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SUMMARY

The main objectives of this study were: (1) to describe the damage
that various major components of & typical U,8. 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 inmovative
or expedient technigques by which needed fuel could be produced with the
shortest possible delay time and with the expenditure of the least asount
of effort and scarce resources. In addition, counsideration wag to be
given to the likely effects of expedient protective measures o3 conpunent

damage and reconstruction effort.

A typical refinery, for the purposes of this study, is defined as
having 32 major types of cowponents and an overall crude-cil 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 eguationz. Thege equations,

with coefficients evaluated empirically from previously reperted data,
describe tne dependence of the repalr effort on the overpressure within
specified limits, for several alternative component situations or condi-
tipng. These are: (1) nonsecured (N8) without missile effects; (2) non-
secured iM) with missile effects; (3) secured (S) without missile effects;
{4) an H/B ratio (the height of the component divided by the breadth of
the profile-drag area perpendicular to the direction of propagation of the

R A& O T A S T Ao L T T

blast wave) that is egqual to or less than 2; and {(3) 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

g o
.

up to [ae overpresgure causing essentially total destruction of the component.

In the overall refinery reconstruction process, the repair effort

for a given componeat is assumed to convert to a replacement gfifort at

SR T O SRR RN

/ ’

o me - g




-

s

P S S o b

e s o

e e sty ey

GRS 222t ik el s slipin e

e e L

i o

all sverpressure for which the estimated vepalr effort esxceeds the replace-~

ment effort., This assumption s used in all estimates of reconstruction
effort, The effort ters cousistg Lasically of the labor of skifled and
unskilled crewmen, the crew supervisors {zuginears and foremen}, and the
field-staf{ supervisor {top sunagement personnel}; each component is

acpounted for separavely. Finally, the effort-estimating sguations con-

tain a ters Lo account for the effect of the oversll randos orientations
of the rcomponents o the dirvection of the blast wave frout,

The maximum effort for refismery reconstruction occurs at the lowest
averpressure for which all components are scheduled to be replaced by un-
damaged material or units. This occurs, in the estimates, at an over-

pressure of 22 psi, at which peint the masximum sum of direct-labor effort

{skilled and unskiiled) ias about 80,000 man~hours, The total effort of

the full complement of repair men plug team and sialf supervisors would be

shout 1.3 times lavger, or about 630,000 man hours. 4&bout 1.12 (12%) or

57,400 man hours of effort would be associated with staff supervision only.
reconstruction effort is allocated to mobilization and the

In addition,
Estimates of the effort and delay

preparation of temporary facilities,
time due to site clearing are included, but the amounts ave not counted

specifically as part of the facility vestoration effort. ‘ue tabulations

for cach component by successive increments of overpressure reveal which

oes consume the greater vepaiv effort and which are critically Ysoft"” with

respect to destruction and failure duc to blast effects. The derived

repair effortfoverpressure velationships suggest that repair operations

should convert completely to replacement operations when the incident

overpressure is greater thon about 10 to {5 psi. At these and bigher in-

cident overpressures, restoration of vefinery operations would require
about one year after an attack, if a full complesment of skilled and staff

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

of 36 hours per woek.

The innovation ifntreduced into this study was derived {rowm the recog-
nition that one of the major fuels used in tralm and truck trausport, in
many industrial plan.s, and in farm tractors and construction egquipment
{all reguired for a varlety of postattack recovery operations) is diesel
Tuel, which is a major product of the fromt line of the typical
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refinery. This resulted in the desiga of an Expedieat Crude 01l Unit
(BCOUY, which utilizes a velatively small asumber of units of 15 of the majsr
refinery componencs to process crude-oil at a throughput rate of 80,000 hapd,
The maximus labor effert to construct the ECOU on the original relinery
foundations is estimated to be about 44,000 san~hours (and as much as about
75,000 man~hours for a fullwcomplement work force}, expended over a
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? period of 9 weeks with a total work ferce of about 130 perseas, sach é
% working 56 hours per week. S
; Complete details of coustruction waterials, equipment, and manpower %
§ estimates by skill are presgented in the appendices for the designed ECOU %
i and for sn alternative, prefabricated, Skid-Mounted Expedient Crude 0il Unit A
% {S~ECOU}. The tabulations include estimates for comstruction of these §
g units on new sites, and examples of schedules are presented for their d
i3 -

% construction. The §-BCOU assembly, of course, requires the least post-
attack effort and time to achieve diesel fuel production. The total
postattack effort, inciuding crew and equipment mobilization, preparation
of temporary facilities, and new site preparation, fs estimated to be

about 73,000 man~hours for the BECQU and about 20,000 man-hours for the
of about 130 people for the ECOU

i o

§-FCOU, The schedules, with a work force
and about 60 people for the S~ECOU, would have the ECOUs operational 9

: weeks after mobilization, and the S~ECOUs would be operaticnal about 3

R ot e e Sttt Lty ettt o

weeks earlier.

B S vy e
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In all the effort and time estimates, the delivery of people and

materials to the site is not included; alsc, delays in such delivery are 2

not considered. The results are weant to establish requiremernts for the

E needed component repair and replacement tasks and the range of delay

E times invelved in the accomplishment of these tasks. For the ECOU and %
2 the $-ECOU, estimates of the efforts invelved in the construction omit %
% storage facilities at the site(s), under the assumption that the products 3
% would be transported immediately and continuously to user facilities. §

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

e T D O

oo

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

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

nave Iindirated that, if an attack occurred while a vefinery was in full
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operation, the resuiting fires would completely destroy the facility
and & new facility would have to be constructed before plant operations
could Be resumed. This situation is wore or less eguivalent to that
which would be caused by an incident overpressure of sbout 22 psi with-
out fire; in esch case, the maxipum recomstruction effort would be re-
quired. Resulte of previous studies also {ndiente that, with preattack
shutdown, the fire hazard {8 esseatiully elisinated or redured to a vetry
low probabilicty or a very low level of damage {f a few swmall fires are ig-
nited. Counsequently, a1l the estimates of the reconstruction effort that
are given for incident overpressutes less than 22 psi apply to the case

of refinery shutdown prior to attack.

The simple expedient protective weasures assumed for the so~called
secured (8) condition for each refinery copponent include such actions
ag adding guy wires snd additionsl bracing and frame supports, and topping
off tanks ond filling columns and vessels with water or other nonflammavle
fluidse. Such weasures are sffective in reducing estimated repair ciforts
by 20% to 60Z in the incident ovcrpressure range of 2 te 10 psi. Abowve
about 10 psi, the force of the blast overrides the “hardening” effe:t of

these measures. Ine hardening effect amounted to a differential decrease

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

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

In summary, the results of this ilnvestligation show that the ECOU and
the expediency concept underlving its evelution to a design stage repre-
sent 3 viable and promising cption for the rapid postattack recovery of

production of a vital survival item, diesel fyel. Side issues that arose

during the study but that were outside its scope included the stockpiling
of required resources, the preattack preparations, the infra-structural
and other imputs, the management coordination of manpower sources in the
postattack period, and the fallout radiation problem. Purthermore, it
bocawe clear that the expediency concept developed here may well have

application to the postattack vecovery of other critical industries.
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CONVERSION FACTORS FOR U.5. CUSTOMARY
TG METRIC (B1) URITS OF HEASUREMENT

7 To Convert Prom T Hultipiy By
barrel (petroleus, 42 galloms) meterd (a3 1.589 873 = B
Brivish thersal wiit (thermo~

chessical) joule (J) 1.056 350 » B 43
degres Fahranhelt kelvin (K} t = {tF + 459.47)/)1.8
foot meter {m} 3.048 000 = E -1
gallon (U.$. liguid) materd (m3) 3.785 412 x B -3
horsepover {electric) watt (W) 7.460 000 = £ +2
inch meter {m) 2,540 DU0 v E -2
mil matar {m} 2.540 Q00 = B =5
mile (U.5. statute) mater {(m) 1.60% 344 x B 43
pound-force/inch? (psi) kilopascal (kPa) 6.894% 757

kilogram (kg) 4.5335 924 x E ~1

pound-mass (lbm avoirdupois)
ton {short, 2000-pound)
yvard

kiiogram (kg)
meter {(m)

9.071 847 x E +2
9.144 000 x E -1
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INTRODUCTION

1=1 BACKGROUND

For several decades, petroleum refineries have been cousidered to
be prime targets in a nuclear . tack on the United States. Consequently,
both the vulnerabiifity of refineries to weapons effects and the problems
of recovering the production of petroleum~-based fuels and chemicals after
an attack have been of concers to the government and the petroleum ine
dustry. Military operations as well as industrial recovery operations
in the postattack period could use up avallable srockpiles or on-site
inventories of petroleum-based fuels (diesel fuel, jet fuel, gascline,
ete.) rather quickly. The continuation of such eperations would require
the rapid repair of damaged vefineries or the rapid construction of

simple, expedient plants for the production of critical fuels, such as
diesel 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 1 for petroleum
refining and for another basic industry, metal fabrication. The table
shows at what 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;} thrae actual
refineries, ranging in capacity from 100,000 to 360,000 bpd of wrude oil,

are used as examples for vulnerabhility to blast and thermal effects from
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nuclear weapons {n the megaton yield -range and for pustattack vepatr
effort and delay time. The genera’ -onclusions are that the most vul~
neérable components of these refiner wes are the centrol 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 8~hour calendar days. The control house is considered
esseatial because it serves as the operating center of the highly complex
and sutomated network of processes that coustitute a modern patroleum re-
finery. Fernald et al. found that the crude-oil still, damaged at about
3.5 psi of blast-wave overpressure, might regquire 150 days and about 4000
man-dayvs of effort to repair. At about 7.0 psi, the time and effort
would increase to almost 300 days and 18,000 msen-days, respectively.

The problem of fire was ulso addreswed by Fernald et al., and the
conelusion is that auwy considerations of component damage are irrelevant
tor a nuclesr explosior near an operating refinery, vhose heated and
pressurized combustibles would ignite or explode when pipes are brokem

and major components are tipped or gisplaced, &t overpressures no gréater
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 im 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 strraight-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-

tfion plant for high-octane alkylates.

A coumparable study of damage and repair effort has been reported by
Singer et al.? 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 Fermald et al. For the recovery
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from damage due to a combination of blast, {ire, and debria for pesk
overpressures 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
this effort into brosd skill categories is given, along with estimates

of materials needs.

Poger, Van Horn, and Staackmou’ lnvestigated the damage character-
istics, the repair effort, the repair-teaw skill composition, the ma-
terialz and supplies required, and other related .actors in the recovery
of the components of varjous types of chemical plants, including re~
fineries, Thelr study includes the development of a rough relationship
betwech repair e¢ffort and overpressure, on a component basis. (This
model provided the basis for the inforeition and data on component damn-
age aad repair effort given in this report.} The tabular information on
component damage due to blast vffecls incliudes considerations of damage
caused by projectil 3 and alternative pressure ¢ffects (diffraction and
drag). Descriptions of tvpical Jdamage and vstimates of the repailr
effore for each tvpe of refinery component are given for several values
of the peak overpres.ure, with blast~wave characteristics similar to
those from nuclear detonations in the megation vield range (low a‘rc~
burst). Values are given for all parameters of the above-mentioned

repair ¢f fort/overpressure model.

At any given overpressure, the type and severiiy 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 componeut. 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 vith somewhat high estimates of

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

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

* K
For the purposes of this report, a man-week is defined as 16B man-hours,
i.e., the equivalent of three 8-hour shifts per dav, 7 davs per week.




i B

it s soha f i i B L

ARG

IR g s

(MG Ao e o ey

3
&
£
4
E
5
.

e
¥
3

s s

SR e Ty

tixio

oy,

T B

reference point for the effort actually required in a repair opuration,

the apparent sverestimates of damage do not necessarily translate to

overest imates of repailr effort. The fire damage to componients, presumably

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

The information from rzference 3 was used by Walker® to examine
repair efferte for a set of "typical™ refineries. In his report, repair
efforis are considered for several types and sizes of refinerfes, en-
phasizing the recovery of production of motor fuels. The diseussion ine-
cludes the postattachk repair of a crude=oil unit for early production of

a limited array of fuels, but real delav times to production are not dis-

cussed.

The overall vulnerability of the U.5. petroleum-refining system
has been reviewed by Stephens,” of the Office of 0il and Cas. The re-
port describer the gvstem as of 1973, but is now only gualitarively
representative. It utilizes general information on vulmerability from
several of the above-discussed reports, especially references 1 and 3.

Since the component-orieatation damage-vepalr studies cited above
vonsider only peak overpressures equal to or less than 20 psi, Block and
Hullings® assumed, in a study for the Ballistic Misslle Defense Systems
Command of the U.S5. Army, that the USSR, with its large weapons stock-
pile, might assign as manvy as two nuclear weapons to each refinerv as a
prime target. The expected result, of course, is the total destruction
of essentiallv all parts of all cowponents at peak overpressures much

in excess of 20 psi everywhere. The “repair" would then consist of the
replacement of all components in the censtruction 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 equijment and struec-
tures has heen provided bv Zaccor, Kambuvoff, and Wilton? v iheir study
on the general «ffects of hardening on both the damage and the subse-
quent repair effory. The information developed by these investigators
generally parallels and extends that developed previously by Foget et

al.;? 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.
Zaceor et al. grouped industriafl eguipbent by types, shapes, and sizes
that would fir within selected rectangular volunes. Specific dagage
characteristics, calculated by drag-profile speciffecations using em~
piricaily derived relationships, are associated with each group.

In summiry, the emphasis in previsus research oan the postattacl.
recovery of productlien of petroleum-based fuels has been on the damage
and repalr of the iadividual components of a petroleusm reficery. Most
studies dealing with the overall recovery of U.8. refinerics are wore
than a decade old, and chey focus on recovery of the vhole array of
products at the time that repair is completed. Although an expedient
stayed recovery process has bees considered gs a possible alternative,?

ac comparable estimates of effort, manpower, and delay timez have been

reported.

Because front-line products such as dfesel fuel are utilized by
wost trucks and farm machines and even by some automobiles, their early
postattack production should have high priority in the recovery schedsle

of essential items for mational survival. The expedient staged recovery

process for petroleum products would then consist of first recovering
the front line of & lightly to wod. ately damaged refinery, to the point
where diesel fuel and one or twoe associated products could be produced.

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

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

damage or on recovery reguirements for a given product or array of prod-
ucts, the repair work could be held indefinitely at any desired stage of

e o R
¢ T T ———

S

production recovery.
In a wmoderately to severely damaged refinery, the repair effort may

become 50 great and the time to recover preduction may be so long as to

R T T

2phiecr

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

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

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

erude-oil units that could be assembled rather quickly, ideally from 2
|

stockpiled parts, to produce diesel fuel. For the petroleum industry, 4
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this simple refivery will be called the Expedient Crude 011 Unit (BOGUY,
two types of which are descridbed in this report.

1-2 OBJECTIVES
The objectives of thiz study were to:

1. fevelop estimates of (a) the severity of damega likely to ba
sustaloed by compoments of a typical vefinmery, ¢h) the resulisnt
repair effort reguired and the genoral manner in which it might
be accomplished, and (¢} the time{s) after attack at which pro-
duction of vital fuel supplies might be resumed.

2. ldentify and define, where feasible, impovarive or expediest
processes by which needed fuel could be produced in the shortest
posgible time, with the least amount of repair effors, andlor
with the leagst use of scvarce vesources {even with inefficient

procegsas) to prevent critical fuel shortages.

1-3 SCOPE
The scope of this astudy includes the following four tasks:
1. Establish detailed descriptions 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, repalr effort (or time), and pro-

duction rate.

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

fineries and to alternate production methods, estimate vepair

e et

resource requiremencs, and prepare examples of rerair schedules

along with production start-time schedules for selected damage
levels.

4. Identify and evaluate preattack protective measures that might

significantly reduce the postatiack repair effort {or time).

19
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Te obtain uselful resulis within the budger and time constraints,
the following limitations on the types and extent of parameters cofi~

sidered lo this study were established:

1. The effects of fire on the degree of damage to cypleal refinery
components and on the subsogquent repair eff ot were not con=

gidaered. Thiz implies complete refinery stutdown pricr to

e g

S

B e R O

artack.

2. The delay time{s) aand radiclogical hazards due to falleut were

not congidered. This would correspond to the case in which a
rafinery was damaged by blast effucts from an airburst that did

not reach the ground.
3. The availability and effects of external inputs such as waler,
¢lectric power, manpower, stockpiled parts and supplles, local

F civil defense capabilities, government controls, and the like
on the recovary effsot were not gonsidered. However, the study

does conslider the demands that the contemplated recovery effort

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

contributing factors to the feasibility of the recovery effort

{l O E S s s e,

in 3 postattack situstion.

4. A limited set of alternative vepair situations was consldered.

TP TR P

The extensive repair of a damaged typicel refinery is compared
with partial repair sufficient only to produce diesel fuel and
allied products. In addition, the design, fabricatien, and

QEn A v oty e

assembly from stockpiled parts of two versions of an ECCU are

described for comparison with the repair efforts for the dam-

T T o

aged refinery.

5. 1In the recovery process, the replacement of components was given
precedence over their repair when the former would require l:iss

This tends to result in a proportiomally lower estimate

L S A A AT

efforeg.
of repair effort as the incident overpressure, and hence the

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

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

e a*.é?ma’;;-,ar‘:k;.,%

ponents.
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6. Efffeiency of operation of the repaired refinery of of the BLOUs

For ECOUa, the use of older, simpler, Low

was not congidered.
viute.

{25l components was taken to he approp
The overall approach in this project was to use & suitidieciplinary
ting of systems analysta experienced in auslear weapons =i~

fgets and civil defenne aabtlers. togather with engineers exparionced ia
4 operation ef refineries. The gagineering
tne., of Concurd, tali-

tachaclog

rpam congls

the desigh, coustruction, an
om the Jacobs fngineering Group,

expertas were £
Phe working arvangement proved to be mutually

fornia, as & subronlractor.

peneficial and product ive.
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SECTION 2
COXCEPTS AND METHODOLOGY

-1 DEPIRITIONG AND ASSUMPTIONS

It iz assumed, fovr all vecowery opetations, that the saterials,
varvts, sad zupplies ave on slte oy are delivered to the site vhen needed,

3o that the tabulated repalr oy replacesent efforts refer cnly to on=

site working times.
The total recovery effort for a given composent of a reflinery cop=
sigts of the effort of the skilled and unskilled workeras {catpenters,

welders, electriciang, pipe fitters, equipsent operators, ste.}, the team

englingers and foremen, and the superwvisery staff. Fer repaiy work only,

the level of effort of the shiiled and unskilled workers will tend to

vary strongly with the degree of component damage {i.e., wit) the pesh

cverpressure). Alse, the coupasition of skills reguired for the repair
of n gliven component wmey vary with the overprevsure, becasse the type of
damage changes from superficial damage of fragile equipsent {e.g., fw-
~yere buckiing of heavy steel frawmin

struments with glasys covera}
it is assumed that the level of effort

and stvel-wailed wnits.  Further,
of the teas englocers and foremen wil® be proportional to thar of the
skitlod and unskilled workers, maintalaing the sase ratie for repair work 3
as for replacement work; this assumption s somewhat avbitrary and, s

practice, could change sccording to the available manpever and thoe exper-

The effort associated with staff

tence of the available supervisors.
2% of that

supevvistion, adninistration, and coordination is assumed to be
of the skilled and unskilled repaiy team (oot including the cifort of the

teas engimeers and forvmend.

In this veport, three terms are used quite often and require defini-
tion o aveild misunderstanding: these teres and defipitions gres

The vepatr or replacement of damaged or destreyed
Here the initial

i

2

Reconstyuct fon:
companenis of a factlity at its previous site,

objective would be to reestablish the capacity o process crude

(%]
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5 ; .
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0il to produce diesel fuel. (In the repair-effort estimates
given later, it is assumed that component foundations are not

damaged and can be uged.)

2. Repair: The fixing (by straightening, welding, soldering, re-
setting, realigning, reconnecting, etc.) and installation (in-
cluding hookups) of damaged components of & facility. (In the
repair-effort estimates given later, it 1s assumed that the
neaded skilled and unskilled persomnel, materials, parts, equip-
ment, and supplies are on site or are delivered to the site as

neaded.)

3. Replacement: The assembly and installation (including hookups)
of unaamaged, stockpiled components. (As above, the replacement-
effort estimates do not include delivery of the needed items to

the site.)

In general, yepair refers to the reconstruction of a damaged re-
finery component on its previous foundation, whereas replacement can
refer either to reconstruction or tv comstruction 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. 1If this is such as to cause little to moderate
damage to wost components, it may be feasible to repair some of the com-
ponents and replace others. 1f the damage to many or most of the com-
ponents is severe, repair would be dirfficult and time consuming. The
likely overpressure ranges and limits for different repair situations are

discussed later.

For on-site repalr, 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 recomstruction or construction petied.
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it is assumed that at the end of this period-~for either the whole
reflnery or for the egquivalent ECOU butlt from damaged but repaired tvefinery

components~=-all resources (electric power, water, crude oil, ete.) will be
available to start production of diesel fuel or a more extensive array of

The same applies for those ECOUs built frowm stockpiles of cowm~

products.
The main concern is with the

ponients at previously used or new sites.

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

alar reconstruction/construction aeotivities.

pixLCi
For almost 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-

clency and quality will be cousiderably 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 RECOVERY OF FUEL PRODULTION

Although the vationale Jor rapid recovery of fuel production after

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

was stated previously, it {s« repeated here for emphasis as a new general

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

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

ucts among all of those in the productiuon arrav. 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

earlyv in the postatrack period. Since diescl 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

currentlv obtained from the {ront—-line processors in a regular refinery.
Therefore, initial effcrts in the recovery of producvtion of petreoleun
fuels shovld focus on the repair of the front line of the refinery in
the case that it is not severelv damaged, and on the assemblv of a sim-

plified ECOU (specially designed for tne purpose) if the refinerv is

i
’.
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i heavily damaged. The specially designed unit should be as simple as %
i ‘::
b possible, easily assemwbled, and easily operated. d
i 1
; :
i Thisg innovative, expedient approach should reduce the delay time to %
Q 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 frems of all kinds. And, as already pointed out,

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

for the whole facility.

Z-3 COMPONENTS OF THE TYPICAL REFINERY AND THE SUGGESTED ECOUs

A G e g T o S DR TP YT Py

R N, -
7 R A e ey e R e e st

. The numbers of various types of components in a typical refinery, d
with a throughput capacity of about 73,000 bpd of crude oil, and im a %
designated expedient crude oil unit (ECOU), with a throughput capacity of %

,% 3 about 530,000 bpd, along with component substitution possibilities, are %

_% %T preseated ia Table 2. The refinery 1s at the low end of the throughput g

§, capacities of U.S, refiners, but damaged refineries of about a 73,000~

% bpd throughput appear to be wore easlly converted te ECOUs than refineries 4

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

5 poses of this study. §

E The tvpical refinervy is a high-technology facility that uses cata- §

’é : 1vtic cracking as well as topping or skimming to acquire processed end é

é produtts. Some units in such a refinerv operate at pressures between ;

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

? typical refiancry include fuel oil, distillate fuels, gasoline, asphalt, g

é kerosene, and petroleum gases. The total number of major components §

é found in such a refinery is about 1900--uut including equipment for §

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

% oils, grease, and wax are not normallyv end products of refineries of this é

i size; thev are usually produced by refineries with throughput capacities §

% in excess of 300,000 bpd. g

; An ECOU derived from damaged vefinery components and erected on exist- g

% ing foundations would preobablv use the existing area layout., However, §

E: an ECQU 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 rae

_’ designated Bxpedient Crude 0il Unit (ECOU), and component substitutes.

- Substitutes

i Typical (Component

Component Refinery ECOU Numbers )

. ) ,

| ;

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

g; 2. Catalytic cracking columns 2 %

% 3. Ligquid extraction columns 5

) {

L 4. Packed columns 20 i

5. Distillation columns 45 38 2, 29, 35

% 6. 55-gal drums 500 §

g' 7. Storage tanks, cylindrical 8P 5, 29, 35 3

é 8. Storage tanks, solids §

g’ ; 9. Storage tanks, open 100 -

3 10. Storage tanks, conical-roof

% 11. Storage tanks, sgpherical, heavy

3

e 12. Skid- or frame-mounted 12 :

3 equipment, small b
é 13. Small panels, racks, and 45 42 !
j mounted equipment 3
3 ‘ 14, Electrical panels and racks 120 64 ;
% 15. Large panels and racks 20 13 ;
4 16. Pipe arrays and racks 225,000¢ 7,0002>¢ ;
% 17. Box-type furnaces 10 2 18, 19 ).
g 18. Cylindrical furnaces, vercical 12 ;
| 19. Package boiler units 2 ;
é ]
| 20. Heat exchangers 200 8 d
? 21. Generators, ac, heavy-duty 2 3
3 22. Electric motors, large 4 :
: 23. Electric motors, small 200 12
? 24. Transformers and capacitors, 15 28 5
. large

? 25. Steam turbine drives 80

25

26. Blowers
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Table 2 continued

Substitutes
Typical {Component
Component Refinery ECOU Numbers)
27. Centrifugal pumps 250 iz
28. Reciprocating compressors 15

29, Pressure vessels, cylindrical

A. horizontal, glass-lined 1
B. horizontal, unlined 48 1
C. horizontal, near ground 2
D. wvertical 75 2
30. Package refrigerator units 10
31. Motor control centers 12 28
32. Prefab buildings (control 12 12
houses)
33. Automatic dryer umits 15
4 34. Liquid-phase reactors 144

35. Crude columns, large

36. Box coolers

g I AN e e e

? 2 critical components. '
g b Can be omitted if alternative storage (pools, tank cars, etc.) is used. 3
i -
4 ¢ Square feet of double-deck pipeway. :
| d Eight low-pressure (<500 psi) and six high-pressure {>500 psi) reactors. 1
: ]
3 S — — ni e ———————— e e
; 27 , !
2-5
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couyld have & wore convenient layout, designed primarily for rapid as-
sembly and early production of diesel fuel, A suggested desisn of such
a unit is ~uown in Figure 1, with the corresponding area plol plan shown
in Figure 2. It can be seen that the ECOU is the froni-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 ponessential 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 200U is only 150,000 square fewt, 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 nuw about 300 operating refineries in
the United States, and it would require about 45 ECOUs to process the
same throughput of crude oil that 30 typical refineries would haundle,
although diesel fuel would be the major end product of the designed ECOU.

Depending on the type of crude o0il available, the diesel fuel out-
put could be about 10,000 bpd for 23° API, typiecal California crude oil,
or about 6000 bpd for 0¥ API, typical Texas crude oil. End products other
than diesel fuel include heavy residuals, kerosene, stove oil, low-
occtane gasoline (or straight-run gasoline--this could be used to supple-
ment diesel fuel in many essential applications), sour water, and off-
g2s. These products could be elther stored or pumped away, according
to need and available undamaged storage facilities.

28
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Postattack, 50,000~bpd Expedient Crude Unit
(ECOU): area plot plan.

! pigure 2.
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As described in Section l-3, certain constraints and limitatious
were sot for this study of a typlcal refinery and the 00U systen. Cer-
tain inputs and some suxiliary systems that would affect the operation
of the refinery or 800U when it comes on line have pot besn considered.
The utility inpurs would include s¢eam, water, slectricity, and fual
Gag. Steam is uped to distill ecrude oll and to drive the turbines of

enctoadivint e Sl g NS S i g, e Lt et b 2

standby pumps, waler is used to cool Jdistillaves, elaciriciry is uged

te drive motors, and fuel gas fives the crude furnaces. An 000 would
require about 535,000 1b/h of steam, 20,000 gal/min of water, 17,000 kW
of electricity, and 284,000 §t3ih of fuel gas. Also, the crude-oil

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

9
X
k)

require one or more delivery and/or storage systems.

The second, or alternate, form of the BOOU is & skid-mounted unit
{S~ECOUY. It would coneist of wodularized units wmounted om 215 skide that
cauld be ghipped by either flathbed trucks or train cars. This design
would reduce the naed for storing component replacesent parts and sup-
plies in hardemed or dispersed stockpiles, but it would require prefab~

L ST syt bt s btk b

ricatisn of the modules, along with the cash outlay for peacetime labor
and parts, long before a conflict was expected. At normal work rates,
it might require a year or more to prefabricate the components uf a

50,000-bpd S5-ECOU.

Except for the skid mounts, the components of the ECOU and che S~ECOU

i s o ghatiat o0

would be the same. Requiring only site assembly, the 5~BECOU would entail

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

et s

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

s

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

tected sites until necded is not considered here. 4 form of the S-ELOH
report2dly has been designed and fabricated with throughput capacities
of ag much as 30,000 bpd, for use in peacetime erises or in natural

ozt soph et

disasters causing damage to existing refineries.*

TP b e

*Howe-Baker Englneers, Inc., a refinery construction firm located im Tyler,
Texas, is the manufacturer. See Appendix € for a complete list of skid-
mounted refineries construycted by this company.
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2=6 REPAIR AND CONSTUCYION EVFORTS ARD DAMAGE RELATIONSHIPS

POR COMPORENTS OF THE TYPICAL REFINERY

An empivical formula for representing sathematically the depondence
of the repair efforet on the peak overpressure for any component plece of
equipment in the chemical indugtry was proposed by Paget et al.? The
formula contains @ aumber of empiricasly evaluated coefficients and has
the general fove of the law of diminishing returns. Assuming 2 saximum
“repalr” effort fo: consiruction of & new component from a steckpile or
inventory (presumably reoyuived at the peak overpressure for destructinn
of the whole component), it appears that the {orsula would best apply to
those couponenta for which the amede of damsge is the same over the whole
range of overpressure, bub the affect banomes sumerically greater ss the

overpressere incresses.

Because eof these possible limitstione and because of the approuimate
nature of both the data and thelyr likely applicavion for plammiang, a
sinpilified set of interpolation forwulas was derived for usge in this
study. £No one has vet reported experimental dataz on the damoge and ve-
peir of & wodern operating refinery., Also, almest a1l of the available
computed information is conscrvative with respect to ihe offensiva, or

attack, application.}

' The selected interpolation relatiounships between repair effort

vskilled and unskilled labor inputs onle} and peak nverpressure (g8 a

parameter of “damage) ave defined as follows:

i

AN ® .
e, = ei(NPIUng {m-hiunit) ' {1y

BT G S A R s e e e o S RO R e el
- C

in which &3 {s the cepair effort in wan-hours per unit of refinery com-

Ern

penent L, P Is the incidert peak {(static) overpressure in psl received

TRk

by compenent 1, JF, is a refererace overpressure whose value s set at

1 psi, and e? and w, are eapirically evaluated cpefficients. 4

i

In the general cvase, Bguation ! is specified teo be applicable only

[ &
over a gpiven rvange of "2 for a given set of numerical values of t, and

@ Fer several componests, the vepair effort irformation {and the

i
3




damage 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
overpregsures Lo the severe deformation of steel walls and frames at high
overpressure ). In some cases, the repair effort/overpressure relation-
ship for thi nzw damage wede could be roughly represented by Equation 1
with different velues for the emplrical coefficients;: in other cases, -

second form of the interpolation relationship was emploved, namely:

e, = A (AP - B,) (w-h/unit} . (2}

in which A; and B; arve empirically evaluated coefficients. 1In all cases,
the coefficients were evaluated from graphical representations of re-

ported estimates of e; at selected values of AP.

Available values of e, .cre generally derived for the orientation
giving the maximum response of a component to the blaste-wave froant {(a 50X
probability of compoment failure was used in the coefficient evaluation).
These tabulated values {(calculated for maximum response) required modifi-
cation to account for the ranlom orientations of similar components to
the direction of propagation of the blast wave. TFor all units of com-
ponent i, the total repair effort is defined by:

E. = N,F.e
i

; men) (3

i

in which Ny is the total number of i units per recovered refinery and Fy
is the fraction of the unit repair effort required when the latter {s
averaged over all units of component i, owing to random orientation of
the components to the blast wave and, in part, to the assumed 30% prob-
ability of the stated failure to occur. The value of Fy is assumed to
be 0.5 for all ~P values through 1/2 of that AP value estimated for com~
ponent destruction. At higher overpressures, the value of F; is assumed
to increase linearly on a probit scale from 0.5 to 0.99 as AP increases

from sP{dest) /2 rto 2P(dest).

e T,
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In the general case, five different damage-repaitv conditions way
oceur, 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 growmtrical dependence of damage on overpres-
sure is defined in terms of the ratlo of the height of the component to

the breadth of the profile-drag area perpendiculay to the direction of
propagation of the blast wave, H/B. OUne condicion pertains to those i
components with shapes for which H/E > 2, and a secend to those with

shapes for which H/B < 2. §

The other three conditions are:; (1) the unprepared, or not secured
case (N5}, (2) the not secured case with missiles (M}, and (3) the pre-
pared, or gecured case (8). The NS refers to components of a refinery
that have not been hardened or altered in any way to reduce damage from £

blagt 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 §,

Lo i

the effects of expedient rudimentary protective measures are inciuded.
) y

During a crisis period, acticns such as adding more and stronger
. guy wires to essentially vertical components (H/B ~ 2} ana strengthening
framing and anchors would be benefic.al. Also, storage tanks could be
filled with fuels and/or water, and the tank-farm dikes could be enlarged.
Mcst critical, however, would be an appropriaste shutdown procedure, upon
attack warning, that included the flooding of as many columns and towers

as rossible with noncowmbustible fluids.

For a given overpressure and component, the value of ey is greatest
for case M and smallest for case 8. Values for the coefficients of the
above-defined futerpolation egquations relating the unit repalr effort
and peak overpressure for varions typical refinery components are sum—
marized in Table 3. The values of e? are in man-hours per unit, whereas
those of Aj arc in man-hours per unit per psi; the values of my are
dimensionless; ard the values of Bi and P are in psi. Cstimates of the
construction-team effort for the replacement of Jestroved components or

their construction with new oarts and structures, as in the comstruction

36
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of an ECOU at & new site, are presented in Table 4. 1n the repair of a
damaged refinery, the effort of the team supervisors (engineers and
foremen) is assumed to have the same ratioc as in Table 4} thus for com-
ponent no. 1, the relative effort for the team supervisors would be

1507750, or 0.2, tiwmes the calculated value of E,; thus the total effort

i;
for repairmen plus team supervisors would be l.ZEi and the overall effort

with staff supervision would be about I.SEi.

Examples of construction schedules for the ECOU are givea in Figure 3
for Case A gituations (see footnote a in Table 4) and Figure 4 for Case B
situations; an example for the 5~ECOU, Case B, is given in Figure 5. Sum-~
maries of the labor mix required fcr specific jobs, applicable either to
the component listing of Table 4 or to the skilled constructien activities
of Figures 3, 4, and 3, are given in Appendix A; detailed estimates of
these quantities and of associated supplies, parts, and equipment for the

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

The construction schedules in Filgures 3, 4, and 5 are examples only,
since the actual times will depend net only on the eifort in man-hours
or man-weeks but also on the size of the available work force and its
skill composition. Assuming that the average working time for each per-
son over the period of any construction task is 8 hours/day, or 56 hours/
week, the number of people required Is simpiy the total effort in man-
weeks divided by the working time in weeks, multiplied by 3 (see footnote
on page 16). Thus the site~clearing task of Figure 3, requiring an esti-
mated effnrt of 30 m-w to be sccomplished in 2 weeks, would require a
team of (30/2)x3, or 45 penple. If none of the people required for the
schedule oi 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, that if the time to production were not a factor and a single
8-hour shift per day were scheduled, no more than 104 people would be
reguired. However, the overall scheduled construction time would be
increased from about 9 weeks to about 27 weeks. Similarly, the schedule
of Figure 5 would require no more than 309 people, and that of Figure 3,

ne 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 replacement

gnc g

T _—

'~ _ or construction of refinery componenta from stockpiled resources.

] Skilled and Unskilled Labor® Tean

— Component Case A Case B Supervigors

i 1. Cooling towers, thin-walled 750 780 150

§ 2. Catalytic cracking colums 2200 2250 550

i 3. Liquid extraction columms 2100 2150 500

: 4. Packed columns 1600 1640 400

% 5. Distillation columns 1900 1950 480

i 6. $5-gal drums 0.04 0.04 0.002

%: 7. Storage tanks, cylindrical 800 820 160

i 8. Storage tanks, solids 0o 720 80

. 9. Storage tanks, open 350 370 50

§ 10. Storage tanks, conical-roof 1360 1400 220

u 11. Storage taunks, spherical, heavy 1300 1340 200

| 12. Skid- or frame-mounted equipment, 16 26 2

L small

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

9 equipment

i 4. Electrical panels and racks 160 170 60

; 15, Large panels and racks 70 75 24

b 16. Pipe grrays and vacks 1.54 2.25 0.25b

. % 17. Box-type furnaces 4900 6250 400

L} 18. Cylindrical furnaces, vertical 2300 3100 280

19. Package boiler units 1100 1300 100

% 20. Heat exchangers 100 130 40

21. Generators, ac, heavy-duty 64 90 20

; 22. Electric motors, large 160 190 50

F 23. Electric motors, small 100 100 40 i

24. Transformers and capacitors, 480 480 180

: large 5
25. Steam turbine drives 60 60 10 i
26. Blowers 24 24 2 z‘.'\

7 27. Centrifugal pumps 50 80 9 :

: 28. Reciprocating compressors 180 220 30 ;

4 29. Pressure vessels, cylindrical g

iw A. horizontal, glass~lined 320 350 30 é

5 B. horizontal, unlined 260 290 48

3§ C. horizontal, near ground 230 250 48 A

: D. vertical 375 410 80 A
30. Package refrigerator units 48 70 6 i
31. Motor control centers 230 270 30 i
32. Prefab buildings (control houses) 60 100 10 :
33. Automatic dryer units 32 50 4 g
34. Liquid-phase reactors 220 250 70 i
35. Crude columns, large 6100 6600 2000 %
6. Box coolers ] 5450 6100 330 1

ety

8case A: existing refinery foundations are used in the replacement of the components.
Case B: new foundations are lald out and poured prior to construction; in this study
Cage B inputs are utilized only for the construction of the ECOU.

b

N

In m—h/ftz of double-deck pipeway.
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of workers and working times ave possible, In any sase, the §~ECOU
would require the smalliest work force, and its construction aould be

perforaed in about & weeks.

-
§
P
b
=

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

g

Case & snd Case B in constructing che BLOU. The "equal™ trade-ofi tasks

are the clearing of debris when the old refinery site {g used {Case &)

«ud the forming and peuriug of the concrete foundations for the new site
{Care B}. In the schedule for the $=-ECOU, dellvery of the prefabricated,
skid-mounted components is oot due to ovcur urtil the beginning of the

fourth week of the &~week schedule: the first 3 weeks ore spent in pre-

T e e PR DT e N

ﬁ paving the site and In connecting facilities for the operating components.
g To facilitate estimates of the repair, replacement, and constryction
gi effort for various assumed conditions of damage, o computational system

éf was developed and was used to produce several of the numerical results

5: in the fellowlsg section.
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SECTION 3
COMPUTATIONS AND RESULTS

3 SMAAGE DESCRIPTIONS FOR COMPONENTS OF THE TYVPICAL REFIMERY

Samage descriprions for cogponensis of the typical refinery are sum-
warized in Table 3 for selected values of the peak {ststic) overpressure
dug to 3 bilast wave fyom 3 nuclear derounation in the megaton yield range.
The information is a combination of that repovted by Foget et al.¥ und
provided by Zaccor et al.’ This compilation provides the reader with a
detailed description of the Jdamages to the components at the seleetsd
overpressure values {n asscciation with the repair-effort levels de-

seribed in the following pases.

3-7 RECOMSTRUCTION OF THE DAMAGED TYPICAL REFINERY

The reconstruction effort for a typical refinery was computed by
firzt selecting an appropriate set of parametric valueu among thoge
posaible for the ratio H/B and the conditionzs NS, M, and § and then sub-
stituting consecutive values of P {n the appropriaste interpolatica for-
wulas for each of 32 major components. Multiplving by the factors ¥y
and F; {(see Equation 3) and then aumming over i gives the tetal estimated
reconstruction effort {repalv plus replacement) for the damaged vefinery.
in the computations it is arbitrarily asssumed that, at the overpressure
for which the estimated repadr effort becomes equal o the estinated
replacement effort, a damaged component {s replaced ratber than re-
paired; for that component, the replacement effort «would then apply
at all Ligher overpressures. This assumption tends to winimize the re-
ronntruction offort at the higher levels of damage, where the vepair
eifort would alwost aluays exceed the replacement efforr. The assump-
tion aiso presupposes (hat new components are available on demand for
delivery to the construction site from a nearby stockpile. Thus, a
sumsation of "replaceables" is equivalent to a list of needed stockpiled

parts and compenents. Note that ia Table 3 the wmaximum value of the

43
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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 in Figure 6 as a
function of peak (static) overpressure. The results are for conditions
RS, M, and 8§, which were defined in Section 2-4. The efforr scale refers

to skilled and unskilled laber 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 und 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 aand con~

struction projects. 1In 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 {cepair plus
replacement) refers to the minimum number of pecople working at maximum
productivity, with esseuntially no one acting only in a supervisory capacity.
Estimated repair or replacement efforts for the various components,
at selected values of the peak (static) overpressurve, 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 whicihh 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
957 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 42 a reasonable option for refineries with secured compruents
that had been subjected te overpressures up to about 10 pel. For non-
necuted refiaeries {with or without consideration of the likely effasct
of wmisgile~caused damaged on the repair effort), Lhe upper limit foe
component repair options would be about I pai lower, i.e., about 8 psi.

The curves of Figure & shoe that, relative to the RS (oo aissiles)
condition, sizsiles have very little eifect on the recoastrvuetion =ifort
Bt overpressures less than about § psil or greater thap about 14 psi,

The effect of damage-prevention measures, as representad by the 8 condi-
tion, is guite large within the overpressure tange of 3 to 10 psi) within
thiz range, the apparent reconstvuction effort “saved” by these measures
varies from a sinimpum of aboul 40,000 s~k at an overpressure of 7 psi ro
a maximus of abowt 11,000 w-h st an overpressure of 13 pxi. In thesse
estimates . the protective effect of rapid shutdown procedures is not in-

cluded,

the numbers of “replaced” component types at various incident over-
presgures up to 22 psi are listed {n Table 7, which does not give the
number of individual components, but only the kind {e.g., cooling towers).
The first component to be replaced, at 2 psi, is cowponent no. 2%, which
is the ac genervateor; in this instance, the low overpressare for replace-~
went is due mainly to the low reoplacement effort and the small number of
units, The hardest component, ne. 20, is the small heat exchanger, which
would be replaced only at overpressures of 22 psi or greater. The great-~
est effarts (80,000 w-h or wore) occur for components 5 and 7, the dis-
tillation cojumns and the storage tank--both, in part, because eof the
relatively large number of units involved. Other components requiring
relatively great effort to vepair or to replace when severely damaged
or destroved are the pac’ > columne, the skid- and frame-mounted equip-~

ment, the swall panels, .ou one electriecal panels.

Although the clearing of debris should be done by crews who would
not normally be iacluded as part of the relinery recenstruction teams,
the efforr of site clearing for the typical refinery covering an area
af aboul one sguare mile would be quite large. Although a detailed

analvsis of such operaticns was bhevond the scope of this stuay, an

&2




Table 6. Estimsted direct-laboer effort {(man-hours) for the repair or reﬁ

coustruction of the typical refimery {secured condition, originkl foundatid

.

Componant — Pesk Owerpressure (psi
Number 3 3 8 ig 11 12 13
153 3568 15040 560 7500 150C
5 &8 s 53 2845 GQAT 5400
38 427 1425 2317 11% 5 i6BGD
B2 tin2 5361 2852 726170 33000

b
B2

g et by

12856
8
14657
w2
3660
514}
30
1358
3290
30.3
£l
1440
18
300
3300
218

1401
6.3
Yep
| K
FA]
15

*h

1980
19
23141
192
3600
10862
786
2352
49000
£292
1az
1829
128

2760
720
157
i34

210

)
L2

4is

8466
20
Eon00
192z
3600
13200
1490

16842
20
BOG00
192
3600
13200
1400

50843
20
B8O0H0
132
3600
149200
1400

13069
49000
17200

25692 32349
45000 49000
25790 27400

#25
3840
128
540
10174
1:00

Al 954G

16406
L3800
128
640
16630
7260
1070
650
2260
788
320
13000
3925
480
2760
120
(3]
1270

1988
5280
128
&0
20000
268
1292
00
3353
865
320
13000
5329
a8y
2765
720
480
172l

85500

*
Total {#~hirefinery} 10515

17392 37510 78109 123I53 166107 209423 226763 249350 274457 3U03IB I80ULT 437768
Tercent of cospiete *Refers to column totals; when used in other calculations or in text discussions, the td
ref inery-replacement

effory i ES 7.8 16.3  25.7 34,7 437 477 521 S1.3 €27 19.3 @i

e

foiotinen oy e




Eptimated direct~labor effoart {mso-hours) fer the repsir ov replaccgent of components Lo the re-

fostruction of the tvpical refinery (secured condition, original foundatfonsz, H/B 2> 2 wvhere feasible}.

Peak Overprensure (psi)
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ig

11

12

13

14

1%

if

17

6255
113
351

1780

27617

%
47686
ig92

3500

17533
1233
3643

49000

5647
19

2600
128

5500
7200

2760
720
157
§34

7500
%30
i4Z6
5361
Bith
20
8G300
192
3600
15200
1500
13084
49009
17200

11346

3372

486

2760

76

280

&2 250

T35
2846
2317
2942
14842
0
80000
192
3600
19200
1400
25692
49000
25790
160¢
<805
128

320
13005
3925
486G
2760
720
-84
270

508
40T
11545
26170
50848
i)
800L0
1374
3600

13500
55329
480

2760
120

«80

1741

7500
(T304}
16800
32000
43500
20
RO0G0
192
3600
16200
1400
19564
49000
27500
2200
5760
128
640
20D
2260
1693
AG0
+h9z
942
320

+BU
I53

7300

16800

3500
9200
1400
43120
LS00
27600
2200
852}
P28
540
20000
7200
943
LI
IHis
§292
320

7590
AL00
16800
32000
85500
il
84000
192
1600
19200
14060
63120
%9000
27600
2200
10052
128
640G
20000
200
3526
600
12360
1538
320
13600
12381
480
2760
720
w86
308G

125060
1786
326
13400
143846
480
1760
720
480
3080

1500

16800

20000
7200
L4800

800
12500
1959
320
13000
16130
4L8G
2760
20
480
308G

650
26000
7200
%800
600
12500
2153
320
13000
17250
480
2760
7z0
480
IGEG

20

0000
192

=
M

19200

1400
43120
43000
7600
2200

17884

i28

6D

20000
7200

4800

600

12500

2700

320 32¢
12000
17250
480
2760 2760
720 720
480 480
3080 3080

13

000
17250
480

12500
2700
30
13000
17250
480
2760
20
480
3289

123253
totals; -

3250 w7

3:.1 57.4

U7 209423 228763 2529350 274432 300318

1 used in other calculations or in text

&l.7

38G04F 437768 147387 454130 461817 466049 489782 473351 473485

S77074 &7B450 479190

discussions, the totals should be rounded to 2 or 3 significant muambers.

9.3

1.3

8314

34.8

86,4

$7.3

98.0¢

98.8

99.2 33.8

93,8 1000
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Table 7. Estimated nusber of component typas replaced as a function
of peak overpressure in the reconstruction of the typical refinery
{secured condition, original foundationsg, H/9 > 2 where feasible).

Overpressure {(psi) Number of Comporent Typaes

[T W

14
15
15
17
13
20
25
26
27
27
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30
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allowance of 10 m-h per 103 £t 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 availlability of bulldozers, cranes,

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

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

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

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

force of about 1800 persons.

The time veguired for refinery reconstruction (repair plus replace-

ment) iz inversely proportional to the anumber of persons available with

the appropriate spectrum of skills, as well as to the availability of

tonls, 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, eugincers, and staff administrators. 1f the work force remained

fairly constanc over the whole period of reconstructien, 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 shift) 1f each person or team worked 8 hours per day

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

weeks required to repaitr or rveplace the refinery would be estimated from

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

work force.

ERSTA A S Sriggteni

For reconstruction teams with an appropriate distribution of skills

and with adequate tools and supplies, the reconstruction time, 4t, can

be estimated from tha equation
r = Ef(S8 - N) (weeks) (4)

in which E is the total reconstruction effort in man~hours (at any glven

overpressure}, S is the average number of hours per week that each per-

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

Thus, from Table 6, where the repair-crew effort is esti-

categories).
jmated to he about 300,000 m-h for an overpressure of 10 psi the com-

pletely staffed work-force eifort would be about 39G,000 m~h. Then,

&6



for a total work force of 1000 persons working an average of 48 hours
per week, the reconstruction time, At, would bu estimated to be just

ovetr & weeks.

Mobilization of the 1000 persons and provision of temporary faciifi-
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 personsz, each working 56 hours per week, would be
required. 1If these persons were used in the reconstruction effort, the
overall work force would remain at 1000 persons, but the time to initia-
tien of production after site clearisg would be increased from 8 to 10
weeks. However, a werk force of 200 persons, under similar working com~
dirions, 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 1 week. Since the 200-person crew
could probably be assembled much more easily than the 1000-person crew,
it appears that the expected recovery time for the typilecal refinery dam-

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

3-3 RECONSTRUCTION AND CONSTRUCTION OF THE 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
funcrion of incident peak (static) overpressure in Figure 7. The re-
sults are shown only for the NS and § 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 recoverv effort eccurs in the overpressure

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

67
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at 4 psi to a smaxisum of about B5000 weh at 10 psi. In the overpressure
range of 5 to 11 psi, the apparent hardening effect of the protective
meagures is equivalent to I pst at the extremes and to 2 psil at about

8 pai.

The repair/replacement offerts required for each component of the

ECOU ar various pesk overpressures from 0.5 to 22 pei are summarized in
Table 8. HNote 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 atored 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 sssumed that com-
potents nos. 35 and 35 are not part of the eriginal refinery and that
when the vefinery has been damaged by low blast overpresgsures, the 10
cooling towers {no. 1Y and 25 of the distiilation celumns (no. 3} are
repairved. But when damaged by higher overpressures, these compunents
arve replaced by box coolers (no. 36) and a large crude colum {no. 33}
respectively. For 22 psi, the total estimated replacement effort by the
skilled and unskilled repairmen, 44,000 m-h, is about 92 of that esti-
mated 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 tvpes that require replacement at various
incident overpressures are summarized in Table 9. Together with the
curves of Figuve 7, this tabulation suggests that component repair should

not be considered as the preferred action.

In Section -1, where the ECQOU and its construction are described,
a maximum work force of 313 people is estimsted for the case where a
set of new components is erected on a cleared refinery site. However,
a more detailed breakdown of the construction schedule of Figure 3 in~
dicates rhat a maximum work force of only about 150 people is needed,

and the number varies over the 9-week construction peried as follows:
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to 20 m~w and would require an additionsl 7 people.

m~w would translate to a staff of 20 supervisors.

AR o,

Numbey of
Weak Revair Crowmen

63
135
140
o
140

94
133
1546
152

WS o O LR B L9 B

1f the staff supervision entailed o¢nly one 8~hour shift per day,

their o~w (wan-weeks) of effort over the Y-week period would be reduced

Otherwise, the 60

The average size of
the work force is 127 4+ 7 = 134, The breakdown of the reconstruction

effort inte tasks that ave comparable to the estimates of Table 8 is as

follows:

e Task E (m-is)
Mobilization and temporary farilities 1,008
Site clearing 5,040
Replacement 58,128

3,528

Staff supervision
67,704

The component replacement effort includes that of the ceam engineers
and foremen, and the scheduled 2{fort of 58,100 m~h is8 to be compared
to the 2l-psi total effort {Table 8} of 44,000x1.2, or 52,800 w-h. The
total scheduled effort with a full complewment of staff supervisors would
he abeout 74,800 m-h,

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

site, from the schedules of Figures 6 and 5, are as follows:
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Table 8. Estimated direct-laber effort (man-hours) for the repair f

the reconstruction of an ECOU (secured conditiomn, oripginal foundat)

Peak Overpressure {(psi) j

Component

Nusber 65 1 3 3 & 5 6 3 & 9 10 35 4

1 106 295 834 1533 3568 6255 7500 - -~ - - - z

5 49 138 184 714 1100 1538 2021 3436 4706 - - -

13 32 66 194 320 320 320 320 320 320 320 320 320

14 3% 75 164 260 543 877 960 960 960 960 960 960

15 2 6 13 20 39 62 W 10 70 0 I0 76

16 10 39 151 335 588 911 1302 2076 3272 4426 6423 8137

17 625 1250 2500 6598 9200 9800 98GO 9800 9800 9800 9800 9800

20 10 19 38 58 77 9 15 1% 154 173 192 211 |

23 33 66 132 198 264 330 396 462 610 829 998 1200
24 Bl 8L 81 286 843 960 S50 960 960 960 960 960
] 27 o o 0 0 6 12 18 2 38 6 108 161 4
i 298 3 6 16 28 41 S5 85 126 176 227 260 260 |
- 290 9 20 4 71 98 127 157 187 286 367 479 518 |
f 31 6 22 Bl 242 460 460 460 460 460 460 460 460 §
1 32 1 8 4% 60 60 60 60 60 60 60 60 60 4
; 15 - - = = = = - - - 600 6100 6100 ¥
§ 16 - -~ . - = -10900 10900 10900 10900 10900 14
g Total*(a-h/ECOU) 1000 2040 4480 10720 17810 21860 24270 29980 32770 35720 38090 40180 43
_ % Refers to column totals; when used in other calculations or in text discussions, the tota
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abor ¢ffort (man-hours) for the repair or replacement of components in

g

ECOU (secured condition, original foundations, H/B » 2 where feasible}.

FirEs,

i’ Peak Overpressure (psi) ) )

} 6 i ) g 10 11 12 13 14 15 16 17 18 19 26 41 v
} 7500 - - - - - - - - - - - - - - - -
j 2021 336 4704 - - - = = = .o oo e
é? 320 320 320 320 330 320 320 320 320 320 320 320 320 330 3ap 320 320
; 960 960 960 S60 960 960 960 960 960 960 960 96D 60 960 60 960 950
)2 0 70 70 73 70 70 70 70 70 10 0 Y70 30 0 10 70
% 1302 2076 3272 4426 #423 8137 9801 10780 10780 10780 10780 10780 10780 10780 10780 10780 10780
? 9800 9800 9800 9800 9800 9800 9300 980D 90800 9800 98006 98O0 9800 9800 9BO0C 9800 9BOC
; 113 134 154 173 192 211 230 213 341 402 451 498 388 658 715 767 8OO
:5 394 462 610 82% 998 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200
A S350 960 960 960 960 960 960 960 960 960 960 960 960 960 960 360 960
; 18 24 38 64 108 161 225 345 46l 593 600 600 600 600 600 600 600
t‘ 85 126 176 227 260 260 260 260 260 260 260 260 260 260 260 260 260
} 157 187 286 367 479 578 669 747 750 150 756 7150 7150 750 750 7150 750
i) 480 460 460 460 460 46D 480 40 460 460 460 460 450 460 460 460 46D
" 60 60 60 a0 60 60 &0 &0 L 60 60 60 60 60 60 60 60
% - - - 6100 6100 6100 160 6100 6100 5100 6100 610G 6100 6100 6100 6100 6100
g

« 10900 10900 10900 10900 10900 10900 104904 10900 10900 10900 10%00 10900 10900 10900

10900 10%00

if 24270 29980 32770 35720 38030 40180 42100 43240 43420 43620 43670 43720 43810 43880 43940

£3990 44020

3
?tions or in text discussions, the totals should be rounded to 2 or 3 significant numbers.
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Table 9. Estismated number of component types replaced as a
function of paak overpressure in the reconstruction of an ECOU.
Overpressure {pei) Rumber of Compwnent Types
i 1]
2 0
3 2
4 4
5 5
& 7
7 B
8 g
9 g
15 10
i1 11
12 11
13 12
; . 14 13
1 15 13
i 16 14
17 14
18 14
19 14
20 14
21 14
22 1%
73
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é Task _ BCou $-ECOU

L Mobilization and tesporary facilities 1,008 504

i Site clearing 504 504

- Construction 60,984 18,144

?' Staff supervision 3,528 882

- 66,024 20,03

2 The effort for the construction of an ECQU on a new site is sbout the
§ same ss for its construction on a damaged refinery site; the effort-
,% balancing tasks are the debris clearing for the damaged site {5000 m-h}
i and the preparatiocn of new foundations at a new site (3500 w~h). The
; effort of assembling the S~ECOU sections is only about 30X of that for
%f the RCOU, and, as indicated in Figures & and 3, it could be constructed
% in 6 weeks, as compsrad to 9 weeks for the BCOU.

; f The nwebers of crewmen regquired over ¢ach week of the schedulad

% construction of the ECOL and S-ECOU st a new site are as follows:

:

% Kumber of

Repair Crewmen
Heek ECOU 8~-ECOU

oty

K
i 1 27 18
p 2 122 63
3 3 159 51
3 4 140 70
2 3 140 76
2 6 99 63
i H 133 —
| 8 140 -
e g 152 -
&

9

b The average and maxisum numbers of crewmen requived per week are 124 and

159 for the ECOU, and 57 and 76 for the S-ECOU.

T S
i +

Rudimentarw PERT diagraws for censtruction of the ECOU f{or Cases A
These diagrams show

and B are given Iin Figures 8 and 9, respectivelw.
that one critical path comprizes the replacement or assembly and con-

struction of the pipes, pumps, and exchangers. For the damaged vefinery,
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Figure B. &4 PERT/CPH for the ZOOU coustructed on the original
refinery foundations ([Case A}Y.
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Figure 9. A PERT/CPM for the ECOU comstructed on new foundaticns
at a aew site {Case B).
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fv mny be neted that the pipiug fs likely to be bevond repair at an ine

cident overpressurs of about B psi for both the ¥8 and § conditions,

3~4  IMPACT OF PREATTACK PROTECTIVE MEASURES K REVAIR EFPORTS AND
PRODUCTION RECOVERY TIMES
in the previous gecticn, the estimates of repalr/replacesent effort
for restoring the damaged refinery, elther to an operatiag refinery or to an
operat ing ECOD, were motwd to reveal significant savings in effort vhen the
refinery was fn the § condition at the time of attack, rather than the HE
condition. The “hardening™ effect of putting up additicnal bracing and guy
wires and filling the columns and tanks with vater ot other sultable fluids
was generally ne more than that equivalent to reducing the peah everpressure

by about 2 p8f in the overpressure range of about 8 o 10 or !l psi {zee
However, gome benef it of protect ive wmeasures may be expectad over

Figure 7).
the overpressure range of 2 te 13 pai.

A& comparigson of recunstruction efforts for the 8 and NS conditlons cap-~
not be used to indicate the relative worth of shuetdown procedures, because
elimination of the five hazard for all conditions implies the assumption of a
successful preattack shutdown of the refinery. However, It is also generaily
assumed that £f & refinery were not shut down when the attack occurred, s

e {if ant the thermal pulse alone’ could igwnite fives

very u®all overprassur
that would most likely destrovy the refinery., Thus, to a first approximation,

the direcct-labnr recovery effort saved by shutting down the whole typleal

refinery in the § condition can he estimated from:

Eow 478 000 - F ()

w p

in which EP in the estimatoed total reconstruction effort in man-hours
?u

for any pesk overpreasure less than 2D pei.

T TR oo

Thus for the N5 condition,

the vifect o shutdown on the vepair vffort {1 the refinery were damaged 4
&

4 i LS c i

by an overpressure of 10 pst would be a savieg of 178,300 o-h (377 of 4
o

the compleiye replacement effortd,  The maximum saving or benaufit ocours 2
iy

for peripbersl exposure of the vefinery i the overpressare vange of 0,2

BT A

te 4 psb, ot which 4 dentructive fire could cawse as wmoech damsge as an

overpressure ol 20 psioas far 28 the secanstruaction offort is concerned, é
4

i
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The reconstruction effort saved by the blast~damage prevention mea-~
sures of the 5 condition, in man~hours and as a perceatage of the RS-con-
dition effort, at several levels of the incident overpressure, is susmar-
ized in Table 10 for the typical refinery and for the ECOU, The largest h

savings in repalyr effort occurs for an incident overpressure of about 10
psi at which point a maximum number of couwponents are being "saved" from
failure by one or more of the protective measures. The actual reconstruc—

tion time saved by the suggested countermedsures can be estimated from:

A DN AR T R

A
at = &ESI(S x N} (weeks) {6) i

o

in which 5 and § are defined as in Equation 4. (If S were in hours per §
day, Ats would be in days.) If ¥ is assumed to be 1000 people (as it g
was earlier for the reconst uctiow of a typical refinery}, 5 is 56 hours é
i

pel week, and AES is 115,¢ 1x1.3, or 150,700 m~h {(as in Table 1D for the

o

10-psi level), then ﬁts = .7 weeks. The protective measures would there-~

odgis s

fore reduce the estimated roconstruction time for the refinery from 9.7

to 7.7 weeks.

bl Sogn;

At an incident overpressure of about 4 psi, a3 work forvce or 590
would be expected to reconstruct a damaged refinery in the NS conditien
in about 9.1 weeks, with each person working 56 hours per week; in the
5 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 probablv unot appropriate in such situations to include a considera-
tion of the effort involved in converting a refinery from the NS condi-
tion to the § conditiomn, including the shutdown procedure and the ma-
terials used, except in terms of preattack prep atiun costs. It is ;
clear that most of ithe re air/replacement ta "~ .. *he reconstruction of -

either the typical refin. - or the ECOU coul .ot be effected without pre-

attack stuckpiling and other preparations. however, if successful post-
attack recovery activitcies hinge on the earliest possible recovery of
the production of transport fuels such as diesel fuelg, then the de-
scribed preventative measures would surely be a significant factor in

that recovery process o a national scale.
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i Table 10. Repair effort saved by simple protective measures for 1.
. : ik
% typical refinery repair and for construction of ECOU (Case A).d ]
& j
a
- .;‘é\

Typical Refinery ECOU
Overpressure 5E, (aE_/E) % 100 iE, (4€_75) = 160

{psi)

(m—h) (m~h)
4,530 20.7 123 5.63
66,700 64.2 556 11.4

B e B iy e aseac o
B R A B 2 L Y P g

i' 85,600 52.5 1,370 12. 4
| 71,400 36.5 1,070 6.70 :
. 44,500 21.3 1,770 9.80 /
i 34,300 14.6 3,640 17.1

35,700 13.8 5,720 21.8 3
48,400 16.4 7,750 24.8
42,700 13.6 6,610 19.5
115,900 8.2 9,250 22.8 :
58,300 13.5 2,600 6.19 ]
8,060 1.83 908 2.14
5,000 1.12 187 0.44 ;
4,440 0.98 176 0.41
5,780 1.25 231 0.53
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i It can be saen from Equation 6 that, ror a given size of work force %
% and weekly work piriod, the production recovery time is directly propor- %
i tional to the total reconstruction effort in restoring the whole refinery g
E or the ECOU (front-iipe components) to an oper~cional state. Therefore, E
; the dependence of the production recovery time wn the incident overprea- g
sure will follow the curves of Figures 6 and 7. :
: 3~5 RESCURCE 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, §
E were not summarized. Some data for individual components at selected %
; values of the incident cverpressure are given in reference 3. %
t The major resource requirements for construction of the ECOU and %“
; g assembly of the S-ECOU are summarized in Appendix A and, in more detail, %
! in Appendix B. Present (1980) material and labor costs are estimated -g
: as follows: %
: 4
Cost ($109) é'
ECOU S—-ECOU i
_Item Case A Case B (Case B
Material 3.8 3.9 6.5 §
lLabor 2.9 2.7 2.0 i
: 6.7 6.0 9.5 3
é The cost estimates are based on the 100Z availability of the needed ?
% labor skills. Theyv include peace-time additions such as contractors' é
; taxes, insurance, fringe benefits, overhzad, 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 257 or so of those needed (but g
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). BRut again, 5
these costs refer to 1980 price scales. However, the differ s in- gl

dicate the estimated drop in efficient use of materials (i.e. their

waste) and some increases in censtruction time with the lesser-skilled
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work force; they indicate almost s doubling of the effort for a 75%

lons of skills in construction work force.

3-6 CRITICAL COMPONENTS

The critical components are defined as those that receive sufficient
damage at an incident overpressure of 5 psi to be bevoad 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 "ericical"; 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
tvpical refinery that fall inte the critical categorv: these are listed
in Table 11. This list suggests which types of materials and equipment
should be considered for stockpiling as components of a refinerv. If
anv of these components are act available, restoration of the refinery
or construction of an ECOU may net 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 3COU is constructed on an original refinery site than when
the complete refinerv 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 smalier total

number of them than is needed for the refinery.

A list of sucgested substitutable components has been provided as

Part of Table 2 In the Case A repair option for the ECOU, the original

80



2
b
%
%]
b
&
i
pit
b

s

a

R A e

2

A e Ty

i

I e S
AR e bt e e

chcton g

BT R T AY

Y K v e o o s o

e

T

Table 11.

Selected critical components of the typical refinery

{for the not secured conditior; H/B> 2 vwhere applicable).

Component

Munber Component Name éP(dest)a
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 contrel centers 4
32 Prefab builldings (control houses) 5

4penctes the peak (static) overpressure for destruction or component

replacement due te damage.

R S N T RGN E A

e o S e S P O RS

L A R T

sy e gt S T ol

Rl oo v

K3

B




fi

ogET

e O

e

o e,

b

SR o o

o A T AT A e

T

TR

3

AT

S g

cooling towers and distillation columns are repaired up to the destruce
tion overpressure, at which point they are substituted by simple box

ceolers and large crude columns, reapecetively.

More notable, perhaps, is the coption of substituting verticsl cylin-
drical furnaces or packaged boller units for the box-type furnaces, es-
pecially since the latter are likely to be damaged beyond repair at an
overpressure of agbout 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 bux~type furnace.

Other substitutions include the trading possibilities among the dif-
ferent types of columns and vessels, the use of extra columns 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 enginecering modification.

3~8& STOCKPILING MATERIALS AND EQUIPMENT

Although the stockpiling of materials, parts, and equipment in sup-
peort of the postattack repair of petroleum refineries (with emphasis on
constructing an ECOU for diesel fuel production) was not 3 consideration
in this study, it is discussed briefly to focus attention cn the impur-
tance of such stockpiling for the construction of an ECOU or S-ECOL, or
the restoration of a complete refinery (in the long run, it net in the

initial postattack recovery period).

It should be clear from the foregoing discussions that very little
repair work or veplacement of components in a damaged refinerv 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 rvefinery, the materials costs could be
as much as $4 million (1980 value)} for an ECOU of 50.000 bpd crude-oil
throughput that would preduce up to 10,000 bpd of diesel fuel.
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Without the plans and wmeans te effect the necessary stockpiling,
any civil defense or facility plang for recovery operationy to achieve
early postattack petroleum-based fuel production could not be carried

out.
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SECTION 4
CONCLUSTIORS

4-1 TIME SCALE OF THE PRODUCTION RECOVERY PROCESS

In the preceding sections, it hasz been shown that, where the avail-
ability of material resources is not a problew during the postattack
period of a nuclear war, the time required to restore a petroleum re-
finery‘ta productive capacity through repair and replacement operations
would be inversely proportional to the size of the work force and di-~
rectly praporzional to the amount of effert 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 slze 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 laber) required for the con-
struction of facilities such as an ECOU or the recounstruction 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 unseccured 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

cemponents 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




e g i i o e R
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Figure 10. For recovery of the typlcal vefinery, a complete complement
of unskilled, ski‘led, and supervisory personnel, totaliong 230, is as-
sumed. For the congiruction of an BOOU on the reficery site, utilizing
repaired refinery components and substitutions whenever possible, the
total complement of persennel needed {(on the average) was assused fo be
130, Although the maxisum estimate of repair/replacement effort for

the refinery damaged at 22 psi is abowt 1l times that for construction
of the BODU, the difference in assumed crew sizes reduces that ratio for
the reconstruction times te 5.8 (45 weeks versus 3 wecks). Even so,

the repair time for the complete vefinery, when added to mobilization
and site-clearing delay times of 3 to 6 weeke {(again, dependiag on
selwduling and crew size) is considersbly greater than an £00U. 1t would
appear that output from a refinery in the 8§ condition that was sublected
to blast overpressures of more than about 12 psi could not be expected
within the first vear afler an attack {or even later, if delay times due

to fallout radiation hazards were incurred).

For the ECOU, a full complement of unskilled, skilled, and super-
visorv personnel could complete Lhé restoration of sufficient components
for diesel fuel production in about 8 weeks. Mobilization and site clear-
ing are estimated to require an additional week, s0 that diesel fuel out-
put would be expected in about 2.5 months or less after an attack (neg-
lecting possihle additional delavs due to the fallout hazard), for in-

vident overpressures on the refinery greater than about 12 psi.

If needed materials 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 overprvessures, the estimated reconstruc-
tion time is 12 to 15 weeks. This option for such relatively low levels
of damage mav even be a sccondary one, since the ECOU, it constructed
fFirst, could he producing diesel fuel afrer only 3 to & weeks of vepair

time.

Exvept for the delav due te fallaut hazards and/or possible politi-
cal, legal, administrative, or management diff{irulties in the postattack

period, the construction times plus mobilirvation and site-clearing times
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Figure 10. Reconstruction time as a function eof peak (static)
overpressure for the typical refinery (in secured
condition at time of attack) and the EQOU, Case A.
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for the Lnse‘?z ECOU and $-BOOU should be voastant asd independent of eiamg;
parasesers {except where stockpiles are fnvolved)., The totsl :iae to
diesel fuel production {5 expected to be about ¢ weeks for the EEQU and

b weehs for the S<HOOU. These options should have high priocicy for those
refinery sites that are sublected to overprossures greater :ﬁéﬂ about 12
pei, and alse where divsel fuel sqpp!ie& are iﬁﬁuffiaiemt to mewt densnd
beyond 10 or 12 weeks into the postattack peried. -

4~2 ADVANTAGES OF THE EXPEDIENT CONCEPT aRD THE BCOU L

FOR POSTATTACK RECOVERY OF T&ﬂﬁﬁﬁﬂﬁ?;?@ﬁh PRODUCTION ’

1t iz well known thar Ehe high~t?chn01agw wtate of V.5, a{adncxiﬁn
facilities (computer-controlled @vﬂtoms. many fragile instrum&nts. aud
the like) bas made them highly vielserable to foilure from the blast,
thermal, and electromagnetic effects of nuciear eaplnsiahanr in aé&itiaﬂ.
as in refinerv operations, whole conglomerations of processes and equib—
ment may be intricatelw counected fn a variety of series and parvsllel
arrangements to produce a wide spectrum of products from a limited array
of inputs. On the other hand. as in the automobile industry, a wide
spectrum of inpuis mav be used to produce z zingle or a few output prod-
uets,

The expedivace concept applicd to the postattack recovery of dam=
aped industrial facilities fnvolves the identification of critical sur~
vival items among the cutput products and the design or redesign of
component prucesscs and equipment {or thelr interconnections) so as to
simplify the procese and significantly reduce the reconstruction time
and eftort, For the ECOU described in this report, simple designs of
previowsiy used vefinery componvats were used, as well as less efficient
forms o a crude~oil distiliation unit. When survival {cself is in
question, the importance of component efficiency as a consideration in
the production process decveases greatly. The ECOU design presented as
part of this report is probably not as rudimentary as it could be, os-
pecially if wvnits with much smalier crude-oil throughput volumes were
considered.  Furthermore, some high-technolopy clements (e.g., stain-

less steel pipe) could be replaced by standard materials, 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, eérly 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
1- 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. Perhips this involves

unspecificd allowances for targeting and technical "_r: ~." ir woapon de-

livery and actual effects on the target. Such biases could no- always

be detected in the data that were used; however, the intent, where a
selection among sources was made, was to use mid-range values. If bias-
~til? remainsg 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 account 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, as 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-

sures.
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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 componeuts 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 fncident over-
pressures of 5 psi or less). hay been discussed. Current refinery man-
agement might well consider enlargi. . 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 connecct the modules into a fune+icinal unit would be needed.

4-5 SUMMARY OF PROJECT TASK COMPLETION

The Task 1 requirement for detailed comprnent (and process) damage
characteristics for a typical refinery is summarized in Table 5 for a

r.i v broad range of sclected 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.

Por Task 2, the study emphasizes concepts of expedient postattack
industrial recovery as applied to the blast-damaged refinery. An ECOU
capable of producing liesel fuel and a few other front-line refinery
products was designed as an alternative to the reconstruction of a E
complete refinery. The materials, effert, and time for construction of g
the ECOU and its skid-mounted cowmpanion unit, the S~ECOU, are discussed |
throughout the raport and in the Appendices. Detailed conclusions re- ]
garding the clear advantage of these units for the early postattack |
restoration of production of transport {uels were given eariier in this

e K e RIS

section.
For Task 3, interpolation equations were derived from reported data
relating the skilled and unskilled labor requived for repairing individ-

ual refinery components to the incident peak (static) overpressure. The

f overpressure is taken, in part, as a relative measure of the level of

j damage to a component, as is the level of effort required for its repair.

Rk Details of the interpolations are given in Section 2-§, and the deduced

: values of the empirical coefficients applicasble to each of several as-
sumed situations and conditions for each major refinery compnent are
summarized in Table 3. Other equations are presented to show the depen-

dence of the unit production-resumpticn time on the estimated overall

repair and replacement effort, the work rate of the repair teams, and

the number of skilled and unskilled lahorers 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,

G, S T i

creparation of temporary facilities, and site clearing are included.

For Task 4, detailed estimates of the effects of expedient weasures -

for reducing component damage are presented in Section 3. The use of g

such measures is highiy recommended wherever repair operations for the

e e

early postattack recovery of production of petroleum-based fuels are con-

templated. Major conclusiouns 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

OF PETROLEUM-BASED FUELS

From the results of this atudy, it is recommended that government
agencies wirth respunsibilities for the postattack recovery of industrial
production, including petroleum refining outputs, consider the “expedi-
ent" approach to industrial recovery. For example, the described ECOU
and the S-ECOU could serve as models on which to develop a national plan
for developing capabilities for the early postattack restoration of
diesel fuel production. Plarning 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 varicus types of fuels and the probable damage to

existing refineries. Other, supporting studies should consider the

tine-scale demand by the restovation effort and by the operational unit(s)

for resources such as water, steam, gas, electricity, and erude oil,
In additica, problems c¢i product siorage and transport should be con-

sidered ! easential factors in recovery planning.

5-2 STOCKPILING

As mentioned several times in this report, the stockpiling of ma-
terials and supplies is an absolute necessity for either the reconstruc-
tion of reflinery components or the construction of an ECOU in the early
postattack perioed, especially if the refinery in question is subjected
to vverpressures of more than 2 or 3 psi. & brief studvy of current
materials luventories .nd projected postattack demands is recommended
to establish stockpile needs and costs. A deterwmination of uvafe storage

locations could be included in such a study.

P i IR
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5-3 PROTECTIVE MEASURES

Because of the potential savings in recovery time, in repair or re-
placement effort, and in materials resources from using a few simple,

+
S et

expedient, damage-reducing measures, the study of additional blast-
hardening measures is recommended, especially for critical components.

Fire prevention measures, in addition to refinery shutdowms, should
in addition, re-

be reviewed and updated in view of the ECOU rationale.
construction procedures and schedules should be considered when fallout
Delay times, depending or available per-

Frosen g o o,

hazards are tahen into account.
sonnel, shelier facilities, and fallout levels, should be incorporated

RS

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 {tems that are expected to be in high demand

SR o o

(and short supply) in the postattack period of a nuclear war involving

the United States.
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APPENDIX A
SUMMARY OF RESOURCES AND LABOR SKILLS REQUIRED
FOR CONSTRUCTION AND ASSEMBLY OF THE DESIGNED ECOU AND THE S$-ECOU

Tha 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 summary 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 tablis 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 S of

this report,
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: APPENDIX B
SUMMARY OF DETAILED CALCULATIONS OF RESOURCES REQUIRED
FOR CONSTKICTION OF THE DESIGNED ECOU

n

The estimated materials and effort required in various construction
tagks for the ECOU are lisved in Tables Bl through B18. The estimated
major materials and effort required for the tasis in the assembly of
the S-ECOU are given in Table B13. 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 Englneering Group, Inc.,
of Concord, California, as a subcontractor. Tables Bl through 819 have
not been transcribed by CPR; Tables B20 thrnugh B23 have been.




.
P S R it
2 i e e B e b, BN P P g A Sz

!

sty S o, A S A e T G S S e N SN A

0009 39¥3 SIHL ‘TVIO0L

Pz e 2o

‘0319 ‘S13779YS
LI sgiuauniisuy ‘swsil *OSIH

o O

0vs - %01
00s - 51 1827422213 - M ,
00S1 <0°0 41 0000€ duidyd -
) suoy, 001 199315 [PINIONIIG ® M
; gyt h14 01 sdung 1a3jsueay ”
WW 08 08 1 19dd1a1g suesoiay .
¥ 09 09 1 10318 TAENDIDY '
g ove 424 01 sa1a8ueyoxy I¥IH ,
2 02T 0Ze 1 uwn{o) @PpnaY
i 029 01¢ 4 (330 8eip-dn 3ND) SIIPUING
{ !
! suoyiepunoj BuyIsIxd
i uo paTIeRISUT 29 T[I~ STEIIAIEW
I pue juawdinba Juamase1dalx E
“ Junssy 1nOo-wWeals ou YA :
| - sdoj uojaepunoj 03 (IND duelj)
; 12838 TEANIONII§ PUR JINPUOD
j Supdyd *3juswdinba 3jun YJO 2pNID
. pakc11sap 10 TeAOWAY 103 #OTTV
a8 000051 = ®aay Bujawaid 2ITS

%%%g XITIRVIO ROTIITYOSIA

Fupaea(n 2318
(v ese)) nodd

18 21981 .
i

X .
P R LS o D AT A

sty GG R T e R

St e i s it ;
s

- 7 S o i .
O R R R ey custuip SaieaNuen e L
AN PR




>

|
]
|
00¢ 39vd SIHL 1vi0l .
oy
]
o
vt ¥
.,
o
00% as 000051 w1y puey uadp
Buyisyxa Suireas
Fuyqqnagy § Jujiead(d
SUNOH-NVH 1INA/$ ¥O LINN/S 1INN ALIINVOD ROIL41¥0830
V0L * SUH-~NVH STVINILVR
Buraeay) @31s .
(g 3s®d) nood
74 21981 ‘

o




AT R S ] b oyl I Lt

00y MOTTY
00y
SHAOH-NYH LING/S ¥0 1INR/$ 11NN ALIINVAD
V10L * SYH-NVR STVINIALVH

RI0M 832UC)
(v @su)) 0003
£4 a1qel

3ovd SIHL TViIOL

B2I® JTUn UT
suojiepunoj Burisixe

03 Suol3Ipppe pue areday
Suyyojed 103 MOTTV

NOILd1¥DSs3a




m 11434 A9vd SIHL TV1OL -s10431p pue sdund 3o #
)

jusum@yte pue Supzsey 2aw papuyduy OSTY ‘qujod Surayedal Jo 3833 Q07 UTUITA UOTIBD0T uotiefIeISuT
o3 -dinbs Suyiazodsueay pue Buyleioun ¢Buyajacel 2PNTOUT SIIBWTISI INOYUE) P3Iou 3STAIdYIO0 gsatun

[J]

ION

-

L

sooeuany pue dung a%ueyn
(g pue ¥ sase))

€ 21q8]

.

gibiiape

i 5
ot b L st ee ik St ek sk duoketin s
: LR
"

8 £ G bt D

i ool L e
st alyedaamen ot T NI

091 M[oTIV 69 21BIGTTED ~ 1831
00zs 0-4 By 008 Jajiex $59115-53uy3aTI Aqn]
SZ61 A a1 00L¢ (0,.5) 'M 3INQ-UOTIBTTEISUT aqgn]
€ 8 k| 4 (3a0ddns g up-3as; sisuing ,
0001 62 a1 0oy (0 ,5) Burdyd asacssoad ) i
071 - " mOTTY uop3leInNsU} I5007 b
081 : " 009¢ uciivnsuy 10074 i
0oy " u 0008 Ties papuadsns -3iM 37 i
0oc " u 000% 42Faqaar3 (nsul *IM "3
008§ _u " 00001 ¥OTIqaITq
0°¢S <00 48 00%01 }DTIq pazx uoume]
00€1 ot £ 0el » IX(IX0%XCH) suojiepunog ‘g
098 st bg 96 Suy yooy 3Iysueal
001 119 suo], z (1Te3807) sizoddng agqny 3se) .
Z€ g ey Ul (11e35U}) S10Op uOI} ISED ™
ove 021 vy z sAnd g sxoO®IS SINTJ 19938
otsl ¢t suoy, FAS sBuysnoy [es31s 23edtiqed Y
vy Buor 0y X 8%
ed Z FdRL NIGVD €%V Q0T-H FOVNHEO4L
U2a1ds Ysell ¥ dweaj
oy 591 0001 83w dumd - Tewls (einioniig °)
09 of %) T 11oM uollons § uopjepunoi f
00¢ el 1 TedT319a ‘JH 00 ‘€Y % 8
dund TTEISUl VY
001~-d dWid
SUNOH-NVK LINN/$ ¥0 1180/$ LINA ALIINVOD NOTLdT¥0S4d
V10l * SHH-NVH STVIYILVI



T 115 7 . < " Py S g T AN R S.w‘;:.xuxﬂ.% AT (e

Afuo g @25B) 1037 ¥

0098 L 1 99vd SIHL TV10L
08 sugIsal
085 as 00LS uojleInsu]
08 oYV (7) shemuwl
00t moTTV (e3 O1) ®212208
0292 eq 12 1se7 el § sizoddng Aeay
091 MOTTIV g310ddns uojjeInsul
096¢ §1 MOTTV speay § £s8Y [18YS
(p1am UF 0091) Aenuew
nZE L3 | 1 g Bupa IsEq/M JITYS 3x0ddng
o~
00¢ o1 £ ot = 4D/4001 @ V/#000£2¢ o
4MOTTE UDFIBPUNOF 3321DU0D
‘u0y3oa1d ‘Asse
‘SuipTom PT2F3 103 ITqeITRAE a8
skeay § sBujya 3jiocddns ‘speey
paysip ‘sejeid paijol paiois  x
g paijestaqey doys sunssy
£ap sqT 600°STY
+r1S-$ STRUIDIUT
*§*D ,8/§ SSIAWAIIYI TTEA
Supoeds ,z uo sieal ‘ISIP 1T
1 1-1 ,200 X ¢ ,5C
ey 1 00T1-D NWN10D 340D
¥
SHNOH-NVR 1180/$ ¥0 LIRn/$ LINA ALIINVAD NO1141¥0S3d
TVI0L *SYH~NYR SIVINIALYH

umiey TTO 2PN
(g pue vy sased) 1013
Sg 2TqEL

o i 1 oo AR A bt ol i LM izt )
S R i geoncliziasah ittt ca - N
SRR i QT S SR e S

et ot e,




U N anent i adirsh e ¢ '
. o e
ok

b
i ATuo g 258) 10F ¥»
; <Asse p19¥3 103 paiols pue p.q8d
| doys 318 BpEayY § S23ILT PITTOY SUMSSY »
| m_
bod
! 0601 vl [4 HOVd SIHL TVIOL P
: !
| . .
; _,"
¢ _
oY %) [/ »¥ NOLLVANNO4 3JLFHINOD
[}
w st1 mOT IV $aT220N
ﬁ sq1 00051 ‘TT®M W2/1 *'S°D |
1Sd 62 ‘4 ,00€ ‘TBIUOZTICH !
M 119 1-1 .02 ¥ 0 .¢
L 1 YOLVINKNIOV QVIHYIAO 00T-A - ;
cd !
0z MoTIV Fup1sal
oy 4s SLE uoTieInNsul
oY 0z £ z A2/ 4001 © v/00061
»» NOIIVANNOZ ZLIWINOD
*sqT 000ST
_ sy ,8/6 ‘113Ys °S "D
| (*qed pIatd) L-1 L1 X @ 9%
I 701-2 % 101-0
| 0sY a0V el 1 ¢ T3dd18LlS 14S3Iq 3 3INASO¥!
| SENOH-NYH 1INN/S O 1INA/S 1IND ALTINVOD NO1141¥053a .
V1oL *SYH-NVW STIVINALVI :
]
STISEIN W
N (g pue v 83SED) nood
] 9g a1qel
)
s ke st . R T e R et 2 -y R RT— ) ,




SR i G

Afuo ¢ 288D 103 »

39vd STHL TVIOL

»NOILYONNOA FLIWINOD

4°S S86€ ‘saqnL 0Lt S/S
‘8uoy ,0Z % @,.LE ‘2AM 3 ITUS

“HOX3 1VaH 3J0¥d/ a1sdy J2001-3
#NOILVARNOA FLIYINOD

+4°S 06EZ “*S°D 's9qnd OS¢
*8uol ,0Z X @.6C ‘2qn3 ¥ TI3US

“HDX3 1vaH Janyd/13s31c 8001-3
*NOLIVANNOS ILAADINOD

‘48 0701

gze ‘seqn3 »uol 91 X B,n/f 'S°D

0zs €3 g
0% &) 1
092 08 ey €
oy %! 1
08 ey 1
o% %] 1
o8 23 1
SENOH-NVH 1INN/6 80 1ING/S 1IN ILNVAD
V10l *SER-NVR STVINALYK

siaBupyoxy 89N

(4 pue v s38BD} NOOA
{4 a1qel

‘9uot ,07 X @,0z ‘d0n1 % T3S

YFINVHOXE 1VAH
3080/ 3NISO¥IN V0O1-4

NOILJI¥IS3d

124




Atuo g ase) 103 4

osizt e3 £ g9vd SIHL TVIOL
/
oY £ 1 #2013 303 uoyiepuncy
‘4°S 05£Z ‘59903 579 ‘°S°D
Buor ,07 X #,62 ‘29n3 3 T194S M
08 vy 1 ¥31005 ANZSOuaN Z0i-a - w ﬁ
o
007 o1 £ oy #9014 203 UOTIEpUnO] _
000¢ a1 000Y% 81700 adig :
0002 el 1 1183801 % 23ed72qRy ,

‘60 *y3IH ,01 X ,07 * ,$S
IR/N1E W v g, ‘191000 xog

Rt g PR LTy e oy
S

HAT000 “gISdd %01-3 ,

|
“ 08% 01 4D 8y wiul-31 10] uoyzepunog M.w
} )
; 00SY 41 000S sTy00 adid 2
144 v3 1 Rzomajerd [1eISUT 3 23EDTIQE]

*$*D “uBIH 01 X ,07 %X ,S9
IH/NLE WK 21T ‘aa1ood xog

YASNIANOD AVIHEIANO 101-3

* SHAOH-NVH LINA7§ %0 1iNA78 1IN0 KLTINVA NOT1418553a
i

TioL * SYR-NVKH STYIYALIN

| YA » .
M L i bl s At VI R 2 S A Al D S ARA Tk it st .
SOR Nt st i

bty Aot b e




i

PH = TR i o

b8 Bt gt aoo ol

09

oL

oy

ol

0%

oyl
oy

091

SUNOH-NVH
™VIOL

fidbebans iRt i A

e

o i T T

%] G’

! 1

el i

£3 1

1INA/S %O 1INA/S "1 ALTINVAD
° SYR-HVR STVIHILVR
pdung pue sasBueyoxy IUAH

(g pue y S9S¥]) NOD3
‘g4 2Tqsl

silopilinsoaee

"

Bt i iR 6 S e arbanaiins b i St ik .
ot SRR RUST L pi i L S e i i sk o Stk . . . .
A MR e e g

Aquo g 3se) 10 »

3ovd SIHL V101

+E01=d 3107 uojlepunol

-8qT 0001 ‘v 06 o
dH ST ‘WdD 0ST ‘6 % T .

DANd AN3so¥Td €01-d .M

¥Z0i-d 303 UOFIef wd w m
"8q7 000€ ‘dv $9 =l

aH 00T ‘Wdd 0261 ‘6 X 9 ° P
dRAd aN110SYD 201-d - l_

o I

#101~d 103 uoTiepuncy

+8q1 Q00F ‘dv €9
dH 001 ‘RdD 0261 '6 % 9

Tina Xadd NWL100 101-d

i
%5 £01-3 icj uoyaepunog w
ﬂ

‘d*s 0627 ‘seqma
¢z ‘*s'o ‘Buol 91 X M/C =
gaqni X @,[¢ ‘@qna 3 1124S

w000 145810, €013

s AT

NO11d18D53d

gt b e R




S e e i i il T i g .
o R e R

e

i T S e S

T S L
; i o Cee

ATuo g 988D 10} ¥

, 08¢ L) Zz 39vd SIHL WICL

127

oy £ 1 »C01-d4 103 uorawpunod
sq1 00yZ ‘dv S91 ‘S/S/* 4D S
dH 0ST ‘Kd9 0€9 ‘€1 X ¥

e R S B

051 Bl 1 Dind SWOL1O® "QISIe SO1-d

PR A AR SR

0% £ 1 «901-d 30J uojlepunad i
|

-sq1 0002 4V Sw1 'S/5 - T3EH w

¥ i dH 0§ ‘W9 00f ‘6 * € w

Aot

Tid idsaia yoi-d

e ———————

ALIINVAD NOIL41HDS3a

SERUH-NVR 1IND/$ %O 1INn/s 1IN0
viol « SYR~NVH SIVINILVR

gdung
(g pue v 8a%8)) NOd3
"6 STqEL o

et B s < Sl

oo vt raetiod ST & oS e oo R S S R

bt e i ot Rk i A R
i steinchoopEiatnb kit AN G E Ase i s o st st i et SR
oy st n g s dcpb iz s s



b2 g anr, o 3l LeaZn it i YDA g et e SRR TV R R e e.. N
¢ v g T T B e G
g G < it it oo U3 g

‘ ATuo ¢ 58] 103 »

_
'

1e 49vd SIHL IVIGL

ST 3 T

128

%U 0z » 79 X e 4D L = W x ﬂ.-w.— !

»SU01IEPUNOY Aemadid

i 00817 juaq/,06 § d3d .8 j

ovL
jya@p ajquop - S0 1€

B apvmynd

Savmiadid

SENOH-KVA LINA/S WO TINA/S "LIND ALILRVAD NOILd1¥030 w

vioL * SHH-NVH SIVINELVRA

gyaoddng Lemadid
(4 puw v 598¢)) N0
‘019 9T1qEL

I R R O SRS L R S ECE e




¥5E91

0oTY

T 2%4
008

09¢

1A
0052
09l
0€s

SENOW-NVH
wioL

S IR 1 AN A ST A

79°2 an 0529
~ 2 a1 5017
o8 a1 0ve
c'8 41 0ot
09 “ 001
$ " 08
e " 0t 2
32 . o
§'2 ) 0001
9T " orel
o't 1 08s

w02
WA

-.cN
wll
:eﬂ
w8
-0
:q
Y4

4w SIHL ‘Viol

aarouetp 9 Fav

@,y 9218 ~uil aBeaaay
guydyd ssad0ad g WNSSY

Bupdid £231720

A1 ﬂmouzu ¢ - w&ﬂk

L tIM RIS . .
" " "
m “w .
" " "
" “ »

£1] "
-mg 0y CudS *§°0 ‘adid

it b

Supasey ‘sidng prova ‘serareidads ‘santer ‘sefumyg ‘sBupaipd Surpnianl 3dld q3vH1Havd G1a14

Tina7e #0  LINO/S 1IND "MLIINVAD
* SEH-NVR STIVINALVK
Burdid
(9 pue v S95¥3) 003
“118 &Hﬁﬂ.ﬁ
A

OPE——r LY

NOILJT82534

129

|
M
|




i o
©
.
999 $1 39vd S1KL VIOl :
il
oY Buyase)
e Y 4
azempiey furiunoy Ruiqny, w

081
[t 4 Dy v s P R 39 |

130

2z @o@ w3 9 -.@\M - 14 . ¥ !

2

91 0°91 ’

11

b4 1 09 »
Y 0°91 3

-~
2
0
L
&
e

#N e " QN ] ~ :o q H "
QN aw “ @N i ﬂ " " .
g 5 eﬁm (1 m -@ 3 "
57 A “ l oY " o
1 08 3 z wl sanfes 103380)

s wamomanrEa oy

NOLLVINARNBLENT

AL S YA AT

o e .

: SHNOR-KVH 1I80,% %0 1iNn/$ 1IN0 ALTINVO NOTLT1¥I33] ,
TVioL *SYH-NVH SIVINAIVA

glupuniysu]
(g pue y %osus) 023
*fid Alqul

T T Wy

! . .

T e T T T L e AT N 5 5

¥ sdhealtapiiaisadat Siaaieddan Sl TS iR it g . o e i - ) y " el
. d « 3 AR ] A B e e e R T N AL ety b ML
' i




s
b SR S ey e 5

Sl R e D i D o N ot 2 MU g oo 350 25 e

7

] 2030 "d°H 0§71

el 10304 “d°H 00Y%
x| sa11TpooTd
el 80Z-071/08y °SUBLL VANOE
Lk UTER VOOZT H3ITm D0H "329§ ¢

Lk dc ‘A09%/AM L9721 *SUBRIL VAW I

19238 'OSIH - s3a0ddng

‘3 poad *dx3 suolanqusng
Tid ABOZ/0TT 3FN2Y] T
279qe0 PTUS A¥ ST 24 - O/1

WIH 00%
WOH 0¢¢
MY 0/Y
OMY 0/2
IMV 0/1
OMV h
oMY 3 ¢
oMy 8 #
oMY 014
oMY Z14
aGMv 714

HR €8995 30 %01
2315 up Furpunoan

g Buraydyl aomog
4,00/ 103 douBMOllY

LINn/$ ¥O LINN/$ 1IN ALIINVOD NOILd14JS3a
* SUH~NVH STYINZLYH

1857135914
(4 pue v sase)) N00F
‘€19 dTqelL

sPottha 0! b it BB Songin S A 4 2 Doyt salh P .
s R T g PP Aoy PG A L oy S O T IR " 2 4 s
> e "o R Ay o S R e e N T R R B T WA Y e %0

14
¥

M




Vit e

O A R A S T T A Qe Bhon B e R
? 2 7 i ¥

o R A L

syooTg jeRUTRIAL ‘saxog TInd
eq 3077 ‘gBuIITI IFNpUC) “ISTH

132

asy 14 00¢1
07 14 0001
is Ld 00Y

(LIA 13 0001
43 13 00%

0e 14 0006
002 1d 00st

w?
:m
:N
wil
witl
ul
w7 /€

CWLDLLLO

4 LK 1 030K "d°H 61
£ ey 1 2030) ‘d'H 0§
? ey 1 20300 "d°H 001

k) ed T 1030 *4'H 001

SHNOH-NVR 1INR/SG 30 1INN/S LINA ALTINVOD RO114130S3
V1oL * SUH~NYR STVIHALYH

‘ued  g19° ATqEL

s SRR et pabehidn R oty .

' R e b e b e o T e o
.




0%
00t

SUNOH~NVH
TViOL

q9vVd SIHL Y101

133

spueg §S IOE[

anyy/m 9°4 AL ,2/1-1
SAATEA tgB74*68uTI3Td 1Ol
,9 9215 *3ay - Bupdia

41 0021
s 0009 (-9s1)) 3uswdynby INpEr i
wnTy/M A20TE "9 "4 WUL .2 m
NOTLVINSNI w
|
pi
1I80/$ MO TINO/S 1IN TALIINVND NO11414053Q _
* SHH~NVH STVINALVH
vojivInsu]
(g pue vy $28¥D) 1004 3
‘y1g 2198l

ubaaster s

T DA L ko VA 0 TP e 1 g -

a i

ARG




|
]

-o39 ‘@SOR ¢ gmoaieqIIUM
301 BTOOL ¢quoudynby BuydETd
5y Ul IaXIH 23330002 pazemod 58D

3

o | Z (19891Q) 1018319uUag 18M0d -
By z s280Y sgyossaadwo) ATV
el 1 sT137d ¢g3aputin I3m0d
ey % s814 Y010l suaTkiady
ey H giapeaiyl ‘$1333I00 adyd
el A gmes 9TqEL
8y 9 yoeH 3urpIoM paiamod S¥)
ey 9 sauydel PIIN 2130913
eq # (uoy §) $35TCH upeyd
as 000§ (mo11Y) Buip1o33IeOs
vy 1 yonaj uol 0Ot auea)
vl 1 aoyyded
L | 1 yonaL paqIeld
el [4 (uo3 01) 33FTAAOL

INIR4IN0 NOILONWLISNOD

S e
SEAOR-NVA  LINA/S ¥0 —IIR/S 1INn TRLIINVAD NO114180530

vi0L * SeH-NYH SIVINALVH

juawdinbg woFIINAI SU0)

(¢ pue ¥ sase)) N0Dd
‘619 °T149FL

b ocobbe ot i .
TN o KA B ’ ;
2 pedasikasa

ot St ol R Ty
R Doy WAoo P S AT y
R ik AR g R AR L

I —

£ sttt i, iR




e At S D

e e

39vd SIHL IV1OL

— - —ana

135

(Aanang) 13ul TIALD 3
19autdug ssavoad :

T18INn3ON1IS "

jusunilysul " -
yoep~-3urdrd "

*oa1g 12uldysaqg

(0°1d) ze2uydul PI3T4

(Y22K) 199utdud pIeld I

siostazedng 1381D |

!

?

L TAA " ed
L9 " el
09§ m e
8yy “ ey
8001 “ ey
L9 AM/TIT eq
2.9 " el
791 0 el
20t " ey
<161 am/e9l ey

- ot ot e O e et et

juepuajuriadng TBIBUID

RO IT O TNON

j3eis - uojsiaxadng

PU——————

SR GHROH-NVA  LINO/S ¥0 1ING/§ 1iNn ALLINVAD NOTILA1¥5S4d _
vi0L -SUA-NVK  STVINIIVW

Jyezs PIoTd w
(g pus v sase)) 004 A

‘91d 21498l 4

r ) licgaiassc ,

it b R e B imolrs ko mytc i ded ot ik
B i

oy ey S g

Lt e

S sirth e st o i Bl N B St of s pttidichant & A .
el i ittt b i A i b Wk e RS




0801

09

SENOH~NVH
TVLOL

1INA/S WO
STVIYALYH

sa13T1I08d Aagaodwal
(q pus V gase)) NODA
114 °19BL

hecsisiat il dottan, vidhidd kel g Rk i q
t ot itze by T A e

g9vd SIHL TV1OL

MOTTIV gay1ddng 221330 "ISIH
Y STRTIRIHR fupsnoyaaeM % ale1038
sheq SulpIeM

+3g4 197701 TEITWaYD
197eM Axexodudy
1291139913 Kawaodwal
sa11d UBld

soutyoen ‘'S9T4eL guypijead
gysad

RoeYys A0
191FBAL 321330 Aaeaoduc |

MoV

[ ]

rHHHz<bm NO11L419083d

et pt T e st s S

TR =

AT

ppeasiobade

136

4 Ty T et



i

oo

onuom wopaIonIIstooucu yo dn Spwa (._.“
iz03 310330 9§} § dxeua ‘d 8T = 1v203) sweel

M3

203 30 I9PUTEWI 9Y3 pu¥ (ST(TA8 Pepasy 30 2G0T ©
ajedeaa ayl 03 STIFAS peapssp 30 juasaad g7 ATHO YITA MBID B INg

r

i T s S e R e i L

£S°¢ 949 % _00t. 1/
0Lz 186 X 06 12137132414
£z %9 % o1 UBWA104
voj3vIuaUMAISU]
Kt 0195 _ i 01 s
81 L9s8 % 01 1asuyBuey Suyivaado
o8l 9esYy 4 08 ueFIFA3I09T3
81 199 % 01 upwazoy
18071399313
29°01 a1t e 001 1/s
%1 2£9 4 (174 1esutBuy Buyaeasdp
90 L1E % 01 1ai0qe]
'L 2061 y4 09 uosey Juswa)
9L°0 L1€ Y4 01 (123uadar)) usWI04
JioH 91910U0) « SUOTIBPUNOY
[AEAS 8y6 - 201 1/s
9°% 9681 4 0¢ 100utBugy Burieradp
£ 896 % 01 1210481
D¢t 069§ b4 09 1sprap -~ 12jaomuoa]
3 4 846 % 01 U104
12231§ [BINIONIIS Tsaspuing '818100) X0§ 'STISSAN
6°£21 1184¢ % 001 1/s
T 184¢ x o1 1soutBug Burawaado
Lt 1681 % S 13juadie)
9! 18.¢ % o1 3a10qe’]
0°8¢ £5%6 % ST 18p1aN
0°09 92181 % oY 1911132414
e 18LL % 01! uewa 104
U6TIE118Isul/yoxd - H-dund-3utdid
SENOH-NYH SHNOH-NYH  1IND/S ¥O 1INn/$ LIND ELILNYOO0 NO11d1%0S3d

QIaay INIO¥dd WI0L

B0V aITIIAS

pATA %001

g e A i S A A R A A

* SYH-NVH STVIYIALVIA

Joqel 3jead wcwvsﬁunu sma1n jo uoyajsoduod
(4 pue y s9s8)) N0OD3
Q1 g arvgel,

137

AR e

TR 8 A5

e e g




— e — = D e B ’ & e s O ioaion a4

i Aot TS Do 2 TN

Lot 13124 A AT

9e9°1 o8y i 001 1/s
o8t 41 i oY 3aioq¥]
096° oyt % 0s - 18ug Buyieaado
960’ 8 X 01 uewa10d
Fuiaenin 231S
296°0 096 % 001 1/8
gy0°0 8% % S aajuadae)
8%0°0 8y e < 19outdug Burieaado
oLL" 0 89L % 08 1aa0qe’]
960°0 96 % o1 uewaiod
©
§97371 (1084 Aaeiodua], A
096 9142 % 001 1/s
0%*0 971 % S 1aautdug gutieladQ
0y 0 921 % 4 1210487
00°8 2107 % 08 19%20M UCTIBTNEV]
080 52 ] 01 urwai04
vojlensul
s 0291 % 001 1/s
50 791 A 01 19oujdug Suraeaado
920 291 % o1 xa~uadiw)
%0 £He % <y 1210q%1
09°¢ 168 % 44 1248 TYOT 14
9€°0 291 % o1 uews1od
A>131d A101oea]ay
SHNOH-NVH SUNOH-NVR 1INN/$ ¥0 LINA/S IiNn AL1INVAD NOIL4d1%053d
»08V1 Vi0L * SYR-NVH STVIRILVIH
QaTIINS 40 XST X001
~quoz 814 21481
.




S s

SrTeeenas Ta Ten

0051¢ L. |

00§

0082

00481

004

0041

0001 vy

0002

00t vl

0009 41

0001 suoy

00se B3

000¢ £y

0001 L]

00% el
SUNOH-NVK 1I8n/$ ¥0 LINQ/S LINN

TVIOL * SYHR-~NWYH STVINALVY

re

b RS R R s s s peit b b e

*gysel T{¥ (g 288)) NODI-S ‘618 219el

N2 Y RNy S SR

et

yzid

it oa g

114 39vd SIHL TVi10L

Moy 5913111°0] Azeaodway
MOTTY uof§sTazadng
Tezoiqny
MOT1Y (6p1Y8 330) Buldyg 3o uorIB(NBU]
sua1sLg
MOTTV Uj-uny § SIUBUNIISUT 2IVIQTTED
MOTTY swalghg 31893 ainssaid
PIAE yoea
MOTTV 03 3DFALBS [EDITIIDBTA TIRISU]
1 001-d dung [1e3IsU]
0052 1Teisuy § 3Bupdyd
Fuijosuuodiajuy 8Ivdiaqed
o s310ddng 33npuoy 9 adig
8uTAT0991 wWoa3 I3 00Z VI8
€z Aed71o BuilsIxs uo sPIRS 18§
001 suotIepUNOd 33332U0)
s3utaaacd aatioeloid g sioizdsloxd
28uey) Buijaoway - juswdinbda
¥4 paaunol pris Buraraday
1 A3311084 dwal ¥ A2TIT40K

ALILNVNO NOIL4TIHOSHd

oo s utetin st gt b Sl R h Al e Tk s e s Bk

139

w

T AL s 63 L ST )
S 5



Table B20. ECOU (Cases A and B): estimated material gquantity requirements.
A. Yard Piping Carbon Steel A-~53
Size  Sch  Pipe : Fittings Flanges  BNG  Plug or  Check  Joints
F 90 T Un FC Gate Va SocW. or
727 780 —200 4010 10 20 150# scrd 2 A 600F# 10 600# 5 Scrd.
3/4 " 1000 200 50 50 100 wen 10 20 " 40 " 20 "
1 " 1000 200 50 50 100 e 10 20 " 40 "o20 "
1-1/2 40 1000 200 50 50 100 "on 10 20 ‘ " 40 " 20 "
45 1/2¢  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 "o10 "
4 " 1300 175 50 50 50 " 105 210 " 55 "o25 "
6 " 1000 135 35 35 35 " 80 160 " 40 "o20 "
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 " 10 20 " 5 " 3 "
14 " 40 2 " 10 " 2 " 1 "
16 " 40 2 2 " 0 " 2 "1 "
18 " 40 2 2 2 " o " 2 " "
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
Sizz  Sch  Pipe II; 90° T 45° RED 120°  FLG  BNG Plug Check Joints Butt W
s' 80 10000 500 50 20 20 200 100 oo lo 5  '-enged 600.db
6" " 100 20 5 5 10 10 10 2 "
12 60 100 20 2 - 10 10 2 "
20" 30 400 40 4 4 - 20 20 10 4 "
Total 10600 570 61 31 31 210 140 140 30 13
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Table 820 cont.

C. Structural Steel Incl Furnace § Box Coolers

Shapes NFL Channel Angle
<204 5600 2000 2000
20~40 8000 5000 2000
>404 16000
x,sll 1/4" 1/2“
Plate 66000¢ 80004 1000¢#
Ladder (100 LF)

Platform Grating (1000 SF)
Bolts, Nuts, Clips (Allow)
Pipe Support Bents (8" @ Pipe)
Total

%
D. Concrete Materials

Formwork Back-up 2800 BF., Ply
Concrete (7 sack/Cy, 906615ack)
Sand

Gravel Aggregate

Reinf Steel, WWF = Tie Wire
Anchor Boits 1/2 thru I"xie" Lg
Grout (Allow)

Total CY in-place

E. Rings, Trays
(i} Crude Column

5/8" thk x 12'-6" Radius Rolled Plate
5/8" thk x 25"-0" Dia Dished Head
1/4% thk x 2" W x 12'-6 Radius Bar
304 SS bist. Trays
{2) Kcvosene/Diesel Stripper
172" +hk x 2'-3" Radius Rolled Plate
1/2" thk x 4'-6" Dia. Elliptical Head
{3) Overhead Accumulater
1/2" thk x 3'-6" Radius Rolled Plate
172" thk x 7'-0" Dia. Elliptical Head

&
for Case B only
141

1
iooc

31#"
10008

10000 #
15000 #
10000 #

76000
1500
10000
8500
__80000 ¢
106 Tons

- W Wy W

tit

2800 SF

2000 Sacks

70 CY
140 CY
14000 Lbs
1400 Lbs
__100 cF

284 CY

5700

1650
21

P RES

400

w
£ 9

700 SF

a
i
3



Table B20 {cont.)

¥low Indicators - 10

Area,
: F. Furnace Refractory Brick $/unit Length or Volume
Common Red Brick 4.00 10400 &F
Firebrick 9.00 10000 SF
1 Light Wt Insul Firebrick 15.00 16000 SF
" High Temp Mortar 10.00 2300 CF
?
§ €. Iansulation
- 2" Thick Fiberglass Pasels 12000 SF
1=1/2" Thick Fiberglass 6" Pipe Insul 1000 L¥
2" Thick Fiberglass 20" Pipe Insul 500 LF
é Wire (Galv Steel) 1000 Ly
g Aluminum Sheet Jacket Mtg 17000 S¥
3 $.5. Bands & Clamps 2000 L¥
A Mast fc 100 Cals
)
§ ' H. Iastrumentation

Pressure Gages - &
Temperature Gages ~ 5
Press. Controller w/control Va - 1 Set
Flow Recorder/Controller w/QOrifice Flgs & Control Va - 3 Sets
Flow Recorder w/Orifice Flgs -~ 2 Sets

' Temp. Recorder/Controller w/T.W, & Control Va - 2 Sets
Level Indicating Controller - w/Control Va - 5 sets

g5

Press Safety Valves ~ 10

5.

e o

. Temp Controllers & Va's for Steam - 4 Sets

Press Regulator Air - 4 Sets

Flow Ind. Controllers Water - B8 Sets




Table B2]., Construction equipment required.

: Item 313
é 10~ton forklift 2

; Flatbed truck H

é Backhoe i

i 30~ton truck ¢rane i

4 S-ton chain hoist &
Scaffolding 5000 S¥
i* Electric welding machine 6

?_ Gas~-powered welding machine 4

; Table saw 2

: 3 Pipe cutter, threader 4

é’ f' Acetylene torch rig 4

4 Power grinder, power drill 12

% Adr comprersor, hoses, etc. 2

; Diesel pover senerator 2

f Gas-povered concrete mixer 4

"' Miscellaneous wheelbarrows, hoses 1 lot
3 . Tools, placing equipment, etc. 1 lot
b

%
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Table B822. Consumable supplies.

This liat is fnrtended to define the character of ionsumable sujplics, but ie
not to he interpreted az & complete list of all guch items.

Abrasives: paper, powerder
Abrasive wvheels

Acid

Adapter, hose

Adhesive

Alcohol

Anchor, cinch

Antifrecze

Babbitt

Badges

Bags: paper, birlap
Banding: matecial, clips
Bands, elastic, helmet
Barrels: water, trash
Batteries, [lashlight
Belt dressing

Belts, safety

Bits, drill, all types
Blades, all type:x

8oots, construction, rubber
Brads

Breaker points

Bricksg, rubbin,

Brooms

Brushes, all types
Buckets

Bulb, light

Burlap

Cables

Carbide

Carborundum blocks, stone
Cartridge, stud gun
Chalk, marking

Chalk line

i e e e O

e g

Chamo 18

Chicels

Cleaners, tips

Cleaning compounds and fluids
Clips: wire, rope
Cloth!: emery, strainiag
Clothing

Coal and coke
Connectors, hose
Coolers, water

Cords, extension

Corks

Cutter pins

Couplings, hose
wrayons, marking
Creosote

Cups, water

Cutters, glass, wheel
Cutring oil

Demulition points

Dies: bolt, conduit, pipe, ¥hitney
Punca

Dippers

Discs: cutting, grinding

Disinfectants

Drills: masonry, shank, twist,
star, bits

Drinking wster

Drivers, sheeting

Drums: gas, oil

Dunnage

Emery cloth

Expansior, shivlds: tube, roll,
mandrel

Explosives

Extractors, screw

v .
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Table 822 cont,

Face shields

Fasteners

Faucets

Files

First aid supplies
Filters: respirators, oil
Fittings: alemite, hose
Flashlights and batteries
Flares

Fiints, Lighter

Float, wood

Flux

Fly spray

Form oil

Friction tape

Funnels

Gads

Gaskets, hose

Classes: goggles, hoo “hes,
lantern, light, f1 iig %y
lamp

Gloves, all types

Glue

Glycerin

Graphite

Grease

Crinding compounds, wheels

Hacksaw blades

Handles, all types

Hasps

Hats, safety

Hinges

Holders, electrode

Hoods, welding

Hooks

Hose: presto soldering, steam,
water, air, fire, welding

Ice

Kerosene
Keys: chuck, lock
Knives, putty

Lamps
Lashing, wire rope
Latches

Lens: goggles, helmet, hood
Lightbulbs

Lighters: flint, torch
Line: chalk, mason

LPG

Lubricants, lube oil
tumber, scaffold

Lugs: solder, solderless

Mandrels
Masks, gas
Measurers
Menders, hose
Mirrors

Mops

Nails
Nats: wire, die
Nozzles: hose, sandblast

0il: lubricating, cutting
Qakum

Packing: water, steam

Packing material

Padlocks

Pails

Paint, identification

Paper: sand, emery, toilet,
writing, etc.

Paste, solder

Patterns

Pencils

Pipe compound

Pipe tools: cutter wheel, dies,
rollers, pins

Preservatives

Pulleys

Putty

Pins

Rags, wiping
Raincoats

Reamers, hole
Receptacles
Respirators

Rivet sets

Rope: sisal or manila
Rubber boots

Rubbing stones

Ruler, folding, pocket
Runways

o RS
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Table B22, cont.

T T——

Safety equipment: first aid, goggles,
hats

Salt tablets, dispensers

Sandblasting nozzlesg

Sandpaper

Saw blades, all types

Screens, sand

Screws

Segments: pipe, die

Shackles

stellac

Shims

Shields, face

Signs

Slings: rope, wire, nylon

Soap

Soapstone

Solder and flux

Spray, insect

Stakes

Steel wool

Stencils, painting

Supplies, restroom

Survey stakes

Sweeping compound

Tacks

Tags

Tape: friction, limen, 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

e U P
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Table B23. Small tools.

Adapters, impact wrench
Adzes

Anvils, blacksmith
Arbors

Augers

N
T o

 gpicee DI

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.

Bars: nails, crow, pinch, wrecking,

hickey, bricking-up, claw, rivet

Benders, tub’ng, hand

Banding machine

Blocks: rope, wire, snatch, tackle,
cable, flaring

Bobs, plumb

Bolt cutters

Boxes: instrument, tool

Braces: carpenter, drill

Brands

Bull points

Burner, melting pot

Cable: wire, welding

Calipers: tube, inside, outside,
micrometer

Cans: safety, gas, oil, spray

Carts, oxygen cylinder

Caulking gun

Cement jointing tools

Chain, boomer

Chainfalls

Chisel, caulking

Clamps: "C," form, line-up

Concrete floats

Conduit floats

Conduit hickeys

Cutters: bolt, wire, pipe, tube,
tin snip, gasket

Diggers, pot hole, hand portable
Drills: electric, breast

Flaring toeols
Flatters
Floats, hand
Forge

Frames, hacksaw

Gauges: drilling, feelers, wire,
center, arc air

Grinders, bench

Grips

Guns: alemite, point stud, grease

Hacksaws

Hammers: sledge, hand, slag
Handle, ratchet

Heads, universal die
Hickeys, conduit

Hods, brick-mortar

Hoes

Hoists: chain, lever type
Hooks: timber-cant, packing
Horn, signal

Horses, mason

Hydrometer battery

Impact: drive, air, electric
{(max. 1/2")

Indicators, dial

Irons: caulking, soldering

Jack: reel, hydraulic, porta-power,
pipe, ratchet

Ladders: step, extension, wood,
aluminium

Ladles, melting

lLanterns

Lead pots

Letters, steel (A to Z)

Levels, hand

Machinist straightedze
Mallets

Mattocks

Mauls

Micrometers

Mixers

Nitrogen regulator
Ohmmeters

Oiler: line, bench, air-line
Oven, rod
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Table B23  cont.

Picks, R.R. Tachometer
Pipe rollers Tampers, hand
Planers Tankers: fuel, oil

Tapes: fish-electric, steel
measuring
Telephone, handset

Pliers: vice-grip, channel-lock,
side cutter, etc.
Plugs, plumbers

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
vheel Trowels: power-operated

Trucks, hand, warehouse
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Pumps: small head, barrel, hand
Punches: gaskets, knockout, whitney

Rakes: asphalt, yard
Ratcher, all types

Universal, impact

Vises: portable, hand, tripod-pipe,

Reamers, pipe machinist
Regulator: presto, soldering, Voltmeters
acetylene, oxvgen
Wheelbarrows

Retainer, pipe
Rivet sets

Rods: level, line
Roller: pipe, tube

Sanders, electric

Saws: hood, hand, hacksaw [rames
power, sabre, skil

Scoop, hand

Scrapers

Screwdrivers, step, all types

Shackles, 211 types

Sheaves, steel

Shears

Sheetmetal rolis

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

Wrecking bars
Wrenches, all types, hand
Walkie-talkie telephones
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COMPLETE LIST OF SKID-MOUNTED REFINERIES MANUFACTURED BY HOWE-BAKER ENGIweiasS, INC.

1,800°8PSD
34,0° APl

1,800 BPSD
33.0° APl

5,400 B8PSD
21.0° APl

1,000 BPSD
47.0° API

2,800 BPSD
27.4° AP

1,800 8PSD
84.0° AP]

4,800 BPSD
28.2° API

1,000 BPSD
29.0° APl
1,200 BPSD
12.6° API

600 BPSD
34.0° API

16,000 BPSD
28.0° APl

10,000 BPSD
32.1° APl

10,000 BPSD
32.1° APl

375 8PSD
40.0° API

APPENDIX C

Mobil 0i1 of Libya; Amal Field, Libya
Producing 600 B/D of Dicsel Fuel
Anoseas Petroleum Limited; Nafoora Field, Libya

Producing 600 B/D of Diesel Fuel

Sinclair Venezuelan 0i1 Company, Barinas, Venezuela
Producing 805 B/D LVN, 100 B/D HVN, 540 B/D Kerosine,
975 B8/D of Diesel fuel

Texaco Petroleum Company; Orito Field, Colombia
Producing 305 B/0 Gasoline; 275 B/D Kerosine (aP-1Aa),
295 B/D Diesel Fuel

Cabinda Gulf 0il Company;Luanda, Angola

Producing 163 B/D LVN, 135 B/D HVN, 700 B/D Diesel
Fuel

Occidental 0i1 of Libya; Intisar Field, Libya
Producing 600 B/D of Diesel Fuel and 100 B/D Jet Fuel

Atlantic Richfield 0i1 Company; Horth Slope, Alaska
Producing 493 B/D Distillate and 1,000 8/D Diesel Fuel ;

Texaco Petroleum Company; Ecuador
Producing 305 B/D Gasoline, 240 B/D Kerosine (JP-1A},
295 B/D Diesel Fuel

Tenneco Qi1 Company; Bakersfield, California
Producing Resi&I%Upgrades 12.6° API Sandy Crude)

Sonatrach; £1 Borma field, Algeria
Producing 200 B/D Diesel Fuel

Falconbridge; Dominican Republic

Producing 6,000 B/D Naphtha

Petrola Hellas; Athens, Greece
To Produce 2,570 8/D Naphtha, 960 8/D Kerosine,
1,970 B/D Diesel Fuel, 4,500 B/D Tuel 0il

petrola Hellas; Athens, Greece

Yo Produce 2,570 B/D Naphtha, 960 B/D Kerosine,
1,970 B/D Diesel Fuel, 4,500 B/D Fuel 011

socea/Gress; Algeria
Yo Produce 120 8/0 Turbine Fuel :

Source: Howe-Baker Engineers, Inc. P.0. Box 956 Tyler, Texas 75710
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1,175 8PSD
40.1° APl

10,000 BPSD
36° AP1

10,000 8PSD
36° API

5,000 BPSD
34° AP1

20,000 BPSD
25/36° AP1

20,000 BPSD

25/36° APl

20.000G BPSD

25/36° APl

25/36° APl

10,000 BPSD

36/43° AP

10,000 BPSD
36/43° APl

10,000 BPSD
36/43° APl

20,000 BPSD

10,000 8PSOD
36/43° APl

-2 -

Abu Dhabi Petroleum Company; Abu Dhabi, Trucial States
Yo Produce 458 B/D Turbine Fuel

Government of lraq; Irag
To Produce 1,850 B/D Kerosine,gl,BSO 8/D Diesel Fuel

including Kerosine Mercapfiner™ Treating Facilities

Government of lrag; lraq
Yo Produce 1,850 B/D Kerosine, 1,350 B/D Diesel Fuel

including Kerosine Mercapfiner Treating facilities

Bay Refining (Dow Chemical); Bay City, Michigan
To Produce 1,750 B/D Naphtha, 3,250 B/D Fuel Oil

Petrol Hellas; Athens, Greece ‘
To Produce 4400 B/D Maphtha, 3600 B/D Kerosine, 4400 B/D

Diesel, 7600 B/D Fuel 0il

Petrola Hellas; Athens, Greece
To Produce 4400 B/D Naphtha, 3600 8/D Kerosine, 4400 B/D

Diesel, 7600 B/D Fuel 0il

Petroia Hellas; Athens, Greece
Yo Produce 4400 B/D Naphtha, 3600 B/D Kerosine, 4400 B/D

Diesel, 7600 8/0D Fuel 0il

Petrola Hellas; Athens, Greece
Jo Produce 4400 B/D Naphtha, 3600 B/D Kerosine, 4400 B8/D

Diesel, 7600 B/D Fuel Qi}

Government of lrag; Baghdad, lIraq
To Produce 1760 8/D Light Naphtha, 250 B/0 Heavy Naphtha,

1850 B/D Kerosine, 1350 B/D Light Atm. Gas 0il, 1925 B/D
Heavy Atm. Gas 0il, 12,825 8/0 Fuel 0il

Government of Iraq; Kirkuk, Iraq
Jo Produce 1760 B/D Light Naphtha, 25C B/D Heavy Naphtha,
1850 B/D Kerosine, 1350 B/D Light Atm. Gas 0il, 1925 B/D
Heavy Atm. Gas 0il, 12,825 8/D Fuel 0il

Government of Iraq; Reije, Iraq
To Produce 1760 B/D Light Naphtha, 250 B/D Heavy Naphtha,

1850 8/0 Kerosine, 1350 8/D Light Atm. Gas 0il, 1925 B/D
Heavy Atm. Gas Qil, 12,825 §8/D Fuel 0il

Gevernment of Iraq, Samawah, lraq
To Produce 1760 B/D Light Naphtha, 250 B/D Heavy Naphtha,

IB50 B/D Kerosine, 1350 B/D Light Atm. Gas 0il, 1925 8/D
Heavy Atm. Gas 0il, 12,825 B/D Fuel Oi}
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10,000 8PSD
36/43°-AP1

10,080 BPSD
36/743° AP1

2,600 BPSD
44.8° AP}

25,000 8PSD
27.8° API

5,000 BPSD
49° AP}

10,000 8PSD
36/43° AP]

10,000 BPSD
36/43° API

5,000 BPSD
34° AP1

20,000 BPSD
44° AP}

2,000 BPSD
39° AP

30,000 BPSD
33.1° AP}

-3 -

Govermment of lraq; Beije, Iraq

To Produce 1760 B/D Light Naphtha, 250 8/D Heavy Naphtha,
1850 B/D ferosine, 1350 B/D Light Atm. Gas 041, 1925 B/D
Heavy Atm. Gas 0i3, 12,825 T/0 Fuel i1

Government of Iraq; Samawsh, I[raqg

To Produce 1760 B/D Light Naphtha, 250 B/D Heavy Naphtha,
1850 B/D Kerosine, 1350 8/D Light Atm. Gas 0il, 1925 8/D
Heavy Atm. Gas 0i1, 12,825 B/D Fuel 011

Sonatrach; Haoud el Hamra
To Produce 905 B/D Turbine Fuel

Energy Company of Alaska, North Pole, Alaska

To Produce 1495 B/D Light Naphtha, 1967 Heavy Naphtha,
4733 B/D Kerosine, Y350 B/D Light Atm. Gas 011, 1925
B/1' Heavy Atm. Gas 0i1, 12,825 B/D Fuel 0il

Pitt 0i1 Company, Indianola, Peansylvania

o Produce 3,000 B/D Gasoline, 2,000 B8/D No. 2 Qil

Government of Iraq; Iraq

To Producce 1750 B/D Light Naphtha, 250 B/D Heavy Naphtha,
1850 B/D Kerosine, 1350 B/D Diesel Fuel including Naphtha
and Kerosine Merox Treating Facilities (UNDER CONSTRUCTION)

Government of Iraq; lraq

To Produce 1750 B/0 Light Naphtha, 250 B/D Heavy Naphtha
1850 B/D Kerosine, 1350 B/D Diesel Fuel including Naphtha
and Kerosine Merox" Treating Facilities (UNDER CONSTRUCTION)

Attock Refinery Limited; Rawalpindi, Pakistan
To Produce 2,125 B/D Stabilized Naphtha 1,000 B/D Kerosine,
1,050 B/D Dwesel 250 B/D Atm. Gas Oil, 500 B/D Fuel 0il

(UNDER CONSTRUCTION)

Attock Refinery limited; Rawalpindi, Pakistan

7o Produce 8,500 B/D Stabilized Naphtha, 4,000 8/D Kerosine,
4,200 B/D Diesel, 1,000 B/D Atm. Gas 0i1, 2,000 B/D Fuel
0i1 (UNDER CONSTRUCTION)

Mobil Libya; Libya
To Produce 655 B/0 Naphtha, 610 B/D Diesel, 725 B/D Fuel
011 (ENGINEERING)

Riverside 0il & Refinery Company; Westwego, Louisiana

To Produce 1,630 B/D Light Naphtha, 3,600 B/D Heavy Naphtha,
4,500 B/D Kerosine, 4,200 B/D Diesel, 2,100 B/0 Atm. Gas 0il,
13,200 B/D Residue
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DEPARTHERT OF ENERGY CONT RALTORS

© Qak Kidge Nat Lab

Emergency Technology Div
ATiM: Lib ;

0ak Ridge Nat Lab
ATTN: Lib

Sandia Nat Lah
AT 112, ¢, Meil

DEPARTMENT OF DEFERSE CONTRACTORS

Advanced International Studies Inst
ATIR: N, Marvey

Agbabian Associates
ATTH: Lib

BOM Corp !
ATTH: ). Braddock

ATTN: (. wasaff

ATTH: J. Conant

ATTN: J. Bode

ATTH: R. Buchanan

Bell Tel Labs
ATTH: E. Witt
ATTH: R. May
ATTN: . Foss

Center for Planning & Rsch, inc
4 cy ATIN: (. Miller

q cy ATTR: §. Stratton

4 ¢y ATIR: R. Laurino

Dikewood Corp
ATTN: Lib
University of florida
ATTH: Lib

Gard, Inc
ATIN: Director

H. L. Murphy
ATIR: H. Murphy

Human Science Rsch, Inc
ATIN: . Chenault

117 #sch Inst
ATTN: Doc Lib
ATTN: A. Longinow

institute for Defense Analyses
ATIN: L. Schmidt

Jack €. Greene
ITH: J. Greene

James . Beck & Associates
ATIN: Lib

Kaman TempRo
ATTh:  DASIAC

National Academy of Sciences
TTR: €. Trit2

DISTRIBUTION LIST

DEPARTMENT OF DEFEMSE COMTRACTORS {Continued}

Hansgement Scienc. Association
ATTH: K. Kaplan

Ohip State University
ATIN: Lib

due
ATTN: Director

Pacific-Sierra Rsch Corp
ATTH: H, Brode

R & D Associales
ATTH: A. Lymn
ATIN: S. Borjen
ATTH: R. Port
ATTN: E. Carsom
ATTH: A, Fleld
ATTN: W, Grshas
ATTH: P. Haas

R & D Associates
ATTH: J. Thompson

Rand Corp
ATTH: V. Jackson
ATTN: Doc Lib

Research Triangle Institute
ATTH: £, WiTY

Science Applications. Inc
AYTH: 8. Bennett
ATTH: J. Foster

Science Applicatiors, Inc
ATIN: M. Drake
ATIN: €. Whittenbury/W. Yengst
ATIN: J. Martin
ATTH: L. Nesseler
ATTH: J. Beyster

Science Applications, inc
ATIN: R. Craver
ATTh: J. Shannon
ATTN: . Layson
ATTR: L. Goure

scientific Service, Inc
ATTH: €. Wilton

System Planning Corp
ATTN: J. Douglas

1. %. Dupuy Associates, Inc
ATIN: 7. Dupuy

Technology & Management Consultants
ATTH: Lib

Anaiytical Assessments Corp
ATTN: A, Wagner
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E DEPARTMENT OF THE ARMY {Continued} PEP oF AIR FORCE 18]
3 US Army War College Deputy Chief of Staff

- AYTR: Lib Operations Plans snd Readimees
b Department of the Air Force

US Army Engr Waterways Exper Sta ATIN: AFXOOIR

a3 ATIN: Director ATIN: AFLDREM

ATTN:  AFXOXFS

E DEPARTMENT_GF THE RAVY ATIR: AFXOXID

i Marine Corps Dev & £4 (md Oaputy Chief of Staff
Department of the Navy ®sch, Dev, & Acg

i ATIN: Commander Department of the Alr force

'. ATIN: AFRDQE

4 Kaval Ocean Systess CLr

ATIN:  Code 6471 Foreign Technology Div

£ Air Force Systems

2 Naval Postgraduate S¢h ATTN: TQMM

z ATIN: Code 1424, Lib ATTN: O(N

ATTH: SN

E Naval Rsch Lab

b ATTH: Code 2627 strategic Air Omd

< Department of the Air Force

i Naval Surface Wpas (tr ATTH: DO
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