-l"_|_|'l[;_L|l.'._IH :Il;nnq_f; 15 “l}.’l'l
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s usually definedas
| {theismallest prciiclol
or Ililﬁr m!l a o jlr‘lrljih{_ll [jn[j_. I'L.. ,,m‘;rt “ﬁ'}"llld h} [.,I_'
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: ]ifﬁ:”ﬁ:ﬁ @I']J‘Ui!ﬂﬁlf_ﬁ {‘J_,ﬂ 1.':" a "'L‘JU l'}"*"'lh'ﬂﬁiﬁ'_“)ll oE

;“‘3;(_[1‘@”?@,@ *rﬁmlifﬂ“s ]-IJinHT}J to “Mutaimal different
fun, 'ﬁihﬂ' it iii ﬂ"rl'jj{l"l; that we understand a less inti-
- mate way in “"“‘“’»““ substances associate with cach other.
- Once the d]:f ns have h{c_)ﬁ?r(r.jﬂ into a vast number of
_ZIﬂKIT!L-&J‘I]v! ‘LT!_-] 1#:--&4.11 &lg_t.. H'i'JLJ'L-M L‘H not T-m

ﬁm‘\lkq-[ﬂlﬁi-j' r'_ﬁll;jt" or ufpﬂl'ij p-]l‘[l'ﬂibf Irl.i -_','—“ﬂ.‘"‘].- F['“"“T"

Jp(:!ﬂth (f{ﬂ'_‘lu!-)jgﬂ t; (-h[..'luﬂ:f:l]ﬂhﬂ]l |ﬂ.1.. K‘!'jhl ;.i..[.],, ,| ‘-ulil“m

as a mixture.

Crude oil as it emerges [rom the well is definitely
a mixture of compounds. Rarely does it contain any
of k-ﬂ}.t;-' clements in their pure. uncompounded state. But
within every barrel of crude are literally thousands of
different compounds. Those composed of the smaller
molecules are gaseous al mi..'.:-L,_Iil'u.-n.-'i'. temperatures and
pressures s ~others containing larger molecules are liq
uids: a Inlh_h_n!i| class made up ol the largest maolecules are
;;t_aﬂih'lh;. Some are odorless, some are foul amelling,

) { [ 3 i i ‘e
i {-Puulhﬂi'\-, Hm'\_r use 1n the manulacture ol perfumes

and dves Besides the |_-'l.'=;i‘u|,=4_|]'glh' hvdrocarhon compounds

1m 3|qupii1l_;.‘;~:- varielies, Lthere are “.I”‘“""i"l"- ol undesir h i

'-_-fliui wWaler, |fbii!||n!-_1_-'u| :J|||4'; --_1|_ﬂ|II||a| :r{l'ln”ltllhlii. 1n ||[:-':-||!|-,'_

all erndes.
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¢ 746 pMWm are one of sev-

4 eral hydrocar-

‘bon families that merit your aocquaintance. Methane
(CH.), prevmusly introduced, is the smallest member

of this family and is found in marsh gas or natural

. gas.
(CgHy,). Hexane differs. from methane only because

~ the hexane molecule contains six carbon atoms instead
'-oI'-onc, and fourteen hydrogen atoms instead of four;

_.--hecnuse one hand of each hexane carbon atom

the hand of another carbon atom in place of

“a fourth hydrogen atom. The name paraflin,

nmg “ittle alﬁmty in Latin, is appropriate for
amily; their countless members have little affinity
,' ubsmnces and are comparatively resistant

In the above illustration is another, hexane

HEXANE |

another fumlly of

5. The Olefins,
drocarbons, are repre.

sented below by hexene-1 (CiHy2). This individy
name is similar to hexane of the paruﬂ'in family hecn-
both are composed of six (hex is the Greek word or
six) carbon atoms ecach. However, hexene-

less hydrogeu aloms llmn hctane, two oi' tll

other instead of grnspmg two! more atoms of I
It i is this charuclcnsuc llml: dlstmgmshes nll.‘ |

double lmnd bctwcen two of lts carbo"
two less hydrogen atoms thun are containe
fin molecule having the same number of
pounds that could hold more hytlrngen---_
tmaammtad GRlio:

HEXENE-]




V77 Lo le Pl 2 ve, are a somes-

what more
complicated family of hydrocarbons whose heavy an-
cestors are said to have served as mortar in l_{ij{_q'{I':i-tm'{_-]_'-"
of Babel. Naphthenes are distinguished by the fact that
heir molecules are constructed in the form of rings.
For example, eyclohexane ((CRICE)), right, of this [_;}l;f,h-,j,"
ily is formed quite as if someone J_:.;;:{:_i taken hexane
(CyHy,) of the paraffins, removed two hydrogen atoms
from the ends. and connected the entire carbon (_;_I_i in into
an unbroken ring. Cyclohexane has the same number of
carbon and hydrogen atoms as hexene-1 of the olefins,
but the manner of arrangement differentiates the two

Tam 1 hl-'

7 k.a‘a‘ |
4 \\ i/ j> il

/ (;“‘

%\\l‘ L;‘%”f/%;',:__,r__*r’n@ .

are our final
presentation of
]:_lh;lfﬂr'tlutl_a'-“u;lq_l ;E;{!_|'pi'!':'1]_:.=:g |_||]|_|=_ J_Jl";.'l.' no means the “{!lli ones

exisling One of the better known members of this

-"1'-"1}!!'” H‘l'-lll-'.{-i—lll.'- fiH’IJ:H,]] ||i'*'_“|,'|'- f;l'_|'|.i“”|'{_|||(;]; Hll{v' :_:é.i_‘llillll“\,'.f

L3 Y
,'I'I‘_H-'-['H{ since I_'._I:_H"u |_|_'|_{=-lui'-]+i_'r u_'.u-ﬂr_{: contain the ]'lla_llwlill{*-'

ring” to qualify for membership Note the double hond:
mng ol three carbon aloms, 1',',|"|;'I_u“| ||'r['.“~t:-'-'. !tl'lll.' arcmalics
Hngque among Hﬁ'f;llllljl‘rm“rlllf.. ”“IH,'.' II"i’-r.'-'ll“”-" ”l”." ”i“],'ll“
thenes in that both have a ;-v,h“m- structure.,  Drawings

oy " r 1 [ |L
aof the larecer members ol Lhese Two families look not

unhike a fence made ol chicken wire .1.”'."1!{:]'“|h||l.*:iqun.i:ji:cnll

| ] 1 | ' eac1ly
e aromaatics uh not lend Lo change rec b |

L
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Ireafting 8. Peeld Pracessing e
I Djh I N e S S s - number of preliminary refining operations 1o which of]
J*I’“"F_l"@)(f_-(‘_%}j@j' is subjected in or near the oil fields, Crude oil gs e
T i 1 duced from the well'is associated with natura| £as, water, '
sediment, sulfur and other subalunces contained in (he
oil producing formation. With the exception of naturg]
gas, all of these accompanying substances aye undesir-
Y 7 able. It is therefore necessary or economical 1o separate
; them as soon as possible from the crude stream.

The initial step in field processing usually takes place
at or near the well head. It consists of separating o
crude production into two streams, gas and liquid, The iy
gas stream is frequently wet, meaning that the lmht:'.?."
gases are carrying with them a considerable t[ll[llllll}'”-f
of liquid hydrocarbons. In a different sense the oil
stream is wet also, for erude oil usually contains water
in amounts varying from minor quantities in some wells
to more than 95 per cent of gross production in other
areas. ,

Since there are so many types of crude oil and such
a variety of conditions under which it is produced,
A nearly every field requires processing facilitics tailored
to its individual needs. Such equipment may range from

L i simple settling tanks for the removal of water and
sediment Lo large plants costing llundreds of thousands
of dollars, et
Union Oil Company's Balttles Plant, below, near Sunlu;
Maria is one of the largest multi-purpose processing
plants. It contains probably the world's largest group
of elcclnc dehydrators for removmg water from or

A i | A e [r—
e o b i . . ! . O

L —— __'i_'_{" '7“. LR } 'r‘?*

l'rom crudu oil, hydrogcn sulﬁdc and cnrhon
| from nuluml gas, as well as rccovermg hqu_

-mg is uccomphahed

‘ :
wp (L el = oabl

) - A i &
4 'n gt Bed PN U I---,‘ ."' » . | oy sl KL T TR L 4 Y
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9. Gae Trage, )P
' -
Lhese in

our Coalinga Nose Field. are used to separate
natural gas from erude oil. Frequently, when
crude is produced under heavy pressure, a
series of gas traps is used, the oil passing
from one lrap lo another in succession, each
queeessive Lrap u]ml‘uling al a lower pressure,
The purpose ol such an arrangement is to
conserve hydrocarbon vapors, most of which
would be lost if the erude were delivered
directly into vented storage tanks.

As the mixed stream of oil and gas enters
a Lrap, separation takes place. The wet gas,
containing valuable liquid hydrocarbons in
vapor form, rises and departs through a top
exil pipe line, while the oil and its conlent
of water flow through a bottom outlet. The
lwo streams then proceed to separate [a-
cilities for further processing.

let's Tollow the oil stream first and re-
turn later to see what happens to the gas.

10, Electnic Detydrnaions

are one of several means used to remove
water from oil and thereby reduce the cost
of Lransporting oil to refineries. OF course,
most of the water can be removed by letting
the erude stand in a container or tank. Water
and sediment settle to the bottom and can
Le drained off, leaving fairly clean oil. How-
ever, many Limes Liny droplets of water Lye-
come competely enveloped in an oil film
<0 fenacions thal no separation tukes place.

The electric dehydrators at our Battles
Plant, right, are very cffective in dewalers
ing many erudes, including the Santa Maria
type. After first being heated; the crude oil
stream enters a lower seetion of these closed
tanks or dehydrators. Inside each dehy-
drator, electrodes are spaced Lo set up a field
of electrie current with a voltage up to 10,
000, As the oil stream pises through this
eloctrie field, the tough little oil envelopes
are ruptured.  Released  water then settles
to the bottom and is removed through
waler disposal system. ‘The elean oil con-
tinues upward through top exits.

P ————E N -
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sometimes demand only the use of heat, or of a special
chemical that is effective in breaking certain types ol
emulsion. Bub in other cases two or three of the various
means are required in combination to produce best re-
sults.

Typical of dehydration plants in use throughout sev-
eral Company fields is our Cat Canyon installation,
above. Here the oil®and waler emulsions are gathered
[rom many wells into a large storage tank. Six heaters,
shown in the center of piclure, next receive the oil
and heat it to about 210 degrees I, Eleetrie dehydra-
tors, left, similar to those in use at Battles, then complete
the de-watering process. Clean oil normally collects in
a shipping tank prior lo slarting on ils journey of
several hundred miles to refineries. In the building al
right is housed pipe line pumping equipment, by means
of which most oil is transported.

/2 S . is useful in feld
. /4 M pm processing chiel-
ly to complete the oil-waler separation. Waste waler
emerging [rom the various tanks and dehydrators curries
with it small” amounts of entrained oil. Most of this
can be recovered by permitting the waler 1o remuin
relatively still in a pond. Oil rises to the top and is
skimmed off automatically while the water drains away
into a disposal system. The hydrocarbons thus sayed
have a measure of value and ave prevented from con:
tuminating the ocean or streams into which waste waler

olten Hows,
/3 D off which these three al
. 6"5@55%4 our Battles Plant i
cood examples, are used only in processing erude il
having an objectionable salt content.  In most cuses Ilie
water produced with oil is salt water, whicl generally
is removed in the dehydration process. However, soiie
crudes are so extremely salty that dehydration fuils 1o
vemove all of the salt crystals. This condition el
anse the corvosion of refinery equipment and iuurufm'
the ash vesidue of fuel oils made from Hﬂll-ll'»:lll""g
erude. The dessalting process is similar to eleetrie tlit"
hydration, First, the evude is washed or contaoted with
[resh water, which has a great allinity for sult l:r}'ﬂ“‘t"‘
and readily dissolves them out of the oili Then tl!li.'
mixture of oil and water proceeds through an gleins
lield, where dehydration takes place i amanne
to- that previously deseribed,

¢ similar
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Science has deyised systematic method of naming lhe. ;
hydrocarbons. All of lhr_- parafling, you will note, lmve 5
names ending with “ane’; and the prefix added to this

family name in individual cases is a sort of number in-
dicating the quantity of carbon atoms contained in an in-

dividual’ molecule;  Substituting these foreign-sounding

prefixes [or our own one, two, three and four, we have

“meth, eth, prop and but. And starting with pent, fifth in

series, science has adopted the Greek roots, namely, fiex
lor six, hept for seven, oot for eight, non for nine, dec
for ten, and so on. Accordingly, such names as methane,
ethane, propane, butane and pentane have a distinet
meuaning.  Bach represents a different member of lh__e

paraflin family and tells us how many carbon atoms its

molecule contains,

~The five parafling shown here are the lightest members

ol their family and are the best known' components of

wel gas, Methane and ethane remain gaseous under

normal atmospheric conditions and are quite gr..neml'ly'
known under the name of natural gas. Fropmm and bu-
tane, [ requently recognized by their chemical names, are
rcl’cl'red 10 ol'tcnluncs as LPG or hquelictl ]mlrplg_

: -Imlglhy sernes ni‘ ]wnvu.r h)’( ci
--mnalnlum:ls nF atuhlhved nul.m'ul gusnlm :

cmerging in- gas

or vapor form
: fmm an oil" well consists almost Lmucly ol the lighter

parafling, There may be a few napthenes and pnss:hly.
some aromatics present, bul, il <o, these other I'um:hcq_f-
are decidedly in the minonity.

| \ ff \ In"! :1 JI ] rk ‘.:I \ i I'
| “_ 1 [ \}] f )1[ \rl, ) § b ) | I:a
/ /JI ‘\ . ﬂ(;] N } H-\_ i \ . C\ N b N \ A\ e
Haom e 4 HER e Ealeh Gt (i s
1 / ) § A ) P
® t Ilﬁ' » L | . ,
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\ lll'ﬂll J YmV L0, |
SUTANE (C,H,o) PENTANE (C;H;,)
TANE 10
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15, Gas Delychation "

ing to the gas phase of field processing, let us sce
what happens to this lighter petroleum stream.

Nearly all petroleum gas contains some waler
vapor, which, under certain conditions, may cause
pipe line corrosion or may form a hydrate that
[reezes readily, shutting off the pipe line flow.

Modern installations, right, in our Grimes Can-
von area near Santa Paula effectively prevent any
such corrosion or stoppages by partially dehydral-
ing the gas. As the stream enters one of these tanks,
it contacts a glycol solution. The glycol] having a
thirsty aflinity for water, absorbs water vapors. De-
hydrated gas then is ready for pipe line lranspor-
tation. The glycol solution is prepared for re-use
by being heated in a boiler seetion ol these units.
Water vapors are boiled off and released 1o al-
mosphere while the glyeol solution continues ils
eyelie career of absorbing and frecing more waler
vapors. Such units operate antomatically, requiring
only periodic inspection and maintenance.

’6 ¢M pW [Jsually a gas stream

conlainsg large quanti-
ties of liquid hydrocarbons that can be recovered and
pul to many uses.  This refining process also normally
takes place in a plant located in or near the oil field.
Below is an exceptionally fine gas plant in San Joa-
quin Valley known as the Paloma Cycling Plant.
IPhrough its roadway of pipe lines, right foreground, some
125 million cubic feet of wet gas arrives from surround-
ing oil wells each day. A main function of the plant is
to separate dry natural gas (methane and ethane) from
accompanying liquid vapors and to further segregate the
liquid into several fractions.

o ,."',‘.l

el
L

The 125 million cubie leel of wet zas thus processed
daily may yield some 118 million cubie fect of dry na:
tural gas, 3,600 barrels of propane, 2,300 barrels of bu:
lane, 2,100 barrels of pentane and other light hydrocar-
bons collectively Known' as natural gasoline, and’ 6,200
barrels of still heavier fractions called condensate.

An interesting lact regarding this plant is that its pro-
duction of dry natural gas is eycled buck into the oil
wells, There it helps to maintain high underground press
sures: becomes saturated again with wet vaporss and
cireulates back to the plant with valuable quantities of
petrolenm that would otherwise remain underground.



(7. Compressons " ™ in

portant role
in gas plant operations. Those al Tl '
(ioalinga Nose Plant, for example, L‘mll]‘l.l'(':’-‘-!i all in-
coming gas to a uniform pressure of 550 pounds
Uinder this pressure and when cooled to abount Hi}
degrees I'.. some of the heavier hydrocarbons lig.
nefy and are therefore easily drained oul of the s
stream. Finally, compressors subject out-going dr;r
gas Lo a pressure of approximately 2,000 [lnnn?ls ;;,
which condition it is pumped underground to 'rc-
pressure the oil field.

Coalinga Nose natural gas is nol reeyeled inihe
manner described at Paloma. Rather, it is injected
only in selected locations as a pressure means of
driving crude oil through rock formations and 1o-
ward the producing wells. Nearly all of the in-
jecled gas is eventually recovered and it serves o
oreatly increase the yield of other hydrocarbons
from an oil field.

our
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,X @ a such as these graceful ves.
& ¢ scls, left, at Paloma, repre-
senl the heart of a gas plant,

The short column, lelt foreground, is a gas-oil separa-
tor. Although wel gas leaves the oil well in gaseous or
vapor form, some ol its heavier hydrocarbons soon le-
gin to condense and Form a liquidistream. The portion
that freely liguehies is called condensete which, after
flowing from the bottom of this separator, is processed
separately from the upward flowing gases. Upon being
heated and admited to a condensate debutanizer, one of
the columns in background, it loses most of its light
eases held in solution and proceeds lo- storage under
the label of de-butanized condensate.

The tallest column, foregronnd, is an absorber, used
to remove liquelfiable petroleum fractions from the wet
was stream. Inside it are layers of Lrays over which flow
shallow streams of absorption oil, Through a series of
inlots ealled bubble-caps, gas from the gas-oil separator
is obliged 1o bubble upward through ecach stream of ab-
sorption oil. ‘This oil, a specially refined petrolenm pro-
duct, has a strong affinity for the propanes, hutanes, pens
tanes and heavier hydrocarhons.

Next step s to isolate all fractions thus absorbed.
This is accomplished in another vessel by heating the rich
absorption oil sufliciently to muke the lighter fractions
vaporize, On-being withdrawn and cooled. these liquid
portions ol the distilled fractions constitule ratw gasos
line,

The Murther separating ol raw pasoline into its coni:
ponent hydrocarhons is properly called [ractionation.
In columns where temperature and pressure arce carefully
controlled, propane vaporizes first out of solution, fol:
lowed by butane, Pentane and other hydrocarbons in
the gasoline boiling range are similarly removed .uml
senl Lo separate storage as stabilized natural gasoline.

PAGE 13




’9 7 vof ¢ that sometimes accom-
* ]

pany a gas slream in
cufficient quantity to necessitate removal include carhon
dioxide and hydrogen sulfide. Part of the Battles Plant,
above. consists of facilities for this type of processing.
The two tallest columns, center, are from left to right a
reactor and an absorber, both designed for the carbon
dioxide removal process. The absorber, operating some-
what like the Paloma absorber we have previously de-
ceribed, uses MEA (monoethanolamine) solution in
‘place of absorption oil. Gas requiring this treating pro-
cess hubbles upward through trays of MEA solution.
The latter, having an affinity for carbon dioxide, he-
comes enriched with this non-burning substance. [eal-
ing qualities of the natural gas are therehy proportion-
ately increased. The MEA solution then proceeds lo the

LU

reactor column where, by application of heat, the carbon
dioxide ig boiled out of solution and removed in nearly
pure condition.

Two shorter columns, to the right of the carbon di
oxide absorber. hegin the process of removing hydrogen
sulfide. They contain a solution of water and soda-ash
in which iron oxide is suspended. As gas passes through
this solution, its content of hydrogen sulfide reacts with
iron oxide and most of it leaves the gas stream. Four
taller columns standing abreast, background, complete
the de-sulfuring. They contain wood shavings impreg:
nated with iron oxide. As gas passes downward through
these shavings, its remaining hydrogen sulfide similarly
reacts with iron oxide, forming a sulfur deposit on the
wood shavings. '

o R G T L Y, Rl S TINE D

v 0 l". iuco

20 D 7 hecame a by-product of the
£ w €€ il industry when the Union
Oil plant, left, was added to other facilities at Bat:
tles. With large amounts of pure carbon dioxide on
hand, as a resull of gas purification, it was sound econs
omy to use rather than waste this non-petrolenm com:
pound. .
Dry ice is actually carbon dioxide that firs! has been
compressed and cooled to ligquid form, then released it
soveral stages lo atmospheric pressure. This release of
pressure swiftly lowers the temperature ol nm],.'_u--_,_l»,-i,-:_],.-
oxide, causing its formation into an exl_m.!ilﬁl}'.'0'_2'._“-,‘__}.;._‘_?'.1_1.
erless snow. The snow is then dofﬂplfmcd-?_"iﬂl".?"._.m-@fk
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2’ 7 s ’ our photo- used in parl as a plant fuel, or pumped underground 1o LN
4 e W graphic de- produce more oil, or delivered into gas company pipe il |
- seription of gas processing, let’s fly over the South Coles lines as a heating fuel for homes and industry, l
'_.::' [.evee Recyeling Plant near Taft. Propane, butane and! stabilized natural gasoline. are i}
Wel gas entering the plant through a system of pipe stored in the 11 spherical and two horizontal tanks, all E'
~lines, extreme left, is the lighter of two petroleum of which Keep these petroleum products under pressure '

<treams, the heavier oil having already departed via pipe
line toward refineries.

Installations. center, are, from left to right. a cooling
tower for quickly lowering the temperature of hot gases
and liquids; absorber and fractionation columns where

and in liquid form. The road loop at right is evidence . :
that liquified” petroleum gases are generally shipped by

tank truck, They go either to jobbers and large consum-
ers as a power or heating fuel or to refineries and chemi- |
cal plants for further processing into high anti-knock

i |
1 the light hydrocarbons are separated into usable pro- gasolines and synthetic compounds. Natural gasoline, al- |l
~ duets: a long row of buildings housing compressors, I.hnug]l sometimes used in this form as a motor fuel, is i
“ electric generators and pumps: in the background, heat- — usually a better produet if blended with refinery guso: |‘ \

ing equipment; at extreme right, office buildings and a lines. It is transported cither by truck or by gasoline !1
’! ~ warchouse. A smaller cooling tower, toward' the right,: pipe line. Wi
f : coolé water circulating to the compressors and pas en- De-butanized condensate s stored in the three tanks, | ‘
aines. near foreground, pending shipment by pipe line Lo re- l
The dry natural gas produced by such plants may be finerices. ; 1




2 SW [5nroute
2 ’ pm to relin-
eries. we should obtain at least a bird’s-eye view
of how most crude oil is transported.

Al right, we are looking down from a pipe line
patrol airplane on Shandon Pump Station, Shan-
don is typical off some 15 plants that push liquid
criude oil through 110 miles of pipe line conneet-
ing San Joaquin Valley fields with our Pacific
Ocean terminal al Port San Luis.  Such plants
are equipped” with lwo or more steam or electric
driven pumps whose powerful impellers or pis-
tons keep the oil moving at about three miles an
hour. A second function of these plants il to heat
some ol the heavier varieties of erude, thereby
causing them lo remain less viscous, hence easicr
to pump. Storage lanks are useful al pump sta-
tions either to side-track a shipment or accumulale
oil from tributary lines until a normal shipment
of 50.000 barrels or more is ready [or transporta-
tion through the main line.

23 4 p - although cost-
. p‘ﬁe er ly 1o install,
are among the most economical means of trans.
porting petroleum. They recognize [ew insur
mountable barriers and throughout America can
e seen stretching across thousands of miles of
deserts, mountains and fertile valleys.

The main trunk at left, taking the shortest conrse |
across foothills of Cholame Valley, actually cons
sists of two parallel pipe lines. The pipe varies
in diameter from eight to twelve inches and is
buried about two feet underground. except where
it lies exposed ahove narrow gulleys and streams.
One line transports the heavier crudes. The other
handles light erudes and condensate. Through
similar pipe line systems, most of the stahilized
natiral gasoline also proceeds from gas plants
lo refineries,

Constant. walchfulness is necessary to guard
against pipe line leaks and prevent highway and
other construction crews from inadvertently doing _
damage. Patrolling was formerly done by work:
men on horses, in buggies or afool. Today I“"_'
[lying airplanes are proving more snlisfﬂl:lﬂl'_}'_{__ :
Pilots on these runs can spot leaks or war .h-cs-
passers in a fraction of the time formerly mf[““-“l‘_'
Very little oil is lost enroute. i




o4, Pipe Line [enminal |°

the
industry’s name for Port San Luis, above, where pipe
lines from the San Joaquin and Santa Maria Valleys
terminate. [Facilities at Avila Pump Station, here seen
on the coastal bluffs, include storage tanks, oil-heating
equipment and modern pumps that are capable of de-
livering well over 20,000 barrels per hour of crude
aboard tankships. Additional reserve storage [acilities,
in the form of tanks and immense underground reser-
voirs, are located a few miles inland at San Luis Obispo.
This busy terminal often serves two large tankships
at a time, operates day and night, and in a single month
has accommodated nearly 50 ocean-going vessels. A ship
has been loaded here with nearly 00,000 barrels of
35-gravity oil in the short interval of 4% hours.

25 7MW¢ such as Union Oil
‘ *  Company’s SANTA

PAULA, below, take over the oil transportation job
al land’s end. This ship, one of eight Company vessels,
has a maximum gasoline cargo capacity of 140,000
barrels, bul normally carries no more than 115,000
barrels of heavier crude oils released from Port San

Luis lines. A compartmentized hold permits the trans-
portation of several commodities each voyage.
Loading at Port San Luis takes place a half-mile
offshore. Large flexible hoses connect ship tanks with
wharf pipe lines. Through these, water ballast is pumped
ashore while oil comes aboard. The loading view, lower
left, was photographed during a heavy rain squall,
indicating that roughest weather seldom interferes with
ship schedules and the punctual movement of erude.
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27 % . 7 ’ f’ After
4 AU a coasl-
wise voyage of 170 miles, requiring about 12 hours,
south-bound tankships arrive at the Company’s Wilming-
ton Marine Terminal, shown in right foreground of
picture below. Here unloading begins at once into term-
inal storage tanks or on through an installation of pipe
lines to Los Angeles Refinery, whose tanks stand just
beyond the harbor area. This marks the end of a journey

Rk \, S ok, ¥ N

6 é Somewhat  different
2 . 7 7m are the problems of
transporting crude oil through cultivated areas apg
densely populated towns. Stewart Tank Farm, lefy, is
the starting point of another pipe line connecting severgl
fields directly with Los Angeles Refinery. From jank
and underground reservoirs of this tank farm, oil

pumped by pipe line under orchards, farms, railways,
highways, towns and cities. Fortunately laying of |.[u~
pipe preceded many of these surface improvements and
its existence is unknown to most people who reside
near it. Nevertheless, increased vigilanee is required 1o

prevent oil leaks in such areas and to prevent pipe line

damage by new construction.

Stewart Tank Farm is an important storage and re-
laying point for erude oils produced in the Los Angeles
Basin and Orange County.

for crude oil, condensate and natural gasoline, but only
the beginning of operations that will effect their con
version into hundreds of products having literally
thousands of uses.

Wilmington, however, is by no means used only as
a receiving terminal. Here other ships are loaded with
refined products and sent to such distant markets as
Alaska, South America, Hawaii and New York. lis work
is geared almost to world-wide petroleum needs.

LTINS




Zg QW While still airborne, let’s

¢ take advantage of good
weather to view Los Angeles Refinery and the busy
coastal area in which it is located.

Occupying a 394-acre Lract in the extreme western
portion of Los Angeles County, this refinery is one of
the West’s largest and most modern. It contains hand-
some office buildings, laboratories, shops, warehouses
and every modern facility for the comfort and’ conveni-
ence of nearly 1,000 people employed to operate it.
Some of its refining units rise higher than a 20:-story
office building and are valued in millions of dollars. Tt
functions day and night throughout each year with never
a voluntary shut-down. Many of its installations were

Working units of a modern re-
finery compete even at night
with the brilliance of surrounding
towns and cities. At right is the
Thermofor Catalytic Cracking unit
on night shift. In subsequent pic-
tures ifs functions will be ex-
plained.

wen M

undreamed of 20 years ago except perhaps in the imagi-
nations of inventive engineers; but so rapid is the growth
of refining that another 20 years may wilness even
grealer changes.

Despite size, changes and constant operation, the en-
lire refinery presents an appearance of orderliness and
exceptionally good housekeeping. It plays host to
thousands of admiring visilors annually.

The products handled and manufactured in a refinery
are flammable, explosive and in other ways hazardous
to workers. Yet, such great care is taken in training
and safeguarding personnel that a worker is less apl
to be injured here than on the highway or in his own
home.




4 9 p Wzﬁd are the trans.

pPortation
heart of a refinery. They move incom.

ing crude from fields and terminals into
waiting storage tanks. They start cryde
through its first refining steps and pump
resulting products into other storace
vessels. They move streams of oil fru‘m
one relining unit to another. They are
equipped to handle oil of every kind—
crude and refined, hot and cold—slowly
and at high speed. If an electric !mm-‘r
failure stops the electric pumps, there
is steam-driven equipment on hand 1o
take over. '“irnugh Los :'i.ngl'h-.-.- Re.
finery pumps, left, some 170,000 barrels
of oil pass each day.

Refinery Equipment

50. Pipe Line 77{«2&“1{0(%4.

shown below in the pump house area of Los Angeles
Refinery, comprise a switchyard in which streams of
oil' can be routed through any system of lines within
plant bounds. Approximately 650 miles of pipe have
been installed in this one refinery to provide a complete
oil transportation service. Operation of these manifolds
involves the control of more than 1,800 valves. To avoid
stock mixtures, spills and other costly mistakes requires

that operators completely master the intricate pipe line

system and use extraordinary care in directing oil traffic.

Because the best valves do not provide faultless con
trol over oils being pumped at widely varying tempera.
tures and pressures, every branch opening in the manifold
system is provided with a metal ring and blank. When
securely bolted in place between pipe flanges, the ring
serves as an open doorway, or the installed blank effec.

tively closes a passage and diverts the oil some other way.




3/ S 7 é such as those
" W ¢+ above and at
right, accommodate the refinery’s incoming crude oil,
receive partially refined products as they emerge from
processing units, and hold finished products pending
their shipment to market.

Each of the spherical tanks shown will hold up to
2,500 barrels of natural gasoline or other volatile prod-
ucts for which they are designed. But the commoner flat-
topped vessels, which nsually dominate a refinery storage
block, have capacities ranging from 1,000 to 135,000
barrels each. There are more than 300 such tanks at
Los Angeles Refinery with a total capacity of about
6.000,000 barrels.

32 ’4 ,, is a fun:
. MW damen-
tal  requirement before any tank of
crude is ready to be refined.

Samples taken from several levels in
a lank are sent to the control Iulwralury-
right. Here, by means of test equipment
not unlike miniature refineries, the oil is
carefully examined and measured.
Chemists determine precisely what per-
centage of gasoline, gas oil and re-
siduum it contains. They test for the
presence of such foreign substances as
sulfur and nitrogen bearing compounds.

In this way it is pre-determined how
the crude can be refined to best advan-
tage and what volume of finished prod-
uets it will yield.
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p!!g“-.l? 33. Heat Exchangens .

important tool of the refiner, and, being costly 1o gene-
rate, il is conserved by an ingenious method.

Accompanying illustrations show a block of heat ex.
changers as they appear in operation and a cross-seetional
drawing of how one performs. Crude oil, enroute 1o
processing units, often passes first through a series of
heat exchangers. IHere it circulates inside bundles of
ot piping. The piping derives ils heat from a stream
of hot oils and gases that circulate around the pipe
bundle on their way out of a refining unit.

In this manner a two-fold cconomy is effected. 0}l
passing unit-ward through a block of heat exchangers
absorbs what would otherwise be wasted heat. At the
same time it helps to cool gases and oils that need 1o be
condensed or reduced in temperature before going lo
slorage.

3¢' 7(:#76'6{ szﬂ'ﬁd. using petrole

um gases, fuel
oil or in some instances coke for fuel, are the initial
source of heat used in refining processes. At left is a
drawing illustrating the manner in which crude oil,
after being partially heated in heat exchangers, is eircw
lated through coils of pipe in a heater and brought up o
the desired refining temperature.

Such installations operate at a wide variety of tem:
peratures and pressures, Normally, erude oil, as it starts
through the refinery. is heated only enough to drive off
the lighter pases absorbed in it and cause some of the
liquid hydrocarbons to vaporize. In successive steps the
remaining liquids are heated to the increasingly higher
temperatures needed to make them vaporize. Oil flows
through such heaters in a steady stream, governed rigidly
by temperature control instruments,

PAGE 22
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35; D@Ma &W are. S0 num-

. : erous and im-
portant in refinery operations that, as was done with heat exchangers
and fired heaters, we had better pause to examine the inside of one,

Our cross-sectional drawing shows heated oil entering a simplified
distillation column through a pipe line opening, lower right. Heavy
liquids flow downward into this vessel and are steadily drawn ofl
through the bottom outlet. Other heated hydrocarbons flash or rise
[rom the incoming stream in vapor form. These vapors find upward
escape through the open slots of numerous bubblecaps mounted on
overhead Lrays. However, in escaping, the vapors are obliged to
bubble through shallow accumulations of oils that have condensed
and filled the trays to overflowing. This has a cooling effect on the
vapors, causing the various hydrocarbon components to condense
on the trays in the order of their heaviness or hoiling range. Prin-
cipally, only the gaseous and lightest liquid hydrocarbons bubble
upward through all trays and continue out through the column’s
lop exits,

Liquid entering the column just above the uppermost tray is
called reflux. It consists of gasoline vapors that have passed out
the top exit, been cooled to liquid form and returned. Reflux assures
a cool and adequate liquid accumulation on the top tray. Therehy
any unwelcome heavy vapors that have persisted in following the
lighter hydrocarbons are condensed and returned to their proper
condensation levels. ;

Frequently, distillation: columns are equipped with side exits to
remove various liquids as they condense at different heights in the
column. These liquids, called side-cuts, constitute refined or par-
tially refined products. They range from gasolines near the top
downward through solvents, kerosene and numerous fuel and lubri-

caling oils.
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Distillation

6 M 33 only part of whose
3 ’ #  expansive labyrinth
of columns and piping can be seen in the above
view, is o combination of several relining units. In
its Crude Distillation Section over 60,000 barrels
of crude is distilled daily. To its Thermal Crack-
ing Section some of the partially refined products
return for conversion [rom heavy to light oils. And
in its Light Ends Section large quantities of
cracked gnsolines are segregated into several of
the types and grades needed for blending into fin-

ished gasolines,

PAGE 24

Since most other portions of the refinery depend
upon Unit 33 for their crude feed supplies, this
unit must be kept operating near to capacity day
and night throughout the year. Some of it
installations are built in doplicate to avoid a
complete shutdown for maintenance work and
repairs,

An idea of what is meant by “Thermal Crack-
ing” and “Light Ends™ will be given when we fol:
low the oil stream back to Unit 33 from other
parts of the refinery. But now is the logical time

to look at its Crude Distillation Section.




S7. Crade Diotillation ™ Ui _ - .J

. 33 takes
place in the three columns below. Entering No. 1 column,
right, at a lemperature of approximately 650 degrees I, T

the crude is distilled into four fractions—a mixture Of
light and medium gasoline, heavy gasoline, stove oil, and a
bottom residuum that did not vaporize,

In No. 2 column, left, the mixture of light and medium
gasoline is separated into these two fractions. ]

In contrast to No. I and No. 2 columns, which work at i*‘h&
pressures of around 60 pounds per square inch, No, 3 col- _ f& -
umn, cenler, operales ab a pressure only about one-third as : Medium Gasoline
great as that of the outside atmosphere. This partial vac-
uum causes some of the oils to vaporize at a somewhat
lower temperature. Thus the bottom residuwm from No. 1
column needs to be raised to a temperature of only ahbout
675 degrees to effect its separation in No. 3 into three
[ractions—diesel oil. gas oil and fucl oil. : .

So, from 60,000 barrels of crude oil entering Unit 33 : HBQVY Gasoline

Distillation Section daily, we obtain seven partially refined
products.  About 30 per cent of the crude goes to storage
i‘t
=
'““h
Stove Oil

Light Gusohna

in the form of gasolines. Another 30 per cent is drawn off m—
the bottom of distillation columns and sent to storage as
residual fuel oil.  The remaining 40 per cent, classified as
: stove oil, diesel fuel and gas oil, procecds in part at least
to the Thermofor Catalytic Cracker, where we shall pres-

ently follow its interesting adventure,

Diesel Oil
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ri“.ril’l]lf'“l a lower exil and 15 piped to another

J Beginn 111 vl
oceCee al the nu column (10) Part of the stream ther e
meral (1), |lan','._r;1_i "i-!lj.ll_'r ol drawing, let ug follow a FP'"”q.'I”” into heal exchanger (4), and rejoins th
"“T"-‘”':!‘ ol 248 oil |lllllarfulf!j_ll_| Lhe tPH_iii_:'lH\,‘riirt.r- u-_l_rr'l'.!j.rt':_'lltr charce sltream I'he cracked vapors, ho i
| tilled oll in the lorms ol | nlin ;

process.  'he oil 1s forced by a pump (2) through
two heat exchangers (3 and .?'-IJ , Igl'-.l'-h; on through a furnace oil
pipe line to one side of the fired heater {f!-fJ!J On
next entering a distillation column [j(flfﬂl), a ]Ei,-l'_;*'l""i".-[
fuel oil portion, not adaptable to |tirfql11.'«.|l_l_|_f'_':ﬂll, 18
pumped off to storage (7). Lighter fractions in
vapor [orm proceed 1'..#.'l\'.'_u_n'|{-'_| and enter another side
(8) of the fired heater, where their lemperalure 18
increased to about 950 degrees I. The heated gases
next llow into the n_q.c']_n-'-'n. part of a reactor (9),
where 1|!'|_|='»1_-,- filter downward 1i“l'rf91_l1-"-.ill_l slowly de-
scending beds of clay catalyst. Iere the combina
tion of heat and catalytic action cracks big mole:

cules into little ones, (t:.','.;,_;_.,|!,_(q!"| oil leaves the reactor
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Now let’s trace the catalyst. Fresh pel-
lets of clay from the ho pper (A Erove
down into the m_a-uw)'r (9). In contacting
the reacting oil vapors, H-m_-uwlkz!- pellets

s 01]

dis.

PStie -}(-l.#“:. ly I-H'T')ll'{n [!{iﬂl'qli \t,‘ﬂﬂ,l a soot-
H'"{‘ ffﬂlrﬂ. (l‘kﬂ)!['f‘nﬁlf; oul a.l, I'l'ﬁ'{')_m of
the reactor, H_",[""h t h(‘r(dh;;’]\;. “i']‘l'l-f‘i'i'lhjuau
elevator (B) and released into a thermos :
for kiln (CG). Here air is admitted to burn [ =
soot from the hot catalyst :ri:'i'"i'iw.‘ﬂm Fa R o G
culating through coils of 1.)“1-&, prevents | | S
overheating of the catalyst and is convert- B I | —
ed to steam by the heat thus absorbed, o g | ]
|1_l-|.r{'. r‘?{'{'_(ili'i_i{,ﬁ[i’gi- IJ_.I l pls are |};ﬁ{.{‘-_t ]i"!f'j ; fFHQE- (el | | {3 t
vator (D) to hopper (A) for reuse in the 1] |
cracking cycle. A load exceeding 15 mii- = -
I“')ll |'I'l|h(l|\ |'Hr (ltﬂs,{ 18 I.U.].ﬂl,{,l i'h{ Ill‘-“ se BN | I
elevators. | i | :
e
o -
||
i
|
/‘ : J £ in the columns shown above. 1lhe AT
0 111 q o mlly sk ot 5,000 barels o
i “ F f“h B hours. Lightest of the fractions di .
A N i == o 1600 harrels of ligquehed p leu
[/(’BI \\ R ;/’f— QL ’\'; GAS OIL Some 1 ‘E._l'.".l_'. l II| : _.” ... 'lj i
N DOMESTIC CHARGE Ill””.w“ + 1 St
\] - 1 FURNACE OIL : i .:L_.e.-__.,..l.-.m.,_. i iy; ki 81
X nd will be introduced Binde
= N h-rlvff;\.l'ﬂéi:é S R |
60000 barrel: o |
Klendine into finished gasolin
rels rematning il ¢ A
or portion ssifi
] L il 1
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ternmal (racking "
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cfforts of the TCC catalyst to break its molecules apart,

the remaining gas oil, now called furnace oil. is sent

back to Unit 33 for a more forceful type of cracking,

Here in a scries of furnaces, some of which are shown
at left, the stubborn molecules are subjected 1o <.
cessively higher temperatures and pressures. 0l that
refuses to crack in the first furnace proceeds on 1o others
in the series, cach furnace imposing a higher lempera-
ture and a greater pressure. In the final furnace, mole
cules are heated to approximately 1050 degrees F. and
held under pressures up to 1200 pounds per square inch,

What actually happens during the thermal cracking
process is that some of the furnace oil molecules react 10
extreme heat by trying to vaporize and escape from the
liquid stream. However, high pressures hold them in
solution and prevent their escape. While both heat and
pressure steadily rise, the imprisoned molecules expend
their energy by shaking or vibrating. This action often
becomes so violent that part of the molecule is shaken
completely off or it may crack into two halves. In other
words, the combination of heat and pressure succeeds in

converting a further percentage of heavy oils into more

valuable gasolines and other light products.

¢¢ D ; / ; If all of the furmnace

oil were hrought ini:
tially to the highest temperature and pressure used in
thermal cracking, two losses would occur. Cracking
would proceed too far in some instances, converting part
of the furnace oil into light gases rather than gasoline.
Simultancously, heavy portions of the charge would
char into a hard coke, thus plugging the furnace tubes
Therefore, a quick distillation is made after the oil
emerges from each furnace. The columns at left accom:
plish this part of the thermal cracking process. They
remove in vapor form the gasoline and lighter hydro-
carbons, collectively known as light ends, immediately
after each stage of cracking. Fuel oil bottoms from the
columns are stripped of their vapor content and seal 18
storage. Only the middle fraction of furnace oil i
delivered to the next higher stage of temperature and
pressure for further eracking. '




¢5' JW gm produced in the Ther-

o8 mal Cracking Seetion
must be re-distilled in the columns, right, to assure a

i sev i : :
clean separation of several fractions and a high quality
in the finished products.

Lightest of the fractions isolated here is fuel gas, which
eventually finds its way back to the furnaces, but this
time as a refinery fuel.

Another fraction is made up of butane-butene molecules
similar to those produced by the catalytic cracking proc:
ess. These products from both units go through an inter-
esting transformation in the Alkylation Unit, where we
shall presently follow them.

Three other products of the Light Ends Section of Unil
33 are light pressure distillate, medium pressure distil-
late and heavy pressure distillate. After being treated,
to remove all harmful impurities, they are valuable as

blending stocks for finished gasolines.

¢6 -@ d g The nearly deserted appearance
g of many big refining units has
been brought about by the wonders of modern instru-
mentation. Many skilled men are necessary of course Lo
operate and maintain such equipment.  Bul control 1s
delegated principally to mechanical devices, which regu-
late the columns and furnaces, open and close valves,
govern temperaturcs and pressures, and in-many in-
stances even make an aceurate written record of their
performances. The human touch is necessary chiefly to

“ |
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leep house, spot trouble when it occurs, and maintain Ll

the faithful robot in working order.

Below is approximately half of Unit 33°s control room.

[nstruments on the far wall control and record what is
happening in the Cracking Section. Other panels simi-
larly govern the Crude Distillation and Light Ends Sec-
tions. Operators, by adjusting these instruments, are i

able within certain limits to regulate the amount and

types of produets produced.
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Iso-Butane (CsHio) Butene (Ci4Hs)

G7. rHleylation

concerned with either sorting petroleum into useful types
of products or cracking some of the heavier oils into

Up to this refining
point we have been

light oils and'producing a higheér percentage of gasoline.
Now, since the light petrolenm gases are also less in

demand than gasoline, would it he possible to make.

some of their molecules combine and form molecules in
the gasoline range? The answer is yes, and the process
is known as alkylation.

Tipped on end in the symbolic drawing above is
butene, a gaseous hydrocarbon we have introduced before
in connection with cracking processes. To its left is iso-
butane, another gaseous molecule, which differs from
butane only because its four carbon and ten hydrogen

Iso-Octane (CaHig)

aloms are arranged in this pattern rather than chain-like.
If we can somehow join these two molecules together,
we'll have iso-octane, a liquid petrolenm with unusual
fuel properties.

The trick performed by alkylation is to cause the
double-bonded carbon atoms of butene to release one
of their grips on each other, whereupon a hydrogen atom
of iso-butane joins one of the carbon honds and the two
molecules are united through a bonding of two carbon
atoms. The resulting iso-octane is not only a member
of the gasoline hydrocarbons but is also an aristocrat of
the group. lso-octane is one of the highest test gasolines
known. It is a principal component of the most power-
[ul aviation gasolines, and automotive demand for it is
growing with development of high-compression motors,

gg /464% eaméqd To accomplish
. this union of
iso-butane and butene, our mysterious helper, a catalyst,
is introduced to the alkylation process. Only this time,
clay pellets, such as those used in catalytic cracking. are
not equal to the job. The material required is concen:
trated sulfuric acid.

At left is a refinery operator taking samples of this
potent catalyst near one of the alkylation settlers. These
samples are tested periodically to determine whether the
acid is working effectively, or is spent and in need of
replacement.

Note the helmel, goggles and rubber gloves wom by
the acid man. Nearby also are shower baths and barrels
of sodn solution into which he would plunge if acid
should accidentally splash on his skin or clothing. Due
to vigilance and safeguards, operators are rarely harmed.




ol the i=o-butane with bu-

L
4G Eeaction :
{ lene lo lorm iso-oclane

lakes place in the above reactor, one of six such installa-

tions at Unit 110 of Los Angeles Refinery. Al a tempera-
ture of 40 degrees I, and under pressure of abouat 90
pounds per square inch, the two normally gaseous hydro-
carhons exist as liquids, In this liquid form they are
brought into contact with the sulfuric acid catalyst, also
a liquid. The liquids do not mix together readily but
lend 1o separate into liquid layers: therefore, thorough
mixing is required 1o encourage maximum reaction. After
rather violent agitation hy means ol pumps aned impel
lers, the liquefied gases and catalyst are circeulated
through pipe lines and vessels. By being Kept in molion
and given lime lo react, a greater number of the iso-
butane and butene molecules are persuaded to enter inlo

[

their iso-octane wedlock.

50. Catalyst Separation

The vertical columns above are connected directly
with the alkylation reactors and are called fime tanks.
As their name implies, they serve as a means of circu-
lating the alkylate mixture long enongh to insure the
highest possible yield of iso:octane, betler Kknown to
refinery men as light alkylate. However, not all of the
mixture reacts satisfactorily and, aflter a later separation,
some of il is recycled until reaction takes place. For
this reason Unit 110 finds it necessary to cireulate some
2,000,000 barrels of liquid oil products a day 1o obtain

3.000 barrels of end produet.
The horizontal vessels above are alkylation seitlers

where the processed mixture is allowed to scltle into
ite diverse layers. Sulfuric acid is drawn off the bottom

while alkylate leaves the top of these vessels.
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ind lourth trom F_l,-”!_t are I“.',i-{l‘:

for lurther
relining the alkylate. Here a small propor-
tion of the product, having interior fuel char-
acleristics, 1s ~-‘.'-;r'.'-i-*'=_lk~-[l'.| as bottoms 'f._-"iirh'_} con
sumed within the refinery. The valuable tops,
Known as lLight alkvlate, are sent lo --:!_i:n)_}gi;!l'{:j-
for eventual blending into highest test gaso-
lines. -le_'|i."' finest ;|_h"h|='l[::ll_llb‘ ;lig.‘:”!_;{'l,'i-.iiql'.i;_l |-.i']':'illip_‘=l
used today in mi’ulh]'l_l_a}'-,",- and l"fP_'lj_l_l_'l_ﬂz'lr{fh_lli__l nir-
craft contain as much as 90 per cent light
alkylate, and a blend of other selected gzaso-
lines with a 10 per cent proportion of this
product produces the top |'r}_?-;;-i}'|'ﬂl,ljj_'+ molor
egasoline.

Other columns shown at right are used
for purifying the incoming feed stock at this

wammuuHMH&lﬁba&@ﬂﬂh;@p[ﬂﬂmi

column separates normal-butane from the
Lo be processed, assuring that |I¢1'=§_:j_11'k_-,- pure F_'t';'m:
butane reaches the reactors. The remaining
columns similarly remove propane, r:r'I.ei:!IEi'!.iIl*"

and heavier hydrocarbons, none of which is

suitable F'_l:-_n_} the f_l_'rl_lu_ﬂ\'_“_.-jiil_u}qi Process.

1
| ':1
i .
5y -r.
i AL
| T i |
\ 101
i I '.'I oA
- L |
1 sl
{ 151
JAHE
i Y |
" {al

l IR D%
| 11
/ LA
; Ll
|5
T | T
il I -




p——

Asphaltic
Products

52 g{ﬁdﬂ"/ é’lﬂa{(j so-called hecause of

ils heavy, molasses.

like viscosity, 18 produced in many of the world’s oil
fields. As found in seeps, it comprised the pitch and
< tar used in ancient times. Modern oil men have a natnral
preference for light oil, which offers a higher yield of
sasoline and other light products currently enjoying
brisk demand. Bul, as we shall presently see, heavy
erude fills a number of our economic needs and is the
cource even ol some gasoline.
Union Oil's supply of heaviest crude comes principally
from Santa Maria Valley, where in a few extreme cases

it is too thick to be pumped. Production men solve

the problem hy diluting it with heated lighter oil pumped
underground from other sources. To bring it to the sur-
face requires some of the world’s largest pumping

equipment, such as the unit shown ab right.

55, Heauy &x&fe Distillation

al Los Angeles Refinery is the task of Unit 71-72, al
right, Equipment consists of two fired heaters, fore-
eround, and a single distillation column in which the
heated crude is topped of ils small percentage of gaso:
line and gas oil. These two products leave the distilla-
lion column together in vapor form. In a cooler the
gas oil vapors are first liquefied and removed. Remain-

mg gusniinu Vipors conlinue on lo a condenser and are
o

i)

also cooled 1o liquid form.

The heavy erude thus stripped of its lighter fractions | ; i i
. » F (111 x i « Car W VLR T .
is given-the refinery name of topped residunm. To most aiend T o ' Ui I

wople it is ili ‘m as or road oil, a e
people it is familiarly known as asphalt : - 7 i
product whose usefulness in paving highways, patching : : = o gy | :
4 o L] v
roads, coating pipe lines, and so on, stamps it a8 one u ::

ol our most serviceable commodities.
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54, Aophalt Distillation ™1
. fpha & e
between application of road oil and the time the road
or other surface is ready for use is known as “cliring
lime.”

Topped residuwm is an SC-2 road oil, meaning that i
is slow curing and produces a relatively soft surface of
No. 2 hardness. By distilling out some of its softening
oils. we can produce increasingly harder grades of slow
curing road oil up to and including No, 6,

il e 1 +

If additional amounts of the softening oil are removed.

- we obtain paving asphalis that are so hard they must he
'h_'- Kept hot or diluted with a solvent to keep them from _,
L hardening in pipe lines. tanks or spray-trucks. This yse
gf of solvents to keep the asphalt fluid gives us opportuni-
F; it ties Lo produce other specifications or grades. If a rapidly 1
g evaporating solvent is used, we produce an RC or rapid 2
curing toad oil. Il a slower evaporating solvent is 1
blended, the result is MG or medium curing asphall. E

In all. 21 grades of SC, RC and' MC road oils and
asphalls are produced in the asphalt distillation unit
shown in right background of picture at left.

PR o

Lreating is the sulfur dioxide compressed to liquid form. This chemical
causes the kerosene and its degrading elements to sepa-
rate, one. called raffinate. leaving the tops of the vessels,
and the other. called extract, leaving the bottoms. Botli
streams then proceed through separate batteries of evap:

orator tanks, some of which are visible through the

55' gm“ p&?’“t oil man’s way

| of applying finishing touches 1o his numerous products.
' It involves using several processes to remove the lasl

| impurities and bring oils up 1o exacling specifications.
i The plant below bears the name of Dr. Edeleanu. 2

Rumanian scientist who developed an effective process
for removing smoke-producing and other degrading com-
pounds from kerosene distillate. This process is also
i similarly improving the quality of diesel fuel.

AL left below are two Edeleanu mixing columns in
which the kerosene distillate is thoroughly mixed with

LiSET

whirling compressor wheel. below right, where the sulfur
dioxide is recovered through evaporation and then com-
pressed to a liquid for reuse. Coming out of the rafi-
nate stream s Kerosene, while from the extract is ob-
lained' a petrolenm solvent used in the manufacture of

synthetic paints and lacquers.
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2 et 5 Uit 67, below.
57 Wma“ is a4 very versatile
installation wherein several pelroleum products undergo
their final and most selective redistillation.

We mentioned a solvent produced as extract in the
Edeleanu process, When distilled in Unit 67, this ex-
lract separates into lwo fractions. a high-boiling muterial
that is very effective as a weed Killer, and Solvent 40,
the product nsed in making synthetic paints. The later.
alter separation, 18 acid treated and redistilled in Unit

56, QM ﬁm A number of re-

Fined products
must be acid treated' before qualifying for their “Union™
Iulmls.' AL left are the Batch Agitators where some of
the acid treating is done, The vessels are essentially
emply lead-lined' tanks into which batches of petraleum
[H:ndmtls and treating chemicals are placed and agitated.
Air forced througl pipe openings in the tank bottoms
provides the necessary agitation.  Acid, having a strong
allinity Tor nitrogen and sulfuy compounds, as well os
any smokesproducing hydrocarbons overlooked by the
Sdeleanu process, remoyes these undesirables from: the
refined  oil and settles 1o the bottom of the tank when
agitation is discontinuced. After settling for aboul one
hour, the acid sludge is drawn off. ‘The treated product.
containing traces of acid, is then washed with caustic
soda to neutralize the acid, and with water to remove the
caustic. Through treating of this nature, kerosene, sol-
vents, thinners and other products are made color-stable,
or smokefree il used for fuel,

67 o second time before being ready for market.
Cerlain gasoline fractions make excellent paint thin-
ners and eleaning solvents. However. specifications for
such products call for a narrow boiling range and
exceptional purity.  Unit 07 accomplishes the job by
making a very carelul selection of fractions from the
casoline leed. Thinners No. I and No. 8 and Union
(Ileaning Solvent are obtained by this means. The quality
and water-white color of all three products are further
improved through acid treatment in the Agitators,
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S8. (Poatinwous cid “Treatend

Let's leave the specialty products now and get back to
our main topic of discussion—gasoline,

Up to this point we have accumulated’ in storage
tanks a variety of different gasoline stocks, These in-
clude natural gasoline, straight-run, once-cracked, se-
verely-cracked, light alkylate, and several scgregations
of these according to their boiling ranges and knock-
ratings. Some of the stocks may have passed all’ labora-
tory tests for purity and quality, but others, particularly
the cracked gasolines, are likely to show a tendency to
oxidize and form gum in a gasoline motor.

Treatment to remove these gum-forming materials
takes place in the Continuous Acid Treaters, right. Here
stiunig acid is ihoroughly mixed inio a passing siream
of gasoline. The acid combines with and removes sulfur
and nitrogen compounds along with the gum-forming
materials. Treated gasoline leaves the top of these ves-
sels and 18 washed alternately with water and caustic
soda to remove final traces of acid.
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Mercaptans are the sulfur bearing compounds of oil
that sometimes offend our sense of smell, One reason
they are not so evident around refineries as formerly is
that metlyl mercaptans are now being used in the munu:

facture ol pharmaceutical preparations and vilamins,

Also; small” amounts of ethyl mercaptans are added o
houschold natural gas as a safety factor—that of making
gas leaks detectable. Butl mercaptans in gasoline give the
product an unpleasant odor and lessen the effectiveness
of any tetra-ethyl lead that might be added 1o improve
knock rating,

Gasoline stocks conlaining such sulfur compounds are
sent to the Unisol ‘Treating Unit, left.  Here a very
inleresting treatment is resorted Lo, Quite the opposile
Lo acid treating, the Unisol process cmploys a strong
caustic solution to attract and’ remove the merceplans.
However. the caustic solution and gasoline will not mix
So athivd ingredient, methyl aleohol (wood aleohiol), is
called in to assist. Being on good terms with the caustic,
the gasoline and the mercaptans, aleohol circulates [reely
throughi the gasoline, picks up a load of mercaptans, and
taxis them back 1o the canstic. When the methyl aleoliol
and  caustic solutions are weakened to a degree in the
process, they are regenerated and can be used over again:

Mechanically, Unisol Treating consists of admitting
gasoline near the hottom of a tall packed column: It
vises against the descending mixture of caustio and
aloohol and depants through an upper column exits

E

1_,’



Gasolines
60. Waste Disgocal '..j\....

impurities removed or produced during refining processes
are not thrown away, but wherever feasible are preserved
and put to use.

Refinery fuel gases, for example, contain quantities
of hydrogen sullide. Largely to prevent air pollution,
Los Angeles Refinery sends such fuel gases through an
Hydrogen sulfide is re-
moved from the fuel gas and, in the installation shown
at right, is re-absorbed by a solution known as MEA
(monoethanolamine). The enriched MEA solution is
then trucked to a chemical plant, where its hydrogen
sulfide content is used to manufacture sulfurie acid.
Much of the sulfuric acid eventually returns and is used
i some ol the refining processes we have previously
discussed.

claborate absorption process,
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6 2 As a result of
/.f W&M sméd these many
processes we al last have gasoline—but not the two
or three varieties you are accustomed to buying in
service stations. Rather, they are gasoline stoeks, rang-
ing from relatively slow-burning to highly volatile and
explosive liquids. Remember that some are natural
gasolines: that is, very little if any relining was required
Lo improve on the product Nature produced, Others are
straight-run. gusolines, meaning they were produced
simply by heating the crude and condensing its vaporized

fractions. Also we have the cracked gasoline from our
TCC Unit, and other cracked varicties: from Unit 33.
The butane-butene fraction has given us a synthesized
gasoline called light alkylate. Some of the stocks are
further separated into lLght, medium and heavy grades.
All are stripped of objectionable impurities. They are
stored separately in products tanks, below, holding up
lo 185,000 barrels each. Hardly any gasoline stock
alone satisfies all requirements of a good motor fuel.
But, thanks to their varied qualities, several can be
blended in different ways (o suit numerous requirements.
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62. Englne Tedting " o i

determine the performance qualities of ﬂusnhuw Ths
fucls to be tested may be experimental blends of seyvery
gasoline stocks or samples of established gasolines that
are being readied for market.  All such tests are oo
ducted by skilled research men.

The method usually consists of running some standag|

engine, such as the Chevrolet motor at left, for 100 o
more hours, using the test gasoline for fuel. When (he
mun is completed; the motor is taken apart and scientifi.
cally measured. Any deposits of gum and carbion are
weighed and analyzed, Engine wear and deterioration
are also scientifically measured. In this manner it can
be determined whether a gusaImL is ellicient and senerally
suituble for the types of motors that will consume .

63, Road Testing " * 1

~lli:||)u3mt:nl Lo
engine testing beeause some gasolines perform lar dil-
ferently on the road than in the laboratory, at high
altitudes than at sea level, in summer than in winter,
T'o avercome these variations, cars, such as the one helow,
are equipped  with special fuel testing instruments
and sent on long experimental runs, Using various blends

I
i

UNION OIL WMPNI‘!’
RESEARCH . DEP,
.HQ&U,.IEQT&BHHQAERE.

ol gasoline, they determine by actual road test the degree
to which each blend will provide power, economy, quick
starting and all other forms ol driving satisfaction.
Because of such painstaking precautions, modern Ameri-
cans may drive through almost every extreme of weather,
atmosphere and climate without giving thought o motor
adjustments or changing their grade of gasoline. And the
quality of motor fuel is steadily being improved.

il it o e

i5 one of the




The manner in

64, Ruock Em which 2 gaso-

line burns in the cylinder head of a motor js important,
If it explodes too swiftly or sirregularly, some of jis
power is wasted and the motor protests with an audible
compression knock. Better and quieter results are oh-
tained if the gasoline burns with a slower and smoothly
expanding flash. Knocking becomes an increasingly more
serious problem as car manufacturers build fuel ec'mmm}'
into motors by increasing compression ratios, or the
pressure at which gasoline is ignited.

One of the poorest hydrocarbons from the standpoint
of knock rating is normal-heptane, to which petroleum
scientists have assigned a Kknock rating of 0. A much
smoother burning substance is iso-octane, once con-
sidered to be at the top of the hydrocarbon scale and
therefore given a knock rating of 100. The petroleum
industry uses these two compounds as reference fuels
and establishes the knock rating of a gasoline by com-
paring its performance with a mixture of normal-
heptane and iso-octane.

To make certain that finished gasolines will equal or

exceed anti-knock specifications, gasoline stocks are tested
both before and after blending by means of such equip-
ment as the fuel research engine above. These machines
are lar more sensitive o knock variations in pasolines
than is any automobile.

One of
65.- 7W’EW ZM the od-
dities of petroleum science is that small amounts of lead
improve the octane number of most gasolines. Of course,
lead as we commonly conceive of it in its metallic
form does not answer the purpose. Rather, it is com-
bined chemically with ethylene, a hydrocarbon, to pro-
duce a liquid compound known as tetra-ethyl lead. The
maximum amount of this compound that can be used
is only three milliliters per gallon, but such small
amounts can improve the knock rating of most gasolines
from one to several octane numbers,

The tetra-ethyl lead storage tank below rests on a
large weighing scale. When lead is ordered to bring a
tank of gasoline up to refinery octane specifications, the
operator responds by simply weighing out the quantity
of compound required.
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66 7 ;ﬁ': Some gasolines, partic-
‘ ularly the high-test varie-
ties, are not as chemically stable as we'd like to have
them. They are inclined to break up and combine with
other substances at hand to form unwanted compounds.
The most troublesome compounds thus produced are
several varicties of gums which, if permitted to exist
in moltor fuel, might result in the fouling of carburectors,
valves, piston rings, and so on. Therefore, petroleum

scientists have had to devise ways of preventing any
cuich harmiul gnnn”nn delerioralion.
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The shovelful of di-tertiary butyl para cresol, below,
is one of three gum inhibitors currently being added to
gasoline stocks, In minute quantities and in various
combinations, these inhibitors are successful in prevent-
ing gum compounds from forming within the gasoline.
The chemicals are nsually added as soon as a vulnerable
gasoline stock enters storage,
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a large tank whose identifying feature is an electrically
driven shaft, below. This shaft turns a large impeller,
which 1n turn kee nps the ;ﬂg;ulh‘-'m- ﬂt[;—M-[l'HEII"L' qﬂiﬂﬂf_ﬁlhﬁ?}n

1I__It|-1"i|' ::-|r|.' :_u".

thoroughly and uniformly mixed.

Pypical of what it takes to make an excellent finished

placein
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ff _.n:[l[J1 ”” :}J'r” ’ll'ﬁ i][ﬂ' ﬂ} ”l:Iﬂj “1)“ fﬂfﬂp Jul'..- e Pelive || ';Ill-
red as 7600 Gas soline: the 1ljrhltr e as 70 (Gas m'm[;_- fth,

\:.‘h\'](y L ( (15 [tﬂain{ul conty lmhlri r Nno L‘]\l- or ]l Jila [ 18 115
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ucl prin:

.ﬂl,u]l”\ in ap pjfu[alrw.q uit{-F motors that require no such
add ”l-k.&u;h

ﬂﬂl;o]ﬁn[- are F_l]hj n'rf.'.il{'.ﬂ['.‘i'r‘{, L"|i’t_[i'lr" |L1 low, shown in their
approximate blending proportions, From left, they in
flil][il’ ”l'i.h[l T”‘”C,{th@ nl'{ {|| -{_I[lﬂlrh. .-_’;{ﬂl' per cent: acid

:’:{m‘ ”I;h cent lllfl'll--.:'i

ltl'ﬂ-{'“-]'F 'lllIlt'JlllnHl'iuJ[: K O {1[ « ( 1soline,
asoline, 20 per cent;

T me Hhih'ﬂ slraig “i: Trun :-_;_:_l.-,a]-l.nl.-

“Lu} per cent; H:!Jﬂt straight-run I{l'uhitl 10 per cent
]r)}“lt t:“'n.'ihl_{ “lﬂh-] ¢ cent: and |mim.|. 5 ner ecent. Add
lo JMJ e, 3 |r|p||||1uJ|4If|r-1 ol letra-ethyl lead plus a fey
grains of inhibitors and dye and we have one sallon
1me 7600 Gasoline. Iis q.x..{_.r._;l-lium'm_..'l'l.‘lx-_ high anli-Knock
qualities are well ahead of the highest compression
engines being developed today. It is quick-starting
powerful. |..|4_i 18 !il'-“]fli[i‘i.‘““.-' under all conditions of
\.lll,.{‘!;.:llulli‘l_.fl and climate. We believe it is the finest motor
gasoline marketed in the world

Other Union Oil Company gasolines are modilications
of this 7600 ideal. 76 Gasoline. containing all of the
':_'ri'-ng:,:!:{eing:- stocks in slightly different proportions
ceeds the Tael requirements of most automobiles on the
road and has been a leader on the Pacifie Coast for
many years, 7000 Aviation Gasolines are ored o
power every type ol mirplane from small private plan
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Distribution
6597,,f4? e . With our re-

fining job now
completed, we would be overlooking a most important

factor by failing to mention the role played by skilled
men and women in this great industry.

The Administration Building, right, is headquarters
of Los Angeles Refinery. Here, managers and super-
visors, with many years of technical education and re-
fining experience, are given monthly quotas of refined
products to meet. It becomes their responsibility to sce
that each commodity is produced in the quality and quan-
tity specified, that surpluses and deficiencies are held
within rather narrow bounds, and that loss and waste
are kept to a minimum. Each supervisor, besides having
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complete technical mastery of the unit in his charge,
must understand’ the work and problems of other de-
partments to which his activitics are geared. Besides the
numerous operating units we have described previously,
are others concerned with such non-operating responsi-
bilities as new construction, maintenance, personnel, Fire
and Safety, and warehousing. Greatest coordination is
necessary.

70 7Q“W One of the swiftest and

' most economical means
of transporting petroleum products from refinery to
market is the tankship. Union Oil’'s WALLACE L. HAR-
DISON, a wooden sailing schooner built in 1888, was
the first tanker to be built and operated on the Pacific
Coast. She was followed by a long list of larger and

more efficient vessels that have carried petroleum prod-
ucts in peace and war to every quarter of the globe.

The L. P. ST. CLAIR, below, is one of eight large
vessels comprising Union Oil's present tankship fleet.
These ships, with cargo capacities up to 140.000 barrels
cach, carry refined products regularly to the Hawaiian
[slands and coastwise to many ports between Alaska and
Chile in South: America. It is the great economy of
transportation provided by these ocean-going carriers
that keeps gasoline prices in remote areas faivly equal to
those paid near refineries or in the oil fields.
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iIC con.
siderations also influence petroleum transportation mep
who are responsible for moving large quantities of re-
fined products across land. An installation that has
proved most suceessful in transporting natural’ gas and
is proving adaptable to refined liquids is the products
pipe line. Installation costs are high, but low operalion
and" maintenance costs compensate for the investment,

AL left is seen a gasoline pipe line emerging from the
ground at Roscrans Terminal, at the end of a 15-mile
journey from Los Angeles Refinery. Equipmen? in the
foreground checks the gasoline for possible contamina-
tion before it continues on into terminal storage,

2. Destnibution Ternmiseal

At the end of each products pipe line or near centers of
population served by water-borne ransportation are
located blocks of storage tanks where relatively large
quantities of refined products can be aceumulated. [rom
these, gasoline and other bulk commodities, suflicient
for the needs of all Company-supplied consumers in sur-
rounding areas, are distributed. A loading rack where
transporlation vehicles are filled, a warehouse for pack-
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aged commodities, an office and a garage usually com.
prise the other installations, collectively known as a
distribution terminal,

Below is an airview of Union Oil Company’s distribu-
tion terminal at Whittier, Alaska, where enough refined
oil must be stored to supply dependent areas until the
next tankship arrives. This terminal employs tankears
in transferring bulk products to nearby Anchorage and
to the busy Alaskan city of Fairbanks, many miles inland
to the north. Similar terminals dot the Pacific Coast
nearly to the tip of South America.
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A veteran transportali
75, Tankear ., A

servant that
bidding for its share of the oil business is the railway
tankcar, right. In addition to being rll\'mu] for. llong
gasoline hauls in a number of localities, tankcars serve
most satisfactorily in moving hot asphalt from refinerjes
to highway hot-mix plants or construction sites, Insu-
lated tanks and steam coils Keep the asphalt from harden-
ing in transit. Union Oil owns over 600 tankcars and
leases many more.

successfully

UHI'ON OIL

COMPANY
u. 0.c, X. 10345 ;

74, %am 7MWZ is the

means
by which most bulk petroleum: products find their way
from distribution terminals, over our vast system of
roads and highways, to within convenient reach of all
consumers. Carrying up to 8,000 gallons per load, these
vehicles move night and day, summer and winter, and
across all types of terrain, delivering petroleum products
as far as several hundred miles from the terminal supply
point,

At left are some of the transpont units assigned Lo our
Rosccrans Distribution: Terminal. They serve the Los
Angeles arca, wherein is located' the world’s largest con-
centration of automobiles and service stations. The Com-
pany’s fleet of 50 motor transports is augmented by an
even larger number of common-carrier units.

5 ’ S ’ Adja-
75, Warnketing Station ..,
to nearly every western town or cily is a neatly fenced
enclosure, normally containing several storage tanks,

an office, a warchouse and garage. Located on a rail-
way spur or highway or both, these installations, called

markeling stations, receive their petroleum supplies
either by rail or motor transport. The function of such
plants—Riverside Marketing Slation, below—is first to
find markets for all types of pelroleum products, and
then to keep every customer adequately served and
supplied.
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[ el S T el o PGB S functions of course require no
i Senuce Sialtion Lj‘i;““‘m S SRR
, \-\ body is familiar with their operations, products and services
y However, in concluding these “76 Views of Refining,” we should
| like to call attention, by way of summary, to a modern indus
lx trial miracle.

,f} This serics has intimated how, after costly exploration and

l e drilling, oil is pumped from thousands of feet underground
how it is cleaned and processed at gas plants or by means ol

n

other oil field equipment how it 18 transported via pipe
and tankship hundreds of miles to relineries- how it is refined. blended and tested v
scores of the largest and most expensive units men l"m.nu_;' ever designed and how
hipped and trans-shipped across additional hundreds of miles to market
Yet, whether bought by the Ir_'-l_:mn."-j'ii |'3|-_|llr:_-"l or sallon, oil produots are among he lea
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and an automobile about 80 cents a l."l'“.“'-'ll “-'-'I'-'irHI'HI.:' cosls less even than bottiec 11!
Lilled waler inomany eities, Bl when we ask [or hve ':l'i-]Ml]lI!. ol gasoline ab Lhe sant
Barbara and Crenshaw service station, above, in Los Angeles or at others bearing Hie
..I-;unn.]tl.,,-I 70, the conrteous salesman 18 anxion o offer many other services without exti
charge. Only our priceless American freedoms and competition could have made such ar

ceonomic miracle ||||-r.~.tHH.;

PAG L




WASHINGTON

NA

CUT BANK, MONTA
1 -“z; N \ . _“,I‘;I\' :‘.

MALTHA, CALIFORNIA AR SR

ey T G T = i L L27 &

L
by



1. To meet the p wWing |I|:'-|':|:¢‘_l:'|ln.ll_f Our L_oih'“”:lg_'ll
nd military economy, the UL s, o1l industry
1fik pent or sl l-'-hi”hn} 1mn new 'n::_uiﬂlr_lr'=[;l.-;
since World War 10§ |.H'11-I_;_- nns o .;_r.i:_u_.gui  the

capacity of the ';’I[I:l”_:t:l_ﬂ,"' 110m
I -

:_{1"|-' i'."i

Py, 153 g i miy
W drlr.:-_lhall|||__a_l_:|- 0l -|_|||:'

v |n|I
$12 bi |

categrories,

f'u_i||--;-:|||r_|_|. 1rom.

e Last year Union 01l made a total net proft

of 516,257,000, 856 ".-"f.",U“'|'.|gl;l this was plowed i
back into the business to meet the pxpanding ‘
needs of our customers. | y 10,638,001 JWas pa I|1||
ot -u-'llllnr'-f-'l--lli_F_. Lo our 't-_”llllir{lltl-.1rl-,i_!!h't{t.”tl".l_l-.:i

What did these dividend payments averapoe

{_1“;,‘!.:'!#' .”;IFI._.'

| BANK

158 J'“L'J NS

”1.!_.' 5. GOVT
SUBSID|

o e

}""'

$292

| $5.276

== |

|Jr | : 10,420

ey Irilu‘-|2-|'I||-H|'_r:r|
-f.-J.- WY T rel
L l| J'f"l."n'."lf._f-'l:r".' r'!w._.

1. 88 Y0 ‘] L L IMETLS Lo L0l f_‘ 1/, I.”".”-: *I-';Jf-rj_r".f.: coatl J'““_tu:_..
financed from reinvestod e typieal of the otl biigt-
profits. That perce Ee 1 HESE ..:'-:u 8 the large amount
" & :Ji;.ii.-lll.liF. Lin lllﬂ. ot'.":'nlr_uﬁ_. i of "*=-|lll';'-15| |r;:||_!|n|n.' '| for raw
.||§!.|||:_||.,' others. 'ha! .-Illl:,' material Il”l‘l’,“;::.,I:I._”;“"”,

WLEDOIYE LA I COEDOTIL ation '-,'j.l'n--_uu,;_ LiH 'hat's
tion profits will seriously why 1t takes an investment

*1] Ll th ] nlel g ECONOmIc nf SOT.000 in refin 108 -'Ii‘i_'!-.
rrowth and Sr1oUusiy oltoct ,,.-.J,_. riges, ol land L ote., Tor
walas tandaril ot il.."_.“-__ |.r'|r. .'l:.li'u 0ol | MNion '.l]"||;|'i--_ 7 ”:""‘

nout adeaquate nrofit emplove

nAnsion 18 1mpossibl

o, 1 |
;‘. = A Il
I MCORPORATED IN CALI
{ i X i (HEr LSy L O L [} iyl i}
LA C ST OF fLOnr il 1] Lid !
[ [ L ST L L LTINS LTS ()
J Yelil Lo 1l VL THLTL 1xLi
| [| { i
THIANRAN A IR N N 1 [Pl A& A | iR EiRil

;1 Im 1910 10 ruilnlli'.’}”lf ompany did an annug
\n_“l-lnl_'un “‘||f-’ ull“ﬂilu

of the

do an annual volume
“’tn)lll ".'-r,'l:l:qr' ”I:!r-'n—':ll[l;:lg_"g.1||'- thoe
Jh_llif!_;ll'-'I.'|1,{'.':_|'r:i‘_i'nv,'u'-_

3.

e

Jl_—_.l_J_|u)ﬂ|h:l_|:hr[.'l:!

1'hi

AT |||0I_=

-_|J:|

|i|:‘h'|: u'u;-"r:--,'

lot

¥ P A
oF money, DL 1 LS (e
LT O (L 4‘-]-- 1 ,f|...f1,|_"i' 1YY

W nave over
il

(nl C
8L

AImjpyiny

only 1''s%s of the
I f | (i |
L S U W Y .}
) \ - .
] \
» N \ X
NIA OCTD |
i L F i by LM f
()i § f L el
i L il L] [}
2 FTENEy i (]
Hix Rl FARLE

{
'.\;1|||

tockholder

SO 000 imdivied
i‘rrhf!-““]“‘l 'S 1Y

Lhe Unior
nMir lnre
DA T
-:u]::.il Ltock
. TRT
A W 1
o N
1 2 [
of i (1 : |
1
1 07
i
] i
1 | ‘I 1 i

well

:u.g DIE

Ttotnl

OYEer

AT
D11 DUSINeSE

i o
3,000
67,000

f



