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thA typical refinery and the ECOU versions. Expedient, preatack cpone t.
s.ardening, critical components requiring stockpiling consideration, and coo-
ponent substitutions for ECOU construction are briefly discussed. Recommenda-
tions to evaluate infrastructural and other damage mechanism Influentes on
the expedient recovery concept and to expand that concept to other essential
industrial sectors in the United States are offeredA
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SUMlARY

The main objectives of this study were: (1) to describe the damage

that various major components of a typical U.S. refinery would suffer

from the blast effects of a nuclear detonation in the megaton yield range

and the effort, resources, and general procedures required to restore the

production of petroleum-based products in the period following a nuclear

attack on the United States; and (2) to identify and define innovative

or expedient techniques by which needed fuel could be produced with the

shortest possible delay time and with the expenditure of the least amount

of effort and scarce resources. In addition, consideration was to be

given to the likely effects of expedient protective measures on compunent

damage and reconstruction effort.

A typical refinery, for the purposes of this study, is defined as

having 32: major types of components and an overall crude-oil throughput

volume of about 75,000 bpd. Damage to these components at selected values

of the blast-wave overpressure is summarized in descriptive terms, and the

repair effort is defined by interpolation equations. These equations,

with coefficients evaluated empirically from previoasly reported data,

describe the dependence of the repair effort on the overpressure within

specified limits, for several alternative component situations or condi-

.ions. These are: (1) nonsecured (NS) without missile effects; (2) non-

secured (M) with missile effects; (3) secured (S) without missile effects;

(4) an 1/B ratio (the height of the component divided by the breadth of

the profile-drag area perpendi!ular to the direction of propagation of the

blast wave) that is equal to or less than 2; and (5) an H/B ratio greater

than 2. The interpolation equations permit the estimation of the repair

effort for any incident overpressure within the specified limits, usually

up to ;.ie overpressure causing essentially total destruction of the component.

In the overall refinery reconstruction process, the repair effort

for a given component is assumed to convert to a replacement e;fort at



all overpressure for which the estimated repair effort exceeds the replace-

went effort. This assumption is used in all estimates of reconstruction

effort. The effort term consists basically of the labor of skilled and

unskilled crewmen, the crew supervisors (engineers and foremen), and the

field-staff supervisor (top management personnel); each component is

accounted for separately. Finally, the effort-estimating equations con-

rain a term to account for the effect of the overall randon orientations

of the components to the direction of the blast wave front.

The maximum effort for refinery reconstruction occurs at the lowest

overpressure for which all componetitt are scheduled to be replaced by un-

damaged material or units. This occurs, in the estimateg, at an over-

pressure of 22 psi, at which point the maximum sum of direct-labor effort

(skilled and unskilled) is about :.80,000 man-hours, The total effort of

the full complement of repair men plus team and staff supervisors would be

hout 1.3 times larger, or about 630,000 man hours. About 1.12 (12%) or

57,N00 man hours of effort would be associated with staff supervision only.

In addition, reconstruction effort is allocated to mobilization and the

preparation of temporary facilities, Estimates of the effort and delay

time due to site clearing are included, but the amounts &re not counted

specifically as part of the facility restoration effort. -ith tabulations

for each component by successive increments of overpressure reveal which

ones consume the greater repair effort and which are critically "soft" with

respect to destruction and failure due to blast effects. The deri'ed

repair effortloverpr.-ssure relationships suggest that repair operations

should convert completely to replacement operations when the incident

overpressure is greater tha1n about 10 to 15 psi. At these and high er in-

cident overpressures, restoration of refinery operations would require

about one year after an attack, if a full complement of skilled and staff

personnel of about 250 workers were available and each worked an average

of 56 hours per w!ek.

The innovation Introduced into this study was derived from the recog-

nition that onte of the major fuels used in train and truck transport, in

many industrial plan, s, and in farm tractors and construction equipment

(al required for a variety of postattack recovery operations) is diesel

fuel, which is a major product of the front line of the typical

- . ..-.-...-- ~' ,2



refinery. This resulted In the design of an Expedient Crude Oil Unit

(ECOU), which utilizes a relatively small number of units of 15 of the major

refinery componencs to process crude-oil at a throuahut rate of 50,00 hpd.

The maximum labor effort to construct tte EM on the original refi ry

foundations is estimated to be about 44,000 ma-hours (and as much as about

75,000 man-hours for a full-complement work force), expended over a

period of 9 weeks with a total work force of about 130 persons, each

working 56 hours per week.

Complete details of construction materials, equipment, and manpower

estimates by skill are presented in the appendices for the designed EWOU

and for an alternative, prefabricated, Skid-Mounted Expedient Crude Oil Unit

(S-ECOU). The tabulations include estimates for construction of these

units on new sites, and examples of schedules are presented for their

construction. The S-BCOU assembly, of course, requires the least post-I attack effort and time to achieve diesel fuel production. The total

postattack etfort, including crew and equipment mobilization, preparation

of temporary factlities, and new site preparation, i.s estimated to be

about 70,000 man-hours for the ECOU and about 20,000 wan-hours for the

S-ECOU. The schedules, with a work force of about 130 people for the ECOU

and about 60 people for the S-SCOU, would have the ECOUs operational 9

weeks after mobilization, and the S-ECOUs would be operational about 3

weeks earlier.

In all the effort and rime estimates, the delivery ot people and

materials to the site is not included; also, delays in such delivery are

not considered. The results are meant to establish requirements for the

needed component repair and replacement tasks and the range of delay

times involved in the accomplishment of these tasks. For the ECOU and

the S-ECOU, estimates of the efforts involved in the construction omit

storage facilities at the site(s), under the assumption that the products

would be transported immediately and continuously to user facilities.

The effect of fire damage on the typical refinery and on the recon-

struction of the refinery--or its first-stage partial reconstruction to

ECU status--was not considered in the study. Results of previous studies

nave indicated that, if an attack occurred while a refinery was in full

3
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operation, the resulting fires would completely destroy the facility

and a vew facility would have to be constructed before plant operatilons

could be resued. This situation is more or less equivalent to that

which would be caused by an incidenAt overpressure of about 22 psi with-

out fire; in each case, thv maximum reconstruction effort would be re-

quired. Results of previous studies also indic,,te that, with preattack

shutdown, the fire hazard is essenti,41y eliminated or reduced to a very

low probability or a very low level of damage if a few small fires are ig-

nited. Consequently, all the estimates of the reconstruction effort that

are given for incident overpressures less than 22 psi apply to the case

of refinery shutdown prior to attack.

The simple expedient protective measures assumed for the so-calleJ

secured (5) condition for each refinery component include such actions

as adding guy wires and additional bracing and [rame supports, and topping

off tanks and filling columns and vessels with water or other nonflammable

fluids. Such measures are effective in reducing estimated repair efforts

by 20% to 60% in the incident overpressure range of 2 to 10 psi. Above

about 10 psi, the force of the blast overrides the "hardening"' effe-zt of

these measures. The hardening effect amounted to a differential decrease

in the incident overpressure of no more than 2 to 2.5 psi over the en-

tire array of components in the overpressure range of 2 to 10 psi.

In summary, the results of this Investigation show that the ECOU and

the expediency concept underlying its evolution to a design stage repre-

sent a viable and promising option for the rapid postattack recovery of

production of a vital survival item, d~esel fuel. Side issues that arose

during the study but that were outside its scope included the stockpiling

of required reso-urces, the preattack preparations, the infra-structural

and other inputs, the management coordination of manpower sources in the

postattack period, and the fallout radiation problem. Furthermore, it

became clear that the expediency concept developed here may well have

application to the postattack recovery of other critical industries.

4
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CONVXRSIO# FACTORS FORt U.S. CUSTOKAXY

TO NE791 (SI) UNITS OF K2ASUREtI4

js!ySi~

barrel (petroleum, 42 gallons) meter3 (3) 1.589 873 x E -1

British thermal unit (chermo-
choical) joule (J) 1.054 350 % E +3

degree Fahrerheit kelvin (K) tK - (tP + 459.67)/1.8

foot meter (W) 3.048 000 u E -1

gallon (U.S. liquid) teter3 (m3) 3.785 412 x E -3

horsepotr (electric) watt (W) 7.460 000 x E +2

inch meter (W) 2.540 000 E -2

inol meter (a) 2.540 000 E -5

mile (U.S. statute) meter (m 1.609 344 x E +3

pound-force/inch 2 (psi) kilopascal (kPa) 6.894 757

pound-mass (Ibm avoirdupois) kilogram (kg) 4.535 924 x E -1

ton (short, 2000-pound) kilogram (kg) 9.071 847 x E +2

yard meter (m 9,144 000 x E -1
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SECTION 1
INTROIUCTION

1-1 BACKGROUN4D

For several decades, petroleum refineries have been cousidered to

be prime targets in a nuclear --tack on the United States. Consequently,

both the vulnerabilAty of refineries to weapons effects and the pcobles

of recovering the production of petroleum-based fuels and chemicals after

an attack have been of concern to the government and the petroleum in-

dustry. Military operations as weil as industrial recovery operations
in the postattack period could use up available stockpiles or on-site

inventories of petroleum-based fuels (diesel fuel, jet fuel, gasoline,

etc.) rather quickly. The continuation of such operations would require

the rapid repair of damaged refineries or the rapid construction of

simple, expedient plants for the production of critical fuels, such as

Idiesel fuel.

Some key civil defense measures in industrial strategies for limit-

ing facility damage, for protecting personnel, and for expediting na-

tional recovery in case of attack are listed in Table I for petroleum

refining and for another basic industry, metal fabrication. The table

shows at whiat stage in a nuclear attack scenario the repair effort would

be scheduled to take place and how its implementation would depend on

protective and other actions taken in peacetime, during the crisis perird,

and even during the attack itself.

Previous studies related to this one were concerned with the vul-

nerability of individual refineries and their component parts and pro-

cesses, as well as with the time and effort required to restore damaged

units to an operable state. one of the early studies on the damage and

repair of refineries is that of Fernald, Entwide, and Bull; 1 thr,?e actual

refineries, ranging in capacity from 100,000 to 360,000 bpd of crude oil,

are used as examples for vulnerability to blast and thermal effects from

3i13
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nuclear weapons in the megaton yiele-rattge avd for pootattack repair

effort and delay time. The genera. onclusions are that the m st vul-

nerable components of these refiner tea are the control houses and cool-

Ing towers and that, although wooden cooling towers could be replaced

relatively rapidly, the repair or replacement of the control house would

require almost 200 $-hour calendar days. The control house is considered

essential because it serves as the operating center of the highly complex

and automated network of processes that constitute a modern petroleum re-

finery. Fernald et al. found that the crude-oil still, damaged at about

3.5 psi of blast-wave overpressure, might require 150 days and about 4000

man-days of effort to repair. At about 7.0 psi, the time and effort

would increase to almost 0) days and 18,000 man-days, respectively.

The probleu of fire was also addressed by Fernald et al., and the

conclusion is that any considerations of component damage are irrelevant

for a nuclear explosior near an operating refinery, whose heated and

pressurized combustibles would ignite or explode when pipes are broken

and major components are tipped or uisplaced, at overpressures no greater

than 5 psi, causing total destruction of the refinery. However, rapid

shutdown can be accomplished in about 15 minutes with only minor damage

(the normal shutdown period is around 4 hours) and, with the units emptied

of all combustibles, the fire hazard becomes negligible in the operating

refinery components. Hence, with a rapid shutdown capability, blast

effects are the most important in the refinery proper (but not in the

storage areas). The authors also conclude that the order in which the

various processing units are repaired should be based on forecasts of

postattack fuel requirements, giving as an example: (1) the crude-oil

still for diesel fuel, furnace fuel, jet fuel, and straight-run gasoline;

(2) the catalytic cracker for high-octane gasoline and light naphtha;

(3) the vapor recovery units for butane and propane; and (4) the alkyla-

tion plant for high-octane alkylates.

A comparable study of damage and repair effort has been reported by

Singer et al. 2 for a crude-oil refinery of 50,000 bpd capacity. They

estimated the times to resumption of production for all the products of

a completely repaired refinery, as did Fernald et al. For the recovery

15



from dafage due to a combination of blast, fire, and debris for peak

overpressutres of 5, 10, 15, and 20 psi, the labor estimates are 5000,

18,000, 27,000, and 28,000 man-weeks, respectively.* A breakdown of

thts effort into broad skill categories is given, along with estimates

of materials needs.

Foger, Van Horn, and Staackman 3 investigated the damage character-

istli. the repair effort, the repair-ten skill composition, the ma-

terials and supplies required, and other related .actors in the recovery

of the componenta of various types of chemical plants, including re-

fineries. Their study includes the development of a rough relationship

between repair effort and overpressure, on a component basis. (This

model provided the basis for the inforu-tion and data on component dan-

age and repair effort given in this report.) The tabular information on

component damage due to blast teffcts includea considerations of damage

caused by projectil s and alternative pressure effects (diffraction and

drag). Descriptions of typical damage and estimates of the repair

effort for each type of refinery component are given for several values

of the peak overpres.,ure, with blast-wave characteristics similar to

those from nuclear detonatlons in the megation yield range (low ar-

burst). Values are given fo: all parameters of the above-mentioned

repair cifort/overpressure model.

At any given overpressure, the type and severity of damage are shown

by Foget et al. to be very sensitive to the orieatation of the component

to the direction of propagation of the blast-wave front and to the posi-

tion of one compoment relative to another, nearby component. The tabu-

lated results are for the "worst-case" orientation rather than for a

random orientation, so their direct use would give high estimates of

damage at any given overpressure, along 4th somewhat high estimates of

the required repair effort. However, since no direct experience in the

repair of a nuclear weapon blast-damaged refinery is available as a

For the purposes of this report, a man-week is defined as 168 man-hours,

i.e., the equivalent of three 8-hour shifts per day, 7 days per week.
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reference point for the effort actual y required in a repair operation,

the apparent overestimwtes of da&ge do not necessarily translate to

overestimates of repair effort. The fire damage to components, presumbly

in a shutdown condition, is found to be relatively insignificant.

The Information from reference 3 was used by Walker' to examine

repair efforts for a set of "typical" refineries, in his report, repair

efforts are considered for several types and sizes of refineries, e*-

phasizing the recovery of production of motor fuels. The discussion in-

cludes the postattack repair of a crude-oil unit for early production of

a itmited array of fuels, but real delay times to production are not dis-

cussed.

The overall vulnerability of the U.S. petroleum-refining systm

has been reviewed by Stephens,' of the Office of Oil and Gas. The re-

port describes the system as of 1973, but is now only qualitatively

representative. It utilizes general information on vulnerability from

several of the above-discussed reports, especially references I and 3.

Since the component-orietation damage-repair studies cited above

consider only peak overpressures equal to or less than 20 psi, Block and

tfullings r assumed. in a study- for the Ballistic Missile Defense Systems

Command of the U.S. Army, that the USSR, with its large weapons stock-

pile, might assign as many as two nuclear weapons to each refinery as a

prime target. The expected result, of course, is the total destruction

of essentially all parts of all components at peak overpressures much

in excess of 20 psi everywhere. The "repair" would then consist of the

replacement of all components in the cc-nstruction of a new facility on

an expedient or normal basis, as may be feasible, depending on preattack

planning and preparation for this contingency.

Additional information on damage to industrial equilment and struc-

tures has been provided by Zaccor, Kamburoff, and Wilton7 1- sheir study

on the general tffects of hardening on both the damage and the subse-

quent repair effort. T"he information developed by these investigators

generally parallels and extends that developed previously by Foget et

al.;3 it was used in the present study to refine, supplement, and extend
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interpolation functions that were derived in the course of this study.

Zaccor et al. grouped industrial equipawmt by types, shapes, and stae

that would fit within selected rectangular volumes. Specific damage

i characteristics, calculated by drag-profile specifStations using em-

pirically derived relstioashLps, are associated with each group.

In surny, the emphasis in previous research on the postattack

racovery of production of petroleum-based fuels has been on the damage

and repair of the individual components of a petroleum refinery Moat

studies dealing with the overall recovery of U.S. refineries are more

than a decade old, and they focus an recovery of the whole arrAy of

products at the time that repair is completed. Although an expedient

staged recovery process has been considered as a possible alternative.1

no comparable estimates of effort, manpower, and delay times have been

f reported.

Because front-line products such as diesel fuel are utilixed by

most trucks and farm machines and even by saome automobiles, their early

postattack production should have high priority in the recovery schedule

of essential items for national survival. The expedient staged recovery

process for petroleum products would then consist of first recovering

the front line of a lightly to Modi ately damaged refinery, to the point

where diesel fuel and one or two associated products could be produced.

Afterward, other lines could be repaired and activated when ready, as

in the sequence suggested by Fernald et al. 1  Depending on postattack

damage or on recovery requirements for a given product or array of prod-

ucts, the repair work could be held indefinitely at any desired stage of

production recovery.

In a moderately to severely damaged refinery, the repair effott may

become so great and the time to recover production may be so long as to

require an alternative approach to the repair in order to meet the sur-

vival demand for a critical fuel such as diesel fuel. The alternative

suggested here is to construct a number of small, expedient, front-line

crude-oil units that could be assembled rather quickly, ideally from

stockpiled parts, to produce diesel fuel. For the petroleum industry,

is



this simple rofinery will be called the Expedient Crude Oil Wit (CO).

two types of which are described in this report.

1-2 OLJECfYES

The objectives of this study were to:

I. Jievelop estimates of (a) the sevurity of damage lika.ky to be

sustained by components of a typical refinery. (b) the resultant

repair effort required ad the general manner in uhich it tight

be accomplished. and (c) the time(s) after attack at which pro-

duction of vital fuel supplies might be restmed.

2. Identify and define, where feasible, inuovative or expedient

processes by which needed fuel could be produced in the shortest

possible time, with the least amount of repair effort, and/or

with the least use of scarce resources (even with inefficient

processes) to prevent critical fuel shortages.

1-3 SCOPE

The scope of this study includes the following four tasks:

1. Establish detailed %escriptions and characteristics of the com-

ponents of a typical refinery and of the blast damage to those

components.

2. Develop quantitative relationships among (or between pairs of)

the following variables. component(s) damaged, damage level,

repair resource requirements, repair effort (or ttme), and pro-

duction rate.

3. Identify approaches to the postattack repair of damaged re-

fineries and to alternate production methods, estimate repair

resource requirements, and prepare examples of repair schedules

along with production start-time schedules for selected damage

levels.

4. Identify znd evaluate preattack protective measures that might

significantly reduce the postattack repair efforE (or time).
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To obtain useful results vithin the budget and time constraints,

the following limitations on the typeq and extent of parameters con-

sidered i this study were established:

1. The effects of fire on the degree of dawge to typical refinery

components and on the 4ubsequent repair eff,,rt were not con-

sidered. This implies complete refinery stztdasn prior to

attack.

2. The delay time(s) and radiological hazards due to fallout were

not considered. This would correspond to the case in which a

refinery was damaed by blast effects from an airbura that did

not reach the ground.

3. The availability and effects of external inputs such as water,

electric power, manpower, stockpiled parts and supplies, local

I !civil defense capabilities, governament controls, and the like

on the recovery effcrt were not considered. However, the study

does consider the demands that the contemplated recovery effort

would make on most of these inputs. All, of course, would be

contributing factors to the feasibility of the recovery effort

in a postattack situation.

4. A limited set of alternative repair situations was considered.

The extensive repair of a damaged typicrl refinery is compared

with partial repair sufficient only to produce diesel fuel and

allied products. In addition, the design, fabrication, and

assembly from stockpiled parts of two versions of an ECOU are

described for comparison with the repair efforts for the dam-

aged refinery.

S. In the recovery process, the replacement of components was given

precedence over their repair when the former would require leas

effort. This tends to result in a proportionally lower estimate

of repair effort as the incident overpressure, and hence the

damage, increases. The replacement option would require a stock-

pile or on-site inventory of undamaged critical parts and com-

ponents.
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Efficiency of oporatiot of the repairod ref iner . or of the

was not considered. For £00138 the "a of older, aimplat. loW-'

tiehaologial O POsnGp t was taken to he appropriute.

The overall approach in this project was to uge a multidisciplitry

ream Consisting of dystef analyst ep.tinced in nutlear We3pofl 
*f-

Loots andt civil dc-fesO maL S, together with engineers 
ex1perenced int

the desigf., construction, 
and operation of reafiaria. The tngi&4erifl

experts were from the jacobs 
Engineeringl Croup, Inc., of Concord, Cali-

fornia, as a subcontractor. The working arraIment 
proved co be mutually

beneficial and productive.
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SECfTION 2
COKCEPTS Ao MH ODOOGY

2-k DEiFINITFIS AND0 ASSUAPTIOKS

It is aasuwedi t. rall retvery Operattopse, that Vie Mathriaia*

parts. and supplies are, an site at are delivered to the site wen needed,

so that the tabulated repair or replacemnt efforts refer only to on-

site vorking tlmes.

The total recovery efftort for a given compooent of a refinery con-

sists of cthe effort of the skilled and unskilled wrker% (corpentera,

welders, elecztriciansa, pipe fitters, equipment operators, ec.c), the team

engineers and fo-remen, and the supervisory s4taff. for repair Vork only.

the level of effort of the skliled and unskilled workers wili tond to

vary strongly with the degree oi camponcnt damage (i.e., witi the peak

overpressure). Also, the composition of skills required for the repair

of a given component may vary wtth the overplersure, because the type of

damage chAZge from superficial damage of [Fagile equipiivtt (e.g., iv-

strtments with glass covers) vero buckling of heavy steel framing

andj t .El-Walled units. Further, it is assuaed that the level of effort

of the team engIneers and foremen wil" be proportional to that of the

skillhd atd unn4illed workrs, maintaining the same ratio for repair work

as for replacme-nt .- rk; this assumption is %on,'hat arbitrary and, in

practicv, could change according to the available manpower and thC cper-

ience of the available supervisors. The effort associated with staff

supervi.ion, adriinistrat ion, and coordination is assunwd to be IZZ O that

of the skillvd and unskilled repair team (%or including thv effort of the

team engineers and foremen).

li this report, three terts are used quite often and require defini-

tion to avoid eisundcrsanding; these terms and definitionsi are:

l ,RVC'onscructi K o: Te repair or replacement of davaged or destroyed

Comionents of a facility at it.s previous site. H|ere the initial

objective would be to reesta'tVish the capacity to proce v crude
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oil to produce diesel fuel. (In the repair-effort estimates

given later, it is assumed that component foundations are not

damaged and can be used.)

2. Repair: The fixing (by straightening, welding, soldering, re-

setting, realigning, reconnecting, etc.) and installation (in-

cluding hookups) of damaged components of a facility. (In the

repair-effort estimates given later, it is assumed that the

needed skilled and unskilled personnel, materials, parts, equip-

ment, and supplies are on site or are delivered to the site as

needed.)

3. Replacement: The assembly and installation (including hookups)

of unamaged, stockpiled components. (As above, the replacement-

effort estimates do not include delivery of the needed items to

the site.)

In general, repair refers to the reconstruction of a damaged re-

finery component on its previous foundation, whereas replacement can

refer either to reconstruction or to construction of a new component or

facility at either the original or a new site.

The effort and time required for recovery of fuel production after

a refinery receives blast damage from a nearby nuclear (airburst) detona-

tion will depend on the average incident overpressure to which the entire

installation is subjected. If this is such as to cause little to moderate

damage to most components, it may be feasible to repair some of the com-

ponents and replace others. If the damage to many or most of the com-

ponents is severe, repair would be difficult and time consuming. The

likely overpressure ranges and limits for different repair situations are

discussed later.

For on-site repair, the site is first cleared of debris (the delay

time for a survey of damage and an inventory of operable and repairable

items if neglected). Orders and instructions for situations of site pre-

paration of a new location (ECOU only) could be given within days after

the cessation of hostilities has been verified. The assembly of repair

teams and materials from inventories and stockpiles would follow and

would probably continue during the reconstruction or construction petiod.
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It is assumed that at the end of this period--for either the whole

rct .nery or for the equivealent ECOU built from damaged but repaired refinery

components--all resources (electric power, water, crude oil, etc.) will be

available to start production of diesel fuel or a more extensive array of

products. The same applies for those ECOUs built from stockpiles of com-

ponents at previously used or new sites. The main concern is with the

eft time, resource needs, and related factors applicable to these

pa , Aar reconstruction/constcuction activities.

For alutost any situation following a nuclear war, it can be assumed

that the usual peacetime sources of components, parts, equipment, and

labor skills will not be readily available and hence that working effi-

ciency and quality will be considerably lower than peacetime levels. In

expediency, therefore, the approach should be to simplify the design and

construction of equipment, such as that in an ECOU.

2-2 RATIONALE FOR RAPID RECOVERI OF FUEL PRODUCTION

Although the rationale 'or rapid recovery of fuel production after

a nuclear attack on the United States, including its petroleum industry,

was stated previously, it b!. repeated here for emphasis as a new general

approach to the study of, and planning for, postattack industrial re-

covery.

The fir3t step is to identify the critical. product or group of prod-

ucts among all of those in the production array. With regards to petro-

leum products, the transportation, agricultural, and industrial needs for

diesel fuel are well known, and the demand for it should be high very

early in the postattack period. Since diesel fuel can be obtained from

the relatively simple distillation of crude oil, only a simple processing

unit should be needed to produce it. Also, it. was noted that diesel is

currently obtained from the frout-line processors in a regular refinery.

Therefore, initial effcrts in the recovery of production of petroleum

fuels shokld focus on the repair of the front line( of the ref Inery in

the case that It is not severely damaged, and tai the assembly of a siM-

plified ECOU (specially designed for the purpose) if the refinerv is
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heavily damaged. The specially designed unit should be as simple as

possible, easily assembled, and easily operated.

This innovative, expedient approach should reduce the delay tima to

production of a critical product and should reduce the repair effort in

terms of manpower, skills, equipment, and supplies (as well as cash out-

lays) for stockpiled items of all kinds. And, as already pointed out,

other, less critical products can be obtained in a staged repair sequence

for the whole facility.

2-3 COMKO2NTS OF THE TYPICAL REFINERY AND THE SUGGESTED E.OUs

The numbers of various types of components in a typical refinery,

with a throughput capacity of about 75,000 bpd of crude oil, and in a

designated expedient crude oil unit (ECOU), with a throughput capacity of

about 50,000 bpd, along with component substitution possibilities, areU% presented in Table 2. The refinery is at the low end of the throughput

capacities of U.S. refiners, but damaged refineries of about a 75,000-

bpd throughput appear to be more easily converted to ECOUs than refineries

of greater capacity. Hence this was selected as "typical" for the pur-

poses of this study.

The typical refinery is a high-teechnologv facility that uses cata-

lytic cracking as well as topping or skimming to acquire processed end

produtts. Some units in such a refinery operate at pressures between

1500 and 2900 psi and at temperatures up to 1100 F. The products of a

.typical refinery include fuel oil, distillate fuels, gasoline, asphalt,

kerosene, and petroleum gases. The total number of major c.mponents

found in such a refinery is about 1900--i-~t incluAding equipment for

handling steam, water, electricity, and heating fuel. Lubricants, motor

oils, grease, and wax are not normally end products of refineries of this

size; they are usually produced by refineries with throughput capacities

in excess of 300,000 bpd.

An ECOU derived from damaged refinery components and erected on exist-

ing foundati ons would probably use the existing area layout. However,

an ECOU constructed Irom new components or a new site with new foundations
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Table 2. Number of components in a typical refinery and in the
designated Expedient Crude Oil Unit (ECOU), and component sustitutes.

Substitutes A
Typical (Component

Component Refinery ECOU Nuabers)

1. Cooling towers, thin-walled 10 20,36

2. Catalytic cracking columns 2

3. Liquid extraction columns 8

4. Packed columns 20

5. Distillation columns 45 3 2, 29, 35
6. 55-gal drums 500

7. Storage tanks, cylindrical RU 5, 29, 35

8. Storage tanks, solids

9. Storage tanks, open 100

10. Storage tanks, conical-roof

11. Storage tanks, spherical, heavy

12. Skid- or frame-mounted 12

equipment, small

13. Small panels, racks, and 45 4a

motmted equipment

14. Electrical panels and racks 120 6a

15. Large panels and racks 20 a

16. Pipe arrays and racks 225,000c 7,0onac

17. Box-type furnaces 10 2 18, 19

18. Cylindrical furnaces, vertical 12

19. Package boiler units 2

20. Heat exchangers 200 8

21. Generators, ac, heavy-duty 2

22. Electric motors, large 4

23. Electric motors, small 200 12

24. Transformers and capacitors, 15 ?a

large

25. Steam turbine drives 80

26. Blowers 25

26
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Table 2 continued

Substitutes
Typical (Component

Component ~Refinery ECOU Numbers)

27. Centrifugal pumps 250 12

28. Reciprocating compressors 15

29. Pressure vessels, cylindrical

A. horizontal, glass-lined 1

B. horizontal, unlined 48 1

C. horizontal, near ground 2

D. vertical 75 2

30. Package refrigerator units 10

31. Motor control centers 12

32. Prefab buildings (control 12 Ia

houses)

33. Automatic dryer units 15

34. Liquid-phase reactors 14d

35. Crude columns, large 1

36. Box coolers 2

aa"Critical components.

b Can be omitted if alternative storage (pools, tank cars, etc.) is used.

c Square feet of dnuble-deck pipeway.

d Eight low-pressure ( 500 psi) and six high-pressure (>500 psi) reactors.
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could have a more convenient layout, designed primarily for rapid as-

sembly and early production of diesel fuel. A suggested desin of such

a unit is r<town in Figure 1, with the corresponding area plot plan shown

in Figure 2. It can be seen that the ECOU is the fron.-line topping or

skimming unit of the typical refinery. The major components are the

crude column or distillation tower, the cooling towers or box coolers,

and the necessary pumps, pipes, and heaters to perform a single rudi-

mentary distillation of crude oil. A few nonessential components, such

as the preheaters, are shown in the drawings but were omitted in the

construction-effort estimates.

The designed ECOU requires a much smaller area than the typical re-

finery. For example, whereas the complete refinery might cover a square

mile or so, the area needed for the S-OU is only 150,000 square feet, or

about 0.005 square miles. Also, whereas the typical refinery has about

1900 units of around 30 major components (depending on how the storage

tanks and a few other items are classified and counted), the ECOU has

only about 70 units of no more than 15 major components. Despite these

great differences, the designed ECOU entails only a relatively small drop

in rated throughput of crude oil, from 75,000 bpd to 50,000 bpd.

The selection of a 50,000-bpd throughput capacity of crude oil for

the ECOUs was based in part on the assumption that the postattack demand

for petroleum fuels would be much lower than the current demand--possibly

as low as 10% of it. There are nfow about 300 operating refineries in

the United States, snd it would require about 45 ECOUs to process the

same throughput of crude oil that 30 typical refineries would handle,

although diesel fuel would be the major end product of the designed ECOU.

Depending on the type of crude oil available, the diesel fuel out-

put could be about 10,000 bpd for 23 ' API, typical California crude oil,

or about 6000 bpd for 30" API, typical Texas crude oil. End products other

than diesel fuel include heavy residuals, kerosene, stove oil, low-

octane gasoline (or straight-run gasoline--this could be used to supple-

ment diesel fuel in many essential applications), sour water, and off-

gas. These products could be either stored or pumped away, according

to need and available undamaged storage facilities.
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Figre I postAttack, 50,O0-bpd A edOenr Crude l Unit (E*U): --

~~process flow diagram. C&-A

Figure 1. Postattack, 50,O00-bpd Expedient Cr-ude 0i Unit (ECOU):

process flow diagram.
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As described in Section 1-3, certain constraints and limitatios

were sot for this study of a typical refinery and the MW system. Cer-

tain inputs and some auxiliary systms that would affect the operation

of the refinery or £COU when it cotes on line have not been considered.

The utility inputs would include Steaz, water, electricity, and futl

FAs. Steas is used to distill crude oil and to drive the turbines of

standby putps, water is used to cool distillates, electricity is used

to drive motors, and fuel gas fires the crude furnaces. An IOU would

require about 55,00 lbh of satea, 20,000 gal/sic of water, 17,000 kW

of electricity, and 284,000 ft3/h oi fuel #As. Also, the crude-oil

supply would require a delivery mechanism, and the end products would

require one or more delivery and/or storage systems.

The second, or alternate, form of the EM0U is a skid-mounted unit

(S-ECOU). It would consist of modularized units mounted on 25 skids that

could be shipped by either flatbed trucks or traL cars. This design

would reduc;e the naed for storing component replacement parts and sup-

plies in hardened or dispersed stockpiles, but it would require prefab-

rication of the modules, along with the cash outlay for peacetime labor

and parts, long before a conflict was exprcted. At normal work rates,

it might require a year or more to prefabricate the components uf a

50,000-bpd S-lOU.

Except for the skid mounts, the components of the EM0U and the S-EWUOt

would be the same. Requiring only site assembly, the S-ECOU would entail

no true repair effort. Normally it would be assembled on a new, cleared

site by placing the skids in proper arrangements and connecting the pipes,

wires, and necessary inputs. Storage of the modules in dispersed, pro-

tected sites until neuded is not considered here. A form of the S-FOII4i

reportedly has been designed and fabricated with throughput capacities

af as much as 30,O00 bpd, for use in peacetime crises or in natural

disasters causing damage to existing reiineries.*

*Howe-Baker Engineers, Inc., a refinery construction firm located in Tyler,

Texas, is the manufacturer. See Appendix C for a complete list of skid-
mounted refineries constructed by this company.
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2-4 RPAIR AND CSTUC'fTOK EFPORTS AND DAMAGE RELATIONSHIPS

FOR COMwOarS of M TIYPICAL REPIO V

An empirical formula for representing mathnatieatly the dtpendence

of the repair effort an the peak overpressure for any component piece of

equipment in the chemical indtustry was proposed by F4g*t et al.3 The

formula con~tains a ndmbOr of eairicaf&ly evaluated coefficients anad has

the general form of the lAw of diminishing returns. Assuming a maximum
"repair" effort foi eons*rtiction of a new component frou a stockp/le or

inventory (preuma bly required at the peak overpressure for dostruzh son

of the whole component), it appears that the formula would best apply to

chose components for which the mode of datmage is the same over the vhole

range of overpressure, bot the effect becoues numerieally greater as the

overpressure iirkersses.

Because of these possible limitations and because of the approximate

nature of both the data and their likely application for planting, a

siplified set of interpolation formulas was derived for use in this

study. (No one has yet reported experimental data on the damage and re-

pair of a modern operating refinery. Also, almost all of the available

computed information is conservative with respect to Lhe offensive, or

attack, application.)

The selected interpolation relationships between repair effort

kskilled and unskilled labor inputs only) and peak averpreasure (as a

parameter of "damage) are defined as follows:

0, . e (%P/AP ) i  (r-h/unit) (1)

in which eI is the :epair effort in man-hours per unit of refinery com-

ponent i. .'? is the incidert peak (static) overpressure in Psi received

by component L, iP, Is a referpnce overpressure w.ho"se value is set 4t

1 psi, and 00 and m are empirically evaluated coefticients-

In the general case, Equation I is specified to be applicable only

over a given range of "? for a given set of nutmerIcal values of e0 and

Mi . For several componeits, the repair efort itnformation (an d the
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4amage descriptors) suggests that the mode of damage of a component

changes drastically with a change in overpressure (e.g., it may range

from the stripping off of light external fixtures and instruments at low

overpressures to the severe deformation of steel walls and frames at high

overpressurr - In some cases, the repair effort/overpressure relation-

ship for th :i!w damage mode could be roughly represented by Equation 1

with different vaues for the empirical coefficients; in other cases, .

second form of the interpolation relationship was employed, namely:

e i - Ai(AP - Bi  (m-h/unit) , (2)

in which Ai and Bi are empirically evaluated coefficients. In all cases,

the coefficients were evaluated from graphical representations of re-

ported estimates of ei at selected values of AP.F Available values of e .ere generally derived for the orientation

giving the maximum response of a component to the blast-wave front (a 50%

probability of compoment failure was used in the coefficient evaluation).

These tabulated values (calculated for maximum response) required modifi-

cation to account for the ran.*om orientations of similar components to

the direction of propagation of the blast wave. For all units of com-

ponent i, the total repair effort is defined by:

E. NiFie (m-h) , (3)

in which Ni is the total number of i units per recovered refinery and Fi

is the fraction of the unit repair effort required when the latter is

averaged over all units of component i, owing to random orientation of

the components to the blast wave and, in part, to the assumed 50% prob-

ability of the stated failure to occur. The value of Fi is assumed to

be 0.5 for all AP values through 1/2 of that AP value estimated for com-

ponent destruction. At higher overpressures, the value of Fi is assumed

to increase linearly on a probit scale from 0.5 to 0.99 as AP increases

from AP(dest)!2 to ''P(dest).
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I
In the general case, five different damage-repair conditions may

occur, for which five sets of coefficients may exist. Two of these con-

ditions depend on the overall shape of the component with respect to an

incident blast wave. This geonetrical dependence of damage on overpres-

sure is defined in terms of the ratio of the height of the component to

the breadth of the profile-drag area perpendicular to the direction of

propagation of the blast wave, H/B. One condition pertains to those

components with shapes for which H/B > 2, and a second to those wit!h

shapes for which H/B < 2.

The other three conditions are: (1) the unprepared, or not secured

case (NS), (2) the not secured case with missiles (M), and (3) the pre-

pared, or secured case (S). The NS refers to components of a refinery

that have not been hardened or altered in any way to reduce damage from

blast effects; this condition would apply to a peacetime operating re-
finery. The NS case does not include damage due to shock-wave-propelled

debris projectiles, called missiles, that could puncture many items in

a refinery; the eftect of the missiles is included In case M. In case S,

the effects of expedient rudimentary protective measures are included.

During a crisis period, actions such as adding more and stronger

guy wires to essentially vertical components (H/B - 2) an strengthening

framing and anchors would be beneficial. Also, storage tanks could be

filled with fuels and/or water, and the tank-farm dikes could be enlarged.

Most critical, however, would be an appropriate shutdoun procedure, upon

attack warning, that included the flooding of as many columns and towers

as possible with noncombustible fluids.

For a given overpressure and component, the value of ei is greatest

for case M and smallest for case S. Valies for the coefficients of the

above-defined Interpolation equations relating the unit repair effort

and peak overpressure for various typical refinery components are sum-

marized in Table 3. The values of e9 are in man-hours per unit, whereas
those of Ai are in man-hours per unit per psi; the values of mi are

dimensionless; ard the values of B. and .'P are in psi. Estimates of the

construction-team effort for the replacement of destroyed components or

their construction with new parts and structures, as in the construction
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of an ECOU at a new site, are presented in Table 4. In the repair of a

damaged refinery, the effort of the team supervisors (engineers and

foremen) is assumed to have the same ratio as in Table 4; thus for com-

potent no. 1, the relative effort for the team supervisors would be

150/750, or 0.2, times the calculated value of E thcs the total effort

for repairmen plus team supervisors would be 1.2E and the overall effort

with staff supervision would be about 1.3E i ,

Examples of construction schedules for the ECOU are given in Figure 3

for Case A situations (see footnote a in Table 4) and Figure 4 for Case B

situations; an example for the S-ECOU, Case B, is given in Figure 5. Sum-

mares of the labor mix required fcr specific jobs, applicable either to

the component listing of Table 4 or to the skilled construction activities

of Figures 3, 4, and 5, are given in Appendix A; detailed estimates of

these quantities and of associated supplies, parts, and equipment for the

ECOU and S-ECOU construction activities are given in Appendix B.

The construction schedules in Figurer 3, 4, and 5 are examples only,

since the actual times will depend not only on the effort in man-hours

or man-weeks but also on the size of the availablk- work force and its

skill composition. Assuming that the average working time for each per-

son over the period ol any construction task is S hours/day, or 56 hours/

week, the number of people required is simply the total effort in man-

weeks divided by the working time in weeks, multiplied by 3 (see footnote

on page 1b). Thus the site-clearing task of Figure 3, requiring an esti-

mated effort of 30 m-w to be r'ccomplished in 2 weeks, would require a

team of (30/2)x3, or 45 people. If none of the people required for the

schedule of Figure 3 were assigned to more than one activity, the total

construction work force would be no more than 313. It is clear, of

course, thtia if the time to productiont were not a factor and a single

8-hour shift per day were scheduled, no more than 104 people would be

required. However, Lhe overall scheduled construction time would be

increased from about 9 weeks to about 27 weeks. Similarly, the schedule

of Figurv 4 would require no more than 309 people, and that of Figure 5,

no more than 207 people. Many other alternative combinations of number
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Table 4. Estimates of effort (in man-hours per unit) for the replacent
or construction of refinery components from stockpiled resources.

Skilled and Unskilled Labor* TeM
Component Case A Case B Supervisors

1. Cooling towers, thin-walled 750 780 150
2. Catalytic cracking colurnsa 2200 2250 550
3. Liquid extraction columns 2100 2150 500
4. Packed columns 1600 1640 400
5. Distillation columns 1900 1950 480
6. 55-gal drums 0.04 0.04 0.002
7. Storage tanks, cylindrical 800 820 100
8. Storage tanks, solids 700 720 80
9. Storage tanks, open 350 370 40

10. Storage tanks, conical-roof 1360 1400 220
11. Storage tanks, spherical, heavy 1300 1340 200
12. Skid- or frame-mounted equipment, 16 26 2

small
13. Small panels, racks, and mounted 80 85 30

equipment
14. Electrical panels and racks 160 170 60
15. Large panels and racks 70 b 75 24
16. Pipe arrays and racks 1.54 2.250 .25b
17. Box-type furnaces 4900 6250 400
18. Cylindrical furnaces, vertical 2300 3100 280
19. Package boiler units 1100 1300 100
20. Heat exchangers j00 130 40
21. Generators, ac, heavy-duty 64 90 20
22. Electric motors, large 160 190 50
23. Electric motors, small 100 100 40
24. Transformers and capacitors, 480 480 180

large
25. Steam turbine drives 60 60 10
26. Blowers 24 24 2
27. Centrifugal pumps 50 80 9
28. Reciprocating compressors 180 220 30
29. Pressure vessels, cylindrical

A. horizontal, glass-lined 320 350 30
B. horizontal, unlined 260 290 48
C. horizontal, near ground 230 250 48
D. vertical 375 410 80

30. Package refrigerator units 48 70 6
31. Motor control centers 230 270 30
32. Prefab buildings (control houses) 60 100 10
33. Automatic dryer units 32 50 4
34. Liquid-phase reactors 220 250 70
35. Crude columns, large 6100 6600 2000
36. Box cool ers 5450 6100 330
a Case A: existing refinery foundations are used in the replacement of the components.

Case B: new foundations are laid out and poured prior to construction; in this study
Case B inputs are utilized only for the construction of the ECOU.

bIn m-h/ft 2 of double-deck pipeway.
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of orkers and working times are possible. In any case, the S-ECOU

would require the smallest work force, and its conxtructton could be

perfored in about 6 weeks.

The times nnd sizes of work force are about the same for both

Case A and Case B in constructing the EOU. The "eq.ual" trade-off teuks

are the clearing of debris whan the old refinery site is used (Case A)

3tnd the forming and pouring of the concrete foundations for the new site

(Careu B). Ii the schedule for the S-ECOU, delivery of the prefabricated.

skid-mounted components is not due to occur uptil the beginning of thu

fourth week of the 6-week schedule; the first 3 weeke cre spent in pre-

paring the site and in connecting facilities for the operating components.

To facilitate estimate- of the repair, replacement, and construction

effort for various assumed conditions of damage, a computational system

was developed and was used to produce se-,eral of the numerical results

In the following section.
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SUTlION 3
CWIUTATIOS AND) RESULTS

I i114lACE DESCRIPTIONS FOR GWflPMENTS OF THE fl'ICAL REFINERY

amaga descriprions for coitponents of the typical refinery are sum-

marized in Table 5 for uelected values of the peak (static) overpreasure

due to a blast wave from a nuclear detonation in the megaton yield range.

The information is a combinatioa of that reported by Foget et al.! and

provided by 4accor et al. 7 This compilation provides the reader with a

detailed description of the damage to the comptonents at the selected

overpressure values in association with the repair-effort levels de-

scribed in the following pzaes.

3-2 RECO-4STRJCTION OF THE flAMAGED TYPTCAL REPINERY

*Te reconatruction effort for a typical refinery was computed by

first selecting an appropriate set of parametric valuea among those

pos&sible for thes. ratio 1111 and the conditions NS, M, and S and then sub-

stituting consecutive values of .'P in the appropriate interpolation for-

mulas for each of 32 major components. uttiplying by the factors Ni

and Fi (see Equation 3) and then suming over i gives the total estimated

reconstruction effort (repair plus replacement) for the damaged refinery.

In thce computations it is arbitrarily asasmed that, at the overprebsure

for which the estimated repair effort becomes equal to the estim ated

replacement effort, a damaged component is replaced rather than re-

paired; for that componenE, .he replact-menrt effort '.z:iU then apply

at all Ligher overpressures. This assuaption tends to minimize tihe re-

:on:struction effort at the higher levels of damage, where the repair

effort would almost always exceed the replacement efforr. Phe assump-

Lion also presupposes that new components are availablo on demand for

deiivery to tile construction site from a nearby stockpile. Thus, a

surmAtion of "repiaceables" is equivalent to a list of needed stockpiled

parts and comonents. 'Note that in Table 3 the maximum value of Lite
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AP limit for any given component denotes the overpressure for destruction

of that component.

Calculated levels of reconstruction effort for the damaged typical

refinery (32 of the major listed components) are shown tn Figure 6 as a

function of peak (static) overpressure. The results are for conditions

NS, M, and S, which were defined in Section 2-4. The effort scale refers

to skilled and unskilled labor only. As previously stated, when foremen

and engineers are included, the total effort would be about 1.2 times that

estimated for just the skilled and unskilled workers. And when staff super-

visors and engineers are included, the total effort overall would be about

1.3 times as great. This last level of effort is representative of more

or less normal peacetime supervision practices in engineering and con-

struction projects. In a postattack setting, foremen and engineers, and

perhaps even some of the staff supervisors, may have to serve as skilled

craftsmen and even as laborers in welding, pipefitting, electrical hookup,

etc. Thus the estimate for the basic reconstruction effort (repair plus

replacement) refers to the minimum number of people working at maximum

productivity, with essentially no one acting only in a supervisory capacity.

Estimated repair or replacement efforts for the various components,

at selected values of the peak (static) overpressure, are summarized in

Table 6 for the secured (S) condition to indicate which components would

require the greatest repair effort and to show the overpressures at which

component replacement is likely to be required. The latter is indicated

by the lowest overpressure at which the estimated effort becomes constant.

The maximum effort for the repair crews, i.e., the replacement of all

components, occurs at incident overpressures of 22 psi or greater. About

95% of the maximum effort of about 479,000 m-h of skilled and unskilled

labor would have to be expended in the reconstruction of a typical re-

finery that was damaged by an overpressure of about 14 psi, Hence, in

general, a refinery that was damaged by an overpressure of about 12 psi

or great.r would probably be reconstructed of new or otherwise undamaged

components rather than repaired, provided that the necessary materials

and parts were stockpiled or were available from normal, undamaged in-

ventories. The data suggest that repair efforts can probably be
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considered as a reasonable option for refineries with secured components

tha haA been subjected to overpreasures up to about 10 pus. For non-

b.ecured reftaeries (with or without eonsid ration of the likely effect

of missile-caused damaged on the repair effort). 092 upper limit for

component repair options would be about 2 pfi lower. i.e., about 8 psi.

The curve? of Figure 6 show that, relative to the NS (no isailes)

condition, aiasiles have very little effect on the reconmtructioa nfort

at overpre~sures less than about 4 psi or greater than about 14 psi.

The effect of damage-prevention measures. as reprehenlLd by the S condi-

tion, is quite large within the overpressure range of 2 to 10 psi , within

this range, the apparent reconstruction effort "saved" by these measures

varies from a minimum of about 40,000 a-h at an overpressure of 7 psi to

a maximum of about 110,000 t-h at an overpressure of 10 pgi. In these

estimates, the protective effect of rapid shutdown procedures is not in-

eluded.

The numbers ef "replaced" component types at various incident over-

pressures up to 22 psi are listed in Table ;, which does not give the

number of individual components, but only the kind (e.g., cooling towers).

The first component to he replaced, at 2 psi, is component no. 21, which

is the ar generator; in this instance, the low o.erpressure for replace-

ment is due mainly to the .o'w r,'placement effort and the small number of

units, The hardest component, no. 20, is the small heat exchanger, which

would be replaced only ait nuerpressures of 22 psi or greater. The great-

est efforts (80,000 m-h or more) occur for components 5 and 7, the dis-

tillation columns and the storage Lank--bath, in part, because of the

relatively large number of units involved. Other components requiring

relatively great effort to repair or t.o replace when severely damaged

or dtrstroyed are the pac' - coltmnr. the skid- and frame-mounted equip-

ment, the small panels. .su tOe electrical panels.

Although the clearing of debris should be done by crews who would

not normally be included as part of the refinery reconstruction teams,

the effort of site clearing for the typical refinery cowering an area

of about one -quare mile would be quite large. Although a detailed

analysts of such operations was beyond the scop&e of this stuay, an
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Table 6. Estimated direct-labor effort (man-hours) for the repair or rep

construction of tie typical refinery (secured condition, oriinil fouviad!t

Nb erT3 4 8 9i i 13

I I0 295 8, 15:3 3568 6255 7500 7500 ;500 7500 7500 7500 750C 7500

2 1 2 13 -4 68 115 178 34-6 5s30 1629 2646 4047 4400 4400

3 40 86 194 308 627 551 679 1091 1424 1895 2317 11545 16860 1600

4 57 160 449 8;2 1262 1760 2310 3921 5361 7436 2942 206170 32000 32000

5 88 248 700 12t.6 1980 2767 3637 6185 8466 11758 14842 50848 85500 $5500

6 2 5 8 19 20 20 20 20 20 20 20 20 20

7 3850 3850 7677 146,7 23111 47686 77478 800060000 80000 80$00 80000 80000 80000

12 23 51 114 U-2 192 192 192 192 192 192 192 192 192 192

13 360 ?20 2177 360 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600

14 "S 1500 3283 5191 10862 17533 19200 19200 19200 19200 19200 19200 19200 19200

15 47 110 260 3 . 0 786 1233 1401, 1400 1400 1400 1400 1400 1400 1400

16 40 155 605 13A6 2352 3643 5207 8305 13049 17706 25692 32549 39564 43120
It -, 3125 6250 L2500 3291,0 49000 490 00 900 ,49OW 0 ,49V; 3 00 4 O 90 9000 9000
18 333 780 163G 30.3 k292 5647 8544 12495 17200 21859 25790 2760 27600 27

19 2 to 37 tl14lz 219 313 570 828 1213 1606 1989 220 R 2S.00
20 240 480 120 1410 1920 2400 2400 i30 49540 420 4 0 5280 574900 6933

21 34 6? 1.18 119 128 12a t2h 128 1,,& t28 128 128 128 128

22 I 7 109 500 640 640 640 640 140 640 640 640 640 640

23 550 1100 2200 33(,0 4400 5lO5W 6600 7700 10374 13821 16630 20000200 20000

24 60 6 60 608 21-8 6323 7200 7200 7200 700 7200 7200 7200 7200 7200

25 3 11 44 59 174 271 389 528 468s 866 kQ;C 1292 1643 2315

26 8 29 98 2(,1 334 496 600 600 600 600 600 600 600

27 0 0 0 0 125 250 373 505 188 1328 2260 3353 4692 7182

2k "2 82 163 2-2 321 399 478 555 533 711 788 865 942 lo

29A 7 15 33 7,3 74 11s 178 256 318 320 320 320 320 3

291. 1.- 325 8: 14(.1 2054 2764 4259 6324 823 i13.6 13000 13000 13000 13

29C 53 142 3./ 6'.3 1049 1447 188i 2348 2846 3372 3925 5529 7124 84

30 115 40 105 1 e6 279 382 480 480 480 480 480 480 480 4

31 36 132 486 143 - 2760 2760 L760 2760 2760 2760 2260 2761 2760 27
12 V. 90 585 7.1 720 720 721 720 720 720 720 720 720 72
33 17 35 75 1 5 157 200 295 422 480 480 483 480 '186

3., 2 8 34 -6 i34 210 302 Als 622 95C 1270 171.1 2253 272

total (r-h/refinery) 10515 17392 37510 781.9 123253 166107 209423 228767 249i50 274452 100318 360041 437768 4473R
2ercevL of co3Zplete *efers to column totals; when used in other calculations or in text Jiscussions. the r
ref inery-repla¢cmeL
effort 3.6 7.8 16.3 25.7 34.) 43.7 47.7 521 57.3 62.7 79.3 91.4 93.4

-1 63
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* 6. Eutmaated direct-labor effort (na-hern) for the repair or replaclent of components In the re-

trUCtic of the typical refinery (secured condition, original foundations. HIS > 2 wtwre feasible).

......... I- Pea 0vruipressu._ryjp. ____ _

7 9 t. .11 L2 13 14 1 16 17 18 19 20 21 22

356 6255 7500 7500 7500 7500 750Y 7500 7500 7500 7500 7500 750 7500 750 7500 7500 750 7500

68 115 178 346 530 1629 2846 4(Y.1 4400 4400 4400 4400 4400 4400 4400 4400 4400 4400 4400

427 551 679 1091 i424 1895 2317 11545 16800 16800 16300 16"00 168W0 6800 16800 16800 1680 16800 16800

1262 1160 2310 3921 5361 7436 2942 26170 32000 32000 3200 O 32000 32000 32000 32000 32000 32000 22000 32000

1980 2767 3637 6185 846b.i 11758 14842 50343 85500 85500 85500 85500 85500 85500 85500 85500 85500 85500 85500

19 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

23111 47U6 77478 80000 800 0000 80000 80000 80000 80000 80000 8000 8000 80o00 88000 80000 80000 80000 80000

1l2 192 192 192 192 192 192 19? 192 192 192 192 192 192 192 192 192 192 192

3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 600

1 1062 17533 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200 19200

786 1233 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400

2352 3643 5207 8305 13089 17706 25692 32549 39564 43120 43120 43120 43120 43120 43120 43120 43120 43120 43120

49000 49000 49000 49000 49000 49000 49000 49000 49000 49000 4900 49000 49000 49000 49000 49000 49000 49000 49000

3 4292 5667 8544 12495 17200 21859 25790 276W 27600 27W00 27600 27600 2760 27600 27600 27600 27600 27&1 27600

1 142 219 313 570 828 1213 1606 1988 2200 2200 2200 2200 22t0 2200 2200 2200 2200 7200 220

0 1920 2400 2880 3360 3F40 4320 4800 S280 5760 6833 8521 I0052 11265 12453 14708 16466 178 19260 2000

8 123 128 128 120 128 12 2 128 !28 128 128 128 128 128 128 128 128 128 128

640 6/40 640 640 S40 640 640 640 640 640 640 640 640 640 6.0 640 640 64o 640

4400 5500 6600 7700 10174 13821 16630 20000 2000 20000 2000O 20000 20000 20000 200 20000 20000 20000 20000

6323 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200

174
-  

271 389 528 s88 868 1070 1292 1693 2315 2949 3526 4172 4800 4800 4800 4800 4800 4800

1 334 496 600 600 6,00 600 600 600 600 400 600 600 600 600 600 600 600 600 600

0 125 250 375 505 785 1328 2260 3353 4692 7182 96i 12360 12500 12500 12500 12500 12500 12500 12500

2 321 399 478 555 453 711 788 865 942 1019 1292 1558 1786 1959 2153 2529 2700 2700 2700

3 74 119 178 256 138 320 32" 320 320 320 320 320 320 320 320 320 320 320 320

1 2054 2764 4259 6324 6823 11346 3000 13000 13000 13000 13000 13000 13000 13000 13000 13000 1-000 13000 i3000

3 1049 1447 1881 2348 2846 3372 3925 5529 7124 8450 9814 12381 14386 16130 17250 17250 17250 17250 17250

279 382 480 480 4860 480 -480 48C 480 480 480 480 480 480 480 480 480 480 480

4 2760 2760 2760 2760 .760 2760 2760 2760 2760 2760q 2760 2760 2760 2760 2760 2760 2760 2760 2760

0 720 20 720 720 ?20 720 720 720 720 720 720 720 720 720 720 720 720 720 720

5 157 200 295 -a22 .80 80 480 480 4801 480 480 480 480 480 480 480 480 480 480

6 134 210 302 1! 622 950 1270 1741 2253 2728 3080 3080 080 3080 3080 308 3080 3080 30

123253 ,107 209423 228763 2-9550 24'4.52 300318 38042 437768 447387 454130 461817 466049 469782 473351 475455 477074 478450 479190

totals; e used in other calculations or in text discussions, the totals slvuld be rounded to 2 or 3 signifticAt numbers.

3 25.7 '-7 43.7 .7 2-1 57.1 62.7 79.3 9i.- 93g 4.8 96.4 97.3 98,0 98.8 99.2 99.6 99,8 1M 0A
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Table 7. Estimated number of component types replaced as a function
of peak overpressure in the reconstruction of the typical refinery

(secured condition, original foundations, H/B > 2 where feasible).

Overpressure (psi) Number of Component Types

3 3

4 7
5 9

6 14

7 15

8 16

9 17

10 18

11 20

12 25

13 26

14 27

15 27

16 28

17 29

18 30

19 30

20 31

21 31

22 32
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allowance of 10 m-h per i03 ft2 for a moderately to severely damaged

refinery would lead to an estimated effort of approximately 300,000 m-h.

Depending on the overpressure and the availability of bulldozers, cranes,

trucks, metal-eutting equipment, etc., the actual effort could range

from about 150,000 m-h to more than 600,000 m-h. At an effort level of

4 300,000 m-h, around-the-clock operations (168 working hours per week)

using three shifts per day over a period of 3 weeks would require a work

force of about 1800 persons.

The time required for refinery reconstruction (repair plus replace-

ment) is inversely proportional to the number of persons available with

the appropriate spectrum of skills, as well as .o the availability of

tools, materials, parts, and supplies. The maximum reconstruction effort

of 479,000 m-h of skilled and unskilled labor would expand, by the factor

' 1.3, to a total effort of about 623,000 m-h with a full complement of

foremen, engineers, and staff administrators. If the work force remained

fairly constant over the whole period of reconstruction, the latter effort

over an 8-week period (comparable to that given for the construction

schedule of Figure 3) would require a total manpower of about 1400 per-

sons (about 470 per shifL) if each person or team worked 8 hours per day

and the work continued around the clock. in other words, the time in

weeks required Lo repair or replace the refinery would be estimated from

11,200 (i.e., 8 - 1400) divided by the total number of persons in the

work force.

For reconstruction tea-is with an appropriate distribution of skills

and with adequate tools and supplies, the reconstruction time, At, can

be estimated from the equation

_'.t = £/(S - N) (weeks) (4)

in which E is the total reconstruction effort in man-hours (at any given

ovtrpressure). S is the average number of hours per week that each per-

son or team works, and N is the total number of workers available (all

Zcategories). Thus, fron Table 6, where the repair-crew effort is esti-

jMated to he about 300,000 m-h for an overpressure of 10 psi the com-

pletely staffed work-force effort would be about 390,000 rn-h. Then,

C66
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for a total work force of 1000 persons working an average of 48 hours

per week, the reconstruction time, At, would be estimated to be just

over 8 weeks.

Mobilization of the 1000 persons and provision of temporary facili-

ties for them and the repair work would probably require an effort of

10,000 m-h or more. If that effort were to be expended in 2 weeks, a

work force of about 90 persons, each working 56 hours per week, would be

required. If these persons were used in the reconstruction effort, the

overall work force would remain at 1000 persons, but the time to initia-

tion of production after site clearing would be increased from 8 to 10

weeks. However, a work force of 200 persons, under similar working con-

ditions, could reconstruct the refinery in less than about 40 weeks; the

mobilization effort would be reduced to around 2000 m-h and could be

accomplished by about 36 people in I week. Since the 200-person crewI could probably be assembled much more easily than the 1000-person crew,

it appears that the expected recovery time for the typical refinery dam-

aged by 10 psi overpressure would be closer to 9 months than to 2 months.

3-3 RECONSTRUCTION AND CONSTRUCTION OF TML DESIGNED ECOU

Two general cases have been considered for the rapid postattack

establishment of an ECOU and the earliest possible recovery of diesel

fuel production. The reconstruction case (Case A) entails the use of

a damaged refinery's foundations and the repair/replacement of refinery

components, where feasible. The construction case (Case B) entails the

assembly and/or construction of undamaged components at a new site, to

build either the designed ECOU or the prefabricated S-ECOU.

The computed levels of effort required for the reconstruction of

damaged refinery components to make a functional ECOU are plotted as a

function of incident peak (static) overpressure in Figure 7. The re-

sults are shown 0nuy for the NS and S conditions; the effect of missiles

on the reconstruction effort is about the same as for the typical re-

finery, in relative degree. The major effect of the protective counter-

measures in reducing the recovery effort occurs in the overpressure

range of 4 to 11 psi, and the effort "saved" varies from about 1000"m-h

67
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at 4 psi to a maximum of about 85000 m-h at 10 psi. In the overprcssure

range of 5 to 11 psi, the apparent hardening effect of the protective

measures is equivalent to I psi at the extremes and to 2 psi at about

8 psi.

The repair/replacement efforts required for each component of the

COU at various-peak overvressures from 0.5 to 22 psi are summarized in

Table 8. Note that storage tanks, which are items of rather high repair/

replacement effort for the typical refinery, are not included; this im-

plies that the diesel fuel would not be stored at the site, but would be

transported by tank car or truck (or even pipeline) to some other rite

for storage or use. In the calculations, it is also assumed that com-

ponents nos. 35 and 36 are not part of the original refinery and that

when the refinery has been damaged by low blast overpressures, the 10

cooling towers (no. 1) and 25 of the distillation columns (no. 5) are

repaired. But when damaged by higher overpressures, these components

are replaced by box coolers (no. 36) and a large crude column (no. 35)

respectively. For 22 psi, the total estimated replacement effort by the

skilled and unskilled repairmen, 44,000 m-h, is about 9Z of that esti-

wmated for the typical refinery. The ECOU reconstruction effort for re-

finery damage at 10 psi would be about 13% of that estimated for the

typical refinery.

The numbers of component types that require replacement at various

incident overpressures are summarized in Table 9. Together with the

curves of Figure 7, this tabulation suggests that component repair should

not be considered as the preferred action.

In Section .-I, where the ECOU and its construction are described,

a maximum work force of 313 people is estimated for the case where a

set of new componenLs is erected on a cleared refinery site. However,

a more detailed breakdown of the construction schedule of Figure 3 in-

dicates that a maximum work force of only about 150 people is needed,

and the number varies over the 9-week construction period as follows:
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Number of
Week Rfetnair Crewen

1 63

2 135
3 140
4 140
5 140
6 99
7 133
8 140
9 152

If the staff supervision entailed only one 8-hour shift per day,

their m-w (man-weeks) of effort over the 9-week period would be reduced

to 20 m-w and would require an additional 7 people. Otherwise, the 60

m-w would translate to a staff of 20 supervisors. The average size of

the work force is 127 + 7 - 134. The breakdown of the reconstruction

effort into tasks that are comparable to the estimates of Table 8 is as

follows:

Task E(-)

obilization and temporary facilitties 1,008
Site clearing 5,040
Replacement 58,128
Staff supervision 3,52

67,704

The component replacement effort includes that of the ceam engineers

and foremen, and tie scheduled effort of 58,100 m-h is to be compared

to the 2 2-psi total effort (Table 8) of 44,0004l.2, or 52,800 rn-h. The

total scheduled effort with a full. complement of staff supervisors would

be about 74,800 M-h.

Comparable construction efforts for an ECOU and the S-ECOU on a new

site, from the schedules of Figures 4 and 5, are as follows:
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Table 8. Fstimated direct-labor effort (mn-hours) for the repair

the reconstruction of an ECOU (secured condition, original fouada'

Component Peiak Overpressure (psi
MNuuber 0. 1 2 3 4 5 6 7 a 9 .10

1 104 295 834 1533 3568 6255 7500 - - - -

5 49 138 184 714 1100 1538 2021 3436 4704 - - -

13 32 64 194 320 320 320 320 320 320 320 320 320

14 34 75 164 260 543 877 960 960 960 960 960 960

15 2 6 13 20 39 62 70 70 70 70 70 70

16 io 39 15I 335 588 911 1302 2076 3272 4426 6423 8137

17 625 1250 2500 6598 9-00 9800 9800 9800 9800 9800 9800 9800

20 10 19 38 58 77 96 115 134 154 173 192 211

23 33 66 132 198 264 330 396 462 610 829 998 1200

24 81 81 81 286 843 960 ,SO 960 960 960 960 960

27 0 0 0 0 6 12 18 24 38 64 108 161

29B 3 6 16 28 41 55 85 126 176 227 260 260

29D 9 20 44 71 98 127 157 187 286 367 479 578

31 6 22 81 242 460 460 460 460 460 460 460 460

32 1 8 49 60 60 60 60 60 60 60 60 60

35 . . .- - - 6100 6100 6100

36 - 10900 10900 10900 10900 10900
Total* (h ECUU) 1000 2040 4480 10720 17810 21860 2427029980 32770 35720 38090 40180 4

* Refers to column totals; when used in other calculations or in text discussions, the tot
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hor effort (man-hours) for the repair or replacement of components in

-- (securd condition, original foundations, H/B > 2 where feasible).

Peak Overpressure (psi)

6 7 3 9 10 12 IT 14 15 16 7 18 19 20

7500 - - - -.. . . . . . . .

2021 3436 4704 - . . . . . . . . . . - -

320 320 320 320 320 320 320 320 320 320 320 320 320 320 320 320 320

960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960

70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70

1302 2076 3272 4426 6423 8137 9891 10780 10780 10780 10780 10780 10780 10780 10780 10780 10780

9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800 9800

115 134 154 173 192 211 230 273 341 402 451 498 588 658 715 767 800

396 462 610 829 998 1200 1200 1200 1200 1200 1200 1200 i200 1200 1200 1200 1200

S50 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960 960

18 24 38 64 108 161 225 345 461 593 600 600 600 600 600 600 600

85 126 176 227 260 260 260 260 260 260 260 260 260 260 260 260 260

157 187 286 367 479 578 669 747 750 750 750 750 750 750 750 750 750

460 460 460 460 460 460 460 460 460 460 460 460 460 460 460 460 460

60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60

- - - 6100 6100 6100 6100 6100 6100 "6100 6100 6100 6100 6100 6100 6100 6100

- 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900 10900

24270 29980 32720 35720 38090 40180 42100 143240 43420 43620 43670 43720 43810 43880 43940 !3990 44020

tions or in text discussions, the totals should be rounded to 2 or 3 significant numbers.

At
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Table 9. Estimated number of component types replaced as a

function of peak overpressure in the reconstruction of an ECU.

Overpressure (psi) Number of Component Types

1 0

2 0 1
3 2

4 4

5 5

6 7

7 8
8 8

9 9
10 10

12 111 11

13 12

14 13

15 13

16 14

17 14

18 14

19 14

20 14

21 14

22 15
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___ - -Task 7COU 8-.COP

Hobilization and teaporary facilities 1,008 504
Site clearing 504 504
Construction 60,984 18,144
Staff supervision 5. 3I528 8S-

66,024 20,034

The effort for the construction of an ECOU on a tiW sits is about the

same as for its construction on a damaged refinery site; the effort-

balancing tasks are the debris clearing for the damaged site (5000 m-h)

and the preparation of new foundations at a new site (3500 m-h). The

effort of assembling the S-ECOU sections is only about 30% of that for

the 1.COU, and, as indicated in Figures 4 and 5, it could be constructed

in 6 weeks, as compared to 9 weeks for the ECOU.

IThe numbers of crewmen required over each week of the scheduled

construction of the ECOU and S-EOU at a new site are as followns:

Number of
Mrpair Crewmen

deek ECOU S- E0u

1 27 is
2 122 63
3 159 51
4 140 70
, 140 76
6 99 63
7 133 --

8 140
9 152 -~

The average and maximum numbers of creumen required per week are 124 and

159 for the FCOU, and 57 and 76 for the S-ECOU.

Rudimentary PERT diagrams for construction of the ECOU for Cases A

and h are given in Figures 8 and 9, respectively. These diagrams show

that one critical path comprises the replacement or assembly and con-

struction of the pipes, pumps, and exchangers, For the damaged refinery,
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Pipes, Pumps, Exchanger 9

1 ~(8) ~

L L : Latest completion (WeekS)
op C r i ti cea l p a th -

i 
!_.

Figtre S. A PER ITiCPF! for the E.-OU o t r t ed o na the org in~al

refinery foundations (Case A). "

Q E Earliest coyletion (weeks)
L :latest completion (weeks)

} :Critical path

Figure 9. A ERT/CPH for the ECOU constructed on ni. foundatos

at a new site (Cae B).
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i ay be noted that the piping ig likely to he beyond repair at an in-'

cident overpressure ok about 8 psi for bath the N5 and S cond tios,

3-4 nMPACT OF PRE'ACK PROTECTIVE HEAURES 0K REVAIR £FVORTS AND A

PRODUCTION RECOVERY TIMES

In the previous section, the eftimatas of repairfreplaceaent effort

for restoring the daaged refinery, either to an operating ref Wiery or to an

operating ECO, were noted to rveal significant savings in effort when the

refinery was In the S condition at the tLe of attack, rather than the NS

condition. The "hardening" effect of putting up additional bracing and guy

wires and filling the coluasand tanks with water or other surtable fluids

was generally no more than that equivalent to reducing the peak overpressure

by about 2 psi in the overpressure range of about 8 to 10 or ii psi (see

Figure 7). However, soec benefit of protective measures may be expected over

the overpressure range of 2 to 13 psi.

A comparison of recvnstruction effortis for the S and NS conditions can-

not be used to indicate the relative worth of shutdown procedures, because

elimination of the fire hazard for all conditions iaplies the assumption of a

successful preattack shutdown of the refinery. However, it is also generally

assumed that if a refinery were not shut down when the attack occurred, a

very sm ll ouerpressure (if not the thprmil pulse alone) could Ignite fires

that would most likely destroy the refiner:y. Thus, to a first approximation,

the direct-labr recovery effort saved by shutting down the whole typical

refinery in the S condition can he estimated from:

.E - 4 790H - 1p (5)

in Which FP i " t h 0 SmaI!d tolaI r,'.construction effort in man-hours

for ;n pert- overpretsure lessL than 22 p .I, Thus; for the N! condit ion,

Ih t1. - 4t 1 cc t o shti. downu ona lu' repa ir effort if thv rt- i merv were dalmagvd
.b an overpr..sur' of I0 p'%i wow d be" a saving of 176,400 M-h 3 77. of

lhe compi et erpIaee .offor t . VT ,L wax i un saw lug or beit (Ii eccuics

f,,r per pu;Lh. 1 exposu.rv of thL. refitntry in tiw overpres.ur, raige of 11_2

to 4 psi * at %hcli - de-st rute te 130 fc s ol caus'e as. Much dafugt 3!s 31n

,vc.rpru:snrv uol 22 psi as. far as th% r,-onsi rtictinv .fforlt is to'cernecd.
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The reconstruction effort saved by the blast-damage prevention mea-

sures of the S condition, in man-hours and as a percentage of the NS-con-

dition effort, at several levels of the incident overpressure, is sumar-

ized in Table 10 for the typical refinery and for the ECOU. The largest

savings in repair effort occurs for an incident overpressure of about 10

psi at which point a maximum number of components are being "saved" from

failure by one or more of the protective measures. The actual reconstruc-

tion time saved by the suggested countermasures can be estimated from:

Ats- AE s(S x N) (weeks) (6)

in which S and N are defined as in Equation 4. (If S were in hours per

day, At would be in days.) If N is assumed to be 1000 people (as its

was earlier for the recons uctiot, of a typical refinery), S is 56 hours

pei week, and ;1E is 115, -"1.3, or 150,700 m-h (as in Table 10 for the

1O-psi level), then At = .7 weeks. The protective measures would there-

fore reduce the estimated rcconstruction time for the refinery from 9.7

to 7.Gj weeks.

At an incident overpressure of about 4 psi, a work fotce of 500

would be expected to reconstruct a damaged refinery in the NS condition

in about 9.1 weeks, with each person working 56 hours per week; in the

S condition, this time would be reduced by about 2.6 weeks to 6.5 weeks.

This saving in time, although significant, cannot be evaluated except in

terms of the national demand for fuels in a specific postattack setting.

It is probably not appropriate in such situations to include a considera-

tion of the effort involved in converting a refinery from the NS condi-

tion to the S condition, including the shutdown procedure and the ma-

terials used, except in terms of preattack prep ,3itin costs. It is

clear that most of Lhe re air/replacement ti> .; 'he reconstruction of

either the typical refin. - or the ECOU coui iot be effected without Pre-

attack stockpiling and other preparations. However, if successful post-

attack recovery activ tLies hinge on the earliest possible recovery of

the production of transport fuels such as diesel fuels, then the de-

scribed preventative measures would surely be a significant factor in

that recovery process o:. a national scale.
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Table 10. Repair effort saved by simple protective measures for

typical refinery repair and for construction of ECOU (Case A).

Overpressure Typical Refinery ( ECOU

(psi) AL5  (AE8 E)100A s (

1 4,530 20.7 123 5.63

2 66,700 64.2 556 11.4

3 85,600 52.5 1,370 12.2

4 71,400 36.5 1,070 6.70

5 44,500 21.3 1,770 9.80

6 34,300 14.6 3,640 17.1

7 35,700 13.8 5,720 21.8

8 48,400 16.4 7,750 24.8

9 42,700 13.6 6,610 19.5

10 115,900 28.2 9,250 22.8

II 58,300 13.5 2,600 6.i9

12 8,060 1.83 908 2.14

13 5,000 1.12 187 0.44

14 4,440 0.98 176 0.41

15 5,780 1.25 231 0.53

aThe quantity (6Es/E) x lUO represents the effort saved relative to the

effort for the NS condition.
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[ It can be sooen from Equation 6 that, for a given size of work force
and weekly work p.r.od, the production recovery time is directly propor-

tional to the total reconstruction effort in restoring the whAe refinery

or the ECOU (front-rie components) to al oper-'ionai state. Therefore.

the dependence of the production recovery time Lfl the incident overpres-

sure will follow the curves of Figures 6 and 7.

3-5 RESOURCE REQUIREMENTS AND COSTS

In this study, the resource requirements and costs for the recon-

struction of the whole typical refinery, except for the manpower effort,

were not summarized. Some data for individual components at selected

values of the incident ocerpressure are given in reference 3.

The major resource requirements for construction of the ECOU and

assembly of the S-ECOU are suumarized in Appendix A and, in more detatl.,

in Appendix B. Prsent (1980) material and labor costs are estimated

as follows:

Cost ($106)

ECOU S-ECOU
Item Case A Case B Case B

Material 3.8 3.9 6.5

Labor 2.9 2.7 2.0

6.7 6.n 9.5

The cost estimates arv based on the 100% availabilitv of the needed

labor skills. They include peace-time additions such as contractors'

taxes, insurance, fringe benefits, overhead, and profit; many of these

items may not apply to labor costs in a post-nuclear war situation. If

the skilled labor force were reduced to 25% or so of those needed (but

could be made up in numbers from available unskilled labor), the above-

estimated costs would increase, on total, by about 60% (about a 15% in-

crease for materials and about a 110% increase for labor). But again,

these costs refer to 1980 price scales. However, the differ -s in-

dicate the estimated drop in efficient use of materials (i.e. their

wa';te) and some increases in construction time with the lesser-skilled
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work force; they indicate almost a doubling of the effort for a 75%

loss of skills in construction work force.

3-6 CRITIC AL COMPONENTS

The critical components are defined as those that receive sufficient

damage at an incident overpressure of 5 psi to be beyond repair, if not

completely destroyed. These components would therefore require replace-

ment with new or otherwise undamaged components when the typical refinery

is subjected to overpressures of 5 psi or greater.

In general, all the components listed in Table 2 that are damaged

at a given overpressure must be repaired or replaced before the refinery

or the ECOU can become -operational. Thus, in a sense, no single component

is truly "critical"; all are critical, depending on the overpressure and

spectrum of products desired from the unit.

By extending the definition given above to include the most vul-

nerable condition for damage, NS, there are then 11 components of the

typical refinery that fall into the ritical category; these are listed

in Table 11. This list suggests which types of materials and equipment

should be considered for stockpiling as components of a refinery. If

any of these components are not available, restoration of the refinery

or construction of an ECOU may not be possible if the refinery was sub-

jected to incident overpressures in the range of 3 to 5 psi, even though

important components that are larger and harder may be readily repaired.

3-7 COMPONENT SUBSTITUTION

Substituting one component for another is a more feasible alterna-

tive when an _COU is constructed on an original refinery site than when

the complete refinery is restored. The complete refinery would gen-

erally need all components repaired or replaced, whereas the ECOU uses

not only far fewer kinds of components, but also a much smaller total

number of them than is needed for the refinery.

A list of suggested sub-titutable components has been provided as

Part of Table 2. In the Case A repair option for the ECOU, the original
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Table 11. Selected critical components of the typical refinery

(for the rot secured conditior.; 1H/B> 2 where applicable).

Component

Number Component Name AP(dest)•

7 Storage tanks, cylindrical 2.6

12 Skid- or frame-mounted equipment, small 5

13 Small panels, racks, and mounted equipment 3

14 Electrical panels and racks 3

15 Large panels and racks 3

16 Pipe arrays and racks 8

17 Box-type furnaces 4

21 Generators, ac, heavy-duty 4

24 Transformers and capacitors, large 4.5

31 Motor control centers 4

32 Prefab buildings (control houses) 5

aDenotes the peak (static) overpressure for destruction or component

replacement due tc damage.
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cooling towers and distillation coltmns are repaired up to the destruc-

tion overpressure, at which point they are substituted by simple box

coolers and large crude columns, reapectively.

More notable, perhaps, is the option of substituting vertical cylin-

drtcal furnaces or packaged boiler units for the box-type furnaces, es-

pecially since the latter are likely to be damaged beyond repair at an

overpressure of about 4 psi, whereas the former two would not be expected

to fail until an overpressure of about 8 psi. In addition, the repair

effort for the vertical cylindrical furnace or packaged boiler unit, at

any overpressure up to and including that for replacement, is less than

that required for the bvx-type furnace.

Other substitutions include the trading possibilities among the dif-

ferent types of columns and vessels, the use of extra column-s and vessels

as temporary storage tanks, the use of ordinary piping rather than

chromium-steel piping for short periods, and other trades that may be

possible with some engineering modification.

3-8 STOCKPILINC MATERIALS AND EQUIPMENT

Although the stockpiling of materials, parts, and equipment in sup-

port of the postattack repair of petroleum refineries (with emphasis on
constructing an ECOU for diesel fuel production) was not q consideration

in this study, it is discussed briefly to focus attention on the impor-

tance of such stockpiling for the construction of an ECOU or S-ECO, or

the restoration of a complete refinery (in the long run, it not in the

initial postattack recovery period).

It should be clear from the foregoing discussions that very little

repair work or replacement of components in a damaged ref .terv could be

done in the postattack period, early or late, without preattack stock-

piling of the needed materials and supplies. Depending on the degree of

damage sustained by an existing refinery, the materials costs could be

as much as $4 million (1980 value) for an ECOU of 50.000 bpd crude-oil

throughput that would produce up to 10,000 bpd -f diesel fuel.
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Without the plans and means to effect the necessary stockpiling,

any civil defense or facility plans for retovery operations to achieve

early postattack petroleum-based fuel production could not be ctrried

out,
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SECTION A

CONC1.US 1024

4-1 TIME SCALE OF TIlE PRODUCTION RECOVERY PROCESS

In the preceding sections, it has been shown that, where the avail-

ability of material resources is not a problem during the postattack

period of a nuclear war, the time required to restore a petroleum re-

finery to productive capacity through repair and replacement operations

would be inversely proportional to the size of the work force and di-

rectly proportional to the amount of effort required. The size and

skill composition of the available work force will depend mainly on

factors not considered in this study, such as the type or size of the

attack, the readiness of the civil defense organization, and the ability

of refinery management and other personnel to cope with the situations

that arise.

The efforts (direct labor and total labor) required for the con-

struction of facilities such as an ECOU or the reconstruction of a dam-

aged refinery, either to the status of an ECOU or to its original capacity,

depend on the level of damage sustained by the refinery. This, of course,

depends critically upon the blast-wave overpressure [herein related to

the peak (static) overpressure, whether the damage is caused by diffrac-

tion or by drag effects of dynamic overpressure]. At incident overpres-

sures greater than about 12 to 15 psi for secured components and about

10 psi for unsecured components, the repair effort and the relative num-

ber of refinery components requiring replacement are estimated to be so

large as to suggest that all components be replaced (i.e., the refinery

or an ECOU should be built new from stockpiled components or undamaged

components obtained from other sources).

Examples of calculations of approximate reconstruction times as a

function of peak (static) overpressure for the typical refinery (in the

S condition at the time of attack) and for a Case-A ECOU are plotted in
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Figure 10. For recovery of the typical refinery, a complete complement

of unskilled, skilled, and supervisory personnel, totaling 250, is as.-

sumed. For the conutruction of an EM0U on the refinery site, utilizing

repaired refinery conpanents and substitutions whenever possible, the

total complement of personnel needed (on the average) was assumed to be

130. Although the maximum estiMate of repair/replacement effort for

the refinery damaged at 22 psi is about 11 times that for construction

of the ECOU, the difference in assumed crew sizes reduces that ratio for

the reconstruction times to 5.6 (45 weeks versus 8 weeks). Even so,

the repair time for the complete refinery, when added to mobilization

and site-clearing delay times of 3 to 6 weeks (again, depending on

scheduling and crew size) is considerably greater than an £COU. It would

appear that output from a refinery in the S condition that was subjected

to blast overpressures of more than about 12 psi could not be expected

within the first year after an attack (or even later, if delay times due

to fallout radiation hazards were incurred).

For the ECOU, a full complemenr of unskilled, skilled, and super-

visory personnel could complete the testoratton of sufficient components

for diese] fuel production in about 8 weeks. Mobilization and site clear-

ing are estimated to requirt an) add itional week, so that diesel fuel out-

put, would hc expected in about 2.5 months or less after an attack (neg-

lecting po-,sible additional delays due to the fallout hazard). for in-

cident overpressures on the refinery greater than about 12 psi.

If needed matrrials and manpower are available in sufficient quan-

tity, rapid restoration of the complete refinery would appear to be a

feasible option when the refinery is subjected to overpressures of less

than about 4 or 5 psi. At these overpressures, the estimated reconstruc-

tion time is 12 to 15 weeks. This option for such relatively low levels

of damage nay even he a secondary one, since the ECOU, it constructed

first , could he producing diesel fuel aft er onl- 3 to 4 weeks of repair

t ie.

Exc,pt for the delax due to f'illout hazards and/or possible politi-

cal, legal, administrative, or management diffiulties in the postattack

period, the cons tructicm times plus mobiliration and site-clearing times
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Figure 10. Reconstruction time as a function of peak (static)
overpressure for the typical refinery (in secured
condition at time of attack) and the ECOU, Case A.
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for thea case-U £COU and S-WOU should be constant arid Independent of damtage

Parameters (except where stockpiles are involved), The total tim to

diesel fuel product ion is expected to be about 9 tveeks for the EUOU and

6weeks for the S-EOO. These options should have. high 9riority for those

refinery sitest that are subjected to overprasures greater than about 12

psi, end also where diesel fuel aupplies are InsufficIent to wett demand

beyond 10 or 12 weeke, Into the postattack perio-d.

4-2 ADVANTAGES OF ThE EXPE&IENT CC P Nt nth 9=O
FOR POSTATTACK RECOVERY OF ThANSPO$tT FUEL. PRODUCTION

it Is well known that the hig1h-tochnology state of U.S. production

facilities (computer-controiled oygtvems, many fragile instruments, anld

the like) has suade them highly vulnerable to failure ireft the blast.

thermal, and electromagnetic effects of nuclear eaploslins.. In addli$.io,

as In refinery operations, whole conglowerations of processes and equi p-

ment may be intricately connected In a variety of secriea and parallel

arrang-m-ents to produce a wide spectrum of products from a limited array

of inputs. On the, other hand, as in the automobile industry, a wide

sic-trum of inpts Ruiv he use;,d to prod-±ce a single or a few output prod-

tic t S.

7he expedience concept applied to the postattack recovery obf dam-

aged indust r ii fac ilit ies in-volves the identi fication of critical stir-

vivad items among the coutput products and the design or redesign of

component prOCesscs and tequipmvnt (or their interconnect ions) so -'is to

simplify the procesF and significantly reduce the reconstruction time

and effort, For the ECOU described in this report, simple designs of

previous iV used ref lnv componvnts. wtro used, as Well as less elfficijent

forms; M a crude-nil distillat-in unit. Whenvi survival Itsel f is in

question, the import anz-e of component efficiency as a consideration in

the production process decrvases greatly. The ECOU design presented as

part. of this, re port is probably not as rudimentary as it Could be, vs-

pec ily if units With much smallIer crude-oil throughput volumes were

considered. 'Furthermore, somte liigli-tecitneogov el1ements (e.g. , stain-

Joss, steel pipe) could het repl aced byv s-tandard mater ials, With added
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maintenance and reduced average throughput. Perhaps in the extreme,

usable diesel fuel could be made in a large pot with an elementary

condensing-pipe system.

The advantage of the ECOU, as indicated above, is that, for less

than one-tenth the effort required to restore a heavily damaged (AP > 12

psi) refinery to productive status, diesel fuel production could be re-

stored. In addition, the delay time to production after attack would be

reduced from about 1 year to about 2.5 months. Finally, the material

resources that need to be stockpiled for constructing the ECOU would be

much less than those required for reconstructing the whole refinery.

At incident overpressures of less than 10 to 12 psi, early produc-

tion of diesel fuel could be achieved with the initial repair of the

front line of the typical refinery in the form of an ECOU, followed by a

staged repair of the complete refinery.

4-3 RELATIONSHIPS AMONG RECONSTRUCTION (REPAIR PLUS REPLACEMENT), OVER-
PRESSURE (DAMAGE), AND DAMAGE-REDUCING (BLAST-HARDENING) MEASURES

A set of relationships between the reconstruction effort and the

peak (static) overpressure for the major components of a typical refinery

of 75,000 bpd crude-oil throughput has been presented in Section 2-4 in

the form of interpolation equations whose coefficients are based almost

completely on previously published information (see Table 3). It has

been pointed out, however, that real-world experience and empirical data

to support both the damage description (as applicable to both the static

and dynamic aspects of the blast wave from a nuclear detonation in the

!- to 10-megaton yield range) and the reconstruction effort are very

meager and of unknown accuracy and scope.

In some cases, both types of data appear to be made "conservative"

with respect to their use by the offensive side. Perlwips this involves

unspecified allowances for targeting and technical " 'r ." ii' w:on de-

l ivery and actual effects on the target. Such biases could no, always

he d Q ,ct.d in the data that were used; however, the intent, where a

k-C, t On ;imong sourc L, was made, was to use mid-range values. If bias

'. Il r'.niains in the results computed from the interpolation codes, it
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is more likely to be on the side of predicting more damage, and therefore

greater repair efforts for damage at a given overpressure, than the op-

posite. A rather crude method to accouint for shock-wave shadowing was

included in the computational estimating procedures.

The effort and materials required for building a new refinery (anal-

ogous to the replacement of all components of a refinery that was damaged

by overpressures of more than 12 to 15 psi) are well known from industrial

experience. Also, estimates for the construction of an ECOU from new or

undamaged components and for assembly of the S-ECOU should be quite reli-

able.

The damage-reducing measures, ns exemplified by the refinery com-

ponents in the S condition include: adding guy wires; strengthening

frames and supports to keep columns, racks, raised coolers, and other

vessels from toppling over at relatively low incident overpressures; and

topping off or filling tanks, columns, and vessels with water or other

fluids to minimize toppling and to provide added strength to walls and

inside parts to minimize denting, buckling, and other forms of damage.

And, of course, all the computations apply only to refineries in the

shut-down state; otherwise the general assumption would be complete de-

struction of the facility by fire, regardless of the incident overpressure.

For the typical refinery, the estimates indicate relative large

"savings" in reconstruction effort and production recovery times due to

the above-described protective measures, in the overpressure range of

2 to 10 psi. They indicate only slightly smaller (relative) savings for

the Case-A construction of the ECOU in the overpressure range of 2 to 5

psi, but slightly larger (relative) savings in the range of 6 to 10 psi.

Hence it would appear that, where preattack plans include the postattack

restoration of facilities for producing either diesel fuel or the whole

spectrum of petroleum refinery products, preattack preparations should

provide for implementation of the indicated blast-damage-reducing mea-

su s .
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4-4 RESOURCE REQUIREMENTS

Resource requirements for restoring a complete refinery have not

been summarized in this report. However, applicable information for

selected damage levels can be obtained from reference 3. The data on

resource requirements developed in the present work center on the man-

power, supplies, tools, and equipment that would be needed to repair and

replace (especially from available parts and materials) components of

the designed ECOU, as well as to assemble prefabricated components of the

S-ECOU. The information applicable to both Case A (using the original

foundations of the damaged refinery) and Case B (using a site away from

the damaged refinery, with new foundations for the components) is pre-

sented in Appendices A and B. The materials cost for the ECOU is esti-

mated to be about $4 million (1980 value); the cost for the prefabricated

S-ECU is estimated to be somewhat over $6 million.

The necessity for stockpiling materials, even prefabricated critical

components (those that would be damaged beyond repair at 1rIcident over-

pressures of 5 psi or less), hat been discussed. Current refinery man-

agement might well consider enlrgi. their inventories of component

parts, equipment, materials, and supplies and storing them in protected

locations, at least to the extent of providing for the postattack fabri-

cation of an operating ECOU.

At lower levels of damage to the typical refinery, the ECOU would be

constructed in part from undamaged and repaired components of its parent

refinery. The S-ECOU, however, which is designed to consist of modular-

ized, prefabricated components mounted on 25 separate skids, would be

built in peacetime and would not require the stockpiling of a large num-

ber of different materials and parts. On.y those required to assemble

and connect the modules into a fiin-ienal unit would be needed.

4-5 SUMIARY OF PROJECT TASK COMPLETION

The Task I requirement for detailed component (and process) damage

characLtriLtics for a typical refinery is summarized in Table 5 for a

r.:; broad range of selected Incident overpressures. This summary is
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based entirely on previous studies, with only minor modifications to ad-

just differences in the repcrted damage descriptors.

For Task 2, the study emphasizes concepts of expedient poatettack

industrial recovery as applied to the blast-damaged refinery. An B=

capable of produciap Ziesel fuel and a few other front-line refinery

products was designd as an alternative to the reconstruction of a

complete refinery. The materials. effort, and time for construction of

the ECOU and its skid-mounted coupanion unit, the S-ECOU, are discussed

throughout the report and In the Appendices. Detailed conclusions re-

garding the clear advantage of these units for the early postattack

restoration of production of transport fuels were given earlier in this

section.

. IFor Task 3, interpolation equations were derived from reported data

relating the skilled and unskilled labor required for repairing individ-

ual refinery components to the incident peak (static) overpressure. The

overpressure is taken, in part, as a relative measure of the level of

damage to a component, as is the level of effort required for its repair.

Details of the interpolations are given in Section 2-4, and the deduced

values of the empirical coefficients applicable to each of several as-

sumed situations and conditions for each major refinery compnent are

summarized in Table J. Other equations are presented to show the depen-

dence of the unit production-resumptiLn time on the estimated overall

repair and replacement effort, the work rate of the repair teams, and

the number of skilled and unskilled laborers and supervisory staff. The

effect of degradation of the crew's skill composition on the repair ef-

fort is noted, and estimates of delay times due to mobilization of crews,

Creparatio,. of temporary facilities, and site clearing are included.

For Task 4, detailed estimates of the effects of expedient measures

for reducing component damage are presented in Section 3. The use of

such measures is highiy recommended wherever repair operations for the

early postattack recovery of production of petroleum-based fuels are con-

templated. Mlajor conclusions in this regard were given earlier in this

section.
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SECTION 5
RECOMMENDATIONS

5-1 PLANNING FOR EARLY POSTATTACK RECOVERY OF PRODUCTION
Or PETROLEUM-BASED FUELS

From the results of this study, it is recommended that government

agencies with reswponsibilities for the postattack recovery of industrial

production, including petroleum refining outputs, consider the "expedi-

ent" approach to industrial recovery. For example, the described EOU

and the S-ECOU could serve as models on which to develop a national plan

for developing capabilities for the early portattack restoration of

diesel fuel production. Planning studies for such purposes should ex-

pand the scope of the estimated resource demands for various necessary

materials and supplies to a national scale based on estimates of post-

attack demands for various types of fuels and the probable damage to

existing refiaeries. Other, supporting studies should consider the

time-scale demand by the restoration effort and by the operational unit(s)

for resources such as water, steam, gas, electricity, and crude oil.

In additica, problems ci product sorage and transport should be con-

sidered , esentiai factors in recovery planning.

5-2 STOCKPIIIN,

As mentioned several times in this report, the stockpiling of ma-

terials and supplies is an absolute necessity for either the reconstruc-

tion of reflnerx components or the construction of an XCOU in the early

postattack period. e peciallv if the refinery in question is subjected

to overpressures of more than 2 or 3 psi. A brief study of current

materials Inventories ind projected postattack demands is recommended

to establish stockpile needs and costs. A determination of tcafe storage

locaitions could be included in such a study.
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5-3 PROTECTIVE MEASURES

Because of the potential savinr b in recovery time, in repair ,ir re-

placement effort, and in materials resources from using a few simple,

expedient, damage-reducing measures, the study of additional blast-

hardening measures is recommended, especially for critical components.

Fire prevention measures, in addition to refinery shutdowns, should

be reviewed and updated in view of the E(OU rationale. In addition, re-

construction procedures and schedules should be considered when fallout

hazards are taken into account. Delay tines, depending on available per-

sonnel, shelter facilities, and fallout levels, should be incorporated

into the estimating procedures.

5-4 EXTENSION TO OTHER SECTORS

It is recommended that the expediency concept or rationale be ex-

tended to other industrial sectors that produce, or are in the production

chain of, critical survival items that are expected to be in high demand

(and short supply) in the postattack period of a nuclear war involving

the United States.
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APPENDIX A
SUNOARY OF RESOURCES AND LABOR SKILLS REQUIRED

FOR CONSTRUCTION AND ASSEMBLY OF THE DESIGNED SCOD AND THE S-ECOII

The summary of resources (construction equipment and materials) and

labor skills required for the ECOU (Case A), including detailed descrip-

tions of the activities and components involved in its construction (or

replacement) and operating, is given in Table Al. Similar information

is summarized for the ECOU (Case B) in Table A2. A gross sunmry of

these requirements for the assembly of the S-ECOU (Case B) is given in

Table A3.

These tables were prepared by the Jacobs Engineering Group, Inc.,

of Concord, California, as a subcontractor, and have not been transcribed

by CPR. Note that references in these tablts to Exhibits A, B, and C,

Appendix B. denote Tables B21, B22, and B23, respectively, of this report.

References to the Construction Schedules denote Figures 3, 4, and 5 of

this rejart.
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APPENDIX B
SUMMARY OF DETAILL) CALCULATIONS OF RESOURCES REQUIRED

FOR CONSThICTION OF THE DESIGNED ECOU

The estimated materials and effort required in various construction

tasks for the ECOU are lis;'ed in Tables BI through B18. The estimated

major materials and effort required for the tasl-.s in the assembly of

the S-ECOU are given in Table B19. The estimated quantities of materials

required for the ECOU are given in Table B20 by type of material. The

construction equipment required (Exhibit A) is listed in Table B21;

the major consumable supplies needed (Exhibit B) are listed in Table B22;

and the types of small tools needed (Exhibit C) are listed in Table B23.

These tables were prepared by the Jacobs Engineering Group, Inc.,

-t of Concord, California, as a subcontractor. Tables BI through 19 have

not been transcribed by CPR; Tables B20 thrnugh B23 have been.

117

I'.
-I -....--i-- -II " I



Cp C'4 .

C)I

-4 4J 41

Z. 14 : . o

1. 00 1)

En ~ ~ ~ ~ 4 " )- _04 L

wo I.

00. 0. M01.

- .4 0 0 I 0ux c

1-4 0 cI 04 4 0 2IW41n .

C6 A 00 w0 m4

CA a. P3

118



8n 8

U) UM

0

tA

ra

CIAf

S41

.0'0

x

W 00 or

I-.-4J

4; >

A.. U119



0 U

[-44

c '

0

41)

0O

z -4 w c
1- L0 0
H 4 M

4- 00

0~120

....... ....... ..... 1 .5 ....



C4 m N'wC0l Mee* 1.. -- N 0 4

rf4 -4

.141

-4i

41

0 10 0 A

1.4 4
z F E- U) P

4

0)
0 0

C- 4 410 00 0C o t C IT~ 1z 0 0 in 00
0)00 n00 < 0 0C 00 4

-40)00en-4r
0000.

00

..o 1.4
01 w

L) 0L -00 0 M~ 41 0-41

14 -.1- 14144 j 4

w. ., 0 -n 4 -0 )

14$ g-4 1 00 0 " 4. 4)
1- c-W0 ) L'% j 04 V~. r. -4 Li

Q.) 0) 0000 wJ- CA.c -J.JI-41. i 041

4-. = cu Q. 4 X . -4 tA( O 414 c rk-4

z~ a. 4 La :34 Lc o-4 4140 0 - 40 00'a 4

0 c-4 0C~ C) ) 40 0 0 4'~ Ow U -40000a Lfit 4C~ Ot-4 4
.. 0 41 z0 0)J4-0) 4)4 04)r W m ., A 4 co 0(

"40 C) a0 00 0 04 0 0.0 u C: Z -4CW Aj u '

0d to I ci- F-4I~ 0 0 w 1 4 4 0 $-'4 000"
C-4 V0 C a)4L 0 0 4" 0~ 3: 3: $44,-4

0.. r.4 : 1-.$ 00 d-. 41 0 10 w 0) wO (1 0 41 U 0

01 41( co cc S. 0 *. 4-j CI.'0 $.4..I .4
U 0 00 'E 4. <6 Z - .4 Lt0nL ) )W. -O0 -.. 1 00g - -I

z

121



0 0 O

C4d

-DI

1- (A4 o l 6 0

-4-4 r

000

0 w
00 0 -in-c

-4 0 -6 U)Q4 000o0

0 4M0 U004:
H o . 0-44 4 A

00 00E I C 1

w. 0 I 00C01

&A -4 to 0 &A w 0"-
94 C-4 04ar D c 0

*~ 
0~4*

u 0. tn- *- 00 0- 0

0 ~-40~34 i 0 C0122 0



00

%0 Coo

1 -4 -l

CY

(-400

UU

0

b4 tw ~
PWW

ind~

0 C4

-4 -

"CA 4-. r .4

134 Li o 3 j
0

LM W U

123



a an

0 4w

r. I: 0 kv

toV
.4, 94

4W4
Cs

00;

00

(n c

0 . to

t;J x 0u) hi W :D "I
,; Em . - 4 lo, 0

t2 '.44 
1 CA

TACi- ( 0- 5- W

- U ~ -4-------..T . ....



C1t

W ul

0 OD

.to

1a

944

0)0 000 0

NN

.410

Vfa 0 x?~ 0

-'0 0 0 W .0-D 6
0 u v

4 0 0nt

$12

-w ol awI



oil'
fA.

IQ 
0

-4
.0 

0 0

4c fa

1.4 
12

w . 41 
A.A A

LA .6 
A. 'KU) G

A.j fa 4

A 0 IWguC

~~ 0 .l'O0 d1026



14 v

(A 414

In 0

51 -

.0CL.

0- 0-

41
0 N UN

IL a 0



*aj4

to M
-44

-C4

o 0v
w

VU

6-44

43 4

U I
ul~

=z

4-4 1..128



~$~n% aC' Q 4~=XY~ 6e'a is 4fl

'0en

-4

Co
4 N

p '0

OO~nCOC4"'O 9q

.. Ne.t4r~t '0 00Is
0.

cc

4*45 .~

'a
,4-4
C

4-. '.4
a U

0
a'
a.V.' ---- - ta*~as C.0 c zi ~

0tA'.~ ~i -4
0 C.

C

~c. '4-s 0

0o cc
CC

-4
0

00 0 an
c-s 0 N

~ 22 -t ~ - -~ - '0

'a

COC asV '.4C Ci3 4 - - a.
.. ~ j: : - - - r4S C.

CO 2
C a'
- * 4 '.4 -5 -0 " *0:4' .~ ~ cc OS
Ci 4 4 ~$ U-4

00 45 .4~1 0 ~ 0 44$ ,4 C.4 0 H
cc a' .~ a. ~ c 0

u -~ ~ -~~ 'a& ~ --------------

~SI 1K 0. "a (*41-4 - - - -:~o. C4  =' ~

4-.'
C.'

129

I



-1n 40 -

0000 co 000 0 0

. a %V AO * NO %0

eggtC

0 Aj

0;--0

ca.

1303



.1-4

IN

0

No -4 -444

r0r g1. 0 W C>0 0 0

-4 U) 00> 4(

NO:a -44

ooooooooooo 1. "1 00- - ~-
000 co~-. 00 0.c0 a

Q~~ ~ ~ ~ -4r 1 o ww 6
Q C* 00 " 0- -t

31 1. 0.0 - I n.
0 0) m -C 0.44~~ ~ ~ ~ roV L & a 0 C

C1 0 -4 0
-1 04 cn

0 ~ Id~ - X U N 131C



1-

.4 caco cc E-

Cu c

.e0 O ~ LM

aj

0 0

-z-I

-4 :3

L,

1324



00

000

,4 0 0 4 c

0

a
-4 -4
CL uE -4

.4r I C-7

-4~ ~I2133

-q -u* -0 ..



ladI\
4LJIgo

A -r

4-

C40

0b

.4 W

E-4 u EO. U AC )C

-. :3 0 0w

0

40 w 
00 c

C>"
LW0 4= -000.

1w0PU'

0 ~ ~ 0346

ad 00 4)44 0Aj I



0% 0' ,; y 4 t n %0 t'J

%0

"u 0 m~ 0 004 &A~ %b~

-4 -

.41-

i-I -4-

0
u
W

H' .- 4 4'4 e4

co
W w-4 w to

us W 0- 0
p2 :>.- 

-

0- ca 0 , 4.1-4U W 00

W tn 0~4

bo to 00~~'~

> a)

135



01 O 4O OD

EH-4

04 z

3.44
1: 0

-4C4

0)

1-4 -4

00

E-4 (A

W 4

co 4

E-0 -

2-' (0 JW136



.0~ C-4 0
14.4

Cltf -- ' m~' ?N

AOV Vold
94 

t

64' 
444~3 10t1

u~ to 0

tot~

cc40
&4.

-4 " 4 0- 1 'M.g *
'4.4 0 i 

44

44

O0 
V

-4-4

C4 0 0

0. C, 
06O 

040

X s 4v4

x 00 000

I00

0~~~ ~ ~ 9:S c 4 -

rz 4 W W

S1. 

0.r.1 4.

0 0 w (1 " 0 a

4 4 m 0 
H. 1-4 0~ 

1.406ma T m 1 - L0 4

'-4 9U)1 4) ta -1 0 V g u . ) 4 s

0 cc

1.137



O0I 0oo I0

00W~I t4

4)'

-44

an Le 0 C-

00 0

w 4,41
-41 0 I

F4 14 W

-1 C :- 4 ( .4

co- a -j -



C44 94 V 4 C

.M

0) 00 0 0
01 cl 0 4 - - 4V

0'0

0 00 0
od -4 14 C - 14 - - ,4 .4

-- u- >. w4.4 .4: La 00

>- -4AJC
l- a a, -0 4)

03 3 ).. IV 0 0w C : 0- jW ,

Ex. 00 > '4 W =0 0 o (
1. '44 0 , 44 4 $4 C

CA & -40 0 44 C W0 0
w4 'E" I"l. c 149- 0

JO .LOO O M 0 0A )V0-
LI 4)a W0 0 U 4j -4 I0 0. 0
-~4 u .0. 0 4-4 wJ ea A44

-4 (k S..~ croo. 4 00M 0 $A0

WU1 j. 0OJV'-0 '" 3-4 0 C '. tdWf 0
;: U Ln 00CL 4 4 . 6P - 49. U C-

0 0 0 a0 0 0 3'

4-I 000 0U'J4 4444 *4~-a139.



Table B20. ECOU (Cases A and B): estimated material quantity requirements.

A. Yard Piping Carbon Steel A-53

Size Sch Pipe L Fittingb Flanges BNG Plug or Check Joints
F 90 T Un FC Gate Va SocW. or

'2 -'Su 40 10 10 20 15011 scrd 2 4 600# 10 600 5 Scrd. .

3/4 " 1000 200 50 50 100 " " 10 20 " 40 " 20

1 " 1000 200 50 50 100 "" 10 20 " 40 "20

1-1/2 40 1000 200 50 50 100 " " 10 20 " 40 " 20

45 1/2C 150# and 150# or 150# or Flanged

2 " 600 120 30 30 60 300#RFWN 50 100 300# 25 300#15 & Butt W.

3 " 500 100 20 20 20 " 40 80 " 20 "1 0 "

4 " 1300 175 50 50 50 " 105 210 " 55 "25 "

6 " 1000 135 35 35 35 " 80 160 " 40 "20 "

8 " 500 70 20 20 20 " 40 80 " 20 "10 "

10 " 300 40 10 10 10 " 25 50 " 15 "10 "

12 STD 100 15 5 5 5 " 10 20 " 5 " 3

14 " 40 4 2 2 2 " 5 10 " 2 " 1

16 " 40 4 2 2 2 " 5 10 " 2 " 1

18 " 40 4 2 2 2 " 5 10 " 2 " 1

20 " 400 40 10 10 10 " 35 70 " 15 "10 "

24 " 100 10 2 2 2 " 10 20 " 5 " 3

Total 8120 2591 442 884 336 174

B. Alloy Piping - 1-1/4 Cr- 1/2 Moly A-217, WC-6

SiLsc Sch Pipe 90 T 450 REr 1F8 °  FLG BNG Plug Check Joints Butt W

5" 80 10000 500 50 20 20 200 100 100 10 5 Flanged 600 b
RTJ

6" It 100 20 5 5 5 10 10 10 5 2

12" 60 100 20 2 2 2 - 10 10 5 2

20" 30 400 40 4 4 4 - 20 20 10 4

Total 10600 570 61 31 31 210 140 140 30 13
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Table B20 cont.

C. Structural Steel Incl Furnace & BoX Coolers

Shapes Wit.hane Anls. I !ttL llhL,

<20# 50 2000 2000 100C 10000 #

20-40 8000 5000 2000 15000 1

>400 10000 10000 #

/s" 1/4" 1/2" 3/4"

Plate 66000# 80001 10009 1000# 76000 1

Ladder (100 LF) 1500 #

Platform Grating (1000 SF) 10000 1

Bolts, Nuts, Clips (Allow) 9500 #

Pipe Support Bents (8" 0 Pipe) 80000 #

Total 106 Tons

D. Concrete aterials A

Pormwork Back-up 2800 BF., Ply 2800 SF

1 Concrete (7 sack/Cy, 906 6/Sack) 2000 Sack-

Sand 70 CY

Gravel Aggregate 140 CY

Reinf Steel, WWF - Tie Wire 14000 Lbs

Anchor Bolts 1/2 thru 1"x16" Lg 1400 Lbs

Grout (Allow) 100 CF

Total CY in-place 284 CY

E. Rings, Trays

(81 Crude Column

5/8" thk x 12'-6" Radius Rolled Plate 5700 SF

5/8" thk x 25"-O" Dia Dished Head 2 Ea

1/4" thk x 2" W x 12'-6 Radius Bar 1650 LF

304 SS Dist. Trays 21 Ea

(2) Kcrosene/Diesel Stripper

1/2" thk x 2'-3" Radius Rolled Plate 400 SF

1/2" thk x 4'-6" Dia. Elliptical Head 3 La

(3) Overhead Accumulator

1/2" thk x 3'-6" Radius Rolled Plate 700 SF

1/2" thk x 7'-0" Dia. Elliptical Head 2 Ea

for Case B only
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Table 320 (cont.)

Areai
F. Furnace Refractory Brick A ~hralU

F. ~ SJ~oii Lenth or Volm

Comon Red Brick 4.00 10400 $F

Firebrick 9.00 10000 SF

Light Wt Insul Firebrick 15.00 16000 SF

High Temp Mortar 10.00 2300 CF

C. Insulation

2" Thick Fiberglass Psaels 12000 SF

1-1/2" Thick Fiberglass 6" Pipe Insul 1000 LF

2" Thiek Fiberglass 20" Pipe Insul 500 LF

Wire (Ga)v Steel) 1000 LF

Aluminum Sheet Jacket Mt& 17000 SF

S.S. Bands & Clamps 2000 LF

mast ic 100 Gals

H. Instrumentation

Pressure Gages - 6 Flow Indicators 10

Temperature Gages - 5 Press Safety Valves - 10

Press. Controller w/control Va - I Set

Flow Recorder/Controller w/Orifice Flgs & Control Va - 3 Sets

Flow Recorder w/Orifice Flgs - 2 Sets

Temp. Recorder/Controller v/T.W. & Control Va - 2 Sets

Level Indicating Controller - w/Control Va - 5 sets

Temp Controllers & Va's for Steam - 4 Sets

Press Regulator Air - 4 Sets

Flow Ind. Controllers Water - 8 Sets
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[ a 3Tabl2 o21. Construction otqtip quire d.

Item-.....(~t

ID-ton forklift 2

Flatbed truck I

Backhoe 1

30-ton truck crane I

5-ton chain hoist 4

Scaffolding 5000 SF

Electric welding machine 6

Gas-powered welding machine 4

Table saw 2

Pipe cutter, threader 4

Acetylene torch rig 4
Power grinder, power drill 12

Air comprepsorb hoses, etc. 2

Diesel pov-r veerator 2

Gas-powered concrete mixer 4
Hiscellaneoue wheel berrows. hoses I lot

Tools, placing equipment, etc. I lot
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Table B22. Constuablu0 supplies.

This list is intended to define the character of *onauxable su-Mlis, but is
not to 'is interpreted as a complete list of all such items,

Abrasives: paper, powerder Chamis
Abrasive wheels Chi,-els
Acid Cleaners, tips
Adapter, hose Cleaning compounds and fluids
Adhesive Clips: wire, rope
Alcohol Cloth: emery, straining
Anchor, cinch Clothing
Antifreeze Coal and coke

Connectors, hose
Babbitt Coolers. water
Badges Cords, extension
Bags: paper, birlap Corks
Banding! mate:-ial, clips Cutter pins
Bands, elastic, helmet Couplings, hose
Barrels: water, trash ."rayons, marking
Batteries, flashlight Creosote
Belt dressing Cups, water
Belts, safety Cutters, glass, wheel
Bits, drill, all types Cutting oil
Blades, all type.:-
Roots, construction, rubber Demolition points
Brads Dies: bolt, conduit, pipe, Uhitney
Breaker pointt Punci
Bricks, rubbint Dippers
Brooms Discs: cutting, grinding
Brushes, all types Disinfectants
Buckets Drills: masonry, shank, twist,
Bulb, light star, bits
Burlap Drinking *iater

Drivers, sheeting
Cables Drums: gas, oil
Carbide Dunnage
Carbor ndum blocks, stone
Cartridge, stud gun Emery cloth
Chalk, marking Expanslo,. shitdds: tube, roll,
Chalk line mandrel

Explosives
Extractors, screw
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Table B22 cont.

Face shields Lens: goggles, helmet, hood

Fasteners Lightbulbs

Faucets Lighters: flint, torch

Files Line: chalk, mason

First aid supplies LPG

Filters: respirators, oil Lubricants, lube oil
Fittings: alemite, hose Lumber, scaffold

Flashlights and batteries Lugs: solder, solderless

Flares
Flints, Lighter Mandrels

Float, wood Masks, gas

Flux Measurers

Fly spray Menders, hose

Form oil Mirrors

Friction tape Mops
Funnels' Nails

Gads Nats: wire, die

Gaskets, hose Nozzles: hose, sandblast

Glasses: goggles, hoo 'hes,
lantern, light, f3 Lig t, Oil: lubricating, cutting

lamp Oakum

Gloves, all types
jx Glue Packing: water, steam

Glycerin Packing material

Graphite Padlocks

Grease Pails

Grinding compounds, wheels Paint, identification
Paper: sand, emery, toilet,

Hacksaw blades writing, etc.
Handles, all types Paste, solder
Hasps Patterns

Hats, safety Pencils

Hinges Pipe compound

Holders, electrode Pipe tools: cutter wheel, dies,

hoods, welding rollers, pins
Hooks Preservatives

Hose: presto soldering, steam, Pulleys
water, air, fire, welding Putty

Pins

Ice
Rags, wiping

Kerosene Raincoats

Keys: chuck, lock Reamers, hole

Knives, putty Receptacles
Respirators

Lamps Rivet sets

Lashing, wire rope Rope: sisal or manila

Latches Rubber boots
Rubing stones
Ruler, folding, pocket
Runways
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-Table p122.cont.

Safety equipment: first aid, goggles,
hats

Salt tablets, dispensers
Sandblasting nozzles
Sandpaper
Saw blades, all types
Screens, sand
Screws
Segments- pipe, die
Shackles
Shellac
Shims
Shields, face
Signs
Slings: rope, wire. nylon
Soap
Soapstone
Solder and flux
Spray, insect
Stakes
Steel wool
Stencils, pointing
Supplies, restroom
Survey stakes
Sweeping compound

Tacks
Tags
Tape: friction, linen, rubber,

scotch, etc.
Taps, bolt
Tarpaulins
Tempstix
Thermometers
Thimbles, wire rope
Thread dope
Tips: cutting, presto soldering,

welding, torch
Towels paper, cloth

Washers: flat, lock
Wastes, wiping
Wedges
Wheels: cutting, grinding, emery
Wicks, lantern
Wire: soft hack, tie, rope
Wire brushes
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Table B23. Small tools.

This list is intended to define the character of small tools, but is not to be
interpreted as a complete list of all such items.

Adapters, impact wrench Gauges: drilling, feelers, wire,
Adzes center, arc air
Anvils, blacksmith Grinders, bench
Arbors Grips
Augers Guns: alemite, point stud, grease

Bars: nails, crow, pinch, wrecking, Hacksaws
hickey, bricking-up, claw, rivet Hammers: sledge, hand, slag

Benders, tubi.ng, hand Handle, ratchet
Banding machine Heads, universal die
Blocks: rope, wire, snatch, tackle, Hickeys, conduit

cable, flaring Hods, brick-mortar
Bobs, plumb Hoes
Bolt cutters Hoists: chain, lever type
Boxes: instrument, tool Hooks: timber-cant, packing
Braces: carpenter, drill Horn, signal
Brands Horses, mason
Bull points Hydrometer battery
Burner, melting pot

Impact: drive, air, electric
Cable: wire, welding (max. 1/2")
Calipers: tube, inside, outside, Indicators, dial

micrometer Irons: caulking, soldering

Cans: safety, gas, oil, spray
Carts, oxygen cylinder Jack: reel, hydraulic, porta-power,
Caulking gun pipe, ratchet
Cement jointing tools
Chain, boomer Ladders: step, extension, wood,
Chainfalls aluminium
Chisel, caulking Ladles, melting
Clamps: "C," form, line-up Lanterns
Concrete floats Lead pots
Conduit floats Letters, steel (A to Z)
Conduit hickeys Levels, hand
Cutters: bolt, wire, pipe, tube,

tin snip, gasket Machinist straightedge
Mallets

Diggers, pot hole, hand portable Mattocks
Drills: electric, breast Mauls

Micrometers
Flaring tools Mixers
Flatters
Floats, hand Nitrogen regulator
Forge
Frames, hacksaw Ohmmeters

Oiler: line, bench, air-line
Oven, rod
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Table B23. cont.

Picks, RR. Tachometer
Pipe rollers Tampers, hand
Planers Tankers: fuel, oil
Pliers: vice-grip, channel-lock, Tapes: fish-electric, steel

side cutter, etc. measuring
Plugs, plumbers Telephone, handset
Plumb bobs Testers, battery
Poles, range Threaders: pipe, bolt (hand-operated)
Porta-power Tongs: rivet, brick, chain, pipe
Post-hole diggers, hand heater, etc.
Pots: melting, fire, lead Tool box, hand-carried
Puller, nail Tools: flaring, banding
Pulleys: flange, jacks, well, Torches: welding, blow, gas

wheel Trowels: power-operated
Pumps: small head, barrel, hand Trucks, hand, warehouse
Punches: gaskets, knockout, whitney

Universal, impact
Rakes: asphalt, yard
Ratchet, all types Vises: portable, hand, tripod-pipe,
Reamers, pipe machinist
Regulator: presto, soldering, Voltmeters

acetylene, oxygen
Retainer, pipe Wheelbarrows
Rivet sets Wrecking bars
Rods: level, line Wrenches, all types, hand
Roller: pipe, tube Walkie-talkie telephones

Sanders, electric
Saws: hood, hand, hacksaw frames

power, sabre, skil
Scoop, hand
Scrapers
Screwdrivers, step, all types
Shackles, ell types
Sheaves, steel
Shears
Sheetmetal rolls
Shovels, hand, all types
Side cutter
Snips, metal
Sockets, all types
Spades
Spikes, marlin
Spray can: concrete, form oil
Spreader: chain, flange
Squares: combination, framing

steel
Stamp steel
Straightedge, all types
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APPENDIX C

COMPLETE LIST OF SKtD-MOUNTED REFINERIES MANUFACTURED BY HOWE-BAKF UImhW S INC.

1,80(PBPSD Mobil Oil of Libya; Amal Field, Libya
34.0 API Pro-ucing-600- /0 of Diesel Fuel

1,800 BPSD /moseas Petroleum Limited; Nafoora Field, Libya

33.00 API "Producing 600 B/D of Diesel Fuel

5,400 BPSD Sinclair Venezuelan Oil Caingny; Barinas, Venezuela

21.00 API Poucing 805 ID LVN * )O0 B/D "IVN, 540 B/D Kerosine,
975 B/D of Diesel Fuel

1,000 BPSD Texaco Petroleum Company; Orito Field, Colombia

47.0 ° API P c 305- /0 Gasoli-ne; 275 BiD Kerosine (JP-IA),

295 B/D Diesel Fuel

2,800 BPSD Cabinda Gulf Oil Company;Luanda, Angola
27.40 API Podulcing 163 B/D LVN, 135 BID HVN, 700 BID Diesel

Fuel

1,800 BPSD Occidental Oil of Libya; Intisar Field, Libya

44.0 ° API Producing 600 B/D of Diesel Fuel and 100 B/D Jet Fuel

4,800 BPSD Atlantic Richfield Oil CgOlany; North Slope, Alaska

28.20 API Pr-od-i-ng 49.3-B6-/)Di-s-ti-ate and 1,000 B/D Diesel Fuel

1 ,000 BP- ,D Texaco Petroleum Conj)any; Ecuador
29.0 ° API Producing 305 BID Gs)line, 240 B/D Kerosine (JP-IA),

295 BID Diesel Fuel

1,200 BPSD Tenneco Oil Comapan; Bakersfield. California
12.60 API Producing Resid (Upgrades 12.60 API Sandy Crude)

600 BPSD Sonatrach; El Borma Field, Algeria

34.00 API Producing 200 BID Diesel Fuel

16,000 BPSD Falconbrjd e; Dominican Rcpublic

28.00 API Producing 6,000 BID Naphtha

10,000 BPSD Petrola Hellas; Athens, Greece
32.10 API To Produce -2'570 B/D Naphtha, 960 B/D Kerosine,

1,970 BiD Diesel Fuel, 4,500 B/D Fuel Oil

10,000 BPSD Petrola Hellas; Athens, Greece

32.10 API To Produce 2,570 B/D Naphtha, 960 B/ID Kerosine,
1,970 B/D Diesel Fuel, 4,500 BID Fuel Oil

375 BPSD Socca/Gress; Algeria

40.00 API To Produe-120 B/D Turbine Fuel

Source: Howe-Baker Engineers, Inc. P.O. Box 956 Tyler, Texas 75710
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1,175 BPSD Abu Dhabi Petroleum Copn; Abu Ohabi, Trucial States
40.'?* API o-Pr/oduce 458 B/D Turbine Fuel
10,000 UPSD Covernment of Iraq-, Iraq

360 API o Pro-duEe-,650 BD Kerosine,,1.,350 BID Diesel Fuel

including Kerosine Mercapfiner Treating Facilities

10,000 BPSD Government of raq; Iraq
360 API Ye ProduceC1,850 B/D Kerosine,,1,350 BID Diesel Fuel V

including Kerosine Mercapfiner Treating Facilities

5,000 BPSD Bay Refining (Dow Chenical); Bay City, Michigan
340 API To Produce 1,750 B/D Naphtha, 3,250 B/D Fuel Oil

20,000 BPSD Petrol Hellas; Athens, Greece
25/36." API To Produce 4400 B/D Naphtha, 3600 B/D Kerosine, 4400 B/D

Diesel, 7600 B/D Fuel Oil

20,)00 BPSD Petrola Hellas; Athens, Greece

. - 25/36- API To Produce 4400 BID Naphtha, 3600 B/D Kerosine, 4400 B/D
Diesel, 7600 B/D Fuel Oil

20.000 BPSD Petrola Hellas; Athens, Greece
25/36- API To Produce 44{00 B/D Naphtha, 3600 B/D Kerosine, 4400 BID

Diesel, 7600 B/0 Fuel Oil

20,000 BPSD Petrola Hellas; Athens, Greece251360 API -o o-d-c--4-600 13/D Naphtha, 3600 BID Kerosine, 4400 B/D

Diesel, 7600 B/D Fuel Oil

10,000 BPSD Government of Iraq; Baghdad, Iraq
36/43- API To Produce -760 -B/D Light Naphtha, 250 B/D Heavy Naphtha,

1850 B/D Kerosine, 1350 B/D Light Atm. Gas Oil, 1925 B/D
Iteavy Atm. Gas Oil, 12,825 BID Fuel Oil

10,000 BPSD Government of Iraq; Kirkuk, Iraq
36/430 API To Produce 1760 BID Light Naphtha, 250 B/D Heavy Naphtha,

1850 B/D Kerosine, 1350 B/D Light Atm. Gas Oil, 1925 B/D
Heavy Atm. Gas Oil, 12,825 B/ Fuel Oil

10,000 BPSD Government of Ira,; Beije, Iraq
36/43* API To Produce 1760 BID Light Naphtha, 250 B/D Heavy Naphtha,

1850 B/ Kerosine, 1350 B/D Light Atm. Gas Oil, 1925 B/D
Heavy Arm. Gas Oil, 12,825 BID Fuel Oil

10,000 BPSD Gcvermnent of Iraq; Samawah, Iraq
36/430 API To Vroduc 160-B/D Light Naphtha, 250 BID Heavy Naphtha,

1850 BID Kerosine, 1350 BID Light Atm. Gas Oil, 1925 B/D
Heavy Atm. Gas Oil, 12,825 B/D Fuel Oil
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10,000 BPSD Goverrunent of IrM; Beije, Iraq
36/43.API -oProduce T760 BID Light Naphtha, 250 B/D Heavy Naphtha,

1850 B/D Kerosine, 1350 BID Light Atm. Gas Oil, 1925 B/D
Heavy Atm. Gas Oil, 12,825 t!O Fuel Oil

10,000 BPSD Government of Iraq; Samawah, Iraq
361430 API T6'-VProfueT1W--jBD Light Naphtha, 250 B/D Heavy Naphtha,

1850 B/D Kerosine, 1350 B/D Light Atm. Gas Oil, 1925 BiD
Heavy Atm. Gas Oil, 12,825 B/I Fuel Oil

2,600 BPSD Sonatrach; Haoud el Hamra
44.80 API To Produce 905 BID Turbine Fuel

25,000 BPSD EnergyConany of Alaska, North Pole, Alaska
27.80 API To Produce 149-B/D Liight Naphtha, 1967 Heavy Naphtha,

4733 B/D Kerosine, 1350 B/D Light Atm. Gas Oil, 1925
B/D Heavy Atm. Gas Oil, 12,825 BID Fuel Oil

5,000 BPSD Pitt Oil Compa y, Indianola, Pennsylvania
490 API To Produce 3,000 BiD Gasoline, 2,000 B/D No. 2 Oil

10,000 BPSD Government of q Iraq
36/436 API To Produce 1750 B/D Light Naphtha, 250 B/D Heavy Naphtha,

1850 BID Kerosine,,1350 B/D Diesel Fuel including Naphtha
and Kerosine Merox Treating Facilities (UNDER CONSTRUCTION)

10,000 BPSD Government of iraq; Iraq
36/430 API To Produce 1750 B/U Light Naphtha, 250 BID Heavy Naphtha

1850 B/D Kerosine,,..1350 B/D Diesel Fuel including Naphtha
and Kerosine Merox " Treating Facilities (UNDER CONSTRUCTION)

5,000 BPSD Attock RefineryLimited, Rawalpindi, Pakistan
440 API To Produce 2,125 B/D Stabilized Naphtha, 1,000 B/D Kerosine,

1,050 B/D Diesel, 250 B/D Atm. Gas Oil, 500 BID Fuel Oil
(UNDER CONSTRUCT I ON)

20,000 BPSD Attock Refinery Lmi ted; Rawalpindi, Pakistan

440 API To Produce 8,500 B/D Stabilized Naphtha, 4,000 B/D Kerosine,

4,200 B/D Diesel, 1,000 B/D Atm. Gas Oil, 2,000 B/D Fuel
Oil (UNDER CONSTRUCTION)

2,000 BPSD Mobil Libya; Libya
390 API To Produce 655 B/D Naphtha, 610 B/D Diesel, 725 B/D Fuel

Oil (ENGINEERING)

30,000 BPSD Riverside Oil & Refine_ Company; Westwego, Louisiana
33.10 API To Produce 1630 BI Light Naphtha, 3,600 BID Heavy Naphtha,

4,500 B/D Kerosine. 4,200 B/D Diesel, 2,100 BID Atm. Gas Oil,
13,200 B/D Residue
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