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DETACHABLE SUMMARY

Method Developed

The study effort was directed towsrd developing a method for rapidly
estimating to what extent petroleum refineries would be affected in the
event of a nuclear attack on the United States, The method developed en-
ables the user to estimate the repair requirements, and the corresponding
production capabllities, of petroleum refineries after blast damage from
overpressures of 0.5, 1, 6, and 10 psi, Thus, it is possible to predict
what a given level of repair effort will buy in terms of petroleum prod-

ucts, when it iy known which refinery is hit, and with what overpressure,

The estimating method wis used during the study to produce the fol-

lowing major conclusions:

¢ After 0,3-0.5 psi, a refinery can produce the same propoertion of
products but at about 70 percent of the initial capacity. This
reflects the asgumption that at this overpressure refinery capac-

ity 18 directly related to remaining cooling tower capacity.

« After 1,0 psi, a refinery temporarily shuts down, but with minor
emergency repair to process controls, it can operate at about S0

percent of initial capacity,

e After 1.5 psi, a refinery is totally shut down, primarily because
of process control damage by roof collapse in each of the numer=
j ous individual refining process control rooms. Vulnerability at

higher overpressures is summarized in Section 1V,

The physical items needed for refinery repair after blast damage

are:
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¢ Lubor in terms of man-days and major skilis

o Equipment, by type

¢ Material, by type

Repair labor requirements wire developed by study of the average
slze refinery of each type at each selected overpressure, The require-
ments are shown graphically in Figure 2, nas best=f1t curves of dota from
average refineries, indicating a range of man~days for a given initial
refinery capucity at a specified overpr-ssure level, This report dis-
cusges how the repair requirements are developed and Aescribes all the
¢lements that are covered. Analysis of conclusions indicates that repalr
codts calculated by the method developed are consisteut with overall aver-

age costs of building new refineries,

Repair Decision

After blast damsge to petroleum refineries, certain decisions must
be made before repairs to restore production are begun. The decisions

will hinge on what products are needed and what repair effort is available,

Reclaiming refinery capability for light fuel products such as gaso-
lines, jet fuels, and diesel fuels (most likely to be in domand during a
period of postattack repair) will require decisions in three areas and
will be governed by what products are most needed, and what minimum grades

will meet users' demands. The three decision sreas are:

¢ The order of repairing refinery processes
¢ The stage to which the repair is to be made
o The substitution of an alternative crude oil for the refinery's

“normal” supply

Reclaiming reiinery capability for producing specialty products, such
as asphalts and lubes, will require decisions on where to produce these

products, for example, whether to:
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¢ ¥Yully repair the speclalty refinery

PO P P

o Partislly repair the spocialty refinery, the comparable specialty

processing unite of fuel, and the complete processing refineries

+ Repair the comparable portion of the fue)l and the complete proc-

esping refineri¢s rather than the apecialty refineries

e v s SO

Application of the Method

The followinp sequence for the repair of petroledm refining proc-

essey, wmpuasizing gasoline producrion, i» umsed in this report:

Repair
Stage Repair Effort
A Repair the crude oil topping processing unit
] Repair processing units that convert heavy petroloum

fractions to gasoline-typo products
Repair preocessing units which upgrade gasolines

Kepair all other proceasing units producing nonfuels

Using this sequence of repair stages, the reader can refer to Fig-
ure 2 (based on average refineries) and deteraine, for any refinery ca-
pacity at n apecified level of blast overpressure, the level of repair
effort in man~days that ig required to restore the refinery to 100 per-

cent production, For example:

A 24,000 B/D refinery is expected to require 60,000 to 90,000
man-days of repair labor to return it to 100 percent of initial

capacity after 10 psi overpreossure

Also, for any refinery product, by type of refinery, the reader is
given tables and charts from which to determine the amount of a product

(ag a percent of initial refinery capacity) that can be produced after
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ench succoanive repair stage. These relationships for gosoline are illus~

trated in Figure 3, For exanple:

Before blast dampge, gasoline constitutes 50 poercent of ini-
tial total products from a small fuel refinery. After 10 pai
ovarpressure a 24,000 8/D umall fuel refinery has the produyc-

tion capabtiility shown below,

Cumulative Gasoline Production
Repair Percent of
Repair Fffort, initial Total Percent of Initial
Btage Xan-Days Products Gasoline Production B8/
A 28,000 15% 30% 3,600
; B 61,000 2 58 7,000
: ¢ 76,000 40 80 9,600
D 77,000 80 100 12,000
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Results of seneitivity analyses on refinery sizes show that for re-
fineries of the sama type, but of different siszes, the cinges <f repair
effort (Ropair Stages A, B, C, and D) are proportionel to the corresponds

ing repair stages of the average size refinery.

This means that, for any refinery type, an sstimstor can simply cal-
vulate the ratio of the tndividual repair stage to the cumulative repétir
atage for the average size refinery of & particular type, &pply that ratie
to the repair requirement estimated for repair to 100 percent capability
(totul of Repair Stoges A, B, C, and D) of that refinery size, snd derive
repair reoquirements for the other repair stagos, This is illustrated by

4 simple example, below,

Given: 24,000 B/D small fuel refinery
Repair Stage A = 28,000 man-days
Repair to 100 percent capacity (A+BeCeD)
a 77,000 man~days

. A
Ratio MBCeD 0.3¢6

Then, to find the repair requirement for Stage A for a small fucl

refinery of a different size:

90,000 B/D small fuel refinery
Repair to 100 percent capacity (A+B+CiD)
= 285,000 to 335,000 man-days

Ratio of = 0,36 (given above)

.
A+B+C+D

Thus: 0.36 x 285,000 and 335,000 = 103,000 to 120,000 man-
days for Repair Stage A

Each refinery has its own "normal’ input of crude oil, Following

an attack, conditions at producing oil fields or in the tranaportation

§5-6
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aydten may necegeitate supplying & refinery with an alternilive arude
011, The "normal” crude nil input to fuel and complete processing ro-
fineries ts considered to be one of thée three “major’ U.5. crude oil
types; "normal’ input to sepecialty refinories is considered to be une
ol three representativé special crude oil types. The elffwct of supply-
ing & refinery with one of the other two of thé ithree mmjor U. 3, crude
otl typos ratheér than with what this study judged to be that refinery's

"normal” supply of crude oil {a illumtrated by the following examplas:

A 24,000 B/D gmall fuel refinery, after 10 psi overpressure,
with its norsal crude oil and alternative crude olls haa the

production oapability shown below,

Total Production as
Percent of Initial Capacity

Repair Norwal Alternative
Stago Crude Oil Crude Otlls
A 44 25-28%

B 82 28=33
c 79 31-37
D 100 33-42

Summnry of Results

The method for estimating production capabilities and requiroments
of refineries after & nuclear attack iy summarized in Tables 1, 2, and
3. Table 1 gives, for each type of refinery, the product percentages
available when the refinery is undamaged (0 psi), and at two levels of
low overpresgsure: the range of 0,.3-0.5 psi, with no repsir effort, and
1 pai, with only emergency repairs to the crude topping unit. Table 1
can be used for any size refinery of the type specified; it gives the
normal product mix and shows the immadiate effect of damage in the low

overpressure ranges, where refineries are still operable.
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At overpressures of 1,5 psi or greater, repair to refineries becomes
necessary for them to operate., Table 2 gives product percentages after !

each of the four repair stages for an average size refinery of each type,

s

thus showing the incremental production that each repair stage affords,

Table 3 gives the man-days of repair effort required at each repair {
stage and for each level ©of overpressure for an average size refinery

of each type,

The only data the estimator has to supply are readily available from

industry published periodicals, journals, or reference material:?

s Refinery type and initial capacity in B/D
s Type of crude oil used, including both the '"normal" crude oil

supply and an alternative (supplied in the report)

It is recognized that in a postattack environment the relative demand

o T s G, € i | % 7

for individual products will not be the same ss before an attack. Because,

refining processes produce a combination of products, a relatively high
demand for one product creates a surplus of '"other” products. Management
and planning must consider ugses for, or ways to dispose of, these other

surplus products. For example, kerosene and diesel tyvwe products normally

[ S

represent about one-third of total products, In a postattack condition
] if the demand for gasoline and residual fuel rises so that the demand for
kerosene and diesel products drops to one~fourth of the total products,

a surplus of kerosene and diesel equivalent to one-twelfth of the total

products would occur, Even with reduced total products of 6 million bar-
rels per day (slightly more than 50 percent of current production) this

represents a surplus of 1/i2 x 6,000,000 = 500,000 B/D, The surplus prod-
ucts will eventually create tremendous storage problems. A few potential

solutions include: partial blending of surplus products into required

products, reprocessing of surplus products to make required products, or

re-injecting surplus products into underground storage.
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i INTROIUCTION

The U.8, potroleum refining industry is regarded ss oritical to the
continued national viability. In the event of damage by attack, petro-
leun refining capscity is expected ie be of primary interest, with em-
phasis on restoration of a2 petroleum refining level required for that
viability. To plan the recovery of the petroleum refining industry, it
is essential to be able to estimate (1) the extent of damage by blast
overpressure levels, (2) the capability of individual refineries to pro-
duce products as they stand or with increments of repair effort, and

{3) the repair effort needed,

Objectivae

The overall purpose of this study was to describe individual V.3,
refineries and their normal modes of operation and derive a means for
estinmating refinery production capability and the repair effort needed

after sxposure to selected blast overpraessures.

Specifically, this study was aimed at developing a means for esti-
mating the capability of refineriss to produce petroleum products after

exposure to blast:

With no repair
After partial repair
After full repair
By -product group

By averpressure level




S8cope and Method

The U.,5, petroleum refining industry is made up of 267 refineries
which process more than 200 different types of crude oils, Over 100
individual refining processes, and at least 50-100 types of equipment
ars uysed by these refineries to produce well over 1,000 different

products,

Analysis and grouping of the pertinent factors related to thege
aspects of the U,S. petroleum refining indumiry represented a major ef-
fort in this gtudy. To develop a procedure for estimating production
capabilities and repair requirementsg after a nuclear attack, it was
necessary to bring industry descriptors down to a meaningful number.

These reductions are described below,
« The 267 refineries are represented by six types:

Large fuel®

Small fuel® 94 percent of U,S. Capacity

Complete processing

Asphalt

Asphalt and lube 6 percent of U.S. capacity
- Lube
¢ The 200+ crude oils are represented by three major types of
crude oil from the largest producing oil fields and three
specialty crude oils:
~ 30°-40° API Gulf
- 20°-25° AP] ‘(est Coast )Largest
20°-25° API Midcontinent

- 10°-15" API asphaltic |

- 10°<15° API asphaltic ‘

1t
and lube Specialty

~ 30°-45° API lube

¢ Large fuel and small fuel refineries are differentiated by included
processes,
2




¢ The more than 100 individual refining pcocesses are represented
by the 16 most used

o The 50-~100 types of equipment within processes are represented hy
25 1tems wost vital to process operation, most susceptible to
blast damage, and requiring largest labor input for repair

e The 1,000+ products are represented by seven groups, according

to common characteristics

The reduction process is summarized graphically in Figure 1.

INFUT PROCESS RESULT
CRUDE OiLs REFINERIES
200+ 287
3 “Major™ B —— 8 Types
J “Special™ J
PROCESSES
100+
16 Most Used
¢
BLAST EOUIPMENY PRODUCTS
EFFECTS 50-100 1000+
Oumags and e 26 term ——pen ? Groups
Repeir

W Barreis Per Day Or a8
Percant of tnitisl Capecity

FIGURE 1 PETROLEUM REFINING INDUSTRY MODEL
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To abstract the petroleum refining industry to this extent, it was
0f course necessary to make many simplifying mssumptions. These are

pointed out throughout the report, where appropriate.

The data used in this study refiect the most recent information
availsble, The topics asddressed are described below.

Processing

The petroleun processing characieristics of CONUS crude oil refin-
eries are considered, A representative 'normai’ crude oil and alterna-
tive crude oils for processing are selected on the basis of production

records and refining characteristics.

Refineries in Alaska, Hawail, U.S. protectorates, or areas contigu-
ous to the United States are omitted, These latter areas could prove to
be of limited utility to the United States in a time of nuclear conflict,

Blanrt Effects

Levels of refinery damage are characterized in terms of blast over-
pressure, This damsge mechanism is better understood than other damage
mechanisms and, in addition, overpressure provides a direct link with the
nuclear environment., Although other damage mechenisms of wind, chermal ef-
fects, electromagnetic pulse, or the secondary effects of debris-missile
or fire are recognized to be important, their coverage is beyond tlie scope

of this study.

Repair Requirements

The analysis is based on the major requirements for the rebuilding
of the essential parts of a petroleum refinery after debris has been cleared
and the area determined safe for repair work. Major requirements include
1 labor of reconstruction, principal skills or crafts, and corresponding
needs for equipmant and supplies, Essentisl parts of a refinery include

1 only those items necessary to the refining operation.
4




Capacitios and Yields ;

Accepted gbbreviated methods:* are used in estimating refining ca-
pacities and product yields from selected crude oila after various blast

ovorpressures, The capacities and yields are expressed as B/D (barrels

per day) or in terms of initial capacity undor conditions of no danuge. %
The capacities and yields mnd the repair requirements are expressed as 3
-
functions of blast overpressure, %
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II SUMMARY AND CONCLUS IONS

Method Developed

The study effort was directed toward developing a method for rapidly
estimating to what extont petroleum refineries would be affected in the
event of a nuclear attack on the United States, The method developed
enables the user to estimate the repair requirements, and the corre-
sponding production capebilities, of petroleum refineries after blast
damage from overpressures of 0,5, 1, 5, and 10 psi. Thus, it is pos-
sible to predict what a given level of repair effort will buy in terms
of petroleum products, when it is known which refinery is hit, and with

what overpressure.

The estimating method was used during the study to produce the fol-

lowing major conclusions:

e After 0,3-0.5 psi, a refinery can produce the same proportion of
products but at about 70 percent of the initial capacity. This
reflects the assumption that at this overpressure refinery capac-
ity is directly related to remaining cooling tower capacity.

¢ After 1.0 psi, a refinery temporarily shuts down, but wiih minor
emergency repair to process controls, it can operate at about 50
percent of initial capacity.

» After 1.5 psi, a refinery is totall shut down, primarily because
of process control damage by ronf collapse in each of the numer-
ous individual refining process control rooms. Vulnerability at

higher overpresgures is summarized in Section IV.

The physical items needed for refirery repair after blast damage are:




¢ Labor in terms of man~days and msjor skills
« Equipment, by type
o Material, by type

Repair lsbor requirements were developed by study of the average size
refinery of each type at each selected overpressure, The requirements are

shown graphieally in Figure 2, as Dest-fit curves of deta from average re-

L e T AV e iy M e i Al S N s o o e o e b i T

fineries, indicating a range of man-days for a given initial refinery ca-
pacity at @& specified overpressure level, This report discusses how the
repair requirements are developed and describes all the elements that are
covered, Analysis of conclusions indicates that repair costs calculated
by the method developed are consistent with overall average costs of butld-

tng new refineries,

Repatir Decision

After blast damage to petroleum refineries, certain decisions must

L

be made before repairs to restore production are begun. The decisions
will hinge on what products are needed and what repair effort is available,

Roclaiming refinery capability for light fuel products such as gaso- )
lines, jet fuels, and diesel fuels (most likely to be in demand during a |

period of postattack repair) will require decisions in three areas and

P Tye

will be governed by what products are most needed, and what minimum grades

will meet users' demands. The three decision areas are:

e N

e The order of repairing refinery processes
¢ The stage to which the repair is to be made

« The subgtitution of an alternative crude oil for the refinery's

"normal” supply

Reclaiming refinery capability for producing specialty products, such

as asphalts and lubes, will require decisions on where to produce these

¢ e A . e S s o . KA e vt . ——— 3
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products, for example, whather to:

e« Fully repair the specialty refinery

o Partially repair the specialty refinery, the comparable spociaslty

_processing unite of fuel, and the cowplete processing refinorics

¢« Ropair the comparable portion of the fusl and the complete prog-

esuing refineries rather than the specialty refineries

Application of the Method

The following sequence for the repair of petroleum refining proc-

esses, emphasizing gawoline production, 1s used in this report:

Repatr

Stage

A

Ropair Effort

Repair the crude oil topping processing unit

Repair processing units that convert heavy petroleum
fractions to gasvline-~type products

Ropair proceassing units which upgrade gasolines

Repair all other processing units producing nonfuels

Using this sequence of repair stages, the reader can refer to Figure

2 (based on average refineries) and determine, for sny refinery capacity

At a specified level of blast overpressure, the level of repair effort in

man-days that is required to regtore the refinery to 100 percent produc-

tion, For example:

A 24,000 B/D refinery is expected tao require 60,000 to 90,000

zan-days of repair labor to return it to 100 percent of initial

capacity alter 10 psi overpraessure

Also, for any refinery product, by type of refinery, the reader is

given tables and charts from which to determine the amount of a product

(as & percent of initial refinmery capacity) that can be produced after

. 0
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¢ach successive repair stago, These relationships for gasoline are illus-

trated in Pigure 3, For example: i
N

Before blast damage, gesoline constitutes 50 percent of ini-
tisl total products from a small fuel refinery. After 10 psi
overpressure a 24,000 B/D small fuel refinery has the prodisg-

: tion capability shown below. J
4
f Cumulative Gasoline Production 1
! Repair Percent of
' Repair Bftort, Initisl Total Percent of Initial
' Stage Man-Days Products Gasoline Production B/D
' A 28,000 15% 30% 3,600

B 81,000 29 88 7.000

C 76,000 40 80 9,600

D 17,000 50 100 12,000

[t e T T l T T T T T 12
g : !
3 3 - mé {
PR ¢
!‘ 03-08 t0eu 800w 100 o -8 Y *
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g | H
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g I
[ ] o o
t . WP AIN ETAGE A g {
= - - D s mme ey wmep mi
5 r - o WEPAIR STAGE §
.
g 00C00- MPAIR STAGE C —
£, . | . , | e nirAn stact o
¢ 10 ) x © w © ) © w100
HAN.OAYS IN THOUSANDS

@)+ UNDAMAGED CONDITION
@) 70 PERCENT DPERAYION AFTER 02-03 po
el + S0 PEACENT OPEAATION AFTER 10 gy

FIGURE 3  GASOLINE YIELD RESULTING FROM REPAIR EFFORT
AT SELECTED BLAST OVERPRESSURES: SMALL FUEL
REFINERY, 24.000 BARRELS PER DAY CAPACITY
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Resulta of sensitivity analyses on refinery sizes show that for
refineries of the pame type, but of differont sizesy, the stages of re-
pair offort (Repulir Stages A, B, C, and D) are proportional to the cor-

responding repair stages of the average size refinery.

This wmeans that, for any refinery type, an cstimator can simply cal~-
culate the ratio of the individusl repair stage to the cumulative repair
stage for the average size refinery of o particular type, spply that ratio
to the repair requirezment estimated for repair to 100 percent capability
(total of Hepair Stages A, B, C, and D) of that refinery size, and derive
repair requiremsents for the other repair atages. Thias is illustrated by

A simple example, below,

Given: 24,000 B/D small fuel refinery
flepair Stage A = 28,000 man-days
Repair to 100 percent capacity (A+B+«C+D)
= 77,000 man-days

A
Ratio K—m = 0,36

Then, to find the repalr requirement for Stage A for a small fuel

refinery of a different sise:

80,000 B/D small fuel refinery
Repair to 100 percent capacity (A+B+C+D)
= 385,000 to 335,000 man-days
Ratio of A = 0,36 (given above)
A+B+C+D
Thus: 0,36 X 285,000 and 335,000 = 103,000 to 120,000 man-
days for Repair Stage A

Each refinery has its own "normal" input of crude oil. Following

an attack, conditions at producing oil fields or in the transportation

12




system may necessitate supplying a rafinery with an salternative crude
oil. The "normal'' crude oil input to fusl and couplete processing ree-
fineries ius considered to be one of the throe "major" U.5. crude o4l
types; "normal'’ input to specialty refineries is considered to be onc
of three representative special c¢rude oil types:. The sffect of supply~
ing o refinery with one of the other two of the three major U.8, crude
i oil types rather thapn with what this study judged to be that refinory's

“normal' supply of crude oil illustrated by the following example:

] A 24,000 B/D small fuel refinery, after 10 psi overpressure,
with its normal crude oil and alternative crude oils has

the production capability shown below,

Total Production as
Percent of Initial Capacity

Repair Normal Alternative
Stage Crude O1il Crude Oils
A 44 25.-28%
: B 62 28.33
' c 79 31-37
D 100 33-42

Summary of Results

The method for estimating production capabilities and requirements
of refineries after a nuclear attack is summarized in Tables 1, 2, and
3. Table 1 gives, for each type of refinery, the product percentages
available when the refinery is undamaged (0 psi), and at two levels of

I low overpressure: the range of 0.3-0,5 psi, with no repair cffort, and

) 1l psi, with only emergency repairs to the crude topping unit. Table 1
can be uged for any size refinery of the type specified; it gives the

! normal product mix and shows the immediate effect of damage in the low

i

overpressure ranges, where refineries are still operable.

13
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At overpressures of 1.5 psi or greater, repsir to refineries becomes
necessary for them to operate., Table 2 gives product percentages after
each of the four repair stages for an average size refinery of each type,

thus showing the incremental production that each repair stage affordas.

Table 3 gives the man-days of repair effort required at each repatr
stage and for each level of overpressure for an average size refinery

of oach type,

The only data the estimator has to supply are readily available from

industry publighed periodicals, journals, or reference wmaterial:®

o Rufinery type and initial capacity in B
e Type of crude oil used, including both the "pormal" crude o4l
supply and an alternative (supplied in the report)

It is recognized that in a postattack environment the relative demand
for individual products will not be the same as before an attack, Because
refining processes produce a combination of products, a relatively high

"

demand for one product creates a surplus of “other" products, Mansgement
and planning must consider uses for, or ways to dispose of, these other
surplus products, For example, kerosene and diesel type products normally
represent about one-third of total products, In a postattack condition
if the demand for gasoline and residual fuel rises so that the demand for
kerosene and dlesel products drops to one-fourth of the total products,

& aurplus of kerosene and diesel equivalent to one-twelfth of the total
products would occur, Even with reduced total products of 6 million bar-
rels per day (slightly more than 50 percent of current production) this
represents a surplus of 1/12x 6,000,000 = 500,000 B/D. The surplus prod-
ucts will eventually create tremendous storage problems, A few potential
solutions include: partial blending of surplus products into required
products, reprocessing of surplus products to make required products, or

re-injecting surplus products into underground storage.

17
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I11 INDUSTRY DESCRIPTORS

In the United States today there are 267 crude oil refineries®s3
which use many different processos and modifications of these processes.
They refine orude oil, or mixtures of arude cils, from at least 200 dif-
ferent oil fields,? The product markets they serve are as varied as the

U.8. economy is diversified,

As o result of these factors, no two refineries are exactly alike,
There are, however, some overall similarities. The contribution of this
study is in anslyzing the components of the U.S. petroleum refining in-
dustry, abstracting the similarities, assembling representative types to
wake it possible to apply estimating factors and carrying out the calcu-
lations in making the estimates, This section details the bases and as~

sumptions used to arrive at the initial production capabilities in the
industry.

This study approaches the analysis from the standpoint that the effect
of nuclear blast on refineries is similar for similar tyvpes of refin-
eries and that these effects can be related to refinery type and capac-

ity. Simplifying assumptions are made and relationships are developed
in the following areas:

s Crude oils
e Refinery types
s Processing

e« Equipment included in refineries

+ Products

A petroleum refinery is a group of manufacturing processes organized

and coordinated to achieve both physical and chemical transformation of

18
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a particular type of crude o1l into salable products that meet the qual-
ities and quantities required by the product market supplied., In general,
petroloun refining consists of separation of a crude oil into itg parts,
changing the structure of ihese parts under various conditions of tem-
persture and pressure (using catalysis where necessary), and recombining
and treating these parts with chemicals and additives to meot m produst

wix demand.

Many of the processey usced to soparaie the crude 03l into its parts
are fairly standard throughout the industry. Normally, the separation
is by fractional distillation (fractionation). Al) of the materials that
boil above a given temperature, at a particular pressure, are separated
from those that boil below that temperature at that pressure. Sequential
selection of temperatures and pressures permits the separation of a crude
oil into many fractions. This separation process is used in all the
initial processing steps and in the preparation of products intermediate

to structural change.

Refinery processes and equipment are chosen, sized, arranged, and
interrelated according to the crude oil that i¢ available and the prod.-
uct market that the refinery serves. For each refinery type, ths author
has postulated an average refinery. Thig cousists of typical processing
equipment sized to operate at capacity and produce the product mix rep-
resentutive of that refinery type when using a “normal" crude oil rop-

resented by the predominant U.S, crude oll,

It is recognized that, within a particular refinery type, the crude
o0ils input to individual refineries will differ, Some refineries proc-
¢ss a heavier crude, while others process a lighter crude. However, it
is assumed that there are compensating differences in the included proc-
essinyg equipment to permit refineries of one type to produce similar

product mixes. Jt is also assumed that the equipment differences do not

20
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saterially change the postettack refinery repair requirementd or produc-

tion capabilities from those shown for the average refineries.

Substitution of alteraative crude oils in each of the postulated
refineries will 1n£1uence'tha product wix, depending an the charactar-
istice of the alternative crude oils and the refinery processing oquip-
mont. The result is potentislly an unbalanced product mix (the product
wix volumes do not coincide with product market demand) and & resultant
refinery throughput decreage because of individunl process limitations,
For example, a refinery spacializing in the heavier products, such as
asphalts, algo produces gawoline; u refinery that is producing light
products (gasoline, kerosene, and diesel) also simultanecusly produces
higher-boiling fuel oil materials, If the amounts of fuel oil produced
by the latter exceed the demand in that refinery's market area, the
overall operation of that refinery is unbalanced: fuel oil will accumu-
late, and eventually storage problems will force the refinery to shut
down. Similar problems would occur with light products, if refineries
usé alternative crude oils lighter than they are designed to process.
For example, the use of a light crude in a rufinery specializing in
heavy products, such as asphalt, would create a light products storage
problem, To balance its operations, a refinery would have to include
a degree of cracking and related processing to convert enough of the
haavier fuel 0ils into the lighter products to meet market demands.
Such factors have been taken into consideration in the development and

equipping of refineries.

Crude Oils

At the well-heads or in the producing oil fields, small amounts of
gas and light gasolines are removed from crude oils. The remaining major
portion of the crude oil then goes on to become input to a petroleum re-

finery. The crude oil that reaches the refinery is still a complex

21
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mixture, renging from light hydrocarbons that can be used in gasoline to

the hoavieswt hydrocarbons, which can only be uned i sephalts,

ERCR SRR

Tha composition of ¢rude oil from gome producing fields is distinct,

|
i

and a few particular crude oila sre segregated for dpucific purposes--

B 15 F VR

somg for use in speciplty-type rafineries, others because of undesirakle

L
il

£

refining characteriitics that require specialized relining procomsses.

However, most of thae crude oily from the producing fields sie blefderd
with gimilar crude oile frow the nama locality during the delivery to
a refinary, The characteristica of the bleuded trude oil streawm zay in
wany regpects be similar to characteristics of the crude oil that con-

gtitutes the lurgest field volume in the blend.

R s e s SR A it b b

In thig study, the normal crude oil supply to the major portion of

petroleum refining cowpares to the largest volume of U.8, crude vil pro-

e
P ‘&

%L

duced; alternative supply available compares to the next largest volumes

produced,

In the Gu)f Coast area, c¢rude oilg from the largest producing flelds
are relpstively light (30°-40° APl gravity range), On the West Coast
there are fewer large fields, but all the crudes are somewhat heavier
than thoge from the Gulf (in the rango of 10°-40° API, clustering around
20°.-30° API). 1In the Midcontinent ares thore ure a fow large, widely
gseparated fields with some woderately heavy (20°-30° API) and some light
(30°-40° API) crude oils,3:4:5,8

Published production volumes®:*” from the BR largest producing oil

s AE T AN A 2l A T, iy S it

fields include about 42 percent of the total U.,5, production of crude
oil. The percentages from thegse largest volume oil fields grouped by

gravity range are shown below.
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Gravity Range, API*

Producing Fields 10°-20° 20°.30° 30°.40° 40+’
Gulf Coast area 4% 3% 5%
Wost Coast area 1%t 'Y 1
Midecontinent area . _33 igs —

Total 1% 10% 6% 5%

The largest volume of trude oil used by refineries ia is the 30°-40°
API gravity range; over hulf of the 42 percent is in this rengo, The
erude oil production most reprosentative is that from the Gulf Coast
area, This crude oll was s¢lected as being comparable to the “normal’
crude supplicd to the largest part of U.5, putroleum refining industry,
the fuel and completo processing refinerics, Crude oils selected as
baing compavable to altornative crudes asvailable to thesec refineries

vere:

o 20°-25° API West Coast area
s 20°-2% APl Midcontinent area

The 20°-25° API Midcontinent crude (2 percent of U.S. production) was
selected over the 30°-40° API Midcontinent crude (3 percent of U.8,
production), because, under postattack conditions, the widespresd geo-
graphica) locations of fields in the latter gravity range group could
limit the availability of that crude oil to the refineries.

These consideratioms apply principally to the larger refineries,

which produce a complete range of products or mainly fuels. Smaller

* High grovity numbers ia degrees AP! reflect light crude oils.
+ In the 10°-15° API range.

¢ In the 20°-25° APl range,

§ Widely separated oil fields,

a3




T e Tl T R YRR e

#pecialty refineriss normally use only crude oils segregrted specifically
for their use, A process similar to that desoribed abuve resulted in &
»eloction of thres reopreosentative specialty crude oils, agaein with the
conpidoration that a cruds oil comparable to only one of these wuould
reprosent that specialty refinery's "mormal" supply. The specialty orude

oily selected ware as follows:

Type of Refinery Conxparsble Crude Ofl
Asphalt 10°-15° AP? asphaltioc

Asphualt and lube 10°-158" API asphaltic and lube
Lube 30°-45° API lube

Unable alteranative crude oila for specinlty refingries are ths three
largest production crudes aselected for fuel and complete processing re-

fineries, This 48 shown in sunmary form as follows:

Fuel and
Complete Asphalt
Crude 01l Processing Asphalt and Lube Lube

30°~40° APY Oulf R A A A
20°-28° API West Coast A A A A
20°.-35° APf Midcontinent A A A A
10°-18° API assphaltic N
10°-15° AP asphsltic and lube N
30°-45° API lube N

Note: R = comparable to "normal" crude oil supply,
A = comparable to alternative crude oil supply.

Underlying the selection of representative types of crude oils was
the assumption that in ths event that 'normal" crude oils were unavail-
able after an attack, crude oils comparable to the other categories

would bo available, Becauge an attack might disrupt a refinery's

24
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"normal” supply, snd because differences in crude oil imput sffect a
retinery's production capsbility. Each refinery would be able to oper-
ate, but at differing levels of production, by use of one of the alter-

native crudes for input,

Refinery Typos

Refinerios way be grouped by similarities in size and in typos of
products produced, Similar typoes of products imply similar types of
processing units, and this in turm reflects similar refining equipment
in those processing units. Refineries primarily producing fuels com.
prise about 84 percont of the nation's crude oil refining capacity, The
primary purpose of the remaining 6 percent ia the production of specialty
products, asphalt oy lube, or a combination of these, Within each of
these two groups, fuels and spooialties, thore are similaritios in size

and degree of c¢oumpleoteness in the line of productsa,

In goneral, the small refineries include only the simple processes,
such as skimming or topping, and produce a limited number of types of
fuel and asphalt products. Conversely, the large refineries are complex
and produte many products. Both characteristics, refinery size and types

ot products, are important.

The details necessary for categorizing refineries are available in
published trade journals.® The categorization selected for this study
was that developed by W, L, Nelson.? In using Nelson's categorization
system, each rofinery's processing characteristics were investigated
separately, rather than with refineries grouped by large company owner-
ship. Peacetime operations by large multirefinery companies frequently
include shipments of intermediate or partially finished oil products
between owned refineries. In tae event of attack, these ghipments may
cease, changing somowhat the processing characteristics of some refin-

eries. For this reason, the categorization used in this gtudy, reflecting
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conditionsy after Llasl damage, mey differ slightly from the uiusl peace-
time categorization. Petroleum refineries have been grouped into six
categories that give recognition to both the types of products and the

raefinery size:

s Large fuel

¢ Small fuel

¢ Complete processing
s Asphalt

s Agphalt and lube

o Lube

This grouping reflects the use ¢f particular refiniong processes in
the manufacture of particular products. In developing the six categories,
each refinéry, with 4ty production capacities, is identified according to

five typoes of processes in combinations:

¢ Alkylation (manufacture of aviation gasolines)

o Polymerization (manufacture of gusolines from light gaeses)
o Lube products

o Coke

e Asphalt

Table 4 gsummarizes the six refinery types by combinations of process
types, and details the capacities, nuzber of refineries, and average

capacity for each type.

All large fuel refineries include alkylation processing, while com-
binations of the other four selected processes are fairly well distributed,
The large fuel refineries account for the largest part of U.S. refining--
about one-half of the total U,8, capacity--but thig category includes
less than one-fourth of the total number of refineries. Capacity of the
large fuel refineries averages 78,000 B/D, with the largest capacity at
241,000 B/D and the smallest at 36,000 B/D,
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About one-half of the number of sxmall fuel refineries aversge only
abc 5,400 B/D capacity and do not include sny of the five major re-
1: g processes listed above. Most of the other half of the small fuel

t . neries have alkylation and asphalt processes. The total number of

6 'ell fuel refineries 1is about ome-~-half of the total pumber of refiper-

ieg, but the totul small fuel capacity is only ons~fourth of the total
U.8. capacity. The average capacity of the small fuel refineries approxi-

gy o M S e

zatag 24,000 B/D, with a capacity range from 185,000 B/D to 700 B/D,

In the complete processing refinory category, processing is fairly
evenly distributed among the combinations of the five melec¢ted processes.
Capacity approximates one-fifth of total U.S, capacity and is contained
in only 12 refinerjes--less than 5 percent of the total number of U.S.

refineries, The uverage capscity of this type of refinery is about
194,000 B/D, with a range from 418,000 to 34,000 B/D,

The remaining three types of refineries include the small specialty

refineries: asphalt, asphalt and lube, and lube, None of them have
alkylation procesging, but each has either asphalt or lube processing,
or both, depending on their primary product line. Capacities of the
three types together comprise only 6 percent of the U.S. total refining
capacity., Capacitlies range from a high of 35,000 B/D to a low of less
than 1,000 B/D.

SRR

Processing i
) g
Within the refinery, the crude oil is fractionated into parts, the %
parts processed to change their structures, and the resulting producis % '
{ractionated further, recombined, and treated as necessary to meet mar- %
| <
L

ket demand. Technology in the structure-change processes has progressed
rapidly, so that there are more than 100 identifiable processes® and

their modifications, with no one process bheing dominant,

P
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¥, L, Nélﬁchz has developed a grruping of processes adaptable to

; this study; he reduces the more than 100 processes to 16, Table 5 de=-

tails the 16 process types,

This study considers that tho processing unit in major use in ¢ach

type of structure-~change is representative of that process. For example,

Orthoflow Fluid catalytic erscking is selocted as representative of all

catalytic cracking., Table 5 shows both the choice of the individual
i procass within each process type and the index of capacity of each of

these 16 processes, in terms of crude topping capacity for each of the

8ix refinery categories., Because sequential processing, recycling, and

reprocessing of tha various intermediate products is necessary in normal
refining operations, the total of the processing unit capasity indices

excaeds 100 for all refineries,

The sequences and relative capacities (capacity indices) of proc-

esses are illustrated in Figure 4, a simplified flow diagram of a com-

plete processing type of refinery. This shows the respective locations

and capacities of the principal types of processes in the overall re-
fining process flow,

: Equipnment

The study took into consideration that, ideally, all equipment in
a petroleunm refinery is needed during the normal day-to-day operations,

However, emergency refining operationsg, such as could exist in & post-

attack period, may be performed with some pieces of equipment out of {

gservice, To estimate accurately both a refinery's postattack production

; capability and repair requirement, it is essential to knmow three factors:
the operational criticality, the blast vulnerability, and the repair

requirements for each piece of equipment in each refining process.
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Operational Criticelity

It 1id necessary to know how reducing or ¢liminating the operability
of each piece of equipment affects the production capability of the cor-
responding process unit and of the refinery., The egquipment whoge re-
duced or eliminated cvporation causes the greatost degrudation of refinery

nroduction capability ie of most concern.

Blast Vulswrability

For the equipment that 1s critical to refining operations, it is
also necussary to know its vulnerability to overpressure, Informastion
on both the overpressure level that causes demage and the extent of the
damige is needed. The equipsent that is extensively damaged at low

overpressures is of most concern.

Repair Requirements

For the equipsent that is both critical to refining operations, and
vulanerable to blast overprespure, it is necessary to know what is re-
quired to repair and restore it to operation, Enphssis is placed on the

critical vulnerable equipment that roquires a large amount of labor and

multiple skills to repatr.

Selecticn of Items  squipment

The refinsry control rooms are examples of equipment of concern in
all three categories, Equipment that may be critical to operation but
is relatively invulnsrable to low overpressure, or thsi requires a rela-
tively small amount of repair effort, is of less concern, Examples of

these aro heat exchangers and pumps.

Sources of information about eguipment vulnersbility are publisghed

roports?¢3° an both petroleum refineries and the chemical industry,
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{Much of Lhe eguipment umed in petroleum refitiing procesxses is comparable
to that used in the chemical processes.)

Twenty=-five repredentative items of equipment applicable to the
various refinery processing unite were selected on the following hases:

¢ Criticality of equipmeant to procéess unit operation

¢ Vulnerability of equipment to blagl damage

¢ Neouegaity for a large amount of labor and multiple skills to

rapair the gquipment

Table & detdils the selected items of equipment and indicateg their in-
clusion in the 18 typos of processing units,

Although a particular piece of equipment performs a spocific fusc~
tion regardless of its location in a process unit or its inclusion in a
particular refinery category, its size and therefore its reclamation

requirement is a direct function of both the processging requirement and

refinery capacity. Each of the included pileces of equipment are indi-

vidually sized for each processing unit in each refinery category. Cal-

culation methods and bases of equipment sizing are detailed in Appendix A.

Products

Equipment developed in today's industry needs specialized fuel and

lubricant products. Those specialized needs designate characteristics,

requirements, or specificationsg for petioleurm products, so the equipument

can meet performance standards considered to be normal or acceptable.

As a result, the total number of petroleum products, separately identi-
tied by specification, is well over 1,000, However, many lurge groups

of products are made in the same kinds of processing units and serve

similar markets with only slight differences in specifications,

b SR
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Table 6

REFINING EQUIPMENT INCLUDED IN PROCESSING UKITS
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Thermal reforming

Vis bresking

Crude topping
‘Thermal cracking
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Coking

Catalytic cracking

Catalytic reforming
Polymcrigzation®

Alkylation
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Hydrogen treating

Yacuum flashing

Vacuus distilletion

Lube and specizlties

Asphalt

X

Light ofl treating

Naphtheanic lubes and
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This atudy assumed that sll productm can be grouped into seven cate-

gories, combining phyasical characteristics and geners]l market end-uge:

+ Qasoline +  Puel oil
s  Merpsenc » Asphalt
« Diesel e (Coke

+ Lube

Gasoline includes all iypes of motor and aviation gasolines. Kero-
sene includes napthas, solventy, and jet fuels., Diesel includes all types
of fuel for diesel use, Lube includes nll waxes, greases, and lubricating
oils, Fuel o0il includes all typea of residunl fuels for both stationary
boiler and seagoing vessel bollei use. Asphalt includes roofing ssphalt
and all typos of paving and road oils, Coke is used primarily for fuel

for stationary boilers, for electrodes in the aluminum industry, and for
barbecue briquettes,

Product specifications cannot be met in postattack production quan-
tities required using simple “batch-still" or simple "pipe-still” distil-

lation equipment. Modern refining equipment and methcds must be available,

Validity of Industry Descriptors

Bofore attempting to estimste production after damage and repair ef-
fort, tire descriptors chosea for the petroleum refining industry were tested
for their atility to picture the industry as it now stands., In total, the
selected descriptors give results that are representative of U.S. petroleum
refining. The designated types of refineries, their respective processing
units and pieces of equipment-~weighted by the relative capacities of these
types in the United States, and using the "normal” crude oils selected for
each relinery type--were analyzed by the accepted abbreviated methods of
estimating production, by product. This ylelded a calculated product mix
that closely approximates reported U.S$, production, as shown by the follow-

ing comparison with Bureau of Mines production datn:4
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Calculated Bureau of 4

Yield Mines Datat 3
Product (%) (% g
b

Uapoline 44% «“w% ]

Keroseno and diesel 20 30 %

Lube 2 3 2

Fusl oil 12 7 g

Asphalt é 4 g

Coke 3 2 A
Othar® 6 g

Total 100% 100% i

Inclusion of still gas with fuel ©il in the abbreviuted calculation method p
i

accounts for the only large discrepancy. Buresu of Mines data show this g
separately, under 'Other.” {
4

]

In gome instsnces, it may be desirable to estimate postattack pro-

-

duction capaubilities of imdividual refineries whose crude oil and proc-
essing cquipment differ apprecinbly from the averages selected. On the !
basis that all refineories of one type produce similar product mixes,
product changes resulting from change of crude oil characteristics (i.e.,
degrees APl gravity) may be roughly spproximated by applying ratios de-

rived from the aversge refinery of that type. This is illustrated by

gesoline production capabilities of a large fuel type refinery with

change of crude oil:

Crude 011}, Gasoline Production,
API Gravity Undamaged (%
“Normal" 30°-40° 54%
Alternative 20°-258° 8-10
12° 4t

Approximate decreasc

* Includes still gas, petrochemical feedstocks, and other finished products.
¢+ Large decrease reflects limited capacity of fuel oil aquipment and proc-
essing equipment used for converting heavy oils to lighter products,

Jé
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The approximate ratio is 44/04 parts of gasoline per 13° APY crude o4l

‘ change, or about 0,07 parts psr 1" API.

Then, lor a particular large fusl refinery that ususlly is supplied
with a crude oil of "X" dagrees API and must be supplied with slternstive
i crude oil of "X" - 10° API, the gamoline will decrease by

=10 X 0,07 = 0,7 parta

with ipnitial gasoline producticn capability at 54 percent, the reduced

e T e AR ¢ B R

‘ production using the alternative crude oil of "X" - 10° APY will roughly
‘ approximate

o e

54 X (1 - 0.7) = 16%

! Similar approximations may be made for other products.

In this illustration the large decresse of gasoline with use of a

v e e

heavier crude oil is bused on the refinery initiully having all processing
units sized to operate at full capacity with the "normal" crude. With
heavier crudes, the heavy oil processing units limit the total refinery

capacity., Gasoline production isom individual refineries with excess
heavy oil processing capacity of course would not drop as far as the

16 percent, The determination of the decrease would requirs further
gtudy.
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IV REFINERY VULNERABILITY :

The vulaerability of petroleus refisery equipment to blast damage,
drawn from published sources,®’!® ipdicates that cooling towers, control
rooms, fired heaters. and tanks--essentinl iftems in pearly all typea of

poiroleus processing--are susceptible to blast damage at low overpressures.

Cooling Tower

; A cooling tower is the essential part of a water cooling system,
Cooled water from a large basin or reservoir at the foot of a cooling J
tower fis pumped to the individual refinery processing units, where it

coolsg varjous hydrocarbon streams in heat exchangors. As the warmed

water returns to the top of the cooling tower, it is distributed or
sprayed over batfles. Atmospheric evaporation, efther with natural

convection air currents or with forced draft fans, cool the water as it

drains back to the basin or reservoir.

Characteristically, these water cooling towers are lightweight, To
function, they must have numercus water and air flow baffles with suffi-
cient open space for large quantities of air to enter, flow through, and
exbaust. The only strength required by such a tower, other then that
needed to withgtand normal wind pressure, is that needed to support its
own weight, This weight congists of structural members and appropriate
baffles tc properly channel air flows and water flows, piping to return

the warmed water to the top, distribute it, and possibly forced-draft

fans 991,131,132
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Construction materials here must withstand a constsnt warm and
woist atmospheric condition. Refiners have found the most satisfactory

materiale for this service to be redwood and asbestos.

Published sources®r?? indicate that these cooling towers are sus-
ceptible to blast damuge at about 0,3-0.5 psi overpressure, A large
¢ooling tower 50 £t wide, 76 ft high, and 325 ft loug iz damaged at
about 0.3 psi.? At this uverpressure, the corrugated asbestos louvers
on the windward side will shatter and their fragments will be blown into
the interstices of the tower, with little or no damage to the internal
parts of the structure. A amall) cooling tower of three cells, each
20 £t wide, 20 ft long, and 15 ft high, is damaged at about 0.5 psi to
1.0 psi,1° whon corrugated asbestos louvers on the blast-loaded side
shatter and are blown into the interstices of the tower,; probability of
failurc is 1 percent at 0.5 pai, 50 percent at 0,75 psi, and 89 percent
at 1.0 psd,

For thig study, the outer louvers were assumed to break at about
0.3 to 0.5 psi overpresgssure, because patroleum refineries normally uge
large cooling towers, The loss of the louvers decreases the efficiency
of the tower to about 70 percent but does not completely shut down the

refinery.

Higher overpressures result in greater damage. At about 1.5 psi
overpressure, approximately 25 rercent o! the interior baffles are de-
stroyed,1® reducing cooling tower efficiency to about 30 percent. At
about 3.5 psi, the tower structure collapses® and must be rebuilt,
Before rebuilding, water could temporarily be cooled on an emergency

basis, if other refinery equipment still operable required cool water,

by spraying the circulating warmed water over the surface of the collect-

ing basin or on thm mass of debris that may remain. This would accomp-

lish some cooling, similar to a simple coeling spray pond.
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Controls

Thae electrical controls of a processing unit (manual switches and

remote-operated olectrical switches for motor opernted equipment) are a

part of 4ts control system, These controls, or switchgear, are charac-

teristically housed in rooms with structural cteel reofs. Published data®

indicate that the stoel type roofs of switchgear rooms collapse at 1,0

psld, causing damage to the switchgear.

In tho central instrument control room are the various instruments
required for adequate indication and control of process conditions,
Characteristically, these instruments are glass-fronted and some may
contain jewel.boaring wheatstone bridge galvanomaters, A low overpres-
sure lavel of about 0.5 psi will break the glass fronts and possibly

damage the jewel-bearing parts, rendering the instruments unusable,

The ipnstrument control equipment of a process unit is normally
housed in rooms with either a structural steel roof or a precast con-
crete roof. This study assumed that the steel roof is used on the
older, less expensive, and less complex process units, i.e,, the crude

topping, vacuum flaghing, light oil treating, and asphalt process units,

Published data® indicate that structural steel roofs on instrument

control rooms survive a 1.0 psi overpressure because outer windows have

broken, relieving the roof pressure, However, it was agsumed that instru-

ments are damaged from flying shattered glass particles at 1,0 psi.

The concrete roof is found in instrument control rooms in complex
process units or in process units requiring 'double~deck'' structures.
Published data® indicate that control rooms with concrete roofs sulfer

frame deformation at 1.0 psi and that the roofs of all control rooms

collapse at 1,5 psi overpresgsure,
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Control systems, from the instrument to the equipment that is con-
trolled, normally congist of pressmure-controlled pncuratic syslems or
low energy electrical systems. The pheumatic wystems aroe susceptible to
dust and pinched tubing difficulties; the electricul systems are sus-
coptible to wiring breakange or short-.circuiting. These conditions of
instrument damago can be expected afler collapse of the control room

roof,

Thus, it 1s considered that at 1.0 psi the crude topping, vacuum
flashing, light cil treating, and ssphalt processing units would Le shut
down because ¢f damage to thoir control rooms, It is recognized that
emphasis would be placed on repair of the crude topping unit sufficiently
to permit productinn ¢f at least some products, Because the crude topping
process 1s modorately simple in operation, it can operate to some degree
with partial manuanl control. The author has asgumed that gufficient
emergency repair could be made to the crude topping unit to permit it

to operate at 50 percent of initial capacity,

The vacuum flashing, light oil treating, and asphnlt processes would
remain shut down until scheduled postattuck repair could be made, Until
these units are repaired, the fuels, complete processing, and lube re-
fineries couid not operate at mere than 50 percent of initial capacity;
some products do not meet normal specifications. However, the asphalt
and asphalt and lube refineries suffer greater capacity reduction be-
cause the process units of their principal product, asphalt, are shut

down.

At 1,5 psi overpressure, all refinery processing is shut cdowa be-

cause of damage to - ntrol systenms,
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Firod Heuter

The application of hest in petroleum processing is primarily by

woans of a fired heater., Characteriptically, thisa 48 an insulated brick-

work fire box with oil-flow tulas along its inner surfaces.® ® 38 47t

about 2.0 psl overpressure, the insulated brickwork breaks and pioecos

fall to the bottom of the box, damnging the burners and redirecting the

flow of heat in the fire box.® This allows excessive channeling of hot

ilue gamses to one part of the firebox, with rosultant overheating snd
equipmont failure. It is assuwed that tie fired heater is unusable
after 2,1 psat,

Tanks

apetatmrmnrt

The fourth item of refinery equipment that suffers damago at low

blast overprossure is tankage, for storage of crude oil, intermediate

products, and finished products., Adequate storage capacity is essential

to maintaining proper relative throughputs among processing units within

& refinery., Blaat damege to tanks occurs over a wide range of over-

pressure. However, the damage effects that could stop refining opera-

tions occur at overpressures above 1.5 psi, where operations are already

stopped bucause of control house roof collapse.

The roofs of come roof tanks collapsz and sink to the bottom of the

tank after about 1 psi overpressure,® although the tank may still be used

in this condition on an omergency basis, For either a cone roof or a

floating roof type of tank, the overpressure level that will cause dam-

age that gtops storage operation will vary with the relative amount of

liquid in the tank.%:1° About 3 psi overpressure will rupture and up-

l1ft a half-filled tank, while about 6.5 psi overpressure will rupture

and uplifi a tanx 0.9 filled. Under normal operating conditions, re-

finery tankage avernges about one-half filled. Thus, tankage is con-

sidered to be unusable after about 3 psi overpressure,
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Baswed on the above, the pattern of continued production capability

after low overpressure is as follows:
Production Capability s Percent

of Initial Capucity
Asphalt, and

Fuel, Agphalt
Complete Processing and Lube
Overpressure Damage To and Lube Refinerien Rofineries
< 0.3 100% 100%
0,3-0,5 Cooling tower, 70 70
glass-fronted
instruments
1.0 Control instruments 50 16-22
and switchgear
> 1.8 All processes, be- 0 0

cause of damage to
control rooms

Figure 5§ sumsarizes the complete rango of blast damage offects from
0.3 to %0 pai, drawn from published literature?:19 for sach of the se-

lected 25 types of equipment critical to petroleum refineries.
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V REFINERY REPAIR

mtteel b

Aftor a refinery is subjected to blast overpressures of 1.5 psi or
greater, theore will be equipment to be repaired in many process units,
uven undur normal conditions, the magnitude of rapair éffort wauld be 4
such that only a faw process units could be repaired simultancously. ’
Thus, it cali be assumed that the repair of process units will teke place
in sequential stages. Selection of the sequence of refining unit ropair
will be determined by which products to produce and in what volume, or
conversely, the selection of the sequence will determine products, vol-

umes, and quality of product,

This study selectod the repair sequence according to the logic that:

¢ It is w8t important to resture cnough operating capability to
produce some ongine fuelg--gasoline, korosene (includin, -t
fuvlsg), and diesel-.regardless of individumsl product quality,

¢ Next in importance is to increase the volume of those fuels.

e Next in importance is to improve fuel quality. F

e Last in importance is the production of nonfuels,
Repnir Stages

On this bssis, the repair sequence selected consists essentially of
four major ateges:

Repair Stage A

Repair the crude topping unit
Repair Stage B

Repair the processing units used in cracking
processes
Repair Stage C - Repair the processing units used in upgrading

products i

Repair Stage D - Repair all other processing units

RSP
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This sequance applies principally to fuels and complete processing re-

[ SR JRLICTSIe,

finories. In the postattack period there will be some nheed for lube and

I

ssphalt products, oven though their volumes are expected to be small with
rospect to the demand for fuels., To permit production of these, the re-
paitr of specialty refineries differs from the msequence above enough for
specialty products to be produced in conjunction with whaitever fuels

these rofinerice can produce.

LR VARG

The sequence of processing unit repaty for ¢ach refinery type ls

sumparized in Table 7,

Oue underlving principle used in estublishing estimating factors for
repair is that the repair effort will be completed only to the degree nec-
vsgary to permit refining unit operation, but that for the particular
equipment repaired, the repair must be completa. The repaired equipment
or system would be virtually identical to the preattack system condition,
and all equipment that forms a part of the process unit's oporation mugt
be repaired before that process unit can operate. (When & completely re-
paired process upit goes back on stream, production incresses by the

increwment of product processed in this unit,)

While following this principle wmeans complete reclamation of most
parts of the repaired refining process unit (fired heaters, control houscs,
fractionation columng, and eo forth), it excludes repuir not nmcessary to
refining unit operation at that time (spore equipment, unneedod gtoel
structural work, paintiug, and the like),

Repair requirements data were drawn from published sources.? 9 In

ingtances of conflict of data, or of incomplete data, appropriate esti-

wotes were made.
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Quantity of Production in Repaired Rafineries

Under normal conditions a rofinery operates st or asar its capscity,
at a nesrly balenced condition with regarsd to operating equipment; ths
crude topping unit operates at maximuk crude oil throughput to produce
rav stocke ~i gasoline, kerosene, diesel, and residual products at the
percentages appropriate to the crude oil supply. All processing units
are sized to process these raw stock quantities, With & wajor change in
crude o4l supply, ong of the subsequent processing units may b :ome the
limiting farctor of total reélinery production, because the comporsnts of
the alternative crude oil may not necessarily be in the proportions re-
quired by the existing processed to make the depired product mix, Re-
finery production capability can e limited by the cepacity of one par-
ticular processing unit, Furthor, if the capacity of that processing
unit hay ocen reduced by bLlast damnge effecta, total refinery capability

i3 roduced cortrespondingly. This cam be illustrated by a simple exumple:

A 185,000 B/D refinery muy be designed to operate on & crude
oil that normally has a maximum of 15 percent of raw product, P,
The processing units for product P are sized accordingly at
0,19 X 165,000 = 24,7850 B/D. If the crude o3l is changed ta
one with 45 percent of P, the processing of P is atill limited
to 24,750 B/D, This limits crude oil throughput to 24,750/
0.45 = 55,000 B/D, even though the refinery was designed for
165,000 B/D.

If the capaclity of the process units for product P have besa
reduced to one-half of normal (from blast dammge), the crude

oil throughput is limited to 1/2 X 55,000 B/D = 27,500 B/D,

Table 8 compares, at each repair stage, the product yields from
the gix selected types of refineries, using the selected ''normal’’ crude
0ils and the product yields that could be expected from crude oils com-

parable to the solected alternative crude oils.
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The limits placed on production capability by the use of alternative
crude oils are pronounced in the asphalt and the asphelt and lube refin-
erieos. This limited capability refle.ts tle emphasis on only light fuel
producty coupled with the volume limitationrs of repaired and - perable
processes, as well as the ditterénce in crude cil supply. The refinery
normally uses heavy crude oils to produce mainly asphalt-type products

and has limited process capacity to produce gasoline,

In Ropalir Stage A, the crude topping process unit is repaired and
some light fuel products can be produced, If the refinery must vse an
alternative crude oil that containg & large percentage of a gasoline-
type raw product, the refinery throughput is limited by the gascline
processing capacity. As successive repalr stages B, C, and D are com-
pleted, more of the crude oil is converted into a gasoline-type product,
However, the pasoline processing units remain the limiting capacity fac-
tor, so that the resultant total throughput never achieves production

levels equalling initial refinery capacity.

If gasoline could be blended into kerosene and diesel, the through-
put would be expected to increase with increased repair completed. The
degree of this increase could be determined only after further study,

Quality of Products After Repair

Products that camn be produced after the early stages (A and B) of
refinery repair will not necessarily be "on-grade' (meet today's speci-
fications), Under postattack conditions after low overpressure (0,3-
0.5 pei), it is assumed that refineries can operate with balanced op-
erating conditions: capacities of process units within a refinery re-
main proportional to preattack capacities, and products receive adequate

processing to meet specificetions,
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After 1,0 psi, al)l process units except vacuum flsshing, light oil
troating, and asphalt are capable of operating at 50 percent of initial

capacity, Some products could mpet specifications,

After 1.5 psi or higher overprossures, however, all refinery proc-
essing units are shut down, Making repairs in sequential stages tempo-
rarily leaves some process units inoperable, It is assumed that in the
early repair stages, rawv gasoline stock (and other fuel stocks) can be
produced, but other process units to upgrade the gasoline and keep it
"on-grade" are temporarily inoperable. As a result, grsoline (and other

fuels) are expected to be of lower quality than that normally produced,

Thie study took into consideration that in the postattack period
the short term operability of engines is of much importance. While the
light oil treating procoss units are shut down, fuel specifications cane-
not bea met, so that short term operation of engines must take precedence

over possible degradation of engine life over the long term.

The study also recognized that engines can operate on fuels other
than those for which they were designed. Tests have been made of this,
and in many instances results have been satisfactory with the acceptance
of a decreased efficiency and a potential increase of maintenance. The
degree of decreased efficiency and the degree of increased maintenance
that could be tolerated would reflect the urgency of the need for the
work of the engines and for the refineries' productiocn, Investigation
of these trade-offs is beyond the scope of this study, so a refinery
product is considered usable as long as 1t ig within its normal boiling

range.
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Labor

Model Formulation

The labor effort required to repair a particular piece of equipment
aftary dlast damage 4w, in general, a function of both the complexity of
that equipment and 1ts vulnerability to damage, as well‘as a function of
its size ond type, To adequately relate the required repair labor to the
equipment condition after biast overpressure, the labor is expressed as

a function of:

¢ Overpressure level

o Lowest overpregsure level to cause equipment damage
¢ Maximum labor to coapletely repair the équipment

« Equipment size

For the purpose of ¢stimating labor requirements, a mathematical
wodel developed by URS Systems Corporation was selected.’® This model
combines a basic model or mathematical function describing the repsir
labor required for a particular size of equipment with a scaling model
describing the effects o. :quipment size, The basic wodel is:

R =L [1 - e'k(”"‘))].

where R = repair effort (wan-days)

i

1. = maximum repair effort (man-days)

overpregsure (psi)

o
[}

lowest overpressure (50 percent probability estimate)
at which damage is observed, pai

»”
]

k = a constant for given equipment

un

y a constant for given equipment

The constants k and y give an expression that best fits exigting data
for repair requirements of each type of equipment, The base of the

natural or naperian logarithms is represented by the letter e.
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This basic model, however, describes the repeir effort for enly one
squipment size, Bocause a petroleum refinery may have many difforent-
sized pioces of equipment of the same type, it is necessary to scale the
labor requirements to the particular equipment size, This is dona with

thoe scaling factor:

whele m = a constant for a given equipment component

r

capacity or size of equipment component being investigated

C
=}

i

capacity or size of equipment component standard
= a constant for a given equipment component,

The constants m and b are selected for each type of equipment to yleld

appropriate scaling for types of repair that could change with equipment
gize (welding a seam on a large or on a small tank), or remain the same
without regard to size (replace instrument gauges) . At the overpregsure

lovels at which damage effects change, these constants will change value,

The combined model used in this study is:

where Rs = repair effort in maa-days for each specified size piece of

equipnment,

Table 9 lists the seven parameters (L, k, x, y, m, b, Co) for the
labor requirement model for each of the selected 25 types of equipment.
These are applied to the size characteristics of each piece of equipment
to estimate the labor required for repair after blast overpressures of

0.5, 1, 5, and 10 psi,
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The rewults of this application show the amount ol roepair roquired

in terms of blast overprossure leval, [or tlw average or representative

size of each type of refinery. To determine the effact of refinery size,

on repair requirement, the capacities of the refinery types--large fuel,

asphalt, and lube--were varied and the resultant ropair requirements
determined,

The results £or the six types of refinerigs at average capacities
and for the three capacity varintions are summorized in Table 10, The
resultis indicate that the initial capacity or mize of a refinery is the
predominant {nfluence in determining the repair requirement, Refinery
repair needed after blast damage is within a given range, regardless of

e AT RN P ATEAT G R T

the type of refimery. Thiw is illustrated in Figure 6.

An example of the application of the seven parameters (Table 8) to

gsolected refinery equipwment is ay follows:

Refinery tym Small fuel
Refinery capacity 24,000 B/D
Procesaing unit Crude topping
Equipment Fired heaters
Nunber 2
Volume, each 15,000 cu £t
Overprossure 10 psi
Rs =L 1 - e—k(p-x)y m (g;) +b

-
1.5(10-0 9)1‘0 15,000
R 370 1 - e " o o=t +0}x
e ! (45.000) 2

247 man-days to repair these two fired heaters.
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| 1 1
CAPALITY,
MEFINERY TYPR BANNELS SR DAY
LARQE FURL 1.000
LARGE FUKL 180,000 OVERPRESEURE
700 }— SHALL FUEL 24,000 LEVEL
COMPLETE FRAOCESSING 194,000
ABPHALY 12,000
ASPHALT 14,000

ASPHALT AND LUBE 19 o0

LUBE
LUSE

LABOR REQUIREMENT IN THOUSANDS OF MAN-DAYE

100

o I | 1
80 100 150 200

REFINERY CAPACITY IN THOUSANDS OF BARRELS PER DAY

FIGURE 6 INDIVIDUAL REFINERY LABOR REQUIREMENTS
TO RESTORE 100 PERCENT CAPACITY AFTER
SELECTED BLAST OVERPRESSURE LEVELS
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Similar calculations were made for the other equipment and procoss
units included in that same refinery, To repalr the crude topping proc-
oes unit after 10 pai requires about 24,800 man-days out of o total of
77.000 man-days to ropair the entire refinery., These calculations high-
light the fact that in that type of refinery, the crude topplng unit

requires one-third of the total repair effort after 10 pai.

Bacause of the differing vulnersbilitios of different pieces of
vyguipmont and the variations in the emount of labor needod to repair that
eguipment, the total ropair labor required to restore 100 porcant capace
ity of a refinery is not o linear function of blast overpressure level,
However, the amount of labor after a specific overpressure level is
roughly proporticnal to the amount of equipment in & rofinery. The re-
pair labor reguirement can be expressed as a range of labur proquired for
a given initial refinery capacity and blast overprossure level. Fig-

ure 6 i{llustrates this grephically, For oxsmple:

Any 24,000 B/D refinery is expected to require betwoen about
60,000 and 80,000 man~days of repair labor after 10 pal over-

pressure,

The range increuses with incroasing overpresgure. At very low overpres-
sure levels, only a moderate amount of equipment is damaged (cooling
towers and storage tanks) and the range of repair effort is small.

Since specialized equipment in difforent process unitg is damaged at
higher overpressures, there is a wider range of repair effort at any
given refinery capacity, depending on the type of refinery and the
equipment included.

The consigtency of the calculated labor requirements may be visu-
alized by comparing them 'vith new refimery construction costs. For a
rough approximation, the current labor rate is about $6.10 per hour,??

and labor cost constitutes about 60 percent of total refinery costs.?
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On these baves, the approximate cost of refinery repalir after a 10 psy
blost is calculated as shown in Table 11, These data are compared with
the overall average cowts of now refineries in Pigurs 7. The results
indicate that the caloulated labor repair regquirements bear o similar
relation to rofinery aize and type., The differghce Letween the repair
comt after 10 pai snd full refinery costs includes design engincering,
equipsunt damaged but considercd not absgolutely eementiial to immediate
oparation (i.e,, spare aquipment), and the cost of the equipment pieces

110t yet domaged at 10 pel overpressure,
Crafts

For @uch piece of refinery equipment that has bepn considered to be
damaged by blugt overpressure, puoblished sourcea?'1? have detailed the
individual crafts or skills that would be entailed, the equipwent that
thoge crafts would require, and the typed of muterials necessary to do

the repaiy work,

While there 18 a strict differentiation usalntained among the crafts,

thore are instances of basic similaritios, In a time of ¢merguncy, it is

conceivable that one craft could quickly learn the techniques of o similar

cralt to circumvent gkill or craft shortagoes. A published article, 933

and Gag Journal, Decembor 5, 1966, indicates current thought along *hiy

line., Crafts c¢an be grouped by similarities of ropair roquirements., One

possible grouping is:

Group Included Current Craft or Skill
General construction Mason, rigger, carpenter
Matal fabrication Weldor, boilermaker, pipefitter
Machining Machinist, millwright
Elactrician/instrument Crafts for control instruments
81
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Hof .
,": $1,000 Y T T Y Y Y ) S T
.4 |
%4 e REPRESENTATIVE TOTAL COST OF REFINERIES i
& CALCULATED REFINERY REPAIN COST AFTER
3 = 10 o# OVERPRESSURE h
NG Vet CAPACITY, BARNELS PER DAY
-1 LARGE FUEL 78,000
2 LARGE FUEL 180,000
3 SMALL FUEL 24,000
. 4 COH;PLETE PROCESSING 104,000
- & ASPHALT 12,000
€ ASPMALT 14,000
7 ASPHALY AND LUBE 2,000
8 LUBE 4,000
LUBE - 77,000
3, $100 p=— ¥ v
g L.
‘: H
& z
* :
e = i
2
¥ $10 }—
W
- ad
=
; “ 1 i 1 1 l 1 1 1 L l 1
. 1 10 100

REFINERY CAPACITY iN THOUSANDS OF BARRELS PER DAY

FIGURE ?  COST TO RESTORE REFINERIES TO 100 PERCENT CAPACITY AFTER 10 PS! BLAST
OVERPRESSURE, COMPARED WITH NEW REFINERY CONSTRUCTION COST
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Based on such groupings, the general craft requirements for refin-

ery repair gfteor the various overpressure

levela can be summarized as

follows:
Equipsent
psi Repmir Craft Cospents
0,3-0.5 Cooling towsr  Carpenter Quter louvers broken
0.5 Instrumonts Glazier Glass fronts broken
1,0-5.0 Structure and General construction 8tructures deformed
and tank Metal fabrication wnd “soft" equip-
Electrician/instrunent ment damaged
5-10 Equipment General construction Equipment displaced
relocetion Wetal fabrication from foundation
Machining
Electrician/instrumunt
10 and Nearly total General coastruction "Hard" equipment
highes rebuilding Metal fabrication suffers damage

Repair Materials

Machining
Electrician/instrument

The materials required for repair of refineries are readily classi-

fied by type.

However, the quantities of materials will vary with the

blast overpressure level, the type of equipment being repaired, and the

size of that equipment,

The characteristics of equipment (see Appendix A)

are given ip dimensions such that the required quantities of materials

for repair may be calculated when necessary,

For example, the amount of

brick required for a fired heater may be estimated as follows:

¢ Simplest configuration - cube of "W" £t on each side

¢ Brick wall thickness .- 1 ft

s One internal Zire-bridgewall, 2 ft thick, 3/4 of wall height
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¢ Roof, equal to wall dimensions

e Floor, equal to wall dimensions
Outer brick shell volume = 6 W9 x 1 = 6,0 w8
Bridgewall brick velume = 3/4 W8 X 2 = 3;2_!:

Total brick volume 7.5 wh

Hoster volumas = Wa
2
Brick volume = 7.6 X (heater volume) /3
One brick = 2" % 4" x 8" = 0.037 cu £t
7.5 X (heater volume in cu tt)z/a
0,037 cu it

Number of brick

3

2
202,5 X (heater volwme in cu ft) /
If a heater size is 45,000 cu ft
No. of brick = 202,5 X (45,000)2/3

= 260,000
Similar approximationg may be made for:

¢ Stuel plate in terms of tankage volume
¢« Piping in terms of footage of pipe supports

« ¥ood in terms of cooling tower volume

In each instance, the supply pointe and suppliers of materials may
be found in published supplier listings.l¢

In the event that equipment is beyond repair, the refinery has the

alternatives of:

» Cannibalization - the situation of taking repairable equipment
from a processing unit that is shut down
s Replacement - buying new equipment and completely rebuilding

the processing units needed

65
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Cannitalization

The equipment characteristics data (see Appendix A) have been pre-

sented in such a way as to make them usable for making cennibalization
decisions. For example, 1if it is found necessary to obtain a pump, it
is possible to refer to the ligt of representative equipment of proc-
esses that are shut down, verify approximate pump size and operational
characteristics, and, with proper suthorigation, cannibalize one that

is appropriate.
Replacement

The suppliers of each of the mgny types of equipment may be found
by reference to published supplier lists.}* 1In addition to the listed

suppliers of equipment, there are possible instances in which equipment

could be manufactured by compsnies that are not in that particular line

of business, but who have the inherent manufacturing capability. For

exanple, pressure vesgels could be manufactured by shipbuilding companies.

In the postattack period, the time lapse between equipment order
placement and delivery will be related to both the extent of damage to
the supply industry and the use of an appropriate priority procedure.
It is conceivable that in spite of some damage to supplier industries,
the use of priorities could result in delivery times less than thoge

under normal preattack conditions,

Operational Materials

The types of materials required for the operation of petroleum re-

fining processes have been identified with the classification of the
product with which each is used. This information, together with an

approximation of the number of supply sources, is summarized in Table

Sulfur and sulfur dioxide constitute a part of the supplies to
nearly all refineries. The characteristics of the remaining supply

material will vary according to the refining procesges and crude oils

66

12,

e Mgt NN, 4 T 5 | i iy

e et AT N i 3o e MEWE 2 BT S

atnd ain




Iugdsy
1853Yq
1-11 3 8 €L 1 25) 3reydsy
sasuwax?® pus ssqnq Buyjsaay (10 I3y X SBATITIPPY
uoIIsTTIMWATOS
Sauyrosen Buryoea) X 3sdyess)n
uoyIeTTIMWATOL
SPUITOSEn uoy¥IBTANTY X s3usaadya3oy
B3UVAY0S
52Ul [oFeD 3ay3ywaal {ro 3gIT] X ot3sne)
19531
saugrosen Buayyvaay (ro IY3Iq X 8510} ¥qQTqUY
sagng
PUSSOIIY
S3U8A{0g sanioenuve 3qng
suryosed satjomolny goTIBTANTIY
IUIT0583 uOTIBYAY 3uagyeday 170 3431 X PYIOB OTanIINg
BIUBATOS 3uy3eaal (10 193711 X apIXoIp INFINg
surtosed aafjomoIny Buyywaxy (ro Iyt X anying
3onpoag $sav0agd 08 < 05-1Z 0z-11 01-1 A1ddng
aayimjussaxdoy aarysjuasaaday sxairddng jo Joquny

SH11d4NS TYNOLIVYIJO

¢t a1q8]

SRR

67




EAT Y i e

s T PR AU PR R A PR I A T R T AT S

used, Various strengths or concentrations of sulfurie meid are usged,
depending on the refining processes requiring it. The inhibitors used

will be determined by the products produced, the processes used, and the
crude oils supplied, Catalysts will depend on tho processos used and

poesibly on royalty or patent agreements.

In general, most of the operational supplies ¢an be obtained from
any of several manufacturerg, BExceptions are sulfuric ac¢id and inhib-
itors., Sulfuric acid is primarily used in the manufacture of aviation
type gasolines (alkvlation process) and in the treatment of the light
oils to maintain quality specifications. Shortage of sulfuric acid
could curtajl the production of aviation and high octane gasolines

and reduce the quality of light oil products.

Inhibitors are added to the light oil products to retard or limit
posgsible degradation of the products before use. Shortage of inhibitors

could create product quality problems.

Although additives as a group have many suppliers, the gasoline ad-
ditives TEL (tetra ethyl lead) and TML (tetra methyl lead), which are
used to increase gasoline octape rating, have a limited number of sup-
pliers. Shortage of TEL or TML would reduce the octane rating of gaso-

lines produced,

A detailed listing of all possible suppliers' materials required in

petroleum processing is readily available from published sources.l*
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VI USING THE METHOD

This section describes how to use the tables and figures presented
to egtimate production capability and repair effort in blast-damsged ro-

fineries. An example 1s carried through the procedure for illustration.

Example: At Watson, California, the Atlantic Richfield refinery

receives 1.0 pai blast overpressure,

Knowing which refinery is hit, with what overpressure, the method of

estimating production capability and repair effort is:

+ Dotermine refinery size and type (Table 13)
¢ Determine crude oil supply (Table 14)

¢ Estimate initial production cepability
and remaining capability with no repair (Table 18)

o Estimate repair requirements by repair
stages (Figure 8)

s Estimate production capability by repair
stages (Figures 10-15)

With the estimntion of postattack refinery repair efforts and pro-
duction capabilities, the necessity for making several decisions before
making actual repair efforts becomes evident. These decisions are disg-
cugsed, and bases on which to make the decisions are indicated at appro-

priate points in the discussion,

Determine Refinery Size and Type

From published sources,? determine the initial capacity and the type
of refinery, based on the listed combination of production capabilities

from the following five processes (see "Refinery Types" in Section IIl):
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¢ Alkylation

o Polymerization
' ¢ Lube

3 s Coking

: s Asphalt

The 041 and Gas Journal® smbows the example refinery to be o 163,000

B/D refinery with production capacities for:

e Alkylation

e Polymorization
« Coking

e Asphilt

o et B i D e b A -tk s i e o S PR 55 S P By * *._f*

Location of this combination of processes among those included in
the columns of Table 13 (taken from Tuble 4 but rotated 80°) determines

that this refinery is a large fuel type, according to this study's

it e L

categorization.

PP

Detormine Crude 01l Supply

Crude oils available to refineries have been groupod as discussed
in Section III. The "normal" crude oil and alternative crude oils are
summarized by refinery type in Table 14, Az discussed irn Section IlI,
a fuel rofinery is considered to usc a crude oil comparable to 30°-40°
API Gulf Coast crude oil as its 'normal' supply. Table 14 showe which
alternative crude o0ils are considered usable for each refinery type,
in the event that crude oil supplies or dolivery systems have been dis-
rupted by the nuclear attack, From this table, the "normal" crude oil
supply to the example refinery is seen to be comparable to 30°-40° API

Gulf crude oil; alternatives are comparable to 20°-25° APY Wast Coast

e IR ¥ SO TSI WOTE T ATIY WW  I W RRR, S AN e i g | S ey TR | SPER O T T Y e

and 20°-25° API Midcontinent crude oils,

R N T LA s A S SR s WD L o AN AT T L
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Estimato Production Capability

The effect of limited process copablility, as discussed in Svc-
tion 1II, has been taken into account in Appendix B in calculating re-
finery partial production capability, bath with alternative crude oils
snd nfter overpreagures of 0,3-0.5 and 1.0 psi with only minor emsrgency

repair.,

Table 15 summarizes, for the six refinery types, refinery cuapaci-
ties for normal operations st initial capacity and partisl production
capubilities aftor damage from 0,3-0,5 psi and 1,0 psi overpressure, with
"normal’ and alternutive crude oils. Whother the refinery hes its “nor-
mal' supply of crude oil or has %o operate on either of the alternative

crude oily will be determined by conditions dfter o nuclear attack.

From Table 18, production from the example refinery after 1,0 psi

overpressure would approximate 50 percent of initial capacity with “nor-

wal"

crude oil and 15-18 percent of initial capacity with alternative
crude oils., By using the product percentages shown in Appendix B, the

individual product volumes would approximate:

Initial Capacity Production Capability after 1,0 psi
of "Normal' Crude "Normaul'' Crude Alternative Crude

Product Parcent B/D Percent B/D Parcent B/D
Gasoline 54% 89,100 26% 42,800 4- €% 6,600~
8,900

Keorosene 13 24,700 8 13,200 2 3,300
Diesel 14 23,100 7 11,8600 2. 3 3,300-
5,000

Lube - - - - - -
Fuel oil 13 21,500 7 11,600 7 11,600
Asphalt - - - - - -
Coke 4 6,600 2 3,300 0- 1 0-
— 1,700
Total 100% 165,000 50% 82,600 15-19% 34,800
31,400
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1t i{s possible that & nucvlesr attack will influence the crude oil
supply, If it is necessary to supply this exsmple refinery with a
hesvior than normal alternstive orude oil, the gesoline production will
decreasc, With a crude oil comparasble to the sclected slternatives,
gagoline production will drop to about 6,600-8,900 B/D, {nstaad of being
about 93,900 B/D with "normal’ crude oil,

Planning decisteons regarding the use of crude oila will hinge on
the relative need for productu. In this case, ah increment of 33,000 teo
36,300 B/D of gamoline would be gained by use of the light orude ofl cver
the heavy,

Estinate Ropalr Requiremonts

Figure 8 (a repent of Figure 2) indicates that the overall coat to
restore the example refinery to initial capucity 1s (n the range from
240,000 to 280,000 wman-days,

For greoater detail of repair effort by repair stege, refer to Ap-
pordix D, Tadle D-1 details effort by repalr stage for an average
78,000 B/D large fuel refinery, This is scaled up to the example re-
finery sizo of 165,000 B/D as:

Repair Requirement in Man-Days

Average Refinery, Example Refinery,
78,000 B/D 165,000 B/D
Cunmulative Corresponding
Repair Repair Ratio to Cumulative Repair
Stage Requirement Full Repair Requirement
A 54,082 G.42 101.000‘-118‘000*
B 97,955 0.77 185,000 -216,000
c 126,238 0.99 238,000 -277,000
D 127,699 1.00 240,000 -280,000

* 0,42 X 240,000 = 101,000,
+ 0.42 X 280,000 = 118,000,
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Estimate Production Capability by Repair Stage

How much production each increment of repair effort will buy can be
determined by estimating the production capability for each repair stage.

This is done by combining the data of Appendix B and Appendix C.

This study assumed that refinery production capability will continue
at the levels achie¢ved with only emsrgency repair (to units deamaged at

low overpressures) until scheduled repair effort is made. Each repair

stage completed will then permit a production increase corregponding to

restored projuction in those process units damaged at higher overpreasures.

Table B-1, in Appendix B, indicates that after 1.0 psi overpressure,
sufficient emergency repairs can be made to permit production of gasoline

equal to 26 percent of the initial refinery capacity. Table C-1 shows

that this production capability is not surpassed until Repair Stages A,

B, and C have been completed. Combining these data for 'normal” crude

0il yields the result:

Gasoline Yield as a Percent
of Initial Capacity

Repair Production After Production
Stage Overpressure = 1,5 pai* After 1.0 psi
A 13% 26%t
B 22 26*
C 33 33
D

54 54

* Percentage production with repair by stages.

4+ Production permitted by emergency repair after
1.0 psi.

-y

PO LSt Sl

On this basis, the gasoline production from the example refinery after
1.0 psi would be:

T ——
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Cumulative Gasoline
Ropair Repair Effort Production
Stage in Man-Days Percent B/D
A 101,000-118,000 26% 42,900
B 185,000-218, 000 28 42,800
c 238,000-277,000 33 54,500
D 240,000-280,000 54 89,100

In other words, 238,000.277,000 man-days of repair 2ffort will buy an
increment of 11,600 B/D of gasoline (42,900-54,500 B/D); a further small
increment of 2,000-3,000 man-days of repair effort will tuy an additional
large increment of 34,600 B/D (54,500 B/D-89,000 B/D). Similar relation-
ships are developed for kerosene and diesel products and are shown in
Figure 9, These form a part of the base of decisions on planning of re-
pair effort, By comparing the product yields resulting from effort ex-
pended on several refineries requiring repair, the estimator may develop
a basis for deciding where the least repair effort will gain the maximum

quantities of the products needed.

This 48 illustrated by the Figures 10-15 that demongtrate the prod-
uct yields from "normal" crudes for average-sized refineries of each type
after selected overpressures. From these, basic decisions may be made
after it is known which products are needed most and how much labor is

avajlable, Examples are:

+ If gasoline is in great demand and sufficient labor is available,
completion of repairs through Repair Stage D gives the best re-
sults (see Figures 10-12),

o If kerosene and diesel are in great demand, it is not advantag-
eous to repair an asphalt, or an asphalt and lube refinery be-
yond Repair Stage C (see Figures 13 and 14).

e 1If repair labor is limited, and specialty refineries are hit,

in addition to fuel and complete processing refinerijes, it may
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be mors adventageous not to repair the specialty refinesriaes, but
instesd to use the repair effort in the fuel and complete proce

esuing refineries.

Agsuming gasoline aa the product in greatest demsnd, Figure 13 shows
that to restore an average asphalt refinery to 100 percent of initiel ca-
pacity sfter 1,0 psi would require 11,000 wan-deys, and an {ncrement of
1,320 B/D of gasoline would result, Applicaetion of the 11,000 man-diays,
instead, to any repatr stage for a large fuel refinery, would yield more
ganoline, The increments of repsir labor and gssoline production capa-

bility for a 165,000 B/D refinery can be shown as:

Labor in C0Q's Gasoline Production
Repair of Man=-Days in 000's of B/D
Stage Incremint Cumulative Intrement Capability
A 101-118 101-118 42.9 42.9
B 84~ 98 185-216 0. 42.9
c 53- 81 238-277 11.6 54.5
D 2- 3 240-280 4.8 89.1

The repair stages must bo completed in sequence, From this, it can be
seen that if the example refinery hes repair labor sufficient only to
complete stages A, B, and C, it would be advantageoug o gasoline sup-
ply to apply the 2,000-3,000 man-days of repair labor to the example
refinery, instead of to an asphalt refinery. The asphalt refinery gaso-
line would only go up to 1,200 B/D instead of 1,320 B/D, a decrease of
120 B/D (Figure 13). Howecver, the example refinery gasoline would in-
creage by 34,600 B/D (from 54,500 to 89,100 B/D), giving a net gain in
gasoline of 34,480 B/D.

In general, for the fuel and complete processing refineries, Repair
Stages A and B result in distinct increments of gasoline, kerosene, and

diesel production. However, when further repair is planned, it should

85

R

-t

PURR" WP .




be noted that ths cosbined lador of Repeir Stages C and D makes o sig-
niftcant production incresse over that from Repanir Stage C effort alone,
This results frowm the emphasis ou light fueis production (i.e,, gascu-
1in¢). ¥When nonfuels-producing processes arg returned to operation,
normal routing of process flows within a refinery io pormitied. The
hesvy components ©f crude¢ oils that normally produce fuel oils and ap-
phalt wire remogved irom the geeuoline producing processes, so that these
processes have & lighter petroleum fraction that capm produce a greater
amount of gesoline., Similar reletionships are avident for kerosene snd

dieasul production,

Relationships of this nature may also be developed, as required,

using slternstive crude oils.

It i recognized that many vuriations of refineries exist., In some
ingtance, a4 refinery that is being investigated may very by s large de-
gree frow the average six types condidered in this atudy, In thia eveut,
the correct equipment characteristics of numbers and sizes may be sub-
stituted in Appendix A. The seven parameters (Table 9) would then be

applied to the modified sizes and numbers to yield corrected equipment

repair,

It is also recognized that the sequence of repair stages and the
repair of process units in each stage can vary, depending on which prod-
ucts are in demand in the postattack period., Repair effort has been
detailed in Appendix D so that resequcncing may be easily done. It is
necessary for the estimator to recalculate production capabilities with
each sequence selected. It is also necesaary for the estimator to select
an alternative sequence of repair and calculate the products that could
be produced with the operable equipment at each repair stage. The sun-
mary of this effort for this atudy is shown in Appendixes B and C. De-
tails of this effort have not beon included,
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Appandix A

EQUIPMENT SIZES AND NUMBERS

The equipment that would be necessary for each processing unit
within each type of refinery is detailed in Tables A-1 through A-17,
Theae data are used to develop représentative processing units and
refinery categories, based on equipment data that reflect kmown or

calculable vulnerability and blast damage reclamation reguirements.

These equipment data are used in determining refinery vulnercbil.-
ity to low overpressure levels and resultant product capacities and the d
reclamation requirements and correlated produciion capacities after

higher blast overpressures (see Sections IV and V of the main text).

Refinery Equipment

Selected items of refinery processing equipment that represent an
overall average of that type of equipmwent in the petroleum refining
industry are described in terms of general characteristics, For re-
fineries that include equipment that does not match the average given,
the specific comparable characteristics of ind!vidual refinery equipment
may be substituted. Although a particular type of equipment performs a

specific function regardless of the refinery category, its size and

' therefore its reclamation requirements are direct functions of the re-
finery capacity and processing requirements. All pieces of equipment
are individually sized for each processing unit in each refinery cate-

gory. Individual equipment numbers and sizes for each processing unit

are detailed below. Units of size measurement are kept consistent with

data from which vulnerability and reclamation information are drawn.
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Although these units of sise in some instances are not the usuasl ones

encountered in petroleum refining, they can be easily converted, 1if

desired,

Control Roonm

Iu some inst!ances the coatrol room roofs will be of steel construc-
tion that has been calculated to bo damaged efter 1.0 psi, instead of
reinforced concrete construction which has been calculated to collapee
after 1.5 psi overpressure. The steel construction s characteristic
of older refineries, smaller refineries, simpler processing units not
requiring structural strength for 'double-decking," or those refineries
where construction was strongly influenced by minimum investment prin-
c¢iples. This steel control house roof could be anticipated in the proc-

ess units of the following types of refineriesg:

e Crude oil topping
¢ Vacuum flashing

e Light oil treating
¢ Asphalt

Of these, the first process is esgsential to all processing of crude oil;
the second to separation of stocks for midbarrel and asphalt production
and for feed preparation for cracking; the third is eassential to all
light products being on-grade; and the last is essential only to asphalt
and road oil production. Emergency repairs to some of these as needed,
would be sxpected before the refinmery could he operated. Repairs would
be in the gbove sequence, but only to the extent that they would then

match the remaining refinery capacity,

The size of a particular processing unit control rvom is a function
of both the capacity and the complexity of the processing unit, Larger
capacity units tend to have a greater number of and more precise instru-

ment controls, and more cumplex units require a greater nusmber of control
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points, Control room size may be expressed as a linear function of proc-

essing unit capacity as:

V=EKC)

whe re v control room size in cu £t (minimum « 2,000 cu ft)

Ly]
0

processing unit capacity ia B/D

| ]
n

g comstant dependent on the processing unit complexity,

For each of 16 selected types of procedsing units, the corresponding

values of the complexity 'a'" are as follows:

ot

Constant "a Constant "a"

(cu ft {cu £t

Procogsing Unit pexr B/D) Processing Unit per B/D)
Crude topping 0.374 Aizylation 1,667
Thermal cracking 0.746 Hydrogen treating 0,900
Thernal reforming 0,748 Vacuum flashing 0.374
Vis breaking 0.74¢6 Vacuum distillation 0,900
Coking 1.687 Lube and specialties 3.122
Catalytic cracking 0.800 Asphalt 0.571
Catalytic reforming 0.748 Light oil treating 0,374

Polymarization 0.900 Naphthenic lube and

specialties 2,565

Example: for a 90,000 B/D crude topping processing unit, control roonm

size

cu ft
90,000 B/D X 0,374 —mmeeem
’ /D 3 B/D

33,680 cu ft

Fired Heater

Many designs of firea heaters are in operation in various refin-
eries. 1In addition to size variations, there are variatioms in burner
location (floor, sides, ends, or top); in heat recovery (successive

phsses, steam generation, or waste heat recovery); and in construction

a1




design (to porzit omse of mainterance). A box-type fire box with floor
mounted burnors was selected as a ropresentative fired hester, Heater
voluae approximates 0.8 cu £t per B/D capacity of the heater. MNaximum

heater msizes congidered are as follows:

Maximum Heater Sise

Refinery Type {cu 2t)
Large fuel 40,000
Small fuel 30,000
Couplete processing 5G, 000
Asphalt 20,000
Asphalt and lube 20,000
Lube 20,000

In instances where a processing unit capacity requires greater than the

above sizes, multiple heaters are ccnsidered,

Fractionation Column (Distillation Towers)

Separation of petroleum into two or more parts is accomplished in
fractionation columns by the different boiling temperatures of those
parts, The heated petroleum enters the fractionation coluan where the
liquid part (which has a higher boiling temperature) flows downward, and
the vapor part (which has a lower Loiling temperature) flows upward,

For adequate separation of the petroleum parts there must be intimate

contacting of liquid and vapor throughout the height of the column.

Actual design of any one fractionation column reflects the complex
relationships of the characteristics of the petroleum materials entering
and leaving the tower. Thigs study wade simplifying assumptions and
calculated the size of each column separately as a function of quantity
of peiroleum separated, type of separation, and the percentage that

remains as a liquid. This relationship is:
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1, ¢ = 330 x D% xR,
whoru D = column diameter in ft
R = fraction of residual liquid
¢ = column input in B/D,

2, Height required for one unit of intimate mixing (one "tray™)
is 22 in,

3, Number of trays required for typesz of separation are as shown

balow,

Separation Type No, of Trays = ¢
S8tripping 10- 20
Primary fractionation 20- 40
Secondary fractionation 40- 50
Splitting 50- 70
Supaer fractionation 70-100

Fractionation column sizes are expressed in cu ft,

Extraction Columnsg

These are vesgels used for geparation of portions of petroleum lig-
uids through use of selective solvents or immiscible chemical solutions,
followed by a settling type of separation, Extraction column sizes are

essentially the sume as the distillation towers with which they are used.

Cooling Tower

Extraction of heat is requisite to the operation of every refinery.
This is usually accomplished by heat exchange with water and water evap-
oration, although air cooling systems with radiation exchanger coils
with fans are also used. Deciding factors are equipment economies,

climatic conditions, onerational requirements, and water availability,
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This study considers as representative equipment the extraction of heat
by cooling towers using induced draft fans for evaporative cooling of a
¢circulating wator system., The basic system ip of a module conatruction
with a volume approximating 148,000 ¢u tt. The outer surface haz louvars
of redwood or cement-asbestos, and the inner framework includes baffles
and splash decks as needed for mdequato evaporatior, HModules are sddi-
tive as required for refinery cooling. Cooling capacity required is
considered to be 4,0 cu £t of cooling tower volume per B/D throughput

capacity of each procesgsing unit,

Reactor

Those vessols in which petroleum fractions change structurally are
characteristically termed reactors., In most instances a catalyst is
present. Thesc vessels are in two groups, based on operational charac-
teristics. One group includes those that normally operate at high tem-
perature and pressure, such as catalytic cracking reactors, These would
be of thick-walled construction and are expected to be relatively insen-
sitive to blast conditions. 1In the study, this group was roferred to
as "cracking" reactors, The other group normally operates at a rela-
tively low pressure and does not require as great a structural strength
for normal operation. Examples are allkylation process reactors, This
group was labeled 'chemical" reactors. In either instance, the study
assumed that reactor volume is essentially a gtraight-line function ol
reactor total throughput, which includes reactor fresh feed plus re-

cycled material. This relationsghip is:

v = 0,1725 X ¢,
where v = reactor volume in cu ft
¢ = processing unit capacity in B/D,

Minimum volume ig considered to be 600 cu ft.
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Regenerator
e —

In somu catnlytic processes the castplyst {s regenerated, or re-
turned to {ts active state, by irensferring it from the reactor to a
separate regeneration vesssl, where it is properly processed by ateam,
air, snd so forth, Thig study alwo relates sizes of these vesgsels to

the totaled process unit throughput, This relationship is:

v = 0.380 X ¢,
whore v z regenerator volume in cu ft
¢ = processing unit capacity in B/D,

Minimum regenerator volume im considered to be 600 cu ft,

Presgure Vessels

At meveral points in every processing unit, pressure vesgels are
needod for segregation of liquid and vapor phases, eliminatton of water,
or separation of wagte materianl, Pressure vessels are normally of heavy
walled steel construction, While the vessel shells are relatively in-
sensitive to blast, they may be displaced from their footings or founda-
tions by blast., Differentiation is made between vertical and horizontal
vesgels, because of differing difficulties in handling during reclamation,
Thus, this study considered only the numbers of pressure vessels of these

two types that would be representative of each processing unit,

Pipe Support

Bconomics of modern refining dictate conditions of ease of piping
maintenance and gimple flow modifications consistent with ease of opera-
tiong, These factors have resulted in much of the process unit piping
being supported on overhead framework. The amount of overhead pipe

support in a process unit is a function of both the capacity and the
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comploxity of the processing unit, Tho linear faat of overhesd pipe gup-

Port may be expreysed am & function of processing unit capacity ag:

L= ax ¢,

whore ]

b3

linear feet of pips support
¢ = capacity of processing unit in B/

& = » constant dopendent on the processing unit
comwplexity,

The 18 releated types of processing units and the corresponding

"on

values of thair complexity constant "a" gre:

Conatant "a" Constant “a"
(ft per (£t por
Processing Unit B/0) Processing Unit B/D)

Crude topping 0.0049 Alkylation 0.0490

“hermal cracking 0.0143 Hydrogen treating 0, 0200

Thermal roforming 0,0143 Vacuun flashing 0.,0049

Vis breaking 0.0143 Vacuum distillation 0.0200

Coking 0,0480 Lube and speciglties 0.1250

Catalytic cracking 0,0200 Asphalt 0.0083

Catalytic reforming 0,0143 Light oil treating 0.0049
Polymerization 0.02300 Naphthenic lube and

spacialties 0.0808

Example: for a #0,000 B/D crude topping processing unit, pipe support is

= 80,000 B/D X 0,0049 E;% = 441 ft
Pipe aupports are also used in the moving of intermediate products
between processing units, This study weighted che complexity of the
unitg included in a refinery and estimated the pipe supports between
process units in the same manner ags that for individual process units,
but uaing the refinery capacity as throughput, Exceptions exist at

either end of the scale; a minimum of 400 ft of pipe support is estimated
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for the smallest lube refinery, and o maximum of 2,000 feet for any re-

finery, no matter how large,

Tatkage

Tankage 18 one of the major items of investmant in a petroleumr re-
finery aend it is vssuntiai to refinary operation, In wridition, tankage
i vilnorable to relatively low blast cverpressure, and 1t hap major

reclasmation raguiremenis,

At the input to a refinery for the ecrude oil topping unit alene, a
winimum of four large tanks are regyuired: one being filled from the
supply system, one full and ready to uso, one supplying the crude topping
unit, and one empty ready to be filled. 1If there is a secondary crude
oil #upply, additional tanks are required, as they are for ocach procensing
unit; the movement of intermadiate products from one processing unit to
the next normally requires segrogation and blending of products and stor-
age or residence time to accommodate process unit shutdovny for ropairs.
Seldom can only one tank be uscd between processing units as s surge
vesgel., If this 18 done, a ashutdown of one unit forces the next proc-
egsing unit also to shut down in a short time, At the point of product
completion, much storage is needed--products are delivered to their
respective markets in large quantitics, and enough storage ig noocded to

satisfy required shipment schedules,

The tankage volume requirement in terms of euch processing unit

capacity approximates a logarithric relationship:

a log v = log c + N,

|

wvhere v tankage volume in cu ft
¢ = procossing unit capacity in B/
a = 0,807

b = 0.842
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Exampls: for « 80,000 B/D orude topping unit, tankige required
w 15,2 X 10° ou rt

Reclamation wffort after blawt dumage will vary with the type of
tank, This study considered throu types of tankage:

e Conu roof tanks for those materials that are relatively
vonvelatile

¢ Floating roof tanks for those mstuerials that could potentiasily
vaporize

& Sphericel (and semi-spherical) tanks for those materials that

wmist be stored under pressure.

Each representative processing unit vas oxsmined and the appropri-

ate amount of each typo of tankage designated,

ngl

The pump requirements for each represantative processing unit were
investigated. The requirements include pumps that are needed for proc-
essing reasons within the process unit and pumps required for feed to
the unit and for delivery of producta Ifrom the unit to storage, Pump

roguirements are oxpressed as:

Cepacity = GPM X TDH,
wherae CPM = gallons per minute
TOH ~ total dynamic head (in £t)

Tables A~1l through A-17 1list the number of pumps required at each

capacity in each process unit, The miuilmun capacity (GPM X TDH) value
is 10,000,
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E




Pusp Urives; Klectric Motors and Steam Turbines )

Pump drives are frequently divided into two groups, One group, r

vlectric drive. is subject to electric power fallure and is nermally in

service that is not critically affocted Ly immwdiate and unscheduled

shutoff, The other group, steawm turbine drive, is normally supplied by

stoam geunerated within the refinery, and thus is not subject to immedi-

ate shutoff, The letter drive is used to power the wmore criticul serv-

ices in process unita, 8Bteam drive puMps are normally 4n seyviee that

i8 eritical to at least partial pumping capacity, i.,0,, charge to a

cracking unit fired heater., There is an approximately even diviasion

baetween these two groups. y

Within each group, each pump drive was sised for horgepower roguire-

went at 80 percent cwfficiency!

- GPM X TDH W Specific Gravity x ]3]

Hp 3, 960 100’

and the numbur of pump drives within standard power ratings available

wera dotalled,

Centrifugal Blowers

In some catalytic processes, the regenoration of catalyst is ac-
complished by passage of large quantities of air through the catalyst
in a regenerntion vessel at reluatively low pressure, Blowers and their
required drivers for this service are sized, based on the relationship

of 0.112 HP per B/D of catalytic cracking process plant capacity.

Heat Exchangers

Heat exchangers are treated in n manner similar to pressure vessels.
Studies have stown them to be relatively insensitive to low blast over-

pressure effects, but they may be displaced from their fcotings or

89




€708 & AN - e Yo

T F e R I Rt - gl e o B R L il S e 2t

foundations. This study considered cnly the number of sets of heat ex-

changers, since repair primarily consists of righting them.

Filters

These are relatively small in number, dut they are included hecausne
they are reégquisite to product finishing in sostie instances and because
they are vulnerable to damage at low blast overpressure., Thgy are esseén-
tially a fabric-covered rotating cylindrical drum with valving arrange-
ments Lo permit vacuum and pressure to be applied from within at differ-
ont points during rotation., This study assumed that a représentativa

filter has a canvags-covered 6-ft diameter drum.

Instrument Cubicles

In large sire and complex procegsing units, refiners have found it
expedient to have a portion of the control instrumentation located in an
1nstrunentlcubicle near the operating equipment, rather than in the cen-
tral coantrol room. This study assumed that a cubicle consists of a small
weather-shield type of enclosure housing six to ten instruments. Al-
though the cubicles represent only a small investmnt, the contained
1nstrua¢ntQ are.n part of the control system of a processing unit, and
they are vulnerable to damage at low blast overpressure (glass front

breskage, instrument damage, or wiring breakage).

Utilities

Equipment necessary to bring in energy from outside ne refinery is
also considered, These pleces of aguipment represent relailvely amall
inveztments, but they are vulnerable to iow blast overpressure damage,
The fuel gas flowg through a met~r and s pressure regulator valve, both
of which are normslly unprotected. Every refinery requires at least one

meter and one regulator valve, Electrical energy is received through
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qlectri. | translorwers, also unprotecied snd vulnersble. This study
asgume  (aat every refinery requires at least one transformer, and large

refine .8 require at least three transformers to operate.

On the above bases, the equipment that would be necessary for each
processing unit within cach category of refinery is detailed in Ta-
bles A-1 through A-17,
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Notes to Tables A-1 through A-17

1. About 5 percent of tise is usual for shutdown and repair. Capaci-

ties for operating time only (excluding down tiwme) would bo higher
by a factor spproximating 100/98.

2, 8ingle units ot equipment are shown with only the size of the gzingle
unit in the "Sixe" column (the pumeral 1 in the 'Numbers' column is
omitted) ; modular types of equipment have only a number in the
“Numbers" column, showing the equivalent number of modules. The
sise module is reflected in the value of C, shown in Table 8,
Fractional moduies in the case of cooling towers reflect combined

use of a cooliag tower by more thun one processing unit, The nun.

ber of fractional modules shown for any one precess unit is that

Sooar

unit's minimum requirement (i.e., a crude topping process unit in

a 24,000 B/D refirery requires 5.3 of the selected size cooling

£,

RIS

tower modules (see Table A-1).

SoR

i
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Table A-l

EQUIPMENT S1ZEE AND NUMSERB: CRUDX TOPPING

Equipment by “4

Conplste
LaFgE Fuel . Smail Puel Procassing
! 150, 74,000 ;

Eul pasant Unit of Neasure Ka, Size No, Sice Ho. 51ne N5, 54z
Control uouse, steel rf. 1,000 £¢? 30.0 57 8 13
Control house, conor, rf. 1,000 f¢°
Fired bheatar 1,000 ft: 3 21,0 3 40 a 15 3 80

1,000 £t 16.0 1 30 1 i
Fractionation column 1,000 y¢? 4 20.3 1 39 2 2.3 4 80.4
1,000 f¢* § 1.8 a 3.5 4 1.1 8 4.5
1,000 1¢?
1,000 18
1,000 t¢?
1,000 122
Extraction colums 1,000 £¢?
1,000 1¢*
Cooling tower No. 17.0 a3 5,3 43
Reactor, cracking 1,000 2¢3
1,000 f¢?
Reactor, chemical 1,007 123
Regenarator 1,000 f¢? {
Pressure vesssl, horiz. No. 4
Pressurs vessel, vert, No. 8 8
Pipe support ft 380 740 120 960 4
Storage tank, cone rf, 1,000 £t° 15,800 30,000 3,000 40,500
Storage tank, fltg. rf. 1,000 £¢°
Storage tank, spherical 1,000 ¢¢* 1
Punpe 1,000 OPM x TDH* 8 160 8 300 4 90 a 400
1,000 GPM X TDH* 12 80 12 130 [ 30 40 300
1,000 GPW X TDH* 28 80 28 180 14 60 1
Electric motor Hp 4 50 4 100 2 30 4 128
Hp 6 25 [ 50 3 18 20 60
Hp 14 30 14 50 7 20 )
Stesn turbine Hp 4 50 4 100 2 k) 4 128
Hp 6 28 6 50 3 15 20 80
Hp 14 30 14 50 7 a0
Cantrifugal blower Hp
Hest exchanger No, 72 72 % 72
Filter No,
Instrumsnt cubicle No,
* Galloos per ainute X total dymamic haad,

T =

[
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Table A-l
NUMHBERS: CRUDE ‘TOPPING PROCESHING UNIT
Bquipment by Refinary Typs and Capscity (B/0)
Compiete Asphalt
Fuel Procenssing Asphuit and Lube ibe
194,000 12,000 14,000 7,000 4, 000 Ef )
Size No, 8z Ho, 51 ke No, Sizc Xa. Binm Ho, Size Re, Sice
73 4,3 -} 3 2,0 10
3 s0 9.6 11 7 ? 1.8 2 14
H i4
22.3 4 50.4 8.3 7.4 3.3 4.1 a 13,8
1.1 [} 4.8 0.7 0.8 2 0.3 2 0.4 4 1.3
0.9 1.0
43 2.8 3.1 1,6 0.8l €.1
1 1 1 1 1
8 2 2 2 H 2
120 960 70 80 40 20 140
3,000 40,500 1,290 1,600 680 813 3,450
8 400 2 90 2 100 2 80 2 30 2 300
40 200 3 40 3 50 10 30 3 20 a 100
7 80 7 kL 7 20 7 129
4 125 30 30 20 S 10 80
20 80 13 13 -] 30
3 20 3 20 3 (1t
4 128 30 30 20 ? 10 80
20 &0 2 15 2 18 -3 1c 2 »
4 20 4 4 40
72 18 it 18 18 12
A
f
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Tadble A2

SQUIPMENT BIZKE AKD NUMBRNS| THERMAL CRACKING PROCESSING

Bquipment by xefipery Type

- Complets
!_.arn Puei Suall Fuel Processing
3 L §i‘555 !i I,Eiﬁ
Kguipment Unit of Measure Mo, Bine Ko, Bine Mo, Bine LLH 51ie

Cootre2 bouse, steel rf, 1,000 £¢*

Control house, sonor, rf, 1,000 f£¢? 10,0 20 ) 7
Fired heater 1,000 £¢° 4 4.9 4 9.4 7.7 a
1,000 £¢°

Fractionation solwea 1,000 f¢? 4 .8 4 18 8 24
1,000 £¢° 4 5.9 4 1 4.6 38
1,000 1¢°
1,000 ¢¢?
1,000 ¢3
1,000 £¢?
Extraction column 1,000 242
1,000 f¢?
Cooling tower No. 3.2 8.1 0.67 2.6
Resotor, cracking 1,000 2¢?
1,000 £¢8
Masctor, chemical 1,000 £¢?
Rege corator 1,000 t¢?
Presaure vegsel, hariz, Na,
Pressure Veasal, verg, No. 12 12 3 3
Fiye support ft 20 400 40 180
Storege tank, cons rf. 1,000 £33 1,330 32,8080 130 750
Starage teak, f1tg. rf. 1,000 2¢° 620 1,200 80 )
Ftorage tank, spberical 1,000 I
Huspn 1,000 GPM X TR & 280 s 530 2 220 2 850
s

Blectric motor Hp 4 100 4 178 60 250

Stesn turbine Hp 4 100 4 178 éo a50

Centrifugsl blower up
Haut sxchanger No, 4 L 8 6
Filter Na.

Instrument cubicle Xo. 4 4 1 1

* Gallons per minuv: | totsl dynamic head.
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Table A2

THXMNMAL, CRACKING PROCRESING UNIT

Rquipeent by Refisery Type end Capacity (3/D)

or s e -

Complate Asphait
Snall Vel Processing Asphalt sud Lube _ Luhe
] ¥, 500 i, T4, 00 14, 000 A 4, 00 Y658
Ko, Sisn ¥o, B s No, #1xe KXo, Bise No, Sine Ko, $ive %o, Sisze
7 2.0 ) 1,0
7.1 n 8,3 4.3 3.5 .9 6.3
L] L 4,3 -] 2.8 a.e ]
4.8 18 1.3 1.8 0.8 0.8 3.3
2.8 Q.45 0.83 .31 0.078 Q.83
3 3 <] k] K} 3
40 180 20 40 30 20 40
10 50 100 130 50 20 120
80 430 50 a0 30 10 80
220 2 as0 2 150 2 180 2 80 2 30 2 180
25 ) 80 5 20 & 20 L] 10 5 10 ] 20
60 250 50 50 0 10 80
10 2 30 2 10 2 10 2 10 2 8 2 10
60 250 50 80 30 1Q 50
10 3 30 3 10 2 10 3 o 3 S 3 0
] [ 6 [ 8§ ]
1 1 1 1 1 1




Table A

EQUIPMENT BIZRD AND NUMBERS ¢ THEMMAL REYOMMING PROCEBSING

Equiplonit by Waficery Type

ceaplete
Large Yusl Seull Yool o Procesein
| 180,000 FIN dwd, (KN id,
rauipment el ¢ of Measure o, sizn wo, 51w No, #ize No. Bine Neo,
Control house, stesl rf, 1,000 te?
Control house, coner. rf., 1,000 ft® 2, i ]
Fired heater 1,000 g¢f . 2.9 7.4
1,000 t¢?
Practionstion column 1,000 ¢’ 31 8.9 10
1,000 £t 0.8 0.9 2.4 2
1,000 t¢? 0.2 0.3 0.8
1,000 t¢?
. 1,000 12
1,000 f¢*
Extraction column 1,000 ted
1,000 ¢
Conling tower Ho, 0,41 0,78 2,3 0,083
Reactor, oracking 1,000 t¢°
1,000 t¢?
Mrector, chemical 1,000 2¢°
Regwnerator 1,000 te?
Pressure vessel, horisz. No,
Pressure vessel, vert, Na. 2 ] 2 2
Pipe support 1t 20 40 130
Storsge tank, cone rf, 1,000 £2? 40 80 800
Storage tank, fltg. rf. 1,000 13 20 80 396
Storage tank, spherical 1,000 1t
fuaps 1,000 GPM x TDH® 2 70 b] 140 2 740 2
1,000 Gt x TDH* 4 10 4 20 4 80 4
1,000 GPM X TDH®
Electric motor Hp 20 40 250 3
Hp 2 s 2 10 2 15
Hp
Stess turbine Mp 20 40 280 3
¥p 2 s 2 10 2 35
Hp
Centrifugsal blowsr Hp
Haat exchanger No, 5 3 3 5
Pilter No.
Instrument cuhicle No, 1 1 1 i

¢ Gallons per minute X total dynamic hesd.

A
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Table AD

K8 AND NUMBERY ) THEMMAL REPOMMING PROCRESING UNIT

Eyuiphent by Refinary Ty and Cepucity (WD)

Gonplete AspBalt
dnall Frsl Frocessing AbpRslt and Ludbe Lube
Ei,m 4 by 1 “.W 4,00 i”xm
flne no, 81ve LLH Fine LI'N Bis4 No, iee o, gize Ko, sise
i.0 2 i 4,0 2
7.8 Q.18 0.23 [ 3| 0.23 1.8
16 0.4 0.8 0.3 0.8 ]
F] 4 0.1 2 ¢l F 0.1 ] il 0.8
[ | 0.2
1.2 0,082 Q,081 Q.31 0,082 0.42
2 2 2 2 2 3
130 a0 2a 20 20 a0
ecn 10 10 10 10 80
30 io 10 10 1] [ 1+)
2 740 2 30 2 40 2 40 2 20 3 150
4 80 4 30 4 20 4 20 4 10 4 20
250 a 10 135 18 10 50
2 15 2 10 2 10 a 5 2 10
2580 3 10 18 18 10 50
2 28 2 0 2 10 2 ] 2 10
5 s 5 L) 8 ]
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Table A4

YIH MHZAXING PROCESEING UMY

Equipment by Refinery TYpH |

Crmpiate
Lirgé Fuel Hanll rue) Proousnsin
LS 180, 000 W o — "'m;m"" T
E &l pmant Unit of Messure Mo, 10 Mo, Sine Bo, $ine Ko, $izte LCH L
Control house, steel rf, 1,000 ft4
Control houss, somer, rr, 1,000 £t° 3 e F] 2 8
Pired hester 1,000 £42 2 6.4 2 13 4 13
1,000 1¢¢
Frectionatios colump 1,000 £¢ 2.8 8.2 o, s
1,000 #¢ 7.3 14 2,2 14
1,000 £¢d 0.7 1.4 0.3 1.3
1,000 22
1,000 1¢?
1,000 t¢d
Extranticn colums 1,000 2¢?
1,000 g¢d
Cooling tower Ko, 1.0 2.0 0.3 1.9
Reactor, cracking 1,000 223
1,000 f¢°
Assctor, chemica)l 1,000 £¢?
Regenerator 1,000 t¢?
Pressure vassel, hor'z, No.
Fressure vasael, vert, Mo, 3 3 3 3
Pipe support 't 60 120 30 100
Storage tenk, cose rf, 1,000 12 =0 780 80 890
Storage tank, fltg. rf, 1,000 2¢* a0 180 20 170
Storage tank, spherical 1,000 tt?
Puspe 1,000 GFe X TOM® 2 210 2 4910 2 70 3 400
1,000 G x TDN® 3 40 3 70 3 20 3 70
1,000 G x TDH® 4 20 4 40 ] 10 4 (1]
Electric motor Hp 80 128 20 128
Hp 13 20 10 20
Hp 2 10 2 13 2 s 2 13
Steam turbine Hp 80 128 20 128
Hp 2 18 2 20 2 10 2 20
Hp 2 10 2 13 2 ) 2 18
Centrifugs)l blower Hp
Hext exchanger Mo, ] 8 ] 8
Filter Mo.
Instrusent cubicle No, 1 1 1 3

* Gallons per minute X total dynamic head,

yal
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Table A

s 1ZES AND NUMBERN: VIS BREAKING PROCSEEING WNIT

Bquipnent by Retfinery Type and Capacity (W/D)

Conplete ANpaal t
Snali Tusi Processtin ARuephrelt and Lube 1ashe
LI WL, 1, 004 Lo Y 1,000
Ne. [ 187 LCN Slue Ko . (1% 7] Xo, 3ine LGN 1% Ko, Blve Ko,
] b ]
13
0.8 8
FIY 14
0.3 1.3
0.3l 1.9
3 3
a0 100
&0 &80
20 170
2 70 ] 400
] 20 3 70
4 10 [ 40
20 128
10 20
2 -] 2 18
20 25
2 10 2 20
2 s 2 1%
[} [}
1 1




Table AS

Raibl bt By Nafi

Cople te

B TPRNT AIZRE AND WUMBERN: CORING PROCKESING UNIY

4

L. wel — Snall Vusl Prode i b |
Y%, 000 5O, 000 24,000 T4, 000 . 13, OH
Egui pistnt Uait of Messure No, i ne No, B as [ (1] L Y] e,

Comtrol bouse, wtesd rf, 1,000 ft2

Control houss, comer, rf, 1,000 f¢? .3 12 2 10

Yired beatar 1,000 112 3.4 ..s 0,23 .8
1,000 tef

Practionstion columa 1,000 ? 4.3 . 0.4 8.1
1,000 2¢? 0.¢ 1.1 0.1 0.9
1,000 fof
1,000 f¢?
1,000 te
1,000 #¢°

Bxtraction colusn 1,000 t¢?
1,000 £¢®

Cooling tower Ne. o.M 1.8 0.087 1.3

Rescitor, oracking 1,000 red
1,000 t¢?

Nsactor, chewicsl 1,000 te?

Regenerster 1,000 1¢3

Prassure vaguel, horis, Ko, 3 3

Presuure vesssl, vert, Ro. 3 3

Pipe support ft a10 400 100 300

Storsge temk, coss rf, 1,000 f¢? %0 530 10 aso

Storsge tank, fitg, rf, 1,000 ft? 140 a70 10 170

Storsge tank, spherical 1,000 t¢?

Pusps 1,000 GP X TDW 2 10 2 130 [ ] 10 2 20
1,000 G x TON® ¢ 30 4 60 4 s0
1,000 GPW X TDH

Electric metor p 20 40 3 3 k1]
Kp 2 10 2 20 ? 18
up

Stoam turbioe up 20 40 3 3 ¥
"p 2 10 2 20 2 18
Hp

Centrifugal blower up

Hest sxibanger %o, 4 4 4 4

filter Yo

Iastrument cubinle Mo, 1 1 1 1

* Galloms per minute X tovsl dynemic heed.
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Table A-S

KT S1ZK5 AND NUMBERS: COKING PROCEGSING UNIT

Equipment by Refinery Type end Capecity (B/D) N
Complete - Aiphalt J
Small Fuel Procesaing Asphalt and Lube faube
4, 104, 000 13,000 14,000 7,500 4,000 27,000 F
o, Bine No. 231 No, size No, Size Ko, Sixe No, $ize No, 5118 *
2 10
0,23 4.6
0,4 5.7
0,1 0.8
0,087 1.3
3
3 3
100 300
10 3as0
10 170
6 10 2 90
4 50
3 3 30
3 15
3 L] 30
2 15
4 4
1 1

TG




Table A-£

EQUIPKENT S1ZES AND NUMBERS:t CATALYTIC CRACKING PROCESSING

Eauspment by Befipery Type

Complete .
Lnr!_g Fuel Saall Fuel Pro«uta
[ 150, - 4, 365 184, XEJ_*EEE
Equipment tinit of Haasure X0, Hize No, Bize o, Siza Ko. 945w %o, i
L]
Control house, stesl rf, 1,000 2
Coutrol houss, concr. rf, 1,000 gt? 36,0 70 11 77 2,
Fired heater 1,000 ¢ 2 11,0 2 20 10 4 22 o,
1,000 £¢° 2 10,0 2 19
Fractionation columa 1,000 ¢ 4 16.6 4 Nn.7 21 4 a8 0.
1,000 f¢2 4 1.3 4 2.5 1.6 4 2.7 3 o,
1,000 1¢? 4 0.7 4 1.8 0.9 4 1.8 o
1,000 £¢? 4 0.6 4 1,2 0.8 4 1.4 0.
1,000 £t 4 5.4 4 10,3 6.8 4 11.8
1,000 £¢° 4 2,9 4 4.8 a.6 4 8,3
Extractios column 1,000 1¢°
1,000 24
Cooling tower No, 8.8 17 2.9 19 0,10
Resctor, cracking 1,000 f¢° 4 2,1 4 4 2,8 4 4 0.6
1,000 £t*
Rasctor, chemical 1,000 t¢?
Regonerstor 1,000 f¢° 4 6.8 4 13 8 4 u 0.8
Pressure vessel, horic. No. 28 28 7 28
Presaure veasel, vert, No. 24 24 [ 24
Pips support It 810 1,560 260 1,760 20
Storage tank, cons rf, 1,000 1t 3,350 6,450 710 7,500 10
Storage tank, fltg, rf. 1,000 1¢? 1,640 2,180 as0 3,750 10
Storage tank, spherical 1,000 3 1,640 3,150 360 3,750 10 ¢
Fumps 1,000 GPM x TDH* @ 160 8 a00 2 200 8 300 16 10
1,000 GPM X TDH* 40 120 40 230 10 180 40 230
1,000 GPM X TDH* 16 50 16 20 4 60 18 100 ‘
Elect>ric motor Hp 4 50 4 100 80 4 100 8 3 1
Hp 20 40 20 75 s s0 20 75
Hp 8 158 8 30 2 20 8 30
Stesm turbine Hp 4 50 ] 100 60 4 100 8 s 1
Hp 20 40 20 75 5 50 20 78
Hp 8 15 8 30 2 20 8 30
Centrifugal blower Hp 8 600 8 1,200 2 100 8 1,200 75 4
Hoat exchanger Xo. 86 96 24 96 24
Filter No.,
Instrument cubicle No. L ¥ 12 3 12 3

¢ Gallons per minute X total dymamic head,

4
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Table A8

CATALYTIC CRACKING PROCESSING UNIT

Equipment by Refinery Type and Capacity (8/D)

Complats Asphalt
nall Fuel Procosssn Aaphalt And Lubs
—-ﬂT""'—!—,oop 17, 600 14,000 7, 000 4,00 37, 000
RO, Size LN Bise No. 3iza No, Aipe Ms, Sive Ko, Siza
77 2.0 2 2 2.
4 22 0,38 0.48 0.39 . 7.3
4 as 0.8 0,9 1 1.8 12
4 a,? 3 0.1 0.3 8.3 0.3 0.9
4 1,8 0.3 0.2 0.2 2 0.1 2 0,8
4 1.4 0.2 3 0.1 3 0.1 0.6 a.8
4 1.8 0.3 2
4 5,3
19 0.10 0,12 0,11 0,24 1.6
4 4 0.8 0.6 0.8 0.8 1,8
+ 14 0.6 0.6 0.8 0.7 5
28 7 7
24 8 6
1,760 20 20 20 20 180
7,800 10 10 10 50 aso
3,750 10 10 10 30 170
3,750 10 10 10 30 180
8 300 16 10 16 10 18 10 2 20 2 110
40 230 14 10 10 80
60 16 100 i 30
80 4 100 8 5 8 [ ] 5 10 30
50 20 75 7 3 ) as
20 8 30 3 10
&0 4 100 4 3 8 . 8 5 10 30
50 20 78 7 s s 28
20 8 a0 2 10
b 700 8 1,209 75 75 80 2 75 3 100
% 96 24 24 24 24 24
1 12 3 3 a 3 3




Teble A7

EQUIPMENT SIZE8 AND MuMBERS: CATALYTIC REFOEMISG PROCEZSING VNI

Fquipment by Refinery Type and

Complete
Large Puel _Srall Fual Processing As
V¥, 060 170,000 24,000 194,000 12, 000
Equipment Unit of Messur. No. 4ita No. fiz0 o, Blzis RO, Size o, Jize
Control house, stesl rf, 1,000 f¢?
Control houss, coacr. rf. 1,000 f¢ 13,0 a8 4 25 2,0
Fired baater 1,000 2¢° 4 1.6 4 7 4.8 4 1 0.2
1,000 £¢°
¥ractionation coluan 1,000 1t2 4 17.8 4 3s.8 22,8 i 34,2 1.
1,000 2 4 0,6 4 1.3 0.8 4 1.3 2 0,
1,000 £¢7 4 1.7 4 3.2 2.2 4 3.3
1,000 #¢
1,000 ¢¢?
1,000 2
Extrsction solums 1,000 ¢
1,000 ¢’
Cooling tower No, 4.1 7.8 1,3 7.8 0,081
Resctor, coracking 1,000 e 18 0.8 18 1.5 4 1 1€ 1.8 4 0.6
X, Iy
Rasctor, chamical 1,000 £e?
Ragenerator 1,000 ¢£t°
Pressure vassel, horiz, No.
FPreasure veassel, vert. No, 12 12 3 12 3
Pipe support It 260 300 100 300 20
Storage task, cons rf. 1,000 £t° aso 750 00 750 10
Storage tank, fltg. rf, 1,000 1% 1,640 3,150 ano 3,300 10
Storage tank, spherical 1,000 ¢* 390 750 90 750 10
Punps 1,000 GPM X TDH® 8 70 8 130 2 80 8 130 12 10
1,000 GPM X TDH® 24 50 24 160 8 70 24 100
1,000 GPM X TDH® 16 20 18 40 4 30 16 40
Electric motor Hp 4 20 4 40 30 4 40 6 1)
Hp 12 15 12 30 3 20 12 30
Hp 8 10 8 15 2 10 8 15
Steam turbine Hp 4 20 4 40 30 4 40 é ]
Hp 12 15 12 30 3 20 12 30
Hp 8 10 8 18 2 10 8 18
Cantrifugsl blower Hp 8 230 8 500 2 350 8 s00 50
Heat axchanger No, 48 48 12 48 12
Filter No,
Inatrusent cublicle Nb. 4 4 1 4 1

¢ Gallons per minuty X total dynamic head.
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Table ALY

1ZE8 AND NUMBERSt CATALYTIC REPORMING PROCEZESING UNIT

Bquipment by Refivery Type and Capncity (&/D)

‘Compists Aephalt
Spall Yusi Procenss Asphalt eod Lube Lube
34, 00 "“"“x‘o'i,WE"‘ - R L K A AW 27, 600
® N, 54 xa ¥o, Size No, Sige No, 8ixe No, Siza Ro, 94se No, Size
4 2W 2.0 2 2 2,0 A
4.6 4 7 0.29 0,34 0.17 0.49 3.3
2,8 4 34,2 1.4 1.8 0.8 2.4 18
0,8 4 1,2 2 [ 0.18 2 0.1 0.1 a,6
2. 4 3.3 0.1 0.2 1.8
1.3 7.8 0. 081 0,094 Q, 047 0.13 (‘N1
4 1 16 1.8 4 0.6 4 0.6 4 0.6 4 a,.8 4 o.n8
3 12 3 3 K] 3 ]
100 500 20 20 a0 a0 a0
90 7680 10 10 10 10 [:{e]
0 330 3,300 10 10 10 30 210
90 50 1Q 10 10 10 [-13]
2 90 a 130 12 10 ad 10 ¥} 10 12 10 2 70
& 70 24 100 6 50
4 30 15 40 4 20
30 4 40 [ 5 g 5 é 5 6 $ 20
3 20 12 30 3 18
2 10 8 18 2 10
30 4 40 6 5 ] a 6 5 -] 8 20
3 20 12 30 3 13
2 10 L] 15 2 10
'3 350 8 300 40 30 30 75 2 250
12 48 12 12 12 12 12
1 4 1 1 1 1 1
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Table A-B
EQUIPMERT BIZES AND NUMBERS: POLYMERIVATION PROCESEING lﬂ‘:’li‘j
Equipwent by Refinery Type and|
Complata
Lirge Fuel Gmall Fuel Processing A
78, 500 190, 000 "7, 600 104, 000 1%,
. Equl pment Unit of Measurs NG, fize Ma, 35T NS, s Kér, Size o, §ize
&3 -
Control house, stesl rf, 1,000 ft2
Control houss, concr, rf, 1,060 ft? 2.0 2 2 8 1.0
Fired heater 1,000 n:
1,000 £t° 1
Practicnation column 1,000 £¢° 0.7 1.4 0.23 1.1 0.1
1,000 t¢? 0.8 1.5 0,3 2,8 0.2
1,000 1¢? 4.9 9 1.6 16 0.9
1,000 £¢?
1,000 1¢?
1,000 £¢?
Extraction column 1,000 te?
1,000 1¢?
Cooling tower No. 0,29 0,% 0,01 0,84 0.087
Resctor, cracking 1,000 t¢?
1,000 f¢?
Hesctor, chemical 1,000 £¢? z 0.6 2 0.¢ 2 0.6 2 1 2 0.8
Regenerator 1,000 1
Pressure vessel, horis, No. 3 3 3 3 3
Pressure vessel, vert, No. 40 20 40
Pips support it 20 20
Storage tank, cons rf, 1,000 £
Storage tank, fitg. »f, 1,000 £2? 40 80 20 120 10
Storage tank, sphericsl 1,000 13 60 110 20 210 10
Puspe 1,000 G x TDH® 2 40 2 80 [} 20 2 130 6 40
1,000 G X TOH® ¢ 20 4 30 2 10 4 50 2 i0
1,000 GPW X TDR® & 10 2 10 F] 20
Electric motor np 5 23 3 10 40 3 10
Hp 2 10 2 10 H 2 18 -]
Hp [ 5 10
Stoam turbine Hp 15 25 3 10 40 3 10
Rp 2 10 2 10 3 3 18 5
Np 5 s 10
Contrifugsl blower Hp
Hest ¢xchanger No. 8 [ ] ] 9
Yilter No.
Instrument cubicle No. 1 1 1 1 1
¢ Gallons per minute X totel dynamic head.
———
—— o b il




PUENT S12E5 AND NUMBERS :

Table A8

POLVMERIZATION PROCESSING UNIT

Equipment by Refinery Type and Capacity (B/D)

Compiete “AApBAlt
_Bmall Fuol pProcessin Asphal t sud Luhe .
"N, 000 I A 19658 — 14,600 — 7, 000 TG0 A
LR 812 Ko, Size X6, 8ixn Ko, Bize Xo, Sine Ner, e No, Higa
b3 8 2,0 2 & 2.0 |
0,23 2.1 0.1 0.13 a 0.1 2 0.1 2 0.2
0.3 2.8 0.2 0i2 0.4 1.3
1.8 18 0.9 1 0.2
0.uk Q.94 0,087 0,087 0.024 0.011 0.072
2 0.6 2 1 2 u,6 a 0.8 ] 0.8 2 0.8 2 a.8
2 3 3 3 3 3 3
20 40 20 20 20 30
20
aQ 120 10 10 10 10 10
20 210 10 10 10 10 10
€ 20 a 130 ) 20 6 20 8 20 [ 10 8 20
H 10 4 50 2 10 2 10 2 10 2 10
2 20
a 10 40 3 10 k] 10 3 10 4 ) 3 10
8 2 13 s [ s 5
10
3 10 40 3 10 a 10 3 10 4 s 3 10
s 2 15 s [ s s
10
] ® 9 9 $ $ 9

_f PP P TS e
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Table A8

EQUIVHENT SIZES AND WUMBERG( ALKVLATION PROCESSING UNIT J

rquiprent by Refinery Type

conplete
Large Fuel Emell Puel Procassin
8,650 130, 0641 44,080 B L ) ,AJ" 3, 000
Cgulpmant Unit of Measure NO, Jine NO., 316 %o, Size Ne, 5420 No, 51
Control house, eteel rf. 1,000 e
Control house, concr, rf. 1,000 £t° 14.0 26 4 24
Fired hfater 1,000 n: 11.0 23 3 22 4
1,000 ft
Yractionntion column 1,000 £t 8.9 17 2.3 17
1,000 f%® 14.6 29 1,8 28
1,000 £¢° 6.0 12 1,8 1
1,000 £t 5.2 10 1.3 9.4
1,000 14
1,000 £?
Extraction colusn 1,000 £¢?
1,000 t¢
Cooling tower No. 1.6 3.1 0,42 3,0 ’
Reuctor, cracking 1,000 £ed
1,000 t¢’
Reactor, chemical 1,000 £¢* ‘4 0.8 4 1 i 0.8 4 0.3

Pressure vessel, vert, No. 4

Pipe support [{3 80 700 100 éso
Storage tank, cone rt, 1,000 #¢? 330 830 €0 600
Storage tark, fitg. rf, 1,000 ¢’ 120 240 20 240
Storage tank, spherical 1,000 ¢ 310 630 (1] 800

Puape 1,000 apM X TOR® &0 0 100
1,000 GPM X TDM® an 160 4 10 150
1,000 Pt x TDH® 40 4 170 70

Kagunerator 1,000 e

Pressure vessul, horts, No. ) 6

Llectric motor Hp 20 k [+] 5 10 30
Hp 4 28

6 8
4 4 4
4 80 2 ) 4 50
Hp 2 15 2 30 F ] 20
Steam turbine Wp 20 3o [} 10 30
Hp 25 50 a -] & 30
Hp 18 4 20 2 20
Catitrifugal blower Hp
Heat oxchanger Ne. 18 13 18 18
Filtar Ho,
instrument cubicla No. 1 1 1 1
* Galichs per minute X totsl dynamic head,
. -

-
L M
-
-
o
-
-

L

n o
“




Table A9

fIZES AND NUMBERG: ALKYLATIOM PROCESSING UMIT

Kquipment by Refinery Typs and Capscity (WD)

Couplete Auphai €
Amull Puel Processlpg Asphaly ) abd Lubre Lube
D T s TTIb 7'3552"", ~ 14, 000 14, 600 T, 000 T, 000 17,650
Ko, 81 e No, Size No, 8134 Mo, ilse Ne. 2izs o, sige %o, G158

2,0
Q,46 da
a.4 2,4
0.7 4.1
2 0.2 1.6
1.4
v,065 0.44
2 0,8 2 0.8
[}
a0 100
10 éo0
16 30
10 60
18 10 11 20
4 10
3 10
7 g 2 3
] [ ] 10
2 -]
18 15
Y 1




Equl peent

Toble A-1O

EQUITMENT 81758 AND NUMBERS: NYDROGEN TREATING PROCESS

Kquipment by Mofinery T
Canplets

i 'l SRALL Fual Proanont
— gy e T IR It

Unit of Memsure  No. Hize "o, Sine No. Elvx Ne, Siae e,

Control houss, wsteel rf,
Control house, coner, rf,
Fired bhaater

Freotionation column

Extraction colimn

Cooling tower
Resctor, arscking

Reactor, chomical
Regunerstor

Prasasurs vessel, horiz,
Pressure vesssl, vert.
Pipa support

Storage tank, cona rf.
Starage tank, fltg, »f.
Storage tank, spherical
Punpe

Clectric motor

Stean turbine

Centrifugal blower
Hest exchanger
Filter

Instrument cubicle

1,000
1,000

8 3% 532338 83

[

¢ Gallons per mihute X total dynawmic head.

A




Table A-10

7E8 AND NUMMENS: HYDROUSN TREATING PROCKSHING UNIT

Equipment by Rafinery Type and Capacity (H/D)

Compiete Asphait .
Baill Fusl Procassing Asphal t and Lube .
A ﬂ,ﬁ 104, ﬂ,m 14, 000 7,000 4,000 5’51000 .
o No, Size No. 83 e No. 84ze No, Bine No, Sise Mo, Bige No, Sige ‘
Hi 29
1.2 25
0.8 10
1.1 23
[ 0,31 6.1
i 2 0.9 4 2 ‘
2 1 .
i
3 3 i
20 580 {
. 50 1,800 :
{
30 $30
an 800
. 2 30 2 800
. ¢ 20 4 a0 )
: 2 10 3 130
3 10 175 {
2 100
s 40
. 10 178 ]
-] 2 100
40 ‘
= 12 12
) i
\
] '
. N N e . s

. -Mwi‘iﬁ.,dﬂq.f'.': o




Table A=l}

EQUIPMENT SIZES AND NUMBERS: VACUU FLASHING PROCI

Equipment by Refinery

- Conplate
Large Fuel Small Fuel Processing
78,006 186, 000 ~ 04,000 194,000
REquipment Unit of Messure No, Size No, Sike No, 8ize Xo. Sigw No.
Control houss, steel rf, 1,000 #2? 4.2 18 3 it
Control house, couer., rf. 1,000 f¢®
Fired heater 1,000 24 4 4.3 4 a 5,4 4, 4.8
1,000 12
Yractionation column 1,000 £¢2 8,6 4 16 11 4 11,8
1,000 £¢3 2 1.3 6 o.5 2 1.7 B 1.8 2
1,000 £¢?
1,000 £¢°
1,000 £¢°
1,000 ft?
Extraction colum 1,000 1¢?
1,000 1¢*
Cooling tower No. 4.9 9.4 1.5 6,7 1.9
Resctor, oracking 1,000 ¢
1,000 1¢?
Reactor, chemicai 1,000 £t*
Regensrator 1,000 re?
Pressure vessel, horiz, No,
Pressure vesssl, vort, Ko. 4 4 b 4 1
Pipe support 1t 110 220 40 160
Storage tank, cone rf, 1,000 £¢® 3,120 6,000 620 3,750
Storsye tank, fltg, rf, 1,000 £t3
Storage tank, spherical 1,000 1t°
Pusps 1,000 GPM X TDH* 16 40 18 80 4 50 16 60 4
1,000 GPM X TDH®
1,000 GPM X TDH®
Rlectric motor Hp 8 18 8 15 2 15 8 20 2
Hp
Bp
Steam turbine Hp 8 15 [ 28 2 15 8 20 2
Hp
Hp
Centrifugal blowsr Hp
Heat exchanger No, 20 20 5 a0 5
Filter Ne.
Instrumsent cubicle No.

® Gallons per minute X totsl dynamic head,

A
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Table A1l

S1ZKE8 AHD NUMBERS: VACUUN FLASHING PROCESSING UNIT

Equipment by Mefinery Typs and Capacity (/D)

"Compla ta Asphalt -
Small Yuel Processin Asphaltl aid Lube Lude
1YL ‘W"—L 14, 000 14, 006 T 4,000 :
Mo, 8ixze No, Bize No, Size Ma, 8iae No, a1ga No. Size No. 8irzo
3 11 3,4 4
5.4 4, 1.8 8.9 8
11 4 11.8 5.4 6,3
2 1,7 ] 1.8 2 1.4 2 1.6
1.8 €.7 1.9 2.2
1 4 1 1
40 160 80 60
620 3,750 880 1,020
4 50 16 80 4 70 4 80
2 15 8 20 2 20 2 28
2 15 8 20 2 20 2 23
-] 20 ] 8
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Table A-12

EQUIPMENT 81258 AND NUMBERS: VACUUM DISTILLATION PROCESSIN

Equipment by Refinery Type

- Complete
Larke Puel Small Fuel Processing
78,500 104, 000 24, 000 194,000
Bquipwent Unit of Messure o, Size No, Siste No, Bixe No, §4z¢
Control houss, atsel ¥?, 1,060 it"
Control house, coner, rf, 1,000 12 17
Fired hester 1,000 £t2 4 3.9 {
1,000 ft?
Fractionatisn column 1,000 ft* 4 8
1,000 2¢? 12 0.8
1,000 ttd
1,000 tt?
1,000 £t
1,000 £¢3
Extraction column 1,000 £¢2
1,000 ¢
Cooling tower No. | 4.3
Reactor, cracking 1,000 10
1,000 2¢*
Reactor, chemical 1,000 1
Regenarator 1,000 170
Pressure vessel, horiz, No.
Pressurs vessel, vert, No. 12
Pipe support It 100
Storsge tank, cone rf. 1,000 n? 2,400
Storage tank, fltg. rf, 1,000 ¢’
Storage tank, spherical 1,000 2¢°
Pumps 1,000 GPM X TDH* 24 40

Electric motor Hp 12 15
Hp
#p

Steaa turbine Hp 12 15
Hp
Hp

Centrifugsl blower Hp

Heat exchanger No, 28

Filter Ko,

Instrument cubicle No, ’ 4q

» Gallons per minute X totsl dynamic head,

A

—

ﬁ



Table A-11

ZES AND NUMBERN: VACUUM DIBTILLATION PROCESBING UNIT

Equipment by Refinery Type ant Capacity {(&/D)
Complete Asphalt
Eaxsll Puel Processin, Asphnlt and Lube Lube
1, 600 Iﬂ,m 12,000 14,000 7,000 27,900
Size No, Stre o, 8ixe No. 51ze No. 3izxe No, Gizte No. 8ire
17 2.0
4 3,9 1.1 7.6
4 8 2.1 0.2 [
12 0.8 3 0.3 3 0.1 3 0.9
4,3 1.1 0,31 2.1
12 3 3 3
100 40 20 80
2,400 440 140 960
24 40 [ 40 6 10 ] 70
12 15 3 15 3 3 3 20
12 15 3 15 3 5 3 20
28 7 7 7
4 1 1 1

T ek g

S ot o amm—an
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EQUIPMENT S12E5 AND HUMDERS: LUBE AXD BPECIALTIRS W?

Table A-13

Rquipment by Rafinary 'rrg

Complete
Large Fuel gmall ruel Processin
Y350 180, 000 34, 000 - 'm-asr"

Equipeunt _ Unit of Messurs N, Blie Ho, fire ¥a, 8is8 ¥, ]
Control house, steel rf. 1,000 ft? ‘
Control house, concr, rf, 1,000 ft? 40 1
Fired heater 1,000 tt? 3 2,8 {

1,000 1¢* {
Fractionstion column 1,000 ft? ]
1,000 £¢? 4 1
1,000 123 2,8
1,000 f¢d 2 1,3
1,000 £¢° 3.8
1,000 tt® 6
Extraction column 1,000 2¢? 1
1,000 £¢2 1.2
Cooling tower No, a8
Resctor, cracking 1,000 1d
1,000 2
Reactor, chemicsl 1,000 ¢
Regenerstor 1,000 ted
Pressure vessel, horiz, No. 12
Pressurs vessel, vert, No. 7
Pipe support 1t 2,000
Storage tank, cone rf, 1,000 1t? 1,3%0 J
Storsge tank, fltg. rf. 1,000 tt® 380
Storage tank, spherical 1,000 £t* 20
Pumpa 1,000 GPM X TDH® 40 130
1,000 GFM X TDH* 20 40 4
1,000 GPM X TDH*
Electric motor Hp 29 40
Hip 10 18
Hp
Steas turbine Hp 30 40
Hp 10 18
Hp
Centrifugsl blower Hp
Heat exchanger No. 50
Pilter No. 8
Instrument cubicle No. 3

* Gallons per minute X total dynamic head,

A
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Table A-13

AND NUMBERS: LUBK AMD SPECIALTIRE PROCENSING UNIT

Bquipmsnt by Aefinery Type and Capscity (/1)

Conplete Asphalt
Smal) Yuel Procossia Asphalt and Lube Lube i
24,000 194, 600 14,040 14,008 Y, 050 4+, GO 3T, 600
Ko, Sige Ko, dise No, fize NS, B1se Ne. Blie Nn, Sz No, 8ine
1] .7 8
3 2.8 3 0.1 3 1
9 0.4 3
4 1 7 0,1 4 0.4
2.8 0,2 0.9
2 1.3 0.3 2 0,4
s 1.3
8 2,1
1 3 o1 0,4
1.3 0.8
3.8 0,19 1,3
12 12 12
r 7 7
3,000 150 1,000
1,330 (1] 410
380 20 110
90 10 30
40 120 &0 10 40 -4}
20 40 1] 0
20 L 11} ao -] 20 18
10 18 10 10
20 40 30 8 20 is
10 18 10 10
50 -1 80

]
»
(=)




Table Auld

EQUIPMENT HIZEY AND NUMBENE: ABPHALT PROCESSING UNIT

Equipment by Aafinery Type an

Cosplete
Larpe Fuoel Small Fusl Processing
_ 18,000 180, 000 24,000 194, B0 13,000
Equipment ) Unit of Yessure Ko, 8ire Ko, Sige No. 51 ge Ho, Sige LN 84
Control houke, #teel rf, 1,000 £¢° 2 2 2.0
Control house, coner, rf, 1,000 1¢?
Pired hester 1,900 £¢? 0.7 3.1 2.9
1,000 142
Prantionstion coluan 1,000 fe? 0.2 0,08 0.8
1,000 £¢°
1,000 te?
1,000 !
1,000 £t
1,000 £¢?
Extraction columa 1,000 23
1,000 £t
Cooling tower No. .19 0.89 0.61
Reactor, cracking 1,000 t¢?
1,000 f¢?
Reactor, chemical 1,000 £t?
Regenerator 1,000 143
Pressury vessel, horiz, No.
Pressurs vessel, vert, No.
Pipe msupport ft 20 40 30
Storage tamk, cons rf, 1,000 1¢3 50 az0 00
Storage tank, fltg, rf, 1,000 £ed
Storage tank, spherical 1,000 £¢3
Pumps 1,000 GPe X TDH® 4 10 2 a0 2 3o
1,000 GPM x TDH® 2 20 2 20
1,000 GPY X TDY*
Blectric motor Hp 3 -3 2 10 2 10
Hp
Hp
§team turbine Hp 2 - 2 10 2 10
Hp
Hp
Contrifugsl blower Hp
Hoat exchanger No. 3 3 3
Filter No.
lastiument cubicle No,

* Gallons per minute X total dynamic hesd,

A
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Table A-}4

PMENT B1ZES AND NUMBERS 1 ANPHALT PROCEBBING UNIT

Equipwent by kefinery Type and Capscity (8/D)

Complete Aspralt
Smnll Ywl Procenning ] Aaphait and Lube Lube
T 24,000 . Tim Wé, — 13, 080 L Y 4, 000 7T, 000
Ko, Size o, Sine Mo, 51e No, Sixe Ko, $1se No, Blze Ro, Aine
2 2 2,0 i 2
0,7 3.1 2.9 2.4 1,7
0,2 0.8 0.0 a.? D.4
0,19 0,89 Q,8) 0.94 0. 4%
a0 40 30 40 F{:]
80 320 300 350 160
10 2 30 2 A0 H 30 2 20
2 a0 2 20 2 20 i 10
] 2 1o 3 10 2 10 10
3
-] 2 10 2 i0 2 10 10
]
3 k] 3 3

TS i e gl ¥




tuble A)S

BQUIPMENT SITEN AND NUMBER ! LIGHT OlL TREATING PROCESHING UN1

Equipment by Refinsry Type sad

Comple ty
Large Fusl suall ruel Procesping
N 180, 600 34,980 154,580 o
Hquipmant Unit of Messure No, dizn Xo. Sine No, 5 e Mo, $ise
Control housp, stesl sf, 1,000 £2? 14,0 74 3 2t
Contral house, cupwr, ri, 1,000 £
Yired heatar 1,000 1¢? Y] 3.7 13 1.3 3 4.0 12 7.4
1,000 te?
Practionatics columa 1,000 £¢? 13 1.8 12 2.9 3 1.9 12 2,0
1,000 £¢°
1,000 £¢°
1,000 £¢?
1,000 £¢?
1,000 €22
Extraction coiumn 1,600 g2 13 1.8 12 2.9 3 1.9 12 2.8
1,000 r¢?
Cooling vowsr Ma, .8 17 2.7 17
nesctar, crackiag 1,600 ¢
1,000 £¢?
Rasctor, chemical 1,000 f¢?
Regenerater 1,000 te?
Pressure vezsel, horis, No, 80 80 a0 0
Preasurs vessel, vert, Ro. 40 40 0 40
Pipe support £t 200 30 #0 s
Atorage tank, cons rf. 1,000 tt? 3,140 6,000 650 6,000
Storage tank, fitg. rf. 1,000 £¢* 3,120 6,000 640 6,000
Storege tank, spherical 1,000 £¢?
Pusps 1,000 GPM X TOH® 40 100 40 209 10 90 40 200
2,000 GPM X TDN® 40 40 10 a0 10 50 40 80
1,000 G x TOW®
Els#ctric motor Hp 20 30 20 &0 [ 30 20 [:]:]
Hp 20 18 20 28 5 18 20 23
Mp
Staam turbine Hp 20 ao 20 80 ) a0 20 60
Hp 20 18 20 25 8 18 30 25
Hp
Contrifugsl blower Hp
Heat exchanger No, [ 14 a0 20 a0
Filter No.
lastrumsut cubicle No.

* Callons par minute X total dynamic head,

A




Tadle ALD

AXD NUMBENE: LIOHT QIL TAKATIXC PROCESSINO UNST
Bquipsent Ly Refinery type and Capesctty (B/D)
Comple 4 Asphalt
Ssall Yuel Prooaiaty . Asphait aad Lube Inbe
54,000 iigﬂi'" 1T, 000 1a, 000 L0 T TR T T R
No. liice %o, fise Ko, Sizo No. Sine No, iise Xeo, Ripe LT §huw
-3 i 2,0 2 2 3.0 ]
4.8 id 7.8 3 .9 3 2.9 3 3.2 3 0.8 3 3,7
1.9 132 .9 3 ‘N | 3 Q.0 3 0.5 3 0.4 3 1.8
1.9 13 2.9 3 0.8 3 0.9 3 0.4 3 0.2 h] 1.8
17 1.1 1,3 0,82 0,31 2.1
40 a0 20 20 20 20
40 10 1a 10 10 10
80 340 o 40 0 20 L 1]
830 8,000 250 290 110 0 4%0
640 e, 000 230 270 110 70 440
90 40 00 10 30 10 40 10 0 20 10 10 70
50 40 50 i0 20 i0 a0 10 io 10 40
o] a0 40 10 i0 8 18 8 i0 10 3 ) 20
15 a0 as 8 10 3 -] 5 18
hetl ap [ 14] 10 io 8 18 -] 10 10 -} 3 k1
13 0 a3 3 10 S 3 -] 18
80 320 20 20 a0 20




Table A-18

EQUIMLXT SIZEE AXD KUMBERE | NAPHTHENIC LUBK AND SPECIALTISR

Keuip
Large Fusl Seall Yual TP
8, 158,500 24, 000 164, 000
Zguimeent Unit of Medsure No., 5ize Mo, Niza Ro. 81 xe Mo, (1%
L3
tonirel bouse, steel #F, 1,000 ft?
Control bouse, comer. ri, 1,000 £¢?
Firsd hester 1,000 t¢?
1,000 2¢*
Practionstion colusn 1,000 122
1,000 ft?
1,000 fe?
1,000 f¢?
1,000 ¢
1,000 182
Extrasction coluan 1,000 #¢?
1,000 £¢°
Cooling tower Ko,
Hesctor, cracking 1,000 3
1,000 207
Resctor, chemical 1,000 f¢?
Rsgenarator 1,000 f¢?
Pressure vessel, borig. No,
Pressure vesssl, vert, o
Pips aupport ft
Storage tank, cons rf, 1,000 1%
Storage tank, fltg. rf, 1,000 f£¢?
Storage tank, spherical 1,000 £1°

Pumpa 1,000 GPM ¥ TDH®
1,000 GPM x TDH®
1,000 GPM X TDH®
Electric motor np
Hp
Hp
Steam turbine Hp
Hp
Hp
Contrifugsl blower Bp
Heat exchanger No.
Filter o,
Instrument cubicle No,

¢ Gallons per minute X total dynmamic head.




Teble A=l

D NUME"RS: MNAPHNTEKNIC LUBR AND SPECIALTIES PROCESSING UNIT

Bguipment by Refipery Type and Capacity (B/D)

o A i

I .

Complate Aspbait
faall Fusl Proosssi ) Asphalt and Lube
TG "“m‘ﬁ"", " 1%, 000 14, 000 e A
%o, 3ine No, JSine No, 8iza ¥o, filze ¥o, Size Ne, Bine
8
3 0.7
0.4
7 0,1
0‘2
0.3
H 0.1
0,18
12
7
200
a0
20
10
&0 10
30 -]
30 -]
50
3
-]
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Table A-17 i

EQUIMMENT BI1288 AND NUMBKRS: PIPE SUPPORTS AND U'nu'rxls;

{

Equipment by Refinery Type nJ

Conple te .

Largs Fuel Suall Yuel Processi ] AS

".W“" 150, 000 24,000 194,600 14,8661

Equipment Unit of Mesmure No, Sine No, Size No. gize No, 8ize No, 8ind

1

Pipe supporta 1t 1,040 2,000 880 2,000 210
Utilities, gas motor No, 1 1 1 1 1
Utilities, gam regulator No, 1 1 1 1 1

1

Utilities, electric

transforser No, 3 3 2 3 1

e

E




Table A-17

SIZE8 AND NUMBERH: PIPE SUPPORTS AND UTILITIES

Equipment by Refinery Type and Capacity (8/D)

Complete Aspialt

a1l ruel Processing Asphsl t and Lube faibe 3

izrm et i, 'y VS : 3 W 37,3&

No. 8ixe Ko, Sice Xo. 81ise Ho. 1Y) Ho. G4 ne o, Size Xa, Gize
880 2,000 210 240 240 a0 400

1 b i 1 1 i b

1 1 1 1 1 1 1

a 3 1 1 1 1

s ——-




Appendix B

PRODUCT YIELD FROM CRUDE OILS
AFTER LOW BLAST OVERPRESSURE
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Appendix B

PRODUCT YIELD FROM CRUDE OILS
AFTER LOW BLAST OVERPRESSURE

: For each refinery, the equipment that remained operable and its de-
gree of operability after low blast overpressure of 0,3-0,5 psi and
1.0 psi is determined,®/19 Agsumptions were made of rerouting process

flowg within each refinery, to bypass damaged or shutdown equipment.

!

|

f The product yields from both the normal crude oils and alternative

i c¢rude oils were recalculated. In every instance, the reduced capacity
i of a process unit remaining operable after blast damage is reflected in

the resultant limited product yields.

The combined effects of equipmwent shutdown, rerouting process flows,
and limited capacities of remaining equipment reduces refinery throughput
after 1 psi to about one-half to one-fourth of initial capacity. If a
refinery must use alternative crude oils, the throughput is reduced

further,

At the overpressure that reduces the cooling towers to 70 percent

capacity (0,.3-0.5 psi®»19), the capacities of all processing units is

considered at 70 percent of initial capacity and the refinery production

estimated for this condition.

At the 1.0 psi overpressure, the crude topping, vacuum flashing, light
0il treating, and asphalt process units are considered shut down., Suffi-
clent repair is made to the crude topping process unit to permit the re-
finery to operate at 50 percent of iniiial capacity. The vacuum flashing,
light oil treating, and asphalt process units remain shut down. While

the refinery is operating at 50 percent of initial capacity it is assumed
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that all light oils find a market, even though they do not meet normal

spocifications; vacuum distillation units are assumed to process topped

erude in the production of specialty products; end thermal cracking and
catalytic cracking units are assumed to us¢ some topped crude oil as @

part ol their input,

The product yields in each instance are summarized in Tables B-l
through B-6 for the six typos of rofineries. Yields are developed at
100 percent capacity with undamaged conditions, 70 percent capacity after
0.3 to 0.5 psi blast demage, and $0 percent capacity with appropriate vol-

ume modifications required for partial shutdown of equipment after 1.0
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Table B-1

PRODUCT YIELD FROM CRUDE OILS AFTER LOW BLAST OVERPRESSURE:
LARGE FURL REPINERY

Production as & Percent of

Initial Hefinery Capactity
Blast condition Undamaged After 0,3-0.8 ps1  After 1,0 pui*
Moximum capacity (%) 100% 70% 50%

Crude oils and products:

Normal: 30°-40° API Qulf

Gasoline 54% 38% 8%
Kerosene 186 10 8
Diesel 14 10 1
Lube - - -
Fuel oidl 13 ] 7
Asphalt - - -
Coke 3 = -2
Total 100% 70% 50%

Alternative: 20°.25° API West Coast

Gagoline 12% 9% 6%
Kerosena 5 3 2
Diesel 6 4 3
Lube - - -—
' Fuel oil 13 9 7
Asphalt - - —
Coke 2 1 _}__
Total 38% 26% 1985
Alternative: 20°.25° API Midcontinent
Gasoline 8% [ 4%
Kerosene 4 3
Diesel 4 3 2
Lube - - -
Fuel oil 13 -] 7
Asphalt - - -
Coke 2 1 et
Total 31% 22% 15%

* Fmergency repairs made to crude topping process.
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Blasgt condition

Tatle B-2

PRODUCT YIELD PROM CAUDE OILS AFTKR LOW BLAST OVERPRESHURE :

SMALL YUEL REYINERY

Production sw z Porownt of
Initial Refinaery Capacity

Maximun capacity (%)

Crude oil and products:

Norsal: 30°-40° API Guif

Gasoline
Kerogene
Diesel
Lube
Puel oil
Asphalt
Coke

Total

Alternative;

Guasoline
Kerogenn
Diesel
Lube
Fuel oil
Asphalt
Coke

Total

Alternative:

Gusoline
Kerosene
Diesel
Lube
Fusl oil
Asphslt
Coke

Total

Undamaged After 0,.3<0.5 pai  After 1,0 psa®

100% 70% 50%
50% 5% 8%

1% 1 [}

186 10 7

16 11 L)

) a2 -
L L -
100% 70% 0%

20°-25° AP: West Cosst

13% 10% 7%

5 4 3

8 4 4

15 11 ]

2 1 am
Y 2 o
42% ns 23%

20°-25° API Midcontinent

% 8% 3%

4 3 2

i 3 2

13 11 9

1 1 -
L - —
a3 24% 16%

* Emergency repiirs made to crude topping process.
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Tavle B3

PRODUCT YIELD PHOM CHUDE OILS APTER LOW DLAST OVERPHESSUNE :
COMPLETE PROCEBGING REYIHERY

Production o3 a Percont pi

Initial Refinery Capacity
Blaat candition Undasaged  After 0.3-0,5 pet Rftur t,0 pst
Maximun capoeity (%) 100% 10% 50%

Crude pily and produces:

Norwal: 3J0°.40° AP Gul:

CGaroline 475 33% 24%
Kerorene 15 il 7
l Digsol 15 10 7
L Lube [} ¢ 4
Fuel oil 11 [ ] 7
Asphalt 3 1 va
Coke 2 A A
Tautal 100% 0% 50%
! Alternative: 20°.25° API waut Coast
Ga 110 10% 7% %
Keroseny 4 3 2
Diosewl 5 4 3
' Lube 3 2 2
i Fusl ofl 11 [ ?
: Asphalt 1 - .-
Cake 1 — —
‘ Total asu 245 20%
Altornative: 30°-38° AP1 Xidrontinent
Gasoling 6% % ki)
Kerusono 3 ] K]
Diesel 3 ] 2
Lube 3 'l 1
Fuel o4} 11 . a ?
Aaphalt 1 au .-
Cokly 1 A i
Total % 19% 153%

¢ Emargoncy repaivs wade to crude topping process.
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Table B4 6
1 PRODUCT YIELD YROM CRUDE OIL3 APTAR LOW BLAST OVERPRESSURE: ;§
ANPHALT REYINERY ,;é
Produvtion as a Porgeut of ;
Inttinl Refinery Capacity I
- Blast condition Undamaged After 0,d.0.0 psi  After 1,0 pei’ 1
i aximum capacivy (%) 1 00% 0% % :
] 3
& Crude oils aid products! k]
H Normal: 107-13° API MesvyeAaphaitic 4;
f Gasoline 11% o 5 i
5, Kerosene i2 ? H 3
{ biesel 11 ’ 1
] Lube - - e :
! Yusl ot) 2 1 u f
i Agphalt 48 4% - %
i Cokae - - - !
' - 3
! Total 100% 70% 18% 4
: Altersativer 30°-40° API Culf ;
, Dasoline 1% » b
: Keroseoe 4 3 i
: Disgel 4 ] 1 )
‘i Lube -- . e !
H Fuel oil i 1 1 H
; Asphalt 4 3 - f
Coke bl — —— '
! Total 4% 17% 3% ;
: Alternative: 20°-25° AP1 Wast Comst ;
}
Gasoline 11% 6% 12 :
Xerosens 4 4 — i
! Diesel 7 4 1 ¥
§ Lube ve -- --
; Fuel o} 4 3 1 )
| Asphalt 14 10 -
: Coke .- == - )
i Total 4% 9% 3% 3
; Altersative: 30°28° APY Midcontinent 3
H *
! Gasclino 11% [} 1% i
Kervsene 5 4 1
Diessl ] 4 1 !
Lubeo - - -
Fuol ot1 ! 9 7 3
Asphalt 1 10 -
Coke = - it
Total 4% 3% 5%

* Emargebcy ropairs mado to crude topping process.
+ Someo asphalt equipment used for fuel ails.
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Table 8.5

VROICY YIKLD FhoM ORUnE GILS AFTE
ASPHALT AXD Lyng

R LOW ULAST OVERPRESSURE :
REYINERY

Prafuction az & Pesrcent ot
Inttiai Refinery Capaciey

Blast coniition Undamaged  After 0,3-0.5 pat After 1,0 pgi®
Maximun capaciiy (3) 100% — 0% 1114
Coude 0iln and products:
Norwal: 10°-135° Apy Asphaltic.lube
Qasol dne " 4% 1%
Kerorene 3 3 1
[ TR 10 10 3
Lube 12 ] 3
Fuel o} & -} 13
Asphalt 57 10 .
Coke - - - —
Total 1009 0% 3%
Alternativet 30°.40° APL Gult
Gagoling &% 4% 2%
LT T 2 2 -~
biosel} 2 b -
Lubw ] 1 -
Fugl of) - .- -
Agphalt 2 2 -
Coke - s -
Totgl 13% 10% 1%
Alternative: 20°.28% Apr wout Coast
Gasoline 5% % 19
Kuragens 3 1 1
Diangl 3 a 1
Lube 3 1 1
Fuel o1} 2 3 1
Avphalt 7 3 -
Coke i - -—
Total 23% 135 3%
Alternative; 20°-pa° AP} Midcontinent
Ganoline 55 4% ¥4
Kerosone 2 3 )
Diosel 3 3 1
Lube 2 2 1
Fuel oil L] 3 2
Asphalt 8 6 .-
Coke - - -
Total 25% anu [

* Emerg¢ency repairs made to crude topping process,
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Table B8

PRODUCT YIKLD FROW CAUDE OILS AFTER LoOw DLAST OVERPAESSURE :
LUBE ALY INERY

Production és o Percent of
Infeinl Refinery Capacity .
Uridamaiged  After 0,3.0,5 pei  Alter 2.0 put

Blast condition

Moxiwun capacity (%) 100% 0% 50%
}
¢ Crude oils and products:
1
i Xormal: 30"-48° API Lube &
| Gasoline @ 30% na =
Kerosene 13 §4 ] -
: Viesel 18 ] ? N
" Lube 17 12 ] £
! Fuel vil 11 7 6 ]
| Auphalt o - o f
i Coke - == - %
Total 100% 70% s0% o
g 3
: Alternative: 30°.40° API Gulf ‘g
; Gasoline %% 26% 21% ¢
; Kerosene 14 10 ? 2
: Diesal 4 9 ? "
! Lube 14 10 [} 3
Fuel oil 1 7 6 4
] ¢ phait o - “a ;
Coke - - . K
Total 84% 6% 495 *:'
Alternative: 20°-25° API Vest Cosst ;
Ganoline 7% 5% 4% i
Kerosene [} 3 2 ;
! Dieasl s 3 3 2
i Lube 7 [ ] 4 ,;:
Fuel o1l 1 7 -] !
Asphait . - - :
Coke — = - i
Tatal 4% 2% 19%
: 2
; Alternstive: 20°-35° API Midcontinent 3
i Gasoline 4% 3% 2% :
! Korosens 3 3 2
' Diesel 3 3 2
: Lube 8 3 3
' Puel a1 1 ? 6 i
Asphalt -- - - ;
Coke — = - ?
Total 26% 27% 18% :
§

¢ Emorgency repsirs made 1o crude topping process,
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Appendixyc

PRODUCT YIELD FROM CRUDE OILS AT
FOUR STAGES OF REPAIR

This appendix details the éstimated product yields from cach of the
six types of refineries after each of the four stages of reconstruction
gummarized in Section V of this report, For the large and small fuel

types and the complete processing refineries, these repair stages are:

A. Repair crude topping unit
B. Repair processing units utilized in cracking processes
C. Repair processing units utilized in upgrading of products

D. Repair all other processing units

Slight modifications of these stages are considered for the spe-
clialty refineries to permit the production of some of the necessary non-
fuels products. The repair sequences are detailed in Table 7 in the

main text.

In all instances, the repaired equipment is considered to be returned
£o initial capacity. At Repair Stages A, B, and C, it is necessary to re-
route process flows within each refinery to bypass the process units not
yet repaired. After Repair Stage D, all process units are at initial

capacities,

A summary of the pertinent factors of the products produced after

each repair stage is outlined below,
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Large fuel refinery:
A. Low octane gasoline, kerosene, and diesel are produced as
rav stocks, Balance of crude oil is produced as fuel oils,
B. Larger volume and improved quality gasoline is produced.
C. Light oil products are "on-grade."

D. Coke is produced.

Small fuel refinery:

A

A, Low octane gasoline, kerodene, and diesel are produced as
raw stocks. Balance of crude oil ig produced as fuel oils.

B. Larger volume and improved quality gasoline is produced.

{ C. Light oil products are "on-grade,"

D. Asphalt is produced.

vt e b i

Complete processing refinery:

A. Low octane gasoline, kerosene, and diesel are produced as

rav stocks. Balance of crude oil is produced as fuel oils,

i B. Larger volume and improved quality gasoline is produced.
A C. Light o1l products are 'on-grade."
D. Asphalt and coke are produced,

Asphalt refinery:

A. Low octane gasoline, kerogene, and diesel are produced as

rav stocks, Balance of crude o1l is produced as fuel oils,

AR O s e e sl b A Wt R LB rE n

B. Asphalt is produced.

! C. Larger volume and improved quality gasoline is produced.

D. Light oil products are "on-grade."
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Lube refinery:

A,

B.
C.
D'

After each repair stsge, the product yield for each refinery has
been calculated by methods comparable to those indicated in Appendix B,
The product percentages produced reflect both the availability of re-
paired equipment, the equipment capacities, and the composition of the
crude 0il uged. The repair sequence selected results 1n.the individual
refinery product percentages summarized in Tables C-1 through C-6. In

all cases, production is shown as the percentage of initial refinery

capacity.

Low octane gasoline, kerosene, and diesel are produced ns
raw stocks. Balance of crude oil is produced as fuel oils.
Lubes and greases are produced,

Larger volume and improved guality gasoline is produced,

Light oil products are 'on-grade,"
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Table C-1

PRODUCT YIELD FROM CRUDE QLS AT POUR RKPAIR BTAGES:
LARGE FUEL REFINERY

Production as a Percent of
Initial Refinery Cupacity

Kormal =
Crude 031 Alternative Crude Oils b
Repatr 30°-40° APl 20°-25" API 20°-35° API 2
Btage Product Guit West Coast ¥idcontinent ";
3

A Gasoline 13% 4% a% -
Kerosene 6 3 3 §

Diesel -] 4 3 2

Lube — - —_— :a

Fuel oil 13 13 13 '3

Asphslt - -~ - %

Coke — s —_ §

Total ar% s 2% F

i

B Gagoline 22% 7% 4%
Kerosene 8 4 3 .

Diesel 7 4 3 }

Lube - - - ’f

Fuel oil 13 13 13 N

Asphalt - .- - .}

Coke == = -~ i

Totai 50% 28% 23% .

c Gasoline as% 10% % "
Kerosena 10 4 3 f

Diegel 9 5 3 3

Lube - -- - :

Fuel oil 13 13 13 ?

Asphalt - -- - ;

Coke —_ = = :

Total 65% 3% 28% §

D Gasoline 54% 12% 8%
Xerossnue 13 -] 4 1
Diesel 14 [] 4

Lube - - - {

Fusl oil 13 13 13 !

Asphalt - - -~ i

Coke 4 2 2 :

Total 100% 38% 3% '
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PRODUCT YIELD FROM CRUDE OILS AT FOUR REPAIR STAGES:

Table C-2

SMALL FUEL HEFINERY

Produciion ws s Percent of
Initinl Refinery Capacity

Normal
Crude Oil Alternative Crude Oils
Reconstruction 30°.40° API 20°-25° API 20° -25° AP!
Stage Product Gulr Wost Coast Midcontinaent
A Qasoline 15% 5% 4%
Korosene 7 4 3
Diesel 7 4 3
Lube - - .-
Fuel o1l 15 15 18
Asphalt - - .
Coke - = .-
Tota: 44% 28% 25%
B Gagoline k1 % €%
Kerosenae 8 4 3
Diesel - 5 4
Lube -- - -
Fuel oil 15 15 15
Asphalt - - -
Coke “e = =
Total 62% 3% 28%
[ Gagoline 40% 1% 8%
Kerosene 12 5 4
Diesel 12 6 4
Lube -- -- --
Fuel oil 15 15 15
Asphalt - - -
Coke -- - -
Total 79% 31% 31%
D Gagoline 30% 13% 8%
Kerosene 18 4 4
Diesel 15 (-] 4
Lube - - --
Fuel oil 15 15 15
Asphalt 4 2 1
Coke 1 L S
Total 100% 425 33%
1583

J.."‘_ e A e aa

’




Table C.)

PRODUCT YIELD YROM CRUDE O1LS AT FOUR KEPAIR STAGKS:
COMPLETE PROCESSING ARFINERY

Production as s Percent of
Initial Refinsry Capacity

1

M3 w2 T s st i, K B A it e e BB TS s BT

Roraal
_Crude 01l Alternative Crude Oils
Reconstruction 307 -40° API 20°.28° Api 20°.28° AP}
Slage Product Guif West Coasgt Kidcontinent
A Gasoline 11% 4% 3%
Kegosene ) 3 H
Diaesel L} 3 a
Lube - - -
Fuel o1l 11 11 11
Asphalt .- - -
Cake —_ — -
Total 32% 21% 18%
B Gasoline 14% 5% % :
Kerosens [ 3 2 H
Diesel 6 L] 3 ,
Lube - -- - !
Fuel cil 11 11 1 J
Asphalt - - —— !
Coke .- - - i
Total 37% 22% 19% :
(o Gasoline as% 2% 4% i
Kerossne 10 4 3 ,
Diesel 10 $ 3 ’
Lube 5 2 2 |
Fual o1l 11 11 11 ,
Asphalt - .- - .
Coke - = _ i
Total 85% 3% 3% {
D Qusoline 47% 10% 6% !
Kercsene 1s 4 3
Diesel 18 s 3 !
Lube 8 3 2 Y
Yuel oil il 1 11 \
Asphalt 2 1 1 !
Coke _2 A A '-
Total 100% 5% 27% ;
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Table C-4

PRODUCT YIELD FROM CRUDE OILY AT FOUR REPAIR STAGEY:

ASPHALY REFINERY

Production ss s Percent of Inytial Meftnery Capaclty

Normal
Crude 011 Alternative Crude Oils
Hegonstruction 10°.15% APY 30° 40" AP 20°-25% AP T -3 APl
Srune Product Asphaltic Gult ¥est Coast Midcontinent
A Canoling 95 11% 11% 11%
Kerosene 10 8 [ ]
Dicsel 10 ) ] ']
Lube - - - -
Fuel oil
7 1
Asphalt 6 10 a3 ‘
Coke - - - =
Total [:1:39 aiw 61% a8%
B Gasolinu 2% 114 11% 1%
Kerosene 10 ] ]
Diesel 10 3 9 1}
Lube - - - -
Fuol otl
0
Asphalt 87 b kK] 44
Coke - - .. .-
Total 88% 1% 8l% 89%
C Gasoline 10% 119 119 1%
Keroscne 1o 4 8 ]
Dicsel 1 4 7 ]
Lube - .- ~e .-
Fuel oil
7 20 4
Asphalt 87 i
Coke -~ — - —
Total 28% 26% 445 8%
D Gasoline 0% 1i% 1% 1145
Kercseny 1c 3 3
Diesel 11 4 8 [}
Lube - -- -- --
Fuel oil
5 1 2
Asphalt &8 ¢ 2
Coke - = - -
Total 100% 24% 4% 445
155
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Table C-3

PRODUCT YIELD FuOM CRULE GILE AT FOUR REPAIA BTADXS:
ABPHALT AND LUBE REY INERY

Production s& a Parcent of Initial Rufinery Capacity

Korwmal
Crude 041 Alternative Crude Oils
) y——— h
Neconstruetion 10712 ARl 307 ~407 AT 30°-28° APl 207 .35° APl
Rtage Product Asphal tia-Lube Guid Wt Onasdt Widesatinent
A Gasoline 1% 3% 8% 0%
Kerosene 4 a 4 4
Diesal 13 2 4 4
Lube e —n .o -
3 Fusl oil
E. Asphalt ['R) [} 15 ia
4 Coke = = = =
Total 0% 144 s n%
] 8 tasoline 1% 8% 8% 8%
3 Kerosuns 3 a 4 4 :
Diesel 14 2 4 4 ;
Lube 11 ] 3 4 1
4 Fuel o1l ] - 3 s !
‘ Asphalt 1) 3 9 o i
Coke —_— - - - !
¥
Total "L} 9 14% P A n% I
c Gasoline % 8% 5% 8% S
) Kuroiaeny -] 2 3 3 A
i Diesel 18 3 4 ¢ 3
{ Lube 13 2 3 3 i
i Fuel oil kg - 2 4 )
! Asphalt se a ? $ 4
{ Coke - = - s :
W
t Total 9% 14% 4% % a
bed
D Gasoline 5% % 8% % f:
Kerossne H 3 3 3 ‘5
: Dissa) 18 2 3 3 %
} Lube 12 H 3 ] b
E Fuel ofl é - ] 4 -
E Aaphalt 57 ? 7 [
4 Coke == = -~ - i
! Tatal 100% 13% 33% 26% e
3
4
$
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Tabvle C-6

PRODUCT YIELD YROM CRUDE OILS AT FOUR REPAIN HTAGES:

LVEE REYLRERY

Production an 2 Percent of Inttisl Refinery Capacity

¥ormal
Crude 011 Altarnative Crude Oils
flaronstruction a0’ 38" apl 0° =407 APl 20°-35° apt 30°-28° Ay
3tage Product Lube Gulf Wast Coant Mideontinent

A Gasol né 114% 11% % E )
Kerosone -] [ d 3

Diesel 5 ) 3 3

Lube - ' au e

Fuel oil il 1l 11 11

Asphalt - e - aw
Total 3 3% K% 19%
B Gasoline % 3n% 5% 4%
Kerosens ] 0 4 3

Diesyl 9 ] 8 3

Lube 10 9 a 8

Fusl ofl 11 11 11 11

Asphalt - - . -

Coke — i - -

Total 81% 55% A% 5%

[+ Gasoline 8% 1% 7% 4%
Kerosens 11 10 4 3

Diessl 11 10 ] 3

Laitw 12 10 [ ) )

Fuel oil 1 11 11 11

Asphalt - .- - -

Cokse — _ e —
Total 73% 68% 33% 26%
D Gssoline 4% 39 % “%
Kerosene i3 id 4 3

Dieiel 13 14 ) 3

Lube 17 14 7 [

Puel atl 11 11 11 11

Asphult - ' - -

Coke - — — ey
Tatal 100% 3% 34% 2465
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Appendix b

REPAIR REQUIREMENTS AT FOUR REPAIR STACES
AFTER BLAST OVERFREBBUHRE

This appendix details the labor repair requirements for each of the
six types of rofinmeries after blast damage from overpressure of 1/2, 1,
§, and 10 psil, for each ¢f the selected Ropair Stages: A, B, C, and D,
Calculations follow the method outline in Section V, "Refinery Repair,"
in this report. The mathematical model is:

o el [1 : e-*“'-*”] [(&) , b] .

where Rs = repair effort in man-days for each specified piece of
aquipment

overpregsure in psi

h -}
]

C = gize of equipment being investigated
L, k, x, y, m, C , and b are the parameters of the selected

items of equipment as listed in Table 9 in the main text,

At each selected overpressure, the parameters are applied to each
piece of equipment at the sizes (values of C) and total numbers detailed
in Appendix A to yileld the estimated labor repair required. The results

are totaled to indicate the total labor requirement for each process unit,

161
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for each repair ~*age, for each select. er ressure, and for each type

of refinery.

The totaled repair requirements are summarized for the six types of
refineries ut average capacities. Similar results are included for the
calculations that were used to determine the effect of refinery size on

repair requirements.

values included on these tables are shown as alculatad (not rounded),
to permit an estimator to resequence process unit repair. Totalled re-

pair requirement after resequencing would be rounded.
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5. ARSTAAC ¥— ;

Thisyreport details a method for estimating surviving petroleum refinery ;
capability and repair effort needed to restore production capability following exposure
to selected blast overpressures. The method addresses information required for post-
attack decision areas. The results should facilitate decisions of which refineries
should be restored and to what degree, based on products needed and repair effort
available.

The miny variations inherent in petroleum refining have been reduced to readily
usable numbers: the total U.S. refineries are classified by six refinery types; crude
oils are grouped into three major types and three specialty types; refining processes
are typified by the 16 most prominent; all refinery equipment is represented by 25
items most vital to process operation, most susceptible to blast damage, and requiring
largest labor input for repair; and petroleum products asre represented by seven major
groups.

In this context the method of estimating refinery production capability and repain :
requirements is detailed, and the application of the method to any individual refinery .
is illustrated,( ) .~ :

Results 1ndlc§?3‘tha:_g£2duction capability is reduced to about 70 percent after
0.3-0.5 psi, and to about 50 pérecent after 1 psi. After overpressure greater than 1.5
psi refineries are shut down and must be repaired in order to operate. Repair require- B
ments and partial production are calculable by repair stage. *.

Additional potential areas of method application include petrochemical and natura
gasoline industries.
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