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PREFACE

This report was prepared as part of a series of concurrent studies
undertaken by the Defense Civil Preparedness Agency to investigate the
potential planning and imp lementation problems associated wi th a crisis
relocation strategy designed to transfer populations from high-risk
areas during periods of severe internati9na l crisis. The report was
prepared under Contract DCPAO1-76-C-03l7, and addresses the problems
incurred in providing transportation support to survivors of a nuclear
attack preceded by a crisis relocation. The research described in the
report was accomplished over a one and onff_half year peri od in the Los
Al tos, California offices of SYSTAN, Inc. under the direction of Dr. John
W. Biliheimer , wi th assistance from Mr. Arthur Simpson and Ms. Gail
Fondahi. Mr. Simpson was responsible for assembling information on
the existing road , rail and fuel distribution networks, and assessing
nuclear attack damage at national and l ocal levels. Ms. Fondahi helped
to assemble and interpret data on road networks, and developed simplified
procedures for computing transportation stress. Mr. Ed Slibeck of the
National Transportation Fueling Corporation provided inva l uable i nfor-
mation on truckstops , while Ms. Carole Parker organized and edited the
final report.

In serving as technical monitor on the project, Mr. Steve Birmingham
of DCPA provided technical guidance throughout the investigation , and
helped to establish convenient avenues of liaison wi th concurrent crisis
relocation studies. At the national level , Fir . George Van den Berghe and
Mr. Hanford Edsall of DCPA also supplied useful guidance , while Mr. Frank
Mollner of DCPA Region VI provided valuable background information on the
Colorado Springs Study Area.

This research on “Postattack Impacts of the Crisis Relocation Strategy
on Transportation Systems” is reported in four volumes:

Volume I: Analysis and Case Study

Volume II: Revised Planning Guidelines

Volume III: The Role of Truckstops in Crisis Relocation

Volume IV: Prototype Plans for State of Colorado,
El Paso County and Fremont County (limi ted distri bution )
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SUMMARY

INTRODUCT ION

Research undertaken in the mid— 1960’s assessed th e e f f ects of
nuclear attack on components of the national transporta tion network
under a strategy of in-p lace protection. More recent investigations
have studied alternative strategies for transporting people and critical
commodities from areas of high risk in anticipation of a nuclear attack.
The current study extends the previous research by (1) investigating the
effects of a nuclear attack on the reconfigured transporta tion system
and the relocated population following an evacuation of high—risk areas,
(2) identifying and evaluating alternative means of providing transpor-
tation system support to the relocated survivors of such an attack, and
(3) reviewing existing relocation guidance in the light of probable
postattack consequences. This research evaluates the problem of provid-
ing transportation system support following both a relocation effort and
a nuclear attack , and systematically proposes and evaluates alternative
solutions to this problem . Where applicable, the proposed solutions are
examined in detail in a case study of Colorado Springs, Colorado.

PAST RESEAR CH

jji~ acts of Crisis Relocation on Transportation Systems

Past studies have identi fied no potential transportation problems
severe enough to render a crisis relo cation strategy unworkable. The
nationwide availability of vehicl es far exceeds the anticipated demand,
so that the chief limitations to the effective use of these vehicles are
likely to be administrative problems of organization and deployment.
The capability of local road networks wi l l be stretched, particularly on
the first day of relocation, but careful planning and scheduling coupled
with the continuous monitoring and broadcasting of traffic conditions
should enable these networks to handle the load in most U.S. cities.

Since the demand for motor fuel during and after relocation is not
li kely to exceed normal demand, the chief fuel problem will be one of
redirecting the flow of gasoline from risk areas to host areas, so that
supplies are available where they are needed and reserves may be b u il t
up in relatively invulnerable locations.

Past Postattack Research

Ear lier studies of transportation system vulnerability under a
strategy of in—place protection have indicated that the surviving aggre-
gate inventories of critica l transportation equipment, roadways, classi-
fication centers , and personnel will be more than adequate for the
deliver y of food and other essential goods and services. These studies
indicate that damage to the U.S. fuel supply system would be rel atively
heavy , and that regional fuel imbalances could be a serious postattack
problem. 

.—~~~~~~--.— ~- ~~~~~~~~~~~~~~~~~~~



r~~ 
‘~~T 

.-- , —,. 

~

_ —-

Imp li cations of Previous Research

While certain potential postattack problems may be alleviated by a
relocation strategy, other problems will be intensified. The extensive
vehicle movement and fuel stockpiling accompanying the relocation strat-
egy will render both of these elements less vu lnerable to nuclear
attack. However, the survival of additional people in areas removed
from traditional distribution centers can be expected to intensif y the
stress imposed on the damaged transportation system. Although the relo-
cation i tself will have no impact on the vulnerabi lity of such fixed
elements as the road network or fuel refineries, demands on these
elements in the postattack period wil l be greatly affected by the relo-
cation strategy. Damaged roadways will increase the transportation
distances covered in providing critical supplies, and this additional
distance, coupled with the survival of additional popula tion , will
create increased demands on surviving fuel refineries.

DAMAGE ASSESSMENT ANALYSIS

Under a cris is relocation strategy, approximately 98 percent of the
Colorado Springs risk and host area population is expected to survive a
nuclear attack. The comparable nationwide figure is 90 percent
surviva l . These survivors will impose demands on three principal compo-
nents of the national and local transportation system : vehi cles, road
and rail networks, and fuel.

Vehicle Survival

Vehicle availability is not expected to be a limiting factor on the
movement of goods and people following an attack. In Colorado Springs,
more than twice as many trucks, buses and locomotives will survive an
attack following a crisis relocation strategy as are likely •to survive
under a strategy of in—place protection. To the extent poss ible, such
critical vehicles as debris—removal equipment, switching locomotives,
and dump trucks should be moved to the host area as part of the reloca-
tion effort, along with a supply of spare parts and maintenance manuals
for all vehicles.

The most critical problem with transportation equipment under a
crisis relocation strategy is likely to be one of organization and coor-
dination. This is expected to be especially true following an attack.
Although the surviving vehicle supply is expected to be more than
adequate for carrying essential supplies, clear lines of authority and
advance planning will be needed to ensure that the vehicles are in the
right place at the right time with the right orders.
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Road and Rail Netuork Survival.

Road Networ k. Key hi ghway links were cut in every major city
targeted in the postulated attack. Although past studies have deter—
mined that detour routings could be found around every damaged link , the
current investigation estimated that such detours would increase travel
times by factors ranging from 22 to 38 percent. Precise nationwide
estimates of postattack travel distances and demands would require a
model of nationwide commodity movement over the existing road network.
Such a model was beyond the scope of the current study, but should be
incorporated in future reserach efforts as a basis for assessing postat—
tack travel distances, vehicle requirements, and fuel consumption.

Truckstops. In the two decades since they became a prominent part
of the intercity transportation picture, the more than 3,000 truckstops
located along the nation ’s h ighway system have proven themselves to be
an invaluable source of emergency assistance to travelers and commercial
truckers in natural disasters. Nearly 70 percent of these truckstops
would survive a nuclear attack. The relative invulnerability of truck—
stops to nuclear attack , coupled with their importance in the day—to—day
movement of intercity cargo make them a valuable resource in any crisis
relocation plan. A companion report discusses the role of truckstops as
traffic control centers under crisis relocation conditions. In addition
to their traditional roles as fueling points, these control centers
would also act as: (1) checkpoints for rerouting or reassignment of
essential shipments; (2) interim consignment points for non—essential
shipments; (3) relay points for drivers; (4) coordi nation and reassign-
ment points for cabs and driver s; and (5) central assignment points for
mechanics. To make maximum use of truckstops as an emergency resource ,
an attempt should be made to form a volun tar y organization of truckstop
owners capable of providing an emergency fueling capability for vehicles
and havens of rescue for drivers and passengers in times of crisi s.

Rail Network. I f  a nuclear attack were to occur, the nation ’s rail
network would suffer heavy damage, with 41 percent of the classification
yards and 53 percent of the repair shops surviving . It appears that the
rail system could be 30 to 50 percent operational, but with reduced
efficienc y, with in 30 days after the postulated attack. In genera l,
damage and debris will cause considerable curtailment of rail service in
the immediate postattack period, and a greater share of the nation ’s
cargo will initially be carried by the  more flexible trucking system.

In planning for postattack rail movem ent , key host—area terminals
which could be used as control centers in time of crisis should be iden-
tified in the preattack period, and plans for the expansion and use of
these terminals should be incorporated in appropriate crisis relocation
planning documents. This has been accomplished for the Colorado Springs
risk area. During the crisis relocation period, emergency power—gen er-
ating equipment should be moved to these term inals, and rail panel s for
repairing track damage should be loaded on flatcars and spotted on
sidings at various locations in the host area.

5-3
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Fuel System Survival

An analysis of the damage to U.S. and Colorado petroleum production
and distribution facilities indicates that severe fuel shortages would
probably follow a nuclear attack. The destruction of national and local
refineries, storage fac ilities, and pipelines would necessitate chang ing
patterns of distribution and strict fuel use controls.

The two largest refineries located in Colorado and all Denver pipe—
line terminals would be severely damaged by the postulated attack, and
would not be operational in the first postattack year. Nonetheless, up
to 60 percent of colorado ’s preatta ck fuel supply could be transported
by truck from undamaged supply points in Wyoming and Texas. At the
national level, however, only 30 percent of U.S. refinery and storage
capacity is expected to survive the postulated attack; therefore, it is
anticipated that federal reallocations will effectively cut Colorado ’s
fuel supply to 30 percent of preattack levels.

Following a crisis relocation prior to an attack, fuel requirements
are expected to drop to between 35 and 40 percent of normal daily usage.
As the nation ’s production capacity will far exceed consumption rates
during this period, excess supplies should be stockpiled in host area
storage tanks to alleviate anticipated postattack shortages. Rigid
control and conservation measures such as rationing, vehicle impound-
ment , and restriction of unnecessary cargo shipments wi l l  be necessary
follow i ng an attack. Introduction of these measures during the reloca-
tion period will allow these procedures to be tested under somewhat less
harrowing ircumstances and increase the supply of fuel available for
stockpiling. Critical petroleum production and distribution facilities
on the fringes of anticipated target areas should be protected w i th
sandbags, steel mesh, and earth embankments during the relocation
period.

The available fuel supply will be the constraining element in the
postattack management of the transportation system. In this regard,
fuel shortages will be more critical than either vehicle l osses or road
damage. However, there should be sufficient fuel to support the move-
ment of food and other essential commodities if its use is carefully
controlled.

ANALYSIS OF AN EXTENDED CRISIS SITUATION

If the initial crisis relocation is not followed by an attack or a
cessation of hosti lities, an extended relocation may result in which
risk area residents remain for relatively long periods of time within
the host area. In the event such an extended relocation period occurs,
several adjustments might be made in the relocation posture. For exam-
ple, the number of critical industries and commuting workers might be
increased, while some non—critical activit ies may be transplanted from
the risk to the host area and restarted for the duration of the extended
relocation period. At the same time, stockpiles of critical commodities
could be amassed in the host area. Such adjustments could have poten—
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tiall y large impacts on the transportation network and fuel supply
system. As part of the current investigation, a range of adjustments
associated with an extended relocation period was postulated, the trans-
portation impacts of these adjustments were quantified, and alternatives
for providing transportation support throughout the extended period were
proposed and evaluated.

Anal ysis of the extended crisis situation in Colorado Springs indi-
cated that none of the anticipated adjustments generated excessive
transportation or fuel support requirements. An extended crisis period
would provide additional time to stockpile fuel supplies in the host
area, and it is strongly recommended that such a stockpiling strategy be
followed. In Colorado Springs, secondary bulk storage facilities and
gasoline station storage tanks would be filled to capacity in a little
more than one week following the completion of relocation . It is
likely, then, that a strategy of fuel stockpiling under extended crisis
conditions will require the creation of additional fuel storage capabil-
ity in host areas. Construction of traditional bulk storage facilities
would require several months. Possible alternatives for providing such
additional storage in a shorter time period include :

— Filling the tanks of impounded automobiles;

— Building expedient storage facilities using
collapseable rubber—plastic containers in
earthern embankments; and

- Using underground storage.

In addition to fuel, food supplies such as dried milk, canned meat
products, and raw grain likel y to be in short supply or geographically
inaccessible following an attack should be stockpiled in host areas
under extended crisis conditions.

IMPLICATIONS OF POSTATTACK RESEARCH ON CRISIS RELOCATION GUIDANCE

The results of the postattack research on the Colorado Springs study
area have been reviewed in light of the current guidance for crisi s
relocation planning . As a result of this review, it appears that the
basic strategy proposed for providing transportation under crisis relo-
cation conditions is sound, although certain changes and additions are
recommended. The analysis accompanying the damage assessment and evalu-
ation procedures brought to light several elements which should be
included in the crisis relocation guidance issued by the federal govern-
ment and in the crisis relocation plans for specific areas. These
elements include :

1. Provision for moving critical vehicles (such as switch engines
and debris—removal equipment ) out of risk areas where possi-
ble, and assembling parts inventories within the host areas;
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2. Guidelines for identifying key host area railyards and plan-
ning for their expansion;

3. Guidelines for preparing a list of critical pipeline repair
facilities and plans to protect them;

4. Provision for stockpi ling fuel as soon as possible during
crisis relocation, for constructing expedient bulk storage
facilities within the host area, and for supporting plans for
peacetime crude stockpiles and research into expedient storage
structures and product storage; and

5. Provision for identif ying key host— and risk—area truckstops,
outlining the role of these truckstops under crisis relocation
conditions, and forming a peacetime organizatio n of truckstop
owners.

These elements, along with general postattack guidance for transpor-
tation system management, have been incorporated in prototype crisis
relocation plans for the State of Colorado , the risk area of El Paso
County, and a sample host area, Fremont County. Gui delines for state
and local relocation planners have been updated to reflect these
elements , as well as other concerns identified in extensive interviews
with planners and industry personnel . A summary of the revised guide—
lines appears in the accompanying exhibit.
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EXHIBI T S. 1

RECOMMENDED GUIDELINES FOR TRANSPORTATION
SUPPORT OF THE CRISIS RELOCATION STRATEGY
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CHANGES IN GUIDELINES

A previous investigation of the impacts of the crisis relocation strategy

on transportation systems1 led to the preparation of guidelines for planners

and off icials  charged with the responsibility of develop ing relocation plans

at the regional , state, and local levels. The results of the postattack research

described in Volume I of this report , coupled with subsequent discussions with

p lanners , DOT officials, and transportation industry personnel , have suggested

the need for revising and updating the original guidelines to reflect a number

of factors , including :

0 Postattack guidance for transportation system management;
0 

Provisions for moving critical vehicles (such as switch engines
and debris-removal equipment) out of risk areas where possible ,
and assembling parts inventories within the host area ;

Guidelines for identifying and protecting critical pipeline ter-
minals and p ipeline repair facil i t ies;

~ Provis ion for stockpiling food in host area bulk storage facil i t ies
and retail outlets;

0 . . . .
Guidelines for including truckstops in emergency plans and forming
an emergency organization of truckstop owners; and

0 Additional guidance for the disposition of essential and non-
essential interci-ty shipments in transit at the time the relocation
order is given.

In this volum e , the three major sections of the past guidelines dealing with

Vehicles (Section A), Road s (Section B) , and Fuel (Section C) have been updated

to reflect the above factors , as wel l  as other concerns affect ing both pre-

attack planning guidance and postattack operations. The general scope of the

revisions is outlined below by section :

T Billheimer et a l .,  “Impacts of the Crisis Relocation Strategy on Transperta-
tion Networks ,” SYSTAN Report No. D 147 prepared for the Defense Civi l
Preparedness Agency under Contract DCPAO1—75-C-.0263, Washington, D.C.,
August 1976.
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(Changes in Guidelines , Continued)

A. Vehicles. Provision for moving cr i t ical  vehicles and parts to the

host areas during crisis relocation were added to existing guidelines ,

as were basic rules for the disposition of intercity cargo.

B. Road s. Additions to this section focus on emergency planning in the

rai l industry; strategies for moving rail panels and critical rolling

stock to the host area are considered , and plans for identifying and

expanding key host area railroad terminals are discussed .

C. Fuel. Methods of expanding fuel output, stockpiling fuel in the

host area during the crisis relocation period , and protecting critical

pipeline terminals are examined in the additions to this section .

The following new data were provided on vehicles , roads , and fuel for post-

attack conditions:

A. Vehicles. A brief discussion of the probable postattark situation

has been added , the need to rely heavily on trucks rather than rail in

the immediate postattack period is noted , and strategies for relieving

transportation stress by improving vehicle ut i l izat ion are discussed.

B. Roads. Nationwide damage to the road and rail network is summarized ,

the need for al ternative detour routes is discussed , and the increased

truck travel imposed by detours is broadly estimated .

C. Fuel. The probable postattack fuel situat ion is summarized , and

transportation-related measures to avert postattack fuel shortages is

CG -2
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(Changes in Guidelines , Continued)

discussed. These inc lude assigning top priority to the repair of 1
refineries and pipelines , using tank trucks to bypass damaged links -1
in the pipeline network , and introducing ri gid contro l and conserva-

tion measures.

CG -3
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Planning Guidelines for Transportation Support

of the Crisis Relocation Strategy

I. INTRODUCTION

This volume of the report is directed toward state and local officials

charged with the task of developing crisis relocation plans for their juris—

dictions . Guidelines are presented which will  enable these officials to

obtain the necessary data for planning and to formul ate plans for the trans-

port of people and critical cargo under crisis relocation conditions. These

guidelines rely heavily upon existing data sources, contacts with transporta-

tion planners, freight haulers. Federal , state and local transportation agen—

cies, and petroleum industry leaders, and a compendium of rules of thumb and

distilled conventional wisdom assembled in past studies. It is intended that

the guidelines should prove useful not only in crisis relocation planning,

but also in monitoring the hazard state of the system during evacuation and

in projecting future hazard states.

A. Background

A.l Two Planning Approaches

There are at least two diverse strategies which may be used in approach-

ing the planning considerations posed above and identifying transportation

requirements of a community. These two strategies may be characterized as

the “top down” and “bottom up” approaches. Planners using the “top down”

approach rely- heavily on published statistics (Census data, USDA statistics,

trade profiles, etc.) to provide a picture of transport systems and pat-

terns. Those using the “bottom up” approach attempt to identify patterns

1—1
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of transportation by undertaking extensive interviews with those industry

personnel and public officials actually responsible for that movement in

a community. These two approaches are not mutually exclusive, and both

should be applied to obtain a comprehensive picture of a community ’s trans-

portation. One of the most important features of a community ’s crisis relo-

cation plan is the identification of those local industry leaders and public

officials who are familiar with the transportation system and requirements

and who have a good understanding of the ways in which the operations may

be modified to meet crisis relocation requirements. The identification

and briefing of these industry leaders and public officials will be at

least as important to the successful implementation of a crisis relocation

plan as the identification of transport system facilities and operations .

B. Organization

Planning guidelines presented in Section II of this report are organized

under the following headings :

A. Vehicles

B. Roads

C. Fuel

Within these headings , four general topics are addressed in Section II:

o Published data sources for the “top down” approach;

o Information sources and data for the “bottom up” approach ;

o Planning guidelines including

Ci) Rules of Thumb and Distilled Conventional Wisdom
(ii) Promising Analytical Approaches
(iii) Summaries of Required Informat ion.

1-2 
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Detailed tabular data supporting the planning guidelines and pro-

viding additional planning information have been included in three

appendices corresponding to Categories A through C.

1-3 
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II. PLANNING GUIDELINES AND APPROACHES

This section discusses crisis relocation planning guidelines and

approaches for each element of the transportation system. Primary atten-

tion is focused on those elements of the transportation system within the

control of state and local planners under crisis relocation conditions.

A. Vehicles

A.l Overview of National and Local Systems - Vehicle
Inventories and Usage Patterns

A.l.l The “Top Down” Approach

A.l.l.l Vehicle Inventory. The U.S. Department of Transportation (DOT)

and the vaiious state departments of transportation publish a variety of

timely statistics describing transport vehicles and facilities throughout

the country. The DOT publicat ion Summary of National Transportation Sta-

contains national vehicle inventory data by mode, as well as other

transportation statistics. The U.S. vehicle inventory as of 1970 (Exhibit

11-1) on the following page is from the above publication . Data on auto-

mobile ownership by household at the state, city and county levels is con-

tam ed in the U.S. Census publication , 1970 U.S. Census of Housing: Housing

Characteristics for States, Cities and Counties!’~

A useful publication for the “top down” approach is the 1974 National

Transportation Report~
3 published by DOT. The study is useful in that a wide

body of data has been gathered together in a consistent format in one report.

The study has sections on highways, urban mass transportation, airport sys-

tems, marine terminals, and intercity bus , railway, and trucking terminals.

11— 1 
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EXHIBIT 11— 1

NUMBER OF VEHICLES , 1970

~ L±~~ 
-
~~~L’2 -~’4 -~ j

1~ O

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ I ~ 
~~C~L 

j

4
,
~~~~~ t.4~ zO I

~~~~~~~~ J ~~~~~~~~~~~~ I
~~~~~ 3US 1 J :~T~crr! 

‘~SSENGU31L.3S0 
____________ I

~~~~~~ L{~~~]

~:~2.3a3 38o 

••••••,•

~~~~~~~ ~~

,_•••_

~~~~~~~ 

:~~ c;~

[II3~1- -4 
_ _L__~ ~~~ J -

sour
~~~io r;~~n

o
i~ortatlon

~~~~~~J ~~~~~~~~~ ~yeq,artme,it of Transoor..

~~~~~~ ~~~~ . 
t t

4~rp

‘0? £~~L C ~0L:

11-2

_ _ _ _  _______ C -- 
,- ~~~~~~~~~ ~~~ :. -



5 - - -
~

_—
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

All modes are included, public as well as private. Data on vehicle inven-

tories and usage patterns are also included . These data are available for

each city in the United States with more than 50,000 residents in 1970, and

hence for most of the cities judged to be at risk in time of crisis. Appen-

dix Exhibit A.1-1 shows sample urban public transportation data from the

National Transportation Study; it can be seen that the exhibit provides data

on the city, bus route mileage, number and age of vehicles, average number

of seats, and other data useful for crisis relocation planning. Appendix

Table A.l-2, a summary of public transit vehicle availability, is also based

on the National Transportation Study.

The annual report Motor Truèk Facts,’~
4 published by the Motor Vehicle

Manufacturers Association , is a source of truck and trailer inventory infor-

mation. The Bureau of the Census publication 1972 Census of Transportation

Truck Inventory and Use Surve>~
5 provides detailed truck and trailer inventory

data for each state , including size, weight, body type, number of axles, and

type of fuel.

A .l.1.2 Vehicle Usage. Motor vehicle usage on the national level is

broadly summarized in Highway Statistics , 1974 ,~
k6 

published by DOT . Data is

provided on total vehicle miles traveled by all vehicles, and a breakdown by

personal vehicles, buses and cargo vehicles. Data is also provided on travel

by type of road and total fuel consumption (Table 11-1).

More detail on personal vehicle usage patterns is contained in Nationwide

Personal Transportation Study
A7 

published by DOT. Some of this data has been

summarized and presented in graphic form by the Motor Vehicle Manufacturers

11-3
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EXHIBIT 11-2

PASSENGER CAR USE

Average
Trip Length Avera ge

Percentag e Distribution One.Way Occupant s
Purpo se of Travel Trips Travel (Miles) Per Car 

—

Earn ing a liv ing:
To and from work 32.3% 34.1% 9.4 1.4
Business related to work 4.4 8.0 16.1 1.6

Tota l 36.7 42.1 10.2
Family business:

Medical and dental 1.7 1.6 8.4 2.1
Shopping 15.4 7.6 4.4 - 2.0
Other 14.1 10.3 6.5 1.9

Tota l 31.3 19.6 5.6

Educational , civic or religious 9.4 5.0 4.7 2.5
Social and recreationa l:

Vacations 0.1 2.6 - 160.0 3.4
Visit friends or relatives 9.1 12.2 12.0 2.2
Pleasure rides 1.4 3.1 20.0 2.7
Oth er 12.0 15.4 11.4 2.6

Tota l 22.6 33.4 13.1 2.5

All purposes 100.0% 100-0% 8.9 1.9

LENGTH OF TRIPS

Tr ip Length Vehicle ______________ _______________ ___________

(One -Way Miles) Trips Miles UNDER 5
MILES ~~~Under 5 54.1% 11.1% Lp~~~~ -

5-9 19.6 13.8
10.15 13.8 18.7
16- 20 4.3 9.1 5~ -21.30 4.0 11.8 MILES
31.40 1.6 6.6
41-50 0.8 4.3 ____________

51- 99 - .  1~O 7.6 10-20
100 and over 0.8 17.0 MILES 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~Total 100.0% 100.0% 
5-

21-50 U
MILES 

~~~~~~~~~~ ~

PERCENT OF TOTAL TRIPS 
OVER 50 ________

PERCENT OF VEHICL E MILES 20 40 60
PERCENT

SOURCE: US. Oepar~ment of Transportation , Federa Highway Administration , Nationwide Personal Transportation Study (1969). Reports
No. 1 and 7~
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Association of the United States, Inc .,  in 1973/74 Automobile Facts and

Figures A8 (see Exhibi t  11-2) .

Another publication containing much usefu l data on vehicle usage is

Urban Transportation Factbook A9 published by the American Ins t i tute  of Plan-

ners and Motor Vehicle Manufacturers Association of the United States. For

example, this publication contains data on tripmaking distiibution location,

purpose and mode, and average work-trip length for the 33 largest Standard

Metropolitan Statistical Areas (SMSA’s) in the United States. Included is a

comparison of population density and households without automobiles (Appendix

Exhibit A .1-3), and of public transit usage, population density, and automo-

bile ownership for the 33 largest SMSA’s. In addition , data is presented on

the usage of urban transport facilities by mode, and automobile availability

by multi-auto households.

A complete and detailed survey of intercity freight movement was carried

out by the U.S. Bureau of the Census in l967~~
10 

The survey includes nation-

wide ard state-level ton and ton-mile statistics on intercity freight move-

ments. The state-by-state survey provides commodity data by mode with a

breakdown of commodities by shipper group and class. A summary of U.S. in-

tercity freight movement by transport mode is shown in Table 11-2. The sur-

vey also provides data on the average distance of shipment and percent dis-

tribution weight by mode for shipper group and class. Similar data is also

summarized for the United States as a whole. The United States summary data

5hows the percent distribution of tons of shipments by type for geographic

divisions of origin and destination .

11-6
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TABLE 11-2

U.S.  INTERC ITY FREIGHT MOVEMENT BY MODE, 1967,
ALL SHIPPER GROUPS

(In ton s and ton miles)

VOLUME S h ARE OF M ILLIONS OF SHARE OF
TRANSPORT MODE TRANSPORTED TOTAL (%) TON MILES TOTAL (%)

(thousands
of tons)

Motor Carrier 369,402 26.7 % 99 ,812 14.7 %

Private Truck 190,892 13.8 29,197 4.3

Total Truck (Sub-Total) 560,294 40.5 129,009 19.0

Rail 454,460 32.8 249,869 36.8

Other 369,863 26.7 300,114 44.2

All Transport Modes 1,384 ,617 100.0 % 678 ,992 100.0 %

(Source: Reference A-b )

U
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The DOT publication Summary of National Transportation Statistics con-

tains useful data on U.S. freight movement. The annual issues of Motor
A4

Truck Facts, published by the Motor Vehicle Manufacturers Association ,

also has usefu l statistics on and graphic presentations of freight movement

and truck use.

Other sources of vehicle information are the National Assoc iation of

Motor Bus Operators, American Trucking Association, American Association

of Railroads , and the Interstate Commerce Commission .

A .l . 2  Bottom Up Approac h

A . l . 2 . l  Vehicle Inventories. At the county or city level , usefu l data

on vehicle inventories and current use may be obtained from interviews with

common carriers : bus , truck , taxi companies , and railroads. Information

on public transport buses and taxis is available on a city-by-city basis in

the 1974 National Transportation Study. Private carriers may also be helpful

sources of information, particularly the larger ones (e.g., oil companies,

wholesale or retail chains operating their own truck fleets).

Another valuable source.of information is the National Defense Transpor-

tation Association (NDTA) . Local representives of NDTA should be able to

furnish valuable data on vehicle inventories and other transportation infor-

mation. The NDTA is a non-profit organization dedicated to -transportation

preparedness, and is composed of volunteers drawn from privately-owned

transportation firms . The association presently has 100 chapters in the

United States and overseas, and a membership of over 12 ,000 . Its head- 

5-~~~~~~~~ .5-.i - - 5-,.. 5 - 5 - -~~~~. 5 - , 5 - - ..
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quarters are located in Washington , D.C .  Among the organi’ation ’s stated

objectives is the provision of active assistance to appropriate government

agencies engaged in transportation preparedness planning . Assistance is

offered in:

o Overall operational planning for emergencies , such as one-site
assistance programs ;

o Voluntary training ;
o Provision of inventory data on transportation resources , -

surveys and damage assessment ;
o Transportation of essential supplies and equipment from ware-

houses or other locations to relief centers and/or fallout
shel ters; and

o Transportation of civil defense personnel and emergency
assistance workers.

State highway department personnel , county and city planning departments ,

city traffic departments , local Chambers of Commerce, motor carriers asso-

ciations, county registrar’s offices , and regional DCPA personnel may also

be helpful in providing data on vehicle inventories or assisting in the

location of reports already published.

A . l .2 . l  Vehicle Usage. Automobile usage data for local areas may often

be obtained from already completed origin-destination surveys. In some cases ,

surveys have been carried out by cities , counties, or area government coun-

c i ls alone; in other cases , a study may have been conducted in cooperation

with the State Department of Transportation and/or the U.S. Department of

Transportation . Most of these studies were conducted in the middle-to-late-

six ties , but the citywide data on trip purposes and distance traveled may

s t i l l  be v a l i d .  The appropriate local departments of transportation or

planning will know of the existence of such surveys, and should be consulted

regarding any adjustments in travel patterns occuring since the survey data.

11-9 
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Data on public transit service may be included in a local or regional

survey of the type mentioned above. In addition, data on local public transit

usage may be obtained from public transit authorities or the companies them-

selves. The state, city,  or county departments of transportation or the NDTA

may also provide data on public transit usage.

Surveys, if available, are also a good source of information on local truck

movement. Another valuable source of information on local truck movement, of

course, is the public and private carriers themselves, especially the larger

common carriers and private companies with their own fleets (e.g., oil companies).

The following information should be sought in interviews with major common

or private carriers :

Transportation Equipment Inventory

Number of Tractors
Number of Trailers and Capacities
Miles per Gallon (loaded) -

Vehicle Range (miles per tank of gas)
Vehicle Down Times by Season (hours per day)
Average Loading Time (hours per truck)
Total Hours of Use by Season (hours per day)

Driver Information - - -

Number of Drivers
Regulatory Contraints on Driver Time
Sources of Emergency Drivers

Cargo Information

Total Volume per Year (ton-miles)
General Types of Cargo Carried (% critical , % not critical)

In general , state, city or county departments of transportation (or plan-

ning departments), the NDTA, and public or private carriers may be good sources

of information on vehicle usage and vehicle inventories.
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A .2  Vehicle Requirements for the Movement of People Under CRP Conditions

The major transportation demands posed by a crisis relocation strategy

include movement of evacuees out of the risk area; distribution of critical

supplies such as food and fuel; commuting of critical workers; support of

critical industries; and national defense. In this subsection , quantitative

estimates are developed of the vehicle support needed for the movement of

civilians during and after relocation. Traffic control measures and fuel-

ing needs are discussed in subsequent sections.

The chief demand for passenger transportation imposed by a crisis relo-

cation strategy is created by the evacuation itself. If sufficient vehicles

can be mobilized for the evacuation , vehicle shortages are not likely to

occur in commuting critical workers and supporting necessary movements

within and between host areas following relocation.

In most risk areas, the primary resource for relocation and return w ill

be “first automobile” -- the best vehicle available to those families with

one or more automobiles or other light vehicles . As indicated in Exhibit

2.3 of Volume I , about 80% of U .S .  households own one or more cars. In the

United States , there are more than 100 million automobiles to serve 214 mil-

lion people; thus, in theory, everyone could leave a risk area by automobile.

However , automobiles are not uniformly distributed among all segments of

society and among all cities or risk areas. In New York City, about 60 per-

cent of the households have automobiles , a relatively low share of the popu-

lation . It has been determined , however , that risk areas with a population

11—11
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of less than one million people exhibit some uniformity in availability of

automobiles, with 85-95% of households having one or more. The number of

person s in a risk area who may be assumed to leave by first auto may be

illustrated as follows :

Sample

1. Population (from Census) 450,000
2. Occupied dwelling units-ODU (from

Census) 130,000
3. Persons per ODU [(1)-f(2)J 3.46

4. ODU’ s with autos (from Census) 90%
5. Number (from Census) 117,000
6. Persons evacuating by first auto

[ (3) x(5) 1 405 ,000

Data on population and household automobile ownership by city and county is

available in the 1970 U.S. Census of Housing: Housing Characteristics for

. . . A2States, Cities and Counties.

From a planning standpoInt , other means of transportation must be

organized for the residents of those households without automobiles. Taking

15 percent as an ~ipper limit on the number of autoless citizens to be evacua-

ted in cities of under one million population, and 25 percent in cities of

one million and over, Table 11-3 indicates the mean number of round trips

per bus necessary to evacuate cities of various sizes, assuming intraurban

buses are used and that they are 75% full on the average.

Although the stratified estimates of autoless residents in Table 11-3

are somewhat arbitrary, a consideration of the vehicle trips required to evac-

uate these residents indicates that the urban bus fleet alone is likely to be

11-12
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TABLE 11-3

ESTIMATES OF URBAN BUS TRIPS
NECESSARY TO RELOCATE AIJTOLESS RESIDENTS

URBANIZED AREA POPULATION CLASSIFICATIONS
__________ _________ 

(THOUSANDS ~
2,000 1,000 ~ 500 ~ 250 ~ 100 ~ SO ~ Total ,
and under under under under under all

__________________ over 2,000 1,000 500 250 100 areas

POPU LATION
INFORMAT ION :
No. of Areas 10 13 29 40 80 69 241

Total Population
( thousands)  59 , 309 18 ,041 20,097 13,120 12 ,417 5,205 128,189

BUS INFORMATION :

No. of Buses 26,680 6,992 5,768 3,186 2 ,666 909 46,201

Average Seats/ 47.6 48.7 45.7 43.5 38.7 35.4 46.4
Bus -

Estimated No. of
Autoless
Res iden ts 14 ,827 4,510 3,014 1,968 1,862 781 26,962

No. of Urban bus
Trips to eval-
uate autoless
Residents 16 18 15 19 24 32 17
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inadequate to the relocation task . The number of school buses , however , is

nearly five times the number of urban buses. If these buses were brought

into play, an all-bus evacuation of autoless residents would appear to be

possible in many cities. On a nationwide basis , the seating capac ity of

school buses added to the seating capacity of urban buses would be suff icient

to evacuate the 27 million autoless residents identified in Table II-3 in

slightly over four trips, assuming buses were 75 percent full on the aver-

age (this allows for some baggage). In many cities, the local fleet of school

buses and public buses could be augmented by intercity and tour buses with a

greater capacity for carrying both baggage and passengers - - thereby reducing

the number of trips required of each bus. To the extent possible, urban buses

should attempt to provide scheduled service at reduced holiday frequencies

during the first two days of the relocation period . This policy would free

approximately half of the fleet for evacuation runs without depriving the

transit-dependent of their accustomed means of transportation . On the third

day of relocation, all buses should be dedicated to the evacuation process.

To improve bus fleet utilization during relocation , those autoless residents

relocated during the first day of evacuation should be taken to reception cen-

ters near the risk area.

Although the average risk area may expect to have sufficient buses

available locally to transport its autoless residents, some localities wi l l

have to supplement the bus fleet with other vehicles; this is particularly true

in the larger East Coast cities , where the proportion of autoless residents is

the highest . The following subsection discusses the relative advantages and

disadvantages of the various vehicles that might be employed in the evacuation

process.
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A . 2 . l  Advantages and Disadvantages of Alternat ive Evacuation Vehicles

Exhibit 11-3 summarizes the relative advantages and disadvantages of the

various surface vehicles that might be employed in the evacuation process.

An approximate hierarchy of vehicle desirability appears below:

1. First automobiles;

2 . Buses ;

3. Rail passenger cars;

4. Second automobiles;

5. Heavy trucks; and

6. Rail freight cars.

The “first” automobile is the clear first choice for the evacuation process.

These private vehicles will be supplemented in a variety of ways in differ-

ent risk areas. In most cases, transportation for the autoless will be pro-

vided by a combined fleet of school buses, local urban buses, and tour buses.

Intercity buses should continue along their scheduled routes, debarking

passengers in host areas and picking up passengers in risk areas, until pre-

selected risk areas in great need of additional buses are reached. These

risk areas will generally be the larger cities serving as layover points

for the intercity bus fleet.

In those few instances in which frequent rail passenger service exists

and sufficient cars are available, this mode should be used to the fullest

extent. Where buses and rail passenger transport are inadequate, the vast

storage of “second” automobiles might be employed in the evacuation process,
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pending the availability of drivers and road capacity . Slightly under half

of the nation ’s supply of trucks and more than half its boxcars should be

available for passenger transportation in instances of extreme vehicle short-

ages.

Alternatives for controlling the use of vehicles following relocation

are addressed in the Section C.3 discussion of fuel conservation measures.

A .3 Vehicle Requirements for Cargo Movement Under CRP Conditions (Guidelines)

A .3.l Intercity Freight Movement

A summary of U.S. intercity freight movemen t by mode under normal con-

ditions is shown in Table 11-2. It is assumed that under crisis conditions,

only essential cargo will move on the normal intercity transportation network .

An evaluation of cargo movement by mode on an intercity and local basis under

both normal and crisis conditions should be carried out by the crisis reloca-

tion planner. A comparison of normal and crisis intercity freight movement

may be made by comparing - -  on a commodity-by-commodity basis -- goods carried

under normal and crisis conditions based on a national essential industries

list or other similar list. In an attempt to estimate the magnitude of non-

essential cargo movement, several studies were reviewed. The list of essential

industries primarily used for guidance in this study was that contained in the

Institute of Defense Analysis (IDA) publication , “Analysis and Identification

A-i l  -of Nationally Essential Industries.” The IDA Nationally Essential Indus-

tries list was developed from the Stanford Industrial Classification (SIC)

code numbers (See Appendix A .l-4). The following groups of commodi ties and

industries have been included in the Essential Industries category as a basis

for distinguishing between essential and non-essential commodities for inter-

city freight movement priority selection :

11-1 8 

-,- -—~~~~~~~~~~ 
-- -..—- . ~~~~~~ ~~~~~~~~~~~~~~~ 

---
~ 

-



o All industrial sectors related to the production of food.

There are certain exceptions, notably production of foods

with little nutritional value (e.g., candy, carbonated sof t

drinks). —

o All energy producing industries (electric power, generating

facilities, petroleum refineries).

o Pulp and paper mills and selected paper products.

o Chemicals , pharmeceutical preparations, biological products,

medical chemicals and botanical products, soaps and detergents,

fertilizers, agricultural pesticides and chemicals.

0 Tires and inner tubes , rubber and plastic hosing and belting.

0 Glass containers.

0 Basic steel and steel pipe.
0 Selected hand tools.

o Far-rn machinery and equipment, construction machinery and equip-

ment, selected power tools.

° Health supplies and equipment.

° Transport facilities, communications facilities, energy trans-

mission and distribution.

Based on an evaluation of the IDA detailed listing of Nationally

Essential Industries, the commodities listed (according to shipper group

and class) in the Census of Transportation, 1967 Commodity Survey,MO were

classified as essential or non-essential. In some cases, it was necessary

to split shipper groups into individual classes to make the appropriate

classifications of essential and non-essential products.
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Based on the procedure described abov e, it was determined that approx-

iniately 63.3 percent of the intercity truck tonnage and 69.4 percent of the

intercity rail tonnage consisted of essential cargo , as shown in Table 11-4.

In obtaining these figures , it is assumed that all essential industries w i l l

operate at normal capacity , even under crisis conditions. An alternative

assumptions was made that some of the critical industries would be operating

at capacity and some at 60 percent capacity. The results of this analysis

are also shown in Table 11-4.

A .3 . l.l  Disposition of Essential Intercity Shipments. Exhibit 11-4

outlines basic rules for the disposition of intercity cargo vehicles under

crisis relocation conditions. Drivers carrying essential intercity cargo

destined for a risk area should proceed to deliver the cargo to its destina-

tion if they are wi th in  that risk area at the time the relocation is ordered.

They should then contact their system dispatcher for their next assignment.

The dispatcher should be in communication with the motor transport coordina-

tor of the transport agency responsible for coordinating risk-area cargo

movement during the relocation . If no reassignment is inunediately forthcoming,

the driver should refuel and take his vehicle to the nearest host-area truckstop

to await reassignment. Under no circumstances should a driver attempt to lay

over within a risk area, even if that risk area contains his own home terminal.

Intercity drivers carrying essential shipments destined for risk areas

who are outside that risk area at the time of relocation should contact their

dispatcher  immediatel y for information regard ing poss ible reass ignment or
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EXHIBI’!’ 11—4
L)ISPOSITION OF INTERCITY CARGO VEHICLES

UN D ER CRISI S RELOCATION CONDITIONS

~ ‘1’ Deliver cargo; con- Deliver cargo , rerout-

l~~
l
~~~t j O f l  ESSENTIAL GOODS~ ~~ tact dispatcher for ing as necessary to

reassi gnment avoid intervening risk
_~~~~ ~~~~~~~~~~~~~~ —~~-- 

__________________________
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• • • •:•‘.....~~~~~~~

•

\
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\ ehiLlL 
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~~~~ 
~~~~~~~~~~ 

~~~~~~~

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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veiung r isk a:c~ s and report in
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~~~~~~~~ ~~~~~~~~~~~~~~ 
______ 

:;~;o
.
c~~

C
d to

host area truckstop ~
report in

\uhi cle - 
- 

, — _________________________

Location ~~~~ - , .

~~~~~~~~~ 
Contact dispatcher. If as-

________ - -: - ~~~ “P~ signment to pick up essen-
- - - ‘

~I~1j ~~ 
tial cargo in risk area is

Risk - 
~~~~~~~~~~~~~~~~~~~~ 

not immediately forthcom-

Arei 
- 

- 
- 

~~~~~~~~~~~~~~~~~~~ 
ing; refuel in risk area

- I - - 
- .) 

- ~ proceed to nearest host
- - ~~~• - area truckstop

‘4., ~~~~~ 
4 4 1  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- 
- ;_ ,  Contact dispatcher. If
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~~~~~

- 
~~~~~~~~ not immediately reassigne

Host 
- - 

~ 
-
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area truckstop
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rerouting of that cargo . Delivery of most essential shipments should proceed

as expeditiously as poss ible. In some cases , however, shipments may be re-

assigned from risk areas to host areas, or it may be necessary to reroute

traffic around intervening risk areas.

Drivers with essential cargo destined for host-area locations should

procee~l to deliver that cargo , rerouting as necessary to avoid passing through

intervening risk areas. Intercity drivers with empty vans laying over in risk

areas at the time of relocation should contact their dispatchers and, if an

immediat e assignment to pick up an essential cargo within the risk area is

not forthcoming, refuel and proceed to the nearest host-area truckstop to

await reassi gnment.

A .3 . l .2  Disposition of Non-Essential Intercity Shipments. No shipments

of non-essential goods should be initiated once the relocation order is given .

Of those shipments on the road at the time the order is given, the only non-

essential shipments to be delivered should be those destined for host areas

and those already inside that risk area which serves as their final destination .

Al l other drivers hauling non-essential goods should proceed to the nearest host-

area truckstop and report to their dispatcher. There the trailer and its cargo

will generally be stored while the driver and power unit may be reassigned to

supplement loca l or intercity transportation requirements. In some emergency

situations, the cargo may be off-loaded to free the entire vehicle, but such

instances will presumably be rare during the relocation period, as few short-

ages of intercity carriers are anticipated, and only an estimated 10 percent

of a l l  t ruckstops have warehouse fac i l i t ies  on-site.
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TABLE 11-5

PERCENTAGE DISTR IBUTION OF TRUCK TRIPS PER DAY
BY COMMODITY AND TRUCK CLASS IN URBAN AREAS

COMMODITY GROUP LIGHT MEDIUM HEAVY TOTAL
‘NORMAL CONDITIONS”

PRODUCTS

Food and Farm Products 23.1 44.7 12,6 28.2
Pulp and Paper Products 1.6 2.0 2.7 1.7
Chemicals , Petroleum, Coal 3.4 6.7 12.0 4.6

Manufactured Items 16.2 12.3 20.0 15.1

Scrap and Waste 0.9 8.5 14.0 3.5

Subtotal 45.2 74.2 61.3 53.1

TOOLS, EQUIPMENT, MISC . 28.2 12.6 12.2 22.7

EMPTY 26.6 13.2 26.5 24.2

ALL COMMODITIES 100.0 100.0 100.0 100.0

CRISIS CONDITIONS
PRODUCTS

Food and Farm Products 23.1 44.7 12.6 28.2

Pulp and Paper Products 1.6 - 2.0 2 .7  1.7

Chemicals , Petroleum , Coal 3.4 6.7 12.0 4.6

Manufactured Items 0 0 0 0

Scrap and Waste 0.9 8.5 14.0 3.5

Subtotal 
- 

29.0 61..9 41.3 - 38.0

TOOLS , EQU I PMENT , MISC .1 8.3 3.7 3.6 6.8

EMPTY 2 6.9 3.7 6.9 6.0

44.2 69.3 51.8 50.8

NOTE: 1) Estimated to be 30% of “Normal” -

2) Estimated to be 25% of “Normal”

Sources: Motor Trucks in the Metropolis, Wilbur Smith and Associates, New Haven
Connecticut, under Commission from the Automobile Manufacturers Association,
August 1969, pp. 42 and 184.

SYSTAN analysis
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A .3.2 Urban Freight Hovement

If data on urban truck trips or vehicle-miles is available , it may

be used, along with cargo vehicle inven tory data, to calculate cargo

movement within the city (risk area) under “normal” and crisis reloca-

tion . This may be done as illustrated in Table 11-S. If data is avail-

able in the detail shown in Table 11-5 , it will be possible to estimate

goods carried and excess capacity under “normal” and crisis relocation

conditions. In the event that cargo trip data is not avai lable for a

given risk and host area, data obtained in studies of other cities may

prove useful. Table TI-S shows the percentage of truck trips by commodity

and truck class in eleven urban areas. The first part of the table shows

truck trips under normal conditions, and the second shows truck trips

under crisis conditions. The second part of the table shows that the

total volume of commodities handled (or trips) within the risk area could

be reduced by an estimated 50 percent. Estimates of essential cargo or

product categories were based on the local vital facilities analysis and

lists of the Institute for Defense Analysis discussed above.~~
U1 l2 In

brief, local essential industries and products have been defined as those

which input to the production of food , certain wholesale functions pertain-

ing to the distribution of food, drugs and other vital items, those pro-

ducing energy (e.g., petroleum refining), transport, communications ,

electri c power, gas and sanitary services, certain paper industries, chem-

icals (fertilizers and medicines), and motor vehicles and accessories. Of

course , what might be classified as a local vital facility in one area may

not exist in another. For example , the manufacturing of transport equip-

ment may be a major activity in one risk area and a minor or non-existent
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one in another. Such information may be obtained from the Census of

Manufacturing,10 which provides manufacturing data on a state and county

level for the United States. Table 11-6 provides a summary comparison of

intercity and urban freight movement under normal and crisis relocation

conditions . The foregoing discuss ion relates calculations of volume of

cargo carried and capacity available before relocation and after reloca-

tion . (Ii~ this study, the volume for the “during relocation” period was

assumed to be the average of that before and after relocation.)

A.3.3 Hovement of Critical Vehicles and Assembly of Parts

Inventories in the Host Area During Crisis Relocation

A .3.3.1 Movement of Critical Vehicles. Earlier studies have disclosed

that much of the critical rolling stock, such as switch engines and debris-

removal equipment, in the risk area at the time of an attack were damaged

or inaccessible due to debris blockage in the immediate postattack period.

Due to their concentration in rai lroad classification yards , switch engines
• will have a lower survival rate than line locomotives and freight-cars.

Swit1~h engines, as well as debris-removal and track repair equipment , wi ll

be urgently needed in the postattack period, and plans should therefore be

made to move as much of this equipment as possible out of the risk area

during the crisis relocation period without disrupting the orderly flow

of necessary work. Interviews with railroad officials should be undertaken

to determine (1) average level rolling stock in the yards at any one

time, (2) probable rolling stock to be moved out during the crisis relo-

cation period, and (3) suitable host area locations for siting critical

rolling stock. The latter item will be discussed further in Subsection B

(Roads). In addition, specialized motor vehicles (e.g., ambulances , dump
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trucks , and debris removal equipment, should be moved to the host area

during relocation to the extent that this is possible without disrupting

risk area operations; similar planning procedures should be applied in

the case of these vehicles .

A .3.3.2 Assembly of Parts Inventories in Host Areas. Locomotive

spare parts and maintenance manuals should also be moved to the host area

during the crisis relocation period. Parts for trucks and other critical

motor vehicles should also be moved to the host area . Information on pro-

bable availability of railroad freight-cars during a crisis relocation

period can be obtained from railroad officials; the probable availability ,

of course , w i l l  va ry from one risk area to another. Cargo vehicles gen-

eral ly  have excess outbound capacity, and can readily carry vehicle parts

and other c r i t ica l  items . I dentif ying which types of parts should be moved ,

locating them , est imating the quanti t ies involved and arranging for their

transfer should also be part of the planning process and included in the

Transportation Annex.

A .3 .4  Increased Transp~ortation System Stress

Under crisis relocation condit ions, intercity freight movements via both

truck and rail should follow normal patterns as closely as possible, except

that shipments should be l imited to critical commodities. As discussed

above , this should result in a savings of roughly 40% of normal intercity

truck movements and 60% of normal intercity rail movements. Local distribu-

tion pattern s wi l l  be similarly limited to the movement of critical commo-

d .i t i e s . In t h i s  case , the to ta l  number of commodi t ies  handled  w i t h i n  the  r i sk

area w i l l  he reduced by an es t imated 50% , hut the d is tance  traversed in moving
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TABLE 11-6

SUMMARY OF CARGO MOVEMENTS
UNDER NORMAL AND CRISIS CONDITION

CRISIS CONDITIONS ASU.S. INTERCITY TRUCK FREIGHT MOVEMENTS PERCENT OF NORMA L CONDITIONS(millions of ton miles per year; natió~wide)

NORMAL.. CONDITIONS 128,693

62.1%
CRISIS CONDITIONS 79,908

U.S.  INTERCITY RAIL FREIG}IT MOVEMENTS
(millions of ton miles per year; nationwide)

NORMAL CONDITIONS 250,126

41.0%
CRISIS CONDITIONS 102,561

URBAN TRUCK TRIPS
~Thousand~ of trips per day; eleven composite cities)

NORMAL CONDITIONS 913.9 
-

- 
5 1.0%

CRISIS CONDITIONS 465.7
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such critical supplies as food and fuel from the risk to the host areas

will be significantly increased. Thus, the transportation stress imposed by

a crisis relocation strategy upon the freight transportation system will pri-

marily be borne by local distribut ion trucks. The distance traversed by

these trucks in proceed ing from risk area warehouses and storage terminals

to host area distribution points w ill increase considerably over the distance

normally traveled in local distribution within the risk area.

Past studies of critica l goods movement under crisis relocation condi-

tions~~~
’3 ’ 14 have led to the development of mathematical models capable of

providing more precise estimates of the increase in local truck travel imposed

by a strategy of crisis relocation . These models have been used to estimate

the increases in vehicle mileage and time imposed on the food distribution

system by crisis relocations in several cities and states. The results of

-
, this  work , documented in detail  in an earlier SYSTAN study ,~~

’3 are summarized

in Table 11-7.

As defined in Table 11-7 , the transportation stress factor estimated

using the network model represents the ratio of the vehicle mileage required

to support crisis relocation to the vehicle mileage incurred under norma l

operating conditions . Thus , a stress factor of 1.50 reflects a 50% increase

in vehicle mileage under crisis relocation conditions. Table 11-7 shows that

the regionwide transportation stress factor exceeds 2.0 (i.e., vehicle mileage

requirements double) in the case of only one of the five regions studied .

In this single case , which encompassed the State of Colorado , long evacuation
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TABLE 11-7

COMPAR ISON OF LOCAL TRANSPORTATION STRESS FACTORS FOR
THE FOOD DISTRI BUTION SYSTEMS OF FIVE AREAS

REGION OR LOCATION OF MAJOR VEHICLE MILEAGE STRESS FACTORS
METROPOLITAN AREA FOOD WHOLESALERS Total Least Stressed Least Stressed

__________________ 

Region Wholesaler Wholesaler

Detroit Detroit 1.92 1.20 2.62

San Jose San Francisco ,
Oakland 1.18 1.11 1.56

Richmond Richmond,
Washington , D.C.  1.50 1.07 1.92

Colorado Springs Denver, Pueblo 1.75 1.58 2.92

State of Colorado Denver , Pueblo ,
Grand Junction 3.04 1.46 7.45

NOTE : Transportation Stress Factor =

Vehicle -Mileage Under Crisis Relocation Conditions
Normal Vehicle Mileage •

Source: Reference A-l3
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distances coupled with a heavy concentration of normal business in the Denver

metropolitan area caused vehicle mileage requirements to triple under crisis

relocation conditions.

Table I I -7  also displays the transportation stress factors associated

with the individual wholesalers undergoing minimum and maximum stress in each

of the study areas. In general, the greatest transportation stress was imposed

on wholesalers serving a heavy concentration of risk area retail outlets,

while wholesalers whose normal range of operation encompassed host area re-

tail outlets experienced minimum amounts of stress.

A .3.5 Alternative Measures to Ease Transportation Stress

A- 13 ,l4 15 . .A s part of earlier studies, distribution managers for major

food wholesalers serving each of the areas indicated in Table 11-7 were inter-

viewed at some length regarding potential measures that might be employed to

ease the transportation stress imposed on the food distribution system by a

crisis  relocation . Similar  interview s were carried out in the case of motor

fuel distributors serving Colorado Springs . Most of the distribution managers

interviewed felt that the vehicle mileage covered by their truck fleets in

making local deliveries could be doubled under emergency conditions; addi-

tional increases would require additional equipment. The larger food dis-

tributors interviewed indicated a willingness to lease additional equipment

in time of emergency. This is their current practice when demand surges

render their truck fleets inadequate. Many gasoline distributors rely heav-

ily upon public carriers under normal circumstances and would follow this

11-31 —

rn -• - •~~~~~~~~~~ ~~ • - - - 
~

• ---~~~~—



strategy instinctively during an emergency. Additional strategies

for increasing truck and driver productivity include :

(A) RELAXING REGULATORY CONSTRAINTS

i. Relaxing union and DOT driver restrictions

ii. Ignoring over-the-road weigh t limitations

(B) IMPROVING UTILIZATION OF EXISTING EQUIPMENT

i. Relaxing maintenance requirements

ii . ~1inimizing down-time

iii. Shipping only full-pallet loads

of commodities

iv. Eliminat ing light loads

v. Shipping only necessary commodities

(C) OBTAINING ADDITIONA L EQU I PMENT AND DRIVERS

i. Leasing equipment

ii. Using in-coming equipment from manufacturers

iii. Commandeering additional drivers and equip-

ment from less critical sectors of the

economy

Each of these strategies, which were originally proposed in SYSTAN’s study

of food distributiort,
A_ l3 is discussed briefly in the following paragraphs.
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(A) RELAXING REGULATORY CONSTRAINTS. Most distribution chiefs inter-

viewed felt that the availability of trained drivers would he a more impor-

tant consideration under conditions of crisis relocation than the availabil-

ity of trucks and trailers. Union regulations vary throughout the country,

but they generally follow Department of Transportat ion guidelines, which

currently restrict drivers to ten hours of driving in a fifteen-hour tour

of duty. Relaxation of these rules would ease the problem of supplying

evacuees slightly. However, safety consideratiuns clearly limit the amount

of additional driving t ime that might be attempted within a single tour of

duty. Thus, twelve hours of driving during a single sixteen-hour tour of

duty might represent an acceptable extension of the current limits, but no

driver should attempt to drive for the full tour of duty.

Relaxation of current regulatory restrictions would also ease the task

of scheduling drivers on the longer runs required under crisis relocation

conditions. Even assuming that restrictions are relaxed, additional drivers

will undoubtedly have to be obtain ed from local Teamsters unions if the num-

ber of vehicle—miles needed to supply the populat ion doubles (i.e., if the

transportation stress factor approaches 2). One executive estimated that a

doubling of truck mileage could only be achieved by a 33 percent increase

in drivers, even assuming that union regulations were relaxed .

Many states impose weight limitations on trucks traversing the state’s

highways. The waiving of these limits under crisis relocation conditions

11-33

—-

~

- - -

~

-

~

-

~

—-  -• - — - -~ ----•-•-•-•-••-•- • • - - - - - •-~~ ~~~~~ - - - -• - -



— -—-—-—•- •-------~~~~~~~
-
~—w—~..—— —,.—— --- • -- - -~

-- _ - • - - •  -

would improve vehicle utilization. Since weight limits vary from state to

state and many full truckloads of food do not approach these limits, it is

difficult to assess the extent of this improvement. The actual increase

in shipment weight resulting from the relaxation of weight restrictions de-

pends both on truck size and on product density. However, it is unlikely

that the increase in allowed shipeent weight would represent more than 25%

of the original load. In general, moreover, the density of food products is

such that only truckloads of certain dry groceries might be increased by a

relaxation of weight limitations. Since dry groceries comprise 31% of all

truckloads shipped by food wholesalers, an upper limit on the overall im-

provement in truck utilization likely to result from a relaxation of weight

restrictions is 7.8% (a 25% improvement in 31% of the cases). Relaxation

of weight restrictions is not likely to effect significant inprovements in

the efficiency of tank truck utilization for fuel movement.

(B) IMPROVING ThE UTILIZATION OF EXISTING EQUIPMENT. Most company

executives interviewed felt  that their existing equipment was under-utilized

and that elimination of slack in the current vehicle schedules would permit

a doubling of vehicle mileage under emergency conditions. One company, for

example, reported that its trucks are currently on the road 57 hours per week

(averaging 37,000 miles per year per truck). Allowing 52 hours for mainten-

ance, loading and servicing, some 59 hours per week (35% of available time--

not atypical in the food industry) would remain for extending service to

stores in areas hosting evacuees. Many tank trucks are limited to 12-hour

operations under normal working conditions by the need to make fuel deliveries

when gasoline stations are open and attended . Utilization of these trucks

could be doubled under emergency conditions by arranging for unattended deli-

veries. 
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Additional vehicle hours could be realized by cutting back on maintenance

procedures , but it was estimated that full fleet utilization would not be pos~

sihle for more than two weeks if maintenance procedures were reduced . Thus,

the duration of the evacuation crisis would be an important consideration .

Vehicle productivity may also be improved somewhat by reducing the time

required to load trucks for local delivery . Loading times reported by food

• industry personnel ranged from 1-1/2 hours (a four-man crew loading a 40,000#

truck destined for a single large retail outlet) to 3-1/2 hours (a three-man

crew load ing a 40,000# truck destined for many small retail outlets). Since

brand sensit ivi ty should be minimal under conditions of cr is is relocation,

the time spent at the loading dock should be considerably reduced under these

conditions. Food warehouse supervisors es timated that if they could load a

truck directly with pallet loads of different items , loading times might be

reduced to 1/2 hour per trai ler , a savings of from one to three hours over

normal operating procedures. Loading and unloading times for large tank

trucks are roughly one hour , and few improvements appear possible. Some

efficiencies could bt- realized by eliminating brand and product distinctions ,

but this may be an undesirable action in the case of motor fuel products.

• Another means of improving vehicle utilization under emergency conditions

— is to ship only essential items. Every retail grocery store carries many

items which would not be required for survival under crisis relocation condi-

tions . The identification of non-essential items is not simply a matter of

separating food and non-food items and shipping only food items to host area

outlets. While some non-food items carried by grocers are clearly not essen-

tial to survival (i.e., toys , hair spray, and tobacco products), many others
I I_ 35
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in this classification will contribute significantly to the well-being of

the evacuated populat ion ( i . e . ,  asp irin , toilet tissue , and detergents).

• By the same token , not all  food items contribute significantly to the nutri-

t i ona l  we l l -be ing  of the population .

Exhibit TI-S contains suggested shipping guidelines for reducing non-

essential grocery shipments under crisis relocation conditions. These guide-

lines were prepared by scanning the categories in the grocery order book of a

large independent wholesale grocer and identifying those food items which

~iuld contribute to the emergency consumption standards established by the

United States Department of Agriculture, as well as those non-food items

which would contribute to the health, comfort, and well-being of the evac-

uees. The items classified as non—essential in Exhibit 11-4 represent an

est imated 15 percent (by volume) of the supplies normally delivered to re-

tail food outlets. Some additional savings could be realized by eliminating

certain of the less useful items within the major categories identified for

shipme’-’.t and by shipping the larger sizes of products packaged in different

weight categories. In. the event that vehicle- availability is not a- critical

factor in a specific area, certain of the non—critical items (i.e., coffee,

tea, soft drinks) identified in Exhibit 11-S should be shipped to the host

area to help improve the morale of the relocatees.

(C) OBTAINING ADDITI~i4AL EQUIPMENT AND DRIVERS. One obvious means of

coping with the transportation stress imposed on the local food and fuel dis- :1

tribution systems by a crisis relocation strategy is to secure the use of

drivers and equipment from other , less critical sectors of the distribution
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EXUIBIT LI— S

SUGGESTED SHIPPING GUIDELINES FOR GROCERY WHOLESALERS

SUPPLYING HOST AREA RETAIL OUTLETS

CATEGORY SHIP RETAIN

Meat All items

Produce All items

Dairy products All items

Frozen foods All items , as host area storage
space permits

Bakery goods All items 
________________________

Dry groceries Baby Foods; Baking Mixes; Baking Beer, Wine ~ Ale;
Needs; Candy; Cereals; Cocoa; Cigarettes; Coffee; •1Condiments; Cookies , Crackers Gum; Household Supplies

~ Bread Products; Desserts; Diet (Furniture Polish , Shoe
Foods; Fish (Canned ~ Dri ed) ; Polish , Air Fresheners ,
Flour; Fruit (Canned ~ Dried); Floor Wax); Snacks;
Household Cleaning Compounds; Soft Drinks ; Tea.
Jams , Jellies ~ Spreads; Juices
~ Juice Drinks ; Laundry supplies ; (Note: If vehicle
Macaroni Products ; Meat Products; availability is not
Mi lk (Canned ~ Dried); Paper Pro- 

cri tical , certain of
ducts; Pet Foods; Prepared Foods ; the above items (i.e.,
Salad Dressings; Salt, Seasonings ; coffee , tea, sof t drinks)
Shortenings ~ Oils ; Soaps , Deter- may be shipped as morale
gents ~ Disi.nfectants; Soup; boosters.)
Sugar; Syrups ~ Molasses; Vege-
tables (Canned ~ Dried).

General Merchandise Batteries; Flashlights; Light Stationery ~ School
Bulbs; Anti-Freeze; Motor Oil; Supplies ; Lighter
Twine; Sponges; Brushes; Candles ; Fluid; Turpentine;
charcoal ~ Charcoal Lighters ; Housewares; Lighting
Outdoor Equipment. Accessories; Sunglasses ;

Toys; Grass Seed ; Pet
Supplies ; Soft Goods
(Hosiery, Gloves , Etc.)-.

Health e, Beauty Aspirin; Baby Needs ; First Aid Cosmetics ; Hair Care
Aids Items ; Oral Hygiene Products; Needs; Shaving Needs;

Proprietary Remedies ; Deodorants. Skin Care Aids.
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community. This approach is currently practiced on a small scale by most

‘- food distributors , who typically lease additional equipment when demand surges

render their truck fleets inadequate. On a larger scale, many fuel distribu-

tors rely entirely on the services of leased tank cars. Under emergency con-

ditions , additional vehicles and dr ivers for the movement of food and other

critical products might be obtained from the household moving indus try and

from manufacturing firms shutting down for the duration of the crisis. In

addition, trucks and drivers making deliveries from food manufacturers to

wholesale distribution warehouses mi ght be induced to make local shipmen ts

from the warehouse to the hos t area as part of their return j ourney to the

manufacturer. Many manufacturers currently arrange to have their trucks back-

haul other commodities on the return journey as a matter of course , so the

use of these trucks in local food or fuel shipments would require an assess-

ment of relative shipment priorities.

Since distribution managers in both the food and fuel industries agree

that existing equipment is not used to capacity, it is- necessary to estimate

the additional usage that may be obtained from this equipment before additional

drivers and equipment are obtained from other sectors of the economy. Table

11-8 lists the estimated range of increases in driver and vehicle productivity

associated with each of the labor- and equipment-saving measures proposed in

this section. Ranges are listed for both food trucks and fuel trucks; some

of the proposed measures would have the effect of increasing vehicle produc-

tivity (i.e., relaxing maintenance requirements) while other measures (i.e.,

relaxing union and DOT restrictions) would primarily increase driver produc-

tirity; still others (i.e., relaxing weight limitations) would improve both

driver and vehicle productivity. Table 11-8 shows the average potential in-
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crease in driver productivity for food trucks is 51%, while the average in-

crease in productivity possible for existing food transportation vehicles

is 112.5%. This figure could range from 76% to 149%, depending primar ily on

existing vehicle downtime . Potential productivity increases are sligh t ly

less pronounced for fuel trucks, and depend primarily upon the relative num-

ber of trucks currently in service twenty hours per day, as opposed to more

common ten- and twelve-hour operating spans . This varies from company to

company.

Exhibit 11-6 charts the rough results of Table 11-8 as a function of

different transportation stress factors. On the average, a transportation

stress factor of 2.5 for food deliveries (i.e., a 1S0% increase in vehicle

mileage) would require an inf lux of 18% more vehicles and 71% more drivers

from other sectors of the economy . A doub1ii~ of local fuel truck mi leage

( i . e . ,  a transportation stress factor of 2) would require , on the average,

an 8~, increase in vehicles and a 63% increase in drivers. These estimates

a llo ,~ for no at tr i t ion in the existing driver force in the face of emergenc ies ,

and assume that the 1er~gth of the crisis relocation period will be relatively

short (one to two weeks). Although Exhibit 11-6 was prepared from rough esti-

mates of the likely impact of various measures for improving distribution

system productivity, it confirms two of the major intuitive observations of

distr ibution managers regarding emergency operations under crisis relocation

conditions: -

(I) Driver availability is likely to be more critical than vehicle
availability; that is, more additional drivers than vehicles
are required to meet a specified increase in vehicle mileage.

(2) The existing distribution system can support a doubling of vehicle
miles for short periods without requiring additional equipment .
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Exhibit 11-6: RANGE OF ADDITIONAL DRIVERS AND EQUIPMENT
ASSOCIATED WITH TRANSPORTATION STRESS FACTORS
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A .4  Probable Postattack Situation

Vehicle availabili ty is not expected to be a l imit ing factor on

the movement of goods and people following an attack. In one local

study , more than twice as many trucks , buses and locomotives were expect-

ed to survive an attack follow ing a crisis relocation strategy as were

l ike ly  to survive under a strategy of in-place protection . To the extent

possible , such critical vehicles as debris-removal equipment, switching

locomotives , and dump trucks should be moved to the host area as part of

the relocation effort , along with a supply of spare parts and maintenance

manuals for all  vehicles .

The most critical prob lem with transportation equipment under a

crisis relocation strategy is likely to be one of organization and coor-

dination. This is expected to be especially true following an at tack.

Although the surviving vehicle supply is expected to be more than ade-

quate for carrying essential supplies , clear lines of authority and

advance planning will be needed to ensure that the vehicles are in the

ri gh t place at the ri ght time with the ri ght orders.
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B. ROAD AND RAIL NETWORK CAPACITY

B.l Sources of Information

B.1.l Top Down Approach. At the Federal level , there are several stu-

dies providing useful guidance on highway development and planning. The

Highway Capaci ty Manual ,~~ prepared by the Highway Research Board of the

National Academy of Sciences, contains guidance data on highway design,

capac ity, traffic control and operations, and traffic measurements. The

manual also contains a number of case problems and solutions illustrating

the princ iples outlined.

B2The 1974 National Transportation Report, prepared by the U.S. Depart-

ment of Transportation (DOT) , is another useful document providing data on

state and local plans and programs , mileage trends and projections by mode,

intercity and rural transport development, and various public and private

transport statistics. Additional relevant Federal publications are shown

in the Bibliography of this report.

At the state and local levels, a number of planning studies are regularly

published on current and projected traffic flow patterns, sufficiency rat-

ings, and highway needs. Sometimes state or regional agencies prepare high-

way planning documents individually, but often such studies are prepared in

conj unction with DOT. The Colorado Traffic Volume Study, 1972
B3 was prepared

by the Colorado State Department of Highways, Planning and Research Division,

in cooperation with the Federal Highway Administration (FHWA ) of DOT. This

study shows total traffic volumes by highway section during a 24-hour period ,

20-year expansion factors, Design Hour Volume (DHV) factors, and vehicle type.

I I_ 4 5  
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Two pages of the 1972 Colorado Traffic Volume Study are shown for Highway

115 near Colorado Springs in Appendix Table 8.1-1. A section of the 1974

Colorado State Highway Traffic Volume Map , including the Highway 115 section

noted above , is shown in Exhibit 11-6. 1. (Sample permanent station data is

shown in Appendix Table B. 2 .)

All states carry out sufficiency rating and needs studies. A hi ghway

sufficiency rating study is an evaluation of the existing condition of a

highway or highway system and its ability to handle present traff ic demands.

A needs study, which indicates estimated needs cost for a specified future

period , can be included as part of the same study . A sample page from the
84 .Colorado 1973 State Hig hway Sufficiency Rating and Needs Study is shown

in Exhibit  11-7, which illustrates Colorado State Highway 115 and the area

around Fort Carson , Colorado . In this cas e, the suff ic iency rating is a sum

of the capacity rating, safety rating, and structural rating. A suff iciency

rating of 100 indicates a road section with no deficiencies and adequate to

handle current traff ic. A sufficiency rating of less than 100 indicates the

extent to which capacity, surface condition , and structural adequacy are de-

ficient. The needs cos ts , in this case , are the estimated funds that w ill

be necessary over the next 20-year period to adequately handle anticipated

traffic demands.

Many local regions have also prepared transport planning documents alone

or in conjunction with other agencies . In Colorado , the Transportation Plan

for El Paso and Teller Counties , for example, was prepared by the Pikes Peak

Council of Governments and the Colorado Division of Highways , in cooperation
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EXHIBIT 11-6.1

1974 TRAFFIC VOLUMES

COLORADO SPRING S AREA
SCALE 0~ MILES

• 2 5 4 S ii
.:

Legend :

,l9lOO Average Annual Daily Traffic

Designated Evacua tion Route

Potential Relocation Bottleneck

Source: Colorado State Department of Highways and U.S. Department of Transportation.
Colorado Traffic Volume Study, 1972.
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with DOT .BS Hig hway needs studies are also prepared and submitted by

B6regional governments.

A 1976 series of statewide rail system diagrams for each state show ing

ownership,  present status and possible future abandonment of certain seg-

ments may be obtained from the Interstate Commerce Commission)37 Such maps

and the accompanying data would be of assistance in planning the siting of

cri t ical  roll ing stock.

B . 1.2 Bottom Up Approach. At the state level , discussions with the

Highway Department wi l l  provide information on highway capacity, evacuation

routes and other useful data. State highway officials, with their knowledge

of the state highway system, can often provide valuable information on cur-

rent bottlenecks on rural evacuation routes and freeways. An example of

such a potential evacuation bottleneck is shown in Exhibit 11-6 (Fort Carson,

Colorado).

At the local level, it is also important to identify current and poten-

tial bottlenecks and alternative flow patterns in discussions with city and

county engineers. Existing surveys may also be helpful in this regard.
B8

Discuss ions with railroad officials will be essential in identify ing

key host-area railroad terminal and planning for their expansion. Such

p lans and locations should be included in the Transportation Annex plans.

An example of a l is t ing of such terminal locations is shown in Appendix B.

B .2 Planning Guidelines and Procedures

Cris is  relocation requires the evacuation of a large number of people

from an area considered to be unsafe to des ignated host areas in a short span

of time under emergency ~onditions. Such a movement poses several problems

1 1—49
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related to the capacity of the road network. The capacity of the regional

road network has been economically desi gned to accommodate much lower traf-

fic volumes and is likely to be severely taxed during a crisis relocation.

In the absence of an effective planning effort aimed at alleviating

these problems , mass congestion will inevitably develop threatening the

success of the relocation. Hence, the success of the relocation strategy

wil l  depend to a great extent on the ability - of relocation planners to

uti l ize the capacity of the local evacuation road network efficiently.

To do this , several planning guidelines and procedures have been devel-

oped for establishing the capacity of promising evacuation routes , identif y-

ing potential bottlenecks , assi gn ing vehicles to certain routes to maximize

outbound flow , and scheduling veh icle departures to minimize congestion .

Exhibit  11-8 presents a flowchart of the approach to implementing these

procedures ; each step is described in the following sections . The discussion

is cast in general terms , providing gui dance for crisis relocation pl anners

in any potential risk area. The first two steps consist of identifying the

major evacuation routes and establishing capacities of these routes under

evacuation conditions . At this point , if it appears that evacuation routes

are capable of supporting 20% of the total evacuees in one hour , the road

capacity is adequate and there is no need to perform a detailed analysis.

However , this is not l ikely to be the case in mos t situations , and the analyst

is advised to continue identif ying the bott leneck locations and assigning

evacuees to routes to maximize outbound flow. As a second cut, the planner

should continue the analysis if excessive traffic queueing resulting from

peak ing in the departure patterns poses a serious prob lem at the bottleneck

locations. This involves investigating the queue lengths and examining

alternative control measures to schedule departures uniformly.
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EXHIBIT 11— 8
FLOW CHART OF THE ROAD CAPACITY PLANNING PROCEDURE
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B.2.l Evacuation Route Capacity Planning Factors

The first step in the road capacity utilization planning procedure is to

identify the major evacua tion rou tes l inkin g the r isk area and the primary

cities in the host area. This includes identifying the general type of

road , the number of lanes , accessibility -. and other significant features

affecting the capacity of each evacuation route. This can be done by exa-

mining detailed road maps and consulting local traffic engineers.

The nex t step is to e~tablish the capaci ty of these roads under evacuation

conditions. Some general guidelines and planning fac tors for accomplishing

this are given below. It should be emphasized that this general guidance is

not meant to substitute for the practical experience of the local traffic

officials in a specific risk area. The Highway Capacity Manua1B~~ is a valua-

ble source of information for the determination of road capacities.

The capacity of a road is defined as the inaxinium number of vehicles that

can tra~erse any given point over a specified period of time. Capacities

vary with the type of road and geometric design , and are typically expressed

as vehicles per hour under uniform un interrupted flow condi tions . For the

purposes of determining the maximal flow out of a risk area during a crisis

relocation without causing congestion , it is necessary to define the capac ity

of an evacuation route as the minimum flow over the entire route, suitably

adjusted to allow for non-uniform flow due to peaking and flow interruptions

( i . e . ,  vehicle breakdown s or acciden ts) .  The possib i li ty of severe conges tion

on evacuation routes argues for the use of extremely conservative safety fac-

tors in cris is reloca tion plan ning.
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8.2.2 Bottleneck Identification Procedure

— A fundamental crisis relocation problem is the identification of con-

straining points in the evacuation routes where congestion is likely to

develop. The maximum rate of flow out of the risk area in terms of vehicles

per hour is limi ted by the road capaci ties at these points; hence , the iden-

tification of these bottlenecks is equivalent to solving for the maximal flow

rate of vehicles out of the risk area.

Although the purpose of this procedure is to identify potential bottle-

necks , it will also indicate how long it will take to completely evacuate

the risk area. The planning guidelines include safety factors des igned to

allow for interruptions and peaking in evacuation flow . Previous studies

have assumed uniform uninterrupted flow of t ra f f ic  out of the risk area. For

several reasons discussed in the previous section , the assumption of un iform ,

uninterrupted flow is invalid for determining the evacuation time in emergency

situations. -

- 
If the solution to-this problem indicates - that it is not possible to clear

the risk area in 72 hours , a serious problem exists and methods of utilizing

the available capacity more efficiently must be considered . These alternatives

may include the use of contra-flow lanes or additional routes, and/or hos t

areas that were previously considered unavailable due to conflicts with the

relocation of neighboring r isk areas . Regardless of whether or not a con-

gestion problem exists , a sensitivity analysis can be performed to estimate the

value of alternative methods of increasing the evacuation capacity or utilizing

it more efficiently.

II...53

“ -

~ 

~~~~~~~~~~ ~~~~~~.~~~~~~~~~~ --- 5- --
~~~~~~

--
~~~~~

—--- - - - -- -— - 
~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



- 

Capacities for different types of roads under ideal uninterrupted

flow conditions are listed in Exhibit 11-9. Maximum volumes for free flow

conditions are also given w i t h  the corresponding speeds at which  veh i c l e s

travel under these conditions. These figures were taken from the High~~~

Capac ity i~ianuai
B
~~ and provide estimates of the capacities for various types

of roads , but these values may vary depending on the geometric design of a

specific road . Hence , it would be des irable to consult  a local t r a f f i c

engineer and the Hi ghway Capacity Manual before applying them in this plan-

ning procedure . As shown in Exh ibit 11.9 , the one-way flow capacity for two-

lan e undivided rural roads is typ ica l ly  1, 200 vehicles per hour . The speed

at which this volume w i l l  be at tained is approximately 30 miles per hour .

For the sam e type of road , f ree-f low conditions at 45 miles  per hour can be

maintained for volumes less than 400 vehicles per hour . Capacities are twice

as high for divided rural highways with two or more lanes in each direction .

In this case , the Highway Capacity Manual indicates a maximum flow volume of

of 2 ,000 vehicles per lane per hour under uninterrupted conditions . Road

capacities are hig hest  on m u l t i - l a n e  divided freeways wi th  l imited access.

In this case , a f low capacity of 2,400 vehicles per lane per hour should be

used .

Al though there is a genera l agreement am on g t r a f f ic  engineers and re-

searchers on the vehicle flow capacities of various types of roads , the appro-

priate use of these capacities in crisis relocation p1anning is poorly under-

stood . Officially documented capacities represent the maximum attainable flows

under ideal uninterrupted conditions; yet flow in emergency situations such as

a crisis relocation is uncertain and confused with interruptions caused by

accidents and breakdowns . It is extremely unlikely that evacuation flows can

11-54

5 -- - ---— ---- - 5 - .- - -  -
~~~~~~~~~~~~~ - - - —-- - . - --— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- --

~~~~~~~
-— -



-~~~~~~~~~

EXHIBIT 11-9 CRISIS RELOCATION ROAD CAPACITY PLANNING FACTORS

FORCED FLOW UNDER
FREE FLOW CONDITIONS IDEAL UNINTERRUPTED

CONDITIONS

I

TYPE OF ROAD MAXIMUM I AVERAGE CAPACITY • SPEED PROBABLE UNIFORM*
VOLUME s SPEED (UPH/LANE) I (m.p.h.) FLOW CAPACITY

(VPH /LANE) (m.p.h.) S FOR A 16 HR . PERIOD
I (VPH/LANE)

I
S I

Two-Lane Und ivided
Rura l Roads With One 400 45 1200 ~ 30 1000
Lane in Each Direction I

_ _ _ _ _ _ _ _ _  

I 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

I

Mu l ti-Lane Rura l
Highway wi th Two or 800 I 50 2000 I 30 1500
More Lanes in Eac h I
Di rection

I 
I

___________________________________________________________ ___________________________________________________________ — ___________________________________________

Multi -Lane Divided I

Freeway or Exp resswa y 1200 55 2400 
~ 

30 2000
wi th Limi ted Access I

I 
I

*These factors for uniform flow should not be used to estimate traffic volumes under

evacuation conditions for periods longer than 16 hours .
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be maintained at capacity ‘evels for twenty-four hours , and tha t evacuees can

be organized to schedule their departures uniformly over a twenty-four hour

day . Recogn iz ing  these problems , it is recommended that the  road capaci t ies

be adjusted conservatively to a l low for interruptions by incorporating a safety

factor in the evacuat ion route capaci t ies , and that a 16-hour “evacuation day ”

be used . This is not meant to suggest that  no one w i l l  l eave during the re-

maining eight hours of the day , but rather to ref lect  (1) the imposs ib i l i ty  of —

maintaining maximum flow conditions for an uninterrupted 24-hour period , and (2)

the likelihood that fewer people will leave their homes in search of lodging in

the host area during these late ni gh t/ ear l y morning hours. This 16-hour day

assumption alone is somewhat unsatisfactory - . however , as it assumes depar tures

w i l l  be spread evenly over 16 hours , and ignores the potent ia l  congestion re-

sulting from an uneven distribution of flow. Hence, the capacities should be

adjusted by the safety factor to a l low for the impact of uneven departure rates .

As a f i r s t  cut in the road capaci ty  p lann ing  procedures , the Risk Area

Gu i de~~~~ pub l ished by DCPA suggest the fo l l owing  measure : so long as 20% of

the to ta l  number of evacuees assigned to a route over the three-day evacuation

period can leave w i t h i n  one hour wi thout  exceeding the route ’s capaci ty ,  there

is no need to schedule departures to minimize congestion . This condition is

s u f f i c i e n t l y  str ingent so that  it is un l i k ely to be met on a l l  the evacua t ion

routes in a r isk area; that  is , most risk areas w i l l  have to make some attempt

to sched u le departures. Where the po ten tial effects of congestion are in doubt ,

the procedures presen ted in Section 132 .4  can be employed to examine the queue

leng ths  and delays  at bottlenecks in the evacuation route resulting from dif-

ferent  evacuat ion  routes and peak ing patterns. The procedures described in

the following section provide guidance for identifying the location of these

bottlenecks.
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To perform the maximal flow analysis , it is, help ful to represent the

evacuation route network graphically. This involves drawing a map with lines

called arcs which represent the major evacuation roads connecting circles

called nodes which represent road junctions or cities . A simplified example

of such a network is shown in Exhibit 11-10. For the purposes of this proce-

du re , the risk area may be aggregated and represented as a single node with

arcs representing the roads outside of the risk area city. This aggregation

is val id , since there is generally a sufficient amount of capacity on the

roads within  the city to feed the major routes leading out of the city without

problems. The bottlenecks will typically be located outside the risk area

ci ty  l imits , where city roads merge or multi-lane divided highways narrow .

Having determined the capacities of the major evacuation routes and applied

the appropriate safety factors, the graphical representation of evacuation

route network can be completed . The arcs of the network are labeled with the

corresponding capacities . Finally, all nodes representing cities or towns

in the hos t area are connected to a “mas ter” destination node, D , by directed

arcs with capacities equal to the number of spaces available divided by the

average automobile occupancy. An average occupancy of 3.5 persons per automo-

bi le is recommended if an estimate is not ava i lable for the risk area under

consideration .

The final step in this procedure is to determine the maximal rate of flow

out of the risk area by identifying the constraining arcs in the network . For

small networks with a small number (2 or 3) of arcs leaving the risk area , it

may be possible to do this by inspecting the network graph.  An example is

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



EXHIBIT 11-10 RISK AND HOST AREAS FOR CRISIS RELOCATION

— — — — — — — — — — — — — — — — — — —
I

CIty #2 ___________

_________ 
Ju nct ion #2 ~ity #3 I

I 
~Host

i 
Area

I Boundary
I 

NarrowI Bridge I
Junction #1 1 —

I :
~~~~~~~~~~~~~~~~~~~~~ 

ity #1 
________________________

/ Clty #4

~ / 
City #5— — — — — — — — — — — — — — — i..,J

I

INTERSTATE FREEWAY
= STATE HIGHWAY

— = COUNTY HIGHWAY

NETWORK REPRESENTATION WITH
EVACUATION ROUTE CAPACITIES (100 cars/hour)
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shown for Colorado Springs in Exhibits 11-11.1 , 11-11.2 , and 11-6. Under m i -
t ia l  evacuation plans , there were only two routes leading out of the risk area

with the same one-way adjusted capacity of 700 vehicles per hour. Since the

remaining arcs in the network had capacities greater than or equal to these

and a l l  vehicles must l eave the risk area by one of these two routes , these

two arcs constrained the rate of flow out of the risk area. Hence, the maximal

flow rate is obtained by adding the capacities of these two routes, and is equal

to 1,400 vehicles per hour . For this example , there are two bott leneck points ,

located at the points of minimum capacity along these routes (where the roads

narrow from two lanes in each direction to one lan e) .

An estimate of the total time to evacuate the risk area completely is

obtained by dividing the total number of vehicles to be evacuated from the risk

area by the maximal flow rate. For the example in Exhibit T I - i l ,  the total  nun-

her of vehicles  to be evacuated is 37,577 and the max imal flow rate is 1,400

vehicles  per hour.  Hence , the total evacuation t ime is 26 .841 hours , which wi l l

require considerably more than one day using the 16-hour day planning factor.

rhj s  is much lower than the maximum al lowable  time of 72 hours , so it does not

appear that a serious problem exists. However, it should be recogn ized tha t

this time estimate assumes balanced flow on all exit routes, which may not be

consistent with the availability of spaces in the host areas. The route assi gn-

ment procedures in the following section may be used to check th is.

In the example given above, the bott leneck poin ts could be located by

inspectior’ of the network . This is not possible for more complicated networks

in wh ich evacuation routes merge or narrow further from the risk area; in

II -Sg
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these cases , the algorithm described in Appendix B of Volume I should be

used . Furthermore , the locations of the bottleneck points are very close to

the risk area city limit , posing a potential problem if traffic congestion

backs up from these points to the city itself. An investigation of the queue

lengths using the procedures outlined in Section B.2.4 will indicate the

seriousness of this problem.

B .2 . 3  Route Assi gnment Procedures

Having determined the flow capacities of the evacuation routes and iden-

tified the bott leneck poi nts , it is necessary to ass ign evacuees to routes

so that the relocation can proceed with a minimum of congestion and confusion .

Many combina tions of routes and the number of evacuees assi gn ed to each one

need to be considered in order to find the assignment which minimizes con-

gestion and total evacuation time. Furthermore , this assignmen t mus t be

consistent with the availability of space in the host areas corresponding to

each evacuation route. Probably the most important criteria is that the

assignment should be easily understood -and communicated to the evacuees if

the evacuation is to proceed according to plan.

A plann ing procedure was developed to provide a route assi gnmen t which

satisfies these criteria. The four steps of this process are listed below:

1 . Div ide r isk area into popu la tion zones;

2. Determine number of spaces available in host area zones;

3. Construct evacuatinn route network ; and

4. Assign evacuees to routes using the ass ignmen t alg ori thm.

11—6 2
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The first step consists of dividing the risk area into population zones which

are easily ident i f ied and understood by the evacuees . Telephone pref ixes or

census tracts appear to provide the most promising basis to accomplish t h i s ;

they are small enough so everyone l iving in the same zone can be instructed

to evacuate on the same route. The number of people l iving in each of these

zones can be determined from the most recent census data for the risk area.

An assignment based on telephone prefix zones is easily communicated to evac-

uees, since nea rly everyone has a telephone and knows h is telephone pref ix

number. Furthermore, the geographic boundaries of telephone prefix zones can

be obtained easily from the local telephone company .

The next step- - if it has not already been done--is to determine the number

of spaces available in each of the host area zones. After completing this, a

network graph of the routes should be constructed , similar to that used in the

bottleneck identification procedures . This procedure can be ~ummarized simply

as follows : Suppose that the risk area has been divided into in zones labeled

S
1. 

S21... ~~ and that the number of people to be evacuated from these z~ries

are P
1
, P2,... ,P , respec ti vely. Then the risk area is represented graphica l ly

as m nodes, corresponding to the risk area zones, connected to a master source

node CS) with arcs having “capacities” equal to the number of people to be

evacuated , as i l lustrated bel ow:
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Similarly , all host area destination zones are represented by nodes d1, d2,

,d and are connected to a master destination node, D, with arcs having

capaci ties h1, h21. ~~ equal to the number of spaces available for evacuees

in the corresponding host area zones . These host area nodes are then connect-

ed to the risk area nodes w ith a network of arcs represen t ing the evacua tion

routes and labeled with the capacities of the evacuation routes in vehicles

per hour multiplied by the average vehicle occupancy in persons per vehicle.

An example of such a network is shown in Exhibit 11-12. 
-

The final step of this procedure is to determine the route assignment

which maximizes the outbound flow. The problem may be stated succinctly as

follows : The objective is to determine the steady-state pattern of flows

through the network that maximizes the total flow from the source, 5, to the

host area D such that the rate of flow along each arc is less than or equal

to the specified arc capacities and that flow is conserved at each node (i.e.,

flow into the node equals flow out of the node) other than the source and sink

nodes S and D.

An efficient algorithm was developed by Fulkerson and FordB~~
Ofor solv ing

this problem , based on the max-flow mm -cut theorem. The algorithm is pre-

sented in Appendix B of Volume 1. Basically, the proced ure is to repeatedly

select any path from the source node S to the sink node D and assign the maxi-

mum flow to that path while satisfying the capacity and conservation of flow

constraints . This process is repeated until none of the routes have ”excess

fl iw capa c ity. ” Excess flow capacity of a route equals the minimum remaining

fI~ w c a p a c i t y  of any section on the route.
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EXHIBIT 11-12

ROUTE ASSIGNMENT NETWORK GRAPH
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For problems with a small number of nodes and arcs, this algorithm

may be applied either graphically on a series of network diagrams or in

matrix form using tables . Both methods are i l lus tra ted in Append ix B of

Volume I .  For large networks , however , the problem is solved more effi-

ciently with an electronic computer.

B.2.4 Queue Length Investigation Procedures

If the perceived danger to a city is real enough to warrant evacuation

then it is real enough to cause people to want to leave as soon as possible.

No matter what movement controls are imposed to force a smooth , orderly

evacuation , then , it is likely that the initial hours following the announce-

ment of relocation will see a mass exodus in excess of any planning factors

reflecting un iform flow assumptions. Moreover , ev en af ter the ini tial rush

has subsided , certain hours of the day w i l l  prove more desirable than others

for trave l , and these hours wi l l  further distort assumptions of un i form flow .

If an initial rush to the exit routes causes protracted traffic tie-ups, the

success of the entire relocation plan may be threatened . Some famil ies  may

be discouraged from attempting to leave , whi l e  others wi l l  attemp t to use

any clear road leading out of the risk area, even if it doesn ’t lead to an

appropriate destination . Extreme tie-ups may lead to panic , abandoned vehi-

cles , and the total disruption of the relocation process.

In view of the potential seriousness of traffic jams caused by the un-

even peaking of departure flow patterns during the relocation , the following

procedures should be used to quantify the effects of this peaking on traffic

in the vicinity of the identified bottlenecks. This methodology comb ines the
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logic of traffic engineering and queueing theory and is derived in detail

in Appendix B of Volume I .

The f irst  step is to estimate how many vehicle s may be expected to

arrive at the bottlenecks during each hour if all vehicles attempt to evac~ 
1 -

uate in:

(a) A single day ;

(b) Two days ; or

(c) Over a three-day period as scheduled .

For each of these condi ions , two distributions of departure times

should be considered :

(1) A uniform pattern in which vehicles leave the risk area
uniformly over a 16-hour period each day (that is, the
same number of people evacuate during each hour) ; and

(2) A peaked departure pattern following a normal distribution
over a 16-hour period each day with the same mean and var-
iance as the uniform distribution (that is, the majori ty of
the evacuees attempt to depart during the middle hours of
the 16-hour day) .

Hav ing computed the number of vehicles arr iving each hour at the bott leneck s

under these flow patterns , the planner should then estimate the queue lengths

over t ime at the bot tlenecks us ing the equations in Append ix B of Volum e I .

Then , bas ed on the queue lengths and the evacuation flow rates over time ,

the maximum travel t ime to the bottlenecks and the total time to clea r the

t r a f f i c  j ani can be calculated .

These calculat ions wi l l  not only indicate the variation and degree of

congestion conditions at the bott leneck , but will also indicate if it is

possible to avoid this congestion by scheduling departures under various

scheduling schemes .
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B.2.5 Peak Leveli ng Measures

The debilitating effects of a bunched evacuation in which all residents

rush for the exit routes at once have been addressed above. A number of mea-

sures may be adopted in an attempt to limit the number of vehicles on the

highways at any given time. These measures are of two types : indirect mea-

sures desi gned to convince the population that a staggering of departure times

is in their own best interests , and direct attempts to schedule departures on

the basis of license plates or other identifying characteristics.

‘ B.2.5.l Ind irect Persuasion. A number of procedures should be adopted

in an attempt to influence evacuees to stagger their departure times. The

chief argumen t behind all these procedures should be the repea ted public

announc ement that if depar ture times are no t staggered , evacuees w ill f ind

themselves in the worst traffic jam they have ever experienced. rvery avail-

able means should be adopted to bring this message home and to facilitate

departure at off-hours. Several measures to accomplish the staggering of

departure times are discussed below .

A. Broadcast Traffic Conditions Periodicall y: Periodic , if not
continuous , information should be provided regarding t r a f f i c
conditions leading to and on outbound routes. Reports of
unimpeded t r a f f i c  flow would be used to encourage those not
on the road to get started. Temporary imped imen ts , such as
veh icle breakdowns , would be announced to assure relocating
motoris ts  that  t r a f f i c  stoppages would be temporary. Develop-
ment of long queues of vehicles trying to get onto the outbound
routes wo u ld cau se the EOC to recommend that those not yet
started delay for an hour or two.

B. Suggest Depa rtures be Scheduled to Avo id Peak Hours: To the
exten t poss ible , those evacuees with schedul in g f l ex ib il it y
should be encouraged to plan their departures for times when
the load on the outbound road network is likely to be lowest.
Late evening and early morning departures should be encouraged.
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C. Keep Support Facilities Open Around the Clock: To facilitate
the staggering of departures , gasoline stations and host area
reception centers should be kept open on a 24-hour basis
throughout the three-day evacuation period.

D. Advise Evacuees to Leave Second Autos in Risk Area: To the
extent possible , families with more than one automobile avail-
able should be encouraged to depart in a single vehicle.

E. Introduce Odd/Even Purchase Limitation s in Gasoline Stations:
By restricting the sale of gasoline to vehicles with odd-
numbered license plates on odd-numbered days and even-numbered
plates on even-numbered days, planners achieve the dual effect
of spreading departures and limiting gasoline station lines.
Under crisis relocat ion condi tions , odd-numbered license plates
might be serviced on the first day of relocation, with even-
numbered license plates serviced on the second day. No sales
restrictions would be imposed on the third and last day of
relocation .

B .2 . S .2  Direct Scheduling of Departures. The departure times of certain

groups of evacuees are within the control of evacuation planners. These

groups include autol ess residents and , to a certain extent, organizational

relocatees. The departures of these groups should be schedUled to minimize

congestion . In addition , attempts may be made to impose scheduled departure

times on the large number of evacuees not affiliated with any organization.

Several direct methods for scheduling the departure times of different groups

of evacuees are discussed below:

A. Schedule Bus Departures to Avo id Peak Per iods: Bus departures
should be scheduled to straddle peak evacuation hours. This
may be accomplished by using the early morning hours of each
day to load those risk area residents requiring public trans-
portation onto evacuation buses. Barring a serious breakdown,
passengers should arrive at their reception center before
breakfast. Buses making more than one trip per day to close-
in reception centers could then perform double-duty by bringing
critical workers into the risk area before taking on another
load of evacuees. Although the scheduling of bus departures
represents an effective means of controlling the evacuation
times of a certain segment of the risk area population, this
segment typically represents only 20% of that population.
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B. Schedule Organizational Departures to Minimize Cong~~~~o:~~Prev ious risk area planning guidelines issued by DCPABS contains
the following suggestions regarding the relocation of organiza-
tions:

It is better to schedule the relocation of organi-
zations--governmental , institutional , and business--
after the main movement of unattached families has
occurred.

Not a l l  org anizational households may be w il l ing to wait
for a scheduled departure time, but compliance can be
improved markedly by emphasizing in organizational infor-
ma tion releases and public announcemen ts that fa ilure to
observe scheduled departures is likely to lead to involve-
ment in traffic tie-ups. 

-

Institutionai patients whose health would be affected
adversely by inordinate movement delays should be sched-
uled near the end of the period.

In general , essen tial empl oyees of r isk area organiz ations
with uninterruptible functions should continue to report
to their assigned shift while being instructed to make
preparations to depart during their off-duty hours.

C. Scheduling the Departures of Unaf f i l i a ted  Relocatees: The largest
group of relocatees in any risk area will be those with automo-
biles who are unaff i l iated with any controll ing organ iza tion.
This group will undoubtedly be :notivated to move as quickly as
poss ible , and poses the greatest potential threat to the free
flow of relocation traffic. All of the indirect measures dis-
cussed above should be employed to encourage this group to
spread their departures over the three-day period. In addition,
in cases in which the exodus of unattached households is l ike ly
to require more than sixteen hours , an attempt might be made to
enforce scheduled depar tures upon this group . One of the mos t
prom ising progr ams for schedul ing the departures of una ttached
households would be modeled after the odd/even license plate
guidel ines suggested for controlling the size of service sta-
tion queues.

If this procedure is used , pr inted emergency instructions as
well as broadcast guidance would suggest (or direct) that house-
holds with an auto having an odd-numbered license plate depart
on the first day (for example), and those with even-numbered
plates on the second day . No attempt would be made to enforce
th is rule , excep t poss ibly at serv ice stations to expedi te the
preparations of the first group . Also , use of license plate
numbers could cause many households to infer  that the instructions
might be enforced; hence , more would be led to fo l low the m . In
circumstances where the anticipated departure of the unattached
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group is estimated to be about a day , the procedure could be
app 1 ied to a morning/afternoon or first ~~ hours/ second 12
hours par t i t ioning of the t r a f f i c  load .

This procedure wi ll reduce the l ikel ihood of several traff ic
j ams if the risk area is responsive . The poss ib ili ty of such
j ams w i l l  not be ent i re ly  eliminated , however , as peaks occur-
ring wi thin each day ’s traffic patterns could still cause
severe congestion .

Direct attempts to partition the population into hour-by-hour
departure times should be avoided . Use of many partitions of
the traffic load , such as assigning a time to each terminal
number in an automobile license plate nunibe; is not recommended,
even though this would further smooth out departures. Ask ing
those destined for particular host counties to delay leaving
in preference to others is unlikely to be perceived as reason-
able and fair (other than that which is automatic in deferring
the movement of organizations, of wl~ ch many will be destined
to occupy the nearby hosting areas).

B .2 . 6 Traffic Control Measures

Control of the vehicle movements within the risk area may be necessary

to assure smooth traffic flow in accessing and using outbound routes. Sev-

eral options are available for controlling traffic movements. Controls

may be active or passive, dynamic or static. Ac tive controls might be

exercised by having policemen direct each vehicle to a specific route and

4estination on the basis of driver interrogation or vehicle identification .

An example of passive control would entail the barricading of a street to

limi t route choices. Dynamic controls are capable of adjusting to reflect

hourly traffic conditions as monitored by helicoptor or observers at key

intersections. Static controls are those which remain in place, unchanged ,

throughout the duration of the relocation period . The establishment of a

contraflow lane for outbound traffic serves as an example of a static control.
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As noted in DCPA’s Risk Area Gu ide, the planning team should recognize

that a movement control system in the form of traffic signs, traff ic  signals ,

and uniformed off icers  already exists in every risk area. The population is

famil iar  with this system. To the greatest extent possible, this system

should be left intact so as to minimi ze the special information or surprises

required by or awaiting the traveler.

In most cities, adequate advance planning formulated in consultation with

local traffic engineers and with due regard for normal travel patterns may

help to minimize the amount of special movement control required under crisis

relocation conditions. Where special controls are necessary, “....negat ive

or passive controls, such as barricades , are to be preferred in order to re-
“BS

duce manpower requirements. Continuous broadcasting of traffic conditions

and suggested routing alternatives can put the responsibility for exercising

dynamic control in the hands of the individual driver.

B .2 . 6 .i Wrong-Way Flow. Most evacuation plans conducted in the 1950’ s

suggested the possibility of converting all highways to one-way outbound

movement. Use of the wrong side of a freeway or highway could conceivably

double its capacity or, perhaps more important, double the number of ramps

available in areas of concentrated population. However, discussions wi th

Colorado hi ghway officials and reviews of past evacuation studies have re-

vealed several factors that appear to lessen the value of using the wrong

side of a freeway.

In commenting on the difficulties of adapting the nation’s freeway system

— to outbound flow , one recent report observes that :
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The initiation of wrong-way flow would be d i f f i cu l t  and time-consuming .
Sequential phasing would have to be developed so that upstream on-
ramps were closed and traffic on the freeway directed off at certain
off-ramps. This ramp closure and freeway clearing would involve phy-
sical control to guarantee success. The reliability of signs to per-
form the task is doubtful , since 100 percen t clear ing of the freeway
would be required. One car proceed ing in the direction oppos ite to
the heavy flow could completely bl ock the freeway by causing one major
head-on collision. 12

In a sense , establishing one-way flow on surface streets would be even more

difficult than establishing one-way flow on freeways, since surface streets - -

have far more access points that will have to be controlled . Even during

the three-day relocation period, with intercity freight and critical worker

movements , traffic flow requirements will not be exclusively one-way outbound .

In view of the difficulties and potential dangers associated with wrong-

way flows and the desirability of maintaining two-way flows on intercity

routes , wrong-way flows should be attempted only in instances where they are

commonly employed to deal with peak commute problems, or as a last resort in

areas in which the existing road network is clearly inadequate.

B.2.ti.2 Dynamic Control of Outbound Flow. In cases where alternative

routes and flow patterns can be identif ied , procedures should be developed

for rerouting evacuation traffic around traffic jams and developing bottle-

necks. Outbound flow should be monitored by helicopter , and timely reports

on traffic conditions should be relayed to motorists.  In the interests of

conserving personnel , responsibility for complying with alternative routing

suggestions should be left with individual motori sts. However , alternative

—-~‘ti~ing movements and contingency plans should be worked out in advance by

planners and traffic engineers. In Colorado Springs, for example, evacuees
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using southboui~d routes may be assigned to either Route 115 or 1-25. In

the event that one or the other of these routes becomes jammed, evacuees

destined for points beyond Canon City may be advised to use the clearer route

until traffic on the jammed route flows freely and the original evacuation

routing patterns may be resumed.

B.2.6.3 Emergency Rescue Patrols. Plans should be made for handling

stalled and disabled vehicles and for responding to accident reports in an

expeditious manner during the three-day relocation period. Where two-way

flow has been maintained, access by tow-trucks from “downsteam” mainten ance

facilities and gasoline stations will be relatively straightforward . Heli-

copter surveillance and regular police patrols over sections of the route

will  facilitate rapid response to accidents and stalls. As an added precau-

tionary measure, vehicles regularly making the reverse run over the evacua-

tion route (i.e., buses , vans , and carpools carry ing critical workers) should

be supplied with two-gallon cans of gasol ine. These cans could be given to

out-of-gas evacuees in outbound lanes and provide an additional measure of

fuel insurance for commuting workers and others making regular trips upstream.

B.2.7 Truckstops and Terminals

The relative invulnerability of truckstops to nuclear attack , coupled

with their importance in the day-to-day movement of intercity traffic, makes

them a pivotal resource in any crisis relocation plan . The role of truck-

stops in crisis relocation planning has been discussed in detail in Refer-

ence B-li. In addition to their traditional role-as fueling points,
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truckstops would act as t raff ic  control centers under crisis relocation

conditions. In this role, they would act as:

(1) Checkpoints for rerouting or reassigning essential shipments;

(2) Interim consignment points for non-essential shipments;

(3) Relay points for drivers;

(4) Coordination and reassignment points for cabs and drivers; and

(5) Central assignment points for sk illed mechanics.

Reference B-li provides basic data on 2,682 U.S. truckstops, including

name , address , telephone number , and brand of fuel sold. It also outlines

the roles of risk-area and host-area truckstops under crisis relocation con-

ditions. Using Reference B-il as a guide, planners should work with truck-

stop operators to incorporate this general guidance in specific host- and

risk-area plans .

B.2,7.1 Stress on Critical Host-Area Truckstops. In addition to pro-

viding fuel for an increased portion of intercity freight movements during

the crisis relocation period , critical host-area truckstops will act as

checkpoints for the rerouting or reassignment of essen tial shipmen~s,

interim consignment points for non-essential shipments, relay po ints for

drivers, coordination and reassignment points for power units and trailers ,

and central assignment po ints for mech anics . Since truckstops pump an

estimated 68% of the fuel used by intercity motor carriers, many drivers

would ord inari ly be stopp ing at these trucks tops as part of thei r normal

route plan , and the proposed emergency guidelines represent a relatively

small deviation from “business as usual” for these drivers. Since a
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significant portion of intercity truckers are destined for private terminals

or for risk-area truckstops, however , guidance directing these truckers to

host-area truckstops can be expected to put significant additional stress

on the fuel tanks, parking space, and support facilities of these truckstops.

The extent of this additional stress will vary from location to location,

but certain average levels may be estimated.

If all intercity truck traffic were to be redirected to critical host-

area truckstops, the potential business of an individual host-area truckstop

might be expected to more than double. This can be illustrated by the fol-

lowing rough approximation of the potential relocation business for a host-

area truckstop:

Total Number of Truckstops Total Intercity Fuel SalesNormal Business X X
Host Area Truckstops Truckstop Fuel Sales

— 
Normal Business

- 

.7l X .68

= 2.07 X (Normal Business)

This estimate represents a nationwide approximation . The ratio of potential

relocation business to normal business would be much higher in Cal iforn ia

and in the northeastern United States, where a higher percentage of truck-

stops are located within risk areas. Given the size of the potential in-

crease in the business expected at critical host-area truckstops, then ,

certain measures must be taken to avoid swamp ing specific truckstops.

A few such measures are discussed in the following paragraphs.
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Truckstop Parking Requirements

As cr i t ical  host-area truckstops become control centers for the inter-

city shipmen t of essen tial goods, and as non-essential shipments and their

vans accummulate in those centers , parking requirements may double and the

parking space available at the typical truckstop may be expected to be in-

adequate to meet the demands placed upon it. A rough rule of thumb indicates

that 18 units per acre may be parked comfortably at a truckstop, with each

tractor-trailer combination having sufficient freedom of movement so that

it can move out at any time without disturbing other units . The number of

units per acre may be approximately doubled to 36 units per acre, if units

are parked axle-to-axle and bumper-to-bumper with no maneuvering room.

One option for making the most of the parking space at each truckstop is

to park trailers with non-essential goods, closely spaced , on the less

accessible portions of each truckstop ’s parking acreage. Another option

would be to park trailers with non-essential goods off the truckstop pre-

mises. Each host-area plan will contain a listing of available open areas

which might be used for park ing spa ce, along with an estimate of the space

required to accommodate relocating automobiles (see Reference B-3). Trailers

with densely-packed loads of non-essential goods might be parked close to

the exposed walls of congregate-care facilities to provide an additional

measure of expedient fallout protection for evacuees.

Truckstop Fuel Requirements

Although the parking requirements of a host-area truckstop may more

than double , the curtailment of non-essential shipments during the crisis

will limit the corresponding increase in fuel requirements. Estimates m di-
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cate that 62% of intercity truck traffic is comprised of essential goods

that would continue to be shipped during the crisis period.

Accordingly, while the traffic at a typical host-area truckstop

migh t be mul tipl ied by a factor of 2.07 if all intercity shipments were

passed through these control points, fuel requirements would be multiplied

by a lesser fac tor of 1 .28 (that is, .62 X 2.07) as non-essential shipments

are sidetracked and power units and drivers are reassigned to the movement

of essential goods. To accommodate this increase in fuel requirements:

1. Fuel allotments of critical host-area truckstops should be

increased at the expense of shipments to risk-area gasoline

stations and non-critical truckstops located within the

risk area. This reallocation process should be incorporated

in the state and local crisis relocation plans.

2. Trucks in the risk area at the time the relocation begins

should be encouraged to refuel at risk-area terminals before

proceeding to host-area control points to await reassignment.

Additional Requirements

Requirements for such support functions as maintenance and communica-

tions at host-area truckstops may be eased during the relocation period

by reassigning personnel, particularly mechanics, from risk-area truckstops

and service stations. Where on-premises sleeping accommodations and res-

taurant facilities are limited, truckers and emergency service personnel

should be given priority over the general ~
.ub1ic.
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F -~B.2.7.2 Toward a Nationwide Emergency Organization. In the two

decades since they became a prominent part of the intercity transportation

picture , truckstops have proven themselves to be an invaluab le source of

emergency assistance to travelers and commercial truckers in natural

disasters. They also represent a potentially valuable resource in the

event of a crisis relocation . To make maximum use of this emergency

resource, an attempt should be made to form a voluntary organization of

truckstop owners capable of providing an emergency fueling capability

for vehicles and havens of rescue for drivers and passengers in times of

crisis. This organization would be formed without regard to brand name

or company aff iliation , since no single oil company or marketing combina-

tion of companies adequately covers the country, and since most truckstops

are independently owned and operated. Minimum standards would be set for

members to ensure that they would , in fact, play a significant role in

emergency operations. An initial attempt to draft such standards might

beg in with the criteria used to designate secondary .truckstops in the sur-

vey of Append ix B. That is,

1. Adequate parking (at least 25 units at urban locations and
SO units at highway locations);

2. Restaurant availability (adequate for location--approximately
30-50 seats);

3. Basic mechanical facilities;

4. Basic communications facilities (may lack wire services);

5. Sleeping accommodations (either directly available or
adjacent); and

6. Adequate fuel storage (at least 20,000 gallons).
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B. 2.8 tntermodal Transfer

The greater flexibility of truck movement in time of emergency suggests

that truck movement might be effectively substituted for rail movement in

the immediate postattack period. Most commodities could be transferred

between rail and truck. Recommendations for possible host-area locations

for the construction of make-shift terminals can be obtained through inter-

views with railroad and trucking industry officials; plans for such terminals

should be made part of the Transportation Annex of local plans . To ensure

the most efficient use of fuel and manpower, such substitutions of service

would usually be made on hauls of relatively short distance. Furthermore,

the railroads should resume their customary role once rail service is re-

established.

B.2.9 Railroad Emergency Planning

B.2.9.l Movement of Rail Panels to the Host Area. Railroads usually

have flatcars preloaded with rail panels (on ties) spotted at various loca-

tions in order to repair track damage caused by washouts and derailments.

Where such preloaded railcars are in the risk area, they should be moved

to the host area during the crisis rleocation period . In addition, where

poss ible , replacement rails not in panel form could be loaded on flatcars

and moved to the host area during the crisis relocation period .

8.2.9.2 Movement of Critical Rolling Stock to Host Area. As noted in

Section A.3.5, selected crit~zal rolling stock (such as engines) should be

moved from the risk areas to the host areas during the crisis relocation

period. This critical rolling stock can be spotted at various locations in
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the host areas. Most railroads have double-track every few miles; under

condi tions where fewer than normal trains are being operated, some of

these double-track seLtions could be used for spotting or “pulling out”

critical rolling stock. Where available, sidings are preferable for this

purpose, as their use for spotting does not interfere with normal train

operations. Locations of possible pullout points can be determined in

interviews with ra ilroad officials.

B.2.9.3 Identification of Key Host-Area Rai lroad Terminals and

Preparation of Plans for Expansion. The problem of loading and

unload ing freight-cars could be very serious if terminals are badly

damaged or destroyed in an attack on urban centers. Key host-area ter-

minals should be identified and their expansion planned, including planning

for the provision of materials-handling equipment. (Such a listing is

shown in Appendix Table B.3.) Discussions between state and local planners

and railroad industry personnel will provide data to planners on potential

critical rolling stock siting locations and on terminal identification and

expansion. In addition, such discussions will introduce railroad officials

to civil defense thinking and provide them with some conception of what

will be expected of them in the event of a crisis situation.

B.3 Probable Postattack Situation Summary

B.3.l Road Network Survival

Key highway links have been cut in every major city targeted in pos-

tulated attack patterns. Although past studies have determined that detour

routings could be found around every damaged link , one recent investigation

estimated that such detours would increase travel times by factors ranging

from 22 and 38 percent.
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B.3.2 Rail Network Survival

If a nuclear attack were to occur, the nation’s rail network would

suffer heavy damage, with an estimated 41 percent of the classification

yards and 53 percent of the repair shops surviving . It appears that the

rail system could be 30 to 50 percent operational, but with reduced effi-

ciency, within 30 days after the postulated attack. In general, damage

and debris will cause considerable curtailment of rail service in the

immediate postattack period, and a greater share of the nation ’s cargo

will initially be carried by the more flexible trucking system .

In planning for postattack rail movement , key host-area terminals

which could be used as control centers in time of crisis should be iden-

tified in the preattack period, and plans for the expansion and use of

these terminals should be incorporated in appropriate crisis relocation

planning documents. During the crisis relocation period, emergency power-

generating equipment should be moved to these terminals, and rail panels

for repairir.g track damage should be loaded on flatcars and spotted on

sidings at various locations within the host area.
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C. Fuel for Transportation

C.1. Overview of the Fuel Distribution System

As indicated above, these guidelines are presented in order to enable

State and local officials to identify the likely location and magnitude of

fuel supplies in the distribution pipeline , trace supplies in transit, and

plan the future disposition of local fuel supplie4.

A necessary component of any plan for fuel distribution under crisis

relocation conditions is a compilation of detailed information regarding

the fuel sources normally supplying the affected area, typical transporta-

tion modes , and the location and magnitude of fuel supplies in the distribu-

tion pipeline from producer to consumer .

The required information may be characterized as the answers to three

questions:

1. Where does the fuel come from?

2. How does it come?

3. What is the present location of fuel supplies?

Questions involving fuel sources and national transportation capability are

particularly important in postattack planning. Given the relatively short

projected duration of a crisis relocation posture, questions regarding the

immediate locations and identity of local fuel distributors are particularly

important in crisis relocation planning . A comprehensive planning effort,

however , must address all three of the above questions.

As indicated above , the “top down” and “bottom up” upproaches are not

mutually exclusive , and both should be applied to obtain a comprehensive

picture of a community ’s fuel movement. In developing a crisis relocation

plan , however, the importance of local fuel (petroleum) industry personnel
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to the successful reallocation of supplies under crisis relocation conditions

makes it imperative that the “bottom up” approach be used extensively. One

of the most important features of a community’s crisis relocation plan is

the identification of those local industry leaders who are familiar with

supply channels and ~ho have a preliminary understanding of the ways in

which operations must be modified to meet crisis relocation requirements.

The identification and briefing of these industry leaders will be an impor-

tant factor in the successful implementation of a crisis relocation plan.

C.l.1 “Top Down” Approach

One of the most comprehensive discussions of the total nationwide petro-

leum distribution system from a defense standpoint is provided in “Vulner-

abil ity of Total Petroleum System ,” a report prepared for the Defense Civil

Preparedness Agency by the U .S. Department of the interior.C l  
This report

provides information on the location and volume of crude oil production ,

crude oi l pipeline network and capacities , refinery location and capacities.

There is also an assessment of the petroleum system and postattack problems.

Exhibits 11-13 and 11-14 (from the above-referenced publication) show U.S.

crude oi l pipel ine distribution and capacit ies and product pipeline dis-

tribution capacities. Refinery capacity by state and pipeline mileage by

state are shown in Appendix Tables Cl-I and Cl-2. The U.S. Bureau of Mines~~
2

the American Petroleum Institute ,C-3 and the National Petroleum Council~
_4

are additional sources of information on a national and state level .

Market shares of the ten largest gasoline marketers in the U.S. are shown

in Table 11- 9.
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TABLE II- 9

COMPANIES WITh LARGEST SHARE IN THE TOP 25 GASOLINE-’CONSIJMING STATES

CAlIF ORN IA TE X A S 111W YO R K IL LIN OI S OHIOç4 .ft l,U8.000 &~ (6 , 255 .141.800 001) IS 101, 161,800 ml) (5 .186 126 ,800 ~~ l4 ,t3i , 717,~~ ,iI(leek, t.mp.uy il. Mlii. lueli. c.nipeey 7. Mkt . la,,k . compeey 5/, MIII. lank , c.n,.,~y % MIII. 11,11, conpeep ./. Mitt.
I . Socal 16.38 1. Te•oco 14 . 43 1. Mobil 38.65 I . Amer ican 19 3 2  I. Soh io 24 70
7. Sh.ll 14 .01 2 foton 14 .27 2. Te.o co I 1 . 1 1  2 . Shell 9 9 2  2. MaraIho ~ I 90
3. l.OCO 10 .55 _ . ulf 9 43 3, Shell 8 98 3, Tex aco 6 70 3. Sun 7 10
1. Union 9.07 4. Mob i l 7. 14 1 Eas on 8 14 4 Clark 601 4 As hland 7 57
5. Mobil 89 1  3 Sham roc k 603 5. C.’ lf 6 89 5 Mob il 5 ,53 5 Shell 7 4?
6. Seneca 8 6 2  6 Prlrofin a 4 .67 6. Sun 6.57 6. A RCO 5 .52  6. Gull 6 0 2
7 Gulf 5.02 7. Shel l . 3.66 7. Am er ica n 5. 17 7. Phil b ps 4 . 1 1  7. Te,oce 4 23
8. Phi llip, 502 8. Philli ps 3.64 8. AR CO 1.10 8. Sun 3 58 8 Union 393
9. lx ~ on 3.71 9. Conlin enlal 3 4 5  9.GetIy 3.38 9. Morol hon 3.28 9 . ARCO 3.76

10. Doug las 3,34 10. Sun 3. 18 10. Ci’ ies 1.89 10. Gulf . 3.26 tO.  Clark 3 .21

PR NNS YL YAN IA MICHIG AN FLO RI DA NEW JERSEY GEORGIA
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Each five years, the Bureau of the Census , U.S. Department of Commerce ,

publishes a Census of Retail Sales which includes gasoline station sales

in the U.S. by state and county. The Bureau of the Census also publishes ,

in a similar report , gallonage data on fuel storage capacity by state and

by county.

C.l.2 “Bottom Up” Approach

A major source of supply and distribution information on the “bottom up”

approach are the individual oil companies in the respective risk and host

areas. Most major companies have offices in large and medium-sized cities

in the U.S. These companies usually ha”e data on market share, location and

storage capacity of stations , locat i on and storage capa~it~ f bu lk storage

facilit ies , local refineries , pipelines and flow patterns . The State Petro-

leum Association may also be a useful source of information on petroleum

sales by supplier at the state , county, and city level. Interviews with

personnel of the regional or local offices of FIiA are also most helpful in

providing an overview of the fuel sources and snarket shares of all producers

serving a particular area.

C.l.3 Planning Guidelines

The crisis relocation planner should identify the production and con-

sumption of each type of fuel on a statewidc , host area, and risk area

basis. Refinery output and net inflow or outflow from the host and risk

areas should be determined . The location and capacities of pipeline bulk

storage should be determined .

The location, capacities and ownership of pipelines and bulk storage

facilities should be determined . In addition , a list of gasoline stations
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in the host and risk areas should be prepared including name, address,

brand carried , storage capacity , and number of pumps.

Table 11-10 shows the type of fuel-related information which should be

obtained for the risk and host areas.

C.2.l. Normal Requirements

When total normal fuel consumption figures for the host and risk areas

have been obtained, it is necessary to divide these figures into their

component parts to provide a basis for assessing fuel requirements during

and after relocation . The components of normal fuel consumption are per-

sonal movement and goods movement. Personal movement is further subdivided

into work trips , family business trips , social and recreational trips , and

education trips. Goods movement is subdivided into two major categories:

intercity trucking and local trucking.

Personal Transportation. The make-up of each component of the personal

transportation budget and its relative importance in that budget are dis-

cussed below. The classification scheme and statistics are reported in the

nationwide Personal Transportation Survey~~
’5
conducted by the Bureau of the

Census for the Federal Highway Administration during 1969 and 1970 (see

Appendix Table C2-l).

Work trips comprise nearly 42% of the personal travel budget , and include

both the journey to and from work and related business trips made during

the working day. Family business trips comprise 19.4% of the vehicle miles

in the personal travel budget and include medical and dental trips, shopping

trips, and other related family business trips. Educational trips account
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TABLE 11-10 FUEL SUPPLY AND DISTRIBUTION DATA REQUIRED

BULK STORAGE GASOLINE PETROLEUM
REFINERIES PIPELINES FACILITIES STATIONS COMPANIES

NAME

ADDRESS

OWNERSHIP

THROUGHPUT
CAPACITY

STORAGE
CAPACITY

NUMBER OF
PUMPS

BRANDS
CARRI ED

THROUGHPUT I

BY PRODUCT

SHARE OF
MARKET
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for 4.7% of the vehicle-miles in the personal travel budget and include

trips to and from school and church, and trips undertaken in discharging

civic responsibilities . Social, recreational and other trips comprise

nearly 34% of the personal travel budget. The largest single classification

within this category includes visits to friends and relatives, which account

for 12% of the total vehicle-miles in the personal travel budget. Vacations

and pleasure outings are included within the social and recreational head-

ing, as are trips to parks, recreational facilities, entertainment functions,

and sports events. These figures may vary slightly from city-to-city, and

the best sources of information on local travel habits are the origin-

destination surveys conducted by local transportation agencies. Should recent

surveys from such agencies be unavailable, older surveys or more recent national

statistics may be used to estimate travel propensities.

Goods Movement. Information on the consumption of gasoline and diesel

fuel in the movement of goods between and within cities is provided by the

DOT publication, Highway Statistics
C_6 and the Volume I, Section 2 analysis

of intercity and local truck movement . Interci~y and local trucking accounts

for 28% of the gasoline consumed in the United Statt~: annual1y.~~
’6

C.2.2 Fuel Needs During Relocation

Personal Transportation. The primary requirement for fuel during the

relocation period will be generated by the evacuation itself. For purposes of

illustration , in estimating fuel requirements it may be assumed that all fami-

lies with access to autos would travel in their ttfirstlt auto. As indicated

in Exhibit 2.3 of Volume I, about 80% of U.S. households own one or more cars.

In the U.S., there are more than 100 million automobiles to serve 214 million

people; thus, in theory, everyone could leave a , isk area by automobile.

However, automobiles are not uniformly distributed among all segments of
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society and among all cities or risk areas. In general , however, it has

been determined that risk areas with a population of less than one million

people exhibit some uniformity in availability of automobiles, with 85%-95%

of households having one or more. A more detailed discussion of the number

of persons in a risk area who may be assumed to leave by first auto appears

in Section A .2 (Vehicles) .

The balance of the risk area population not using first automobiles

would be evacuated by bus or other means. Local buses (public , city, school ,

tour) may be suffic ient for this purpose. This may be determined by compar-

ing the remaining number of persons to be evacuated with the number and

seating capacity of available buses. Of course, more than one trip may be

planned to the host area. If bus capacity is insuff icient, bringing in

additional buses from outside the risk area or use of taxis, trucks , or

rail may be examined as other means of supplementing passenger evacuation

capacity. However, trucks and rail are not well-suited to moving people

and should be used only when absolutely necessary.

For current estimates, automobiles may be assumed to have an average

fuel efficiency of l2;5 miles per gallon . Annual variations in the average

fuel efficiency of automobiles and trucks are computed and published in the

FHWA publication, Highway Statistics .
C_6 

The fuel efficiency of buses will

vary according to type and size of buses making up the fleet. Studies of

fuel efficiency and use for various transport modes have been analyzed by

the Transportation Systems Center of DOT in the publication, Technology Shar-

m g  - 
Energy ~~~~~~~~ Some of the relevant results of this work are des-

cribed in Appendix Table C2-3 through C2-8 . Statistics on the fuel effi-

ciency of buses and other vehicles m ay be found in Tables C2-9 and C2-1O

of Appendix C.
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By combining statistics on vehicle fuel efficiency with the total person-

miles traveled in the relocation (see Volume I, Table 2.6 for illustration),

daily and total fuel requirements may be estimated for the evacuation period .

It is assumed that all vehicles leaving the risk area would originally fill

their tanks at stations within the risk area. ‘~utomobiles destined for dis-

tant locations would require additional fuel somewhere along the route.

Given the fact that much normal travel will be curtailed during relocation ,

total fuel requirements within the risk area during the relocation period

are likely to be less than total fuel requirements during a normal working

day.

Within the host area, evacuation fuel demands are likely to fall heavily

upon the gasoline stations along the evacuation route. In addition to re-

fueling evacuating vehicles , these stations would also be expected to meet

the requirements of local residents, the estimated consumption of local

residents and added to the consumption by evacuating vehicles. Measures

may have to be taken to bolster fuel supplies at those stations likely to

bear the brunt of the demand for refueling along the evacuation route.

Fuel demands during the relocation period will be imposed by the commut-

ing of critical workers to the risk area, the continuation of normal business

within the host area, certain family business and social trips, and the con-

tinuation of intercity and local cargo movement on a reduced scale. It can

be assumed conservatively that 20% of the workers from the risk area would

commute during the relocation period; this estimate may be taken as an upper

bound on the number of commuting critical workers. Recent estimates have

indicated that the number of critical workers is likely to be closer to

7%-8% of the total work force.~~
8 

However, estimates should be made for

each risk area individually,  depending upon the prevailing conditions there .
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The general formula for computing the fuel requirements of commuting

critical workers is:

Number of Cri tical Worke rsFuel Needs = .
Effective Commute Vehicle Capacity (Workers Per Vehicle)

Average Round Trip Distance Between Risk Area and

Mu1t~ li d B Host Counties Housing Critical Worke rs (Miles)
‘P e >‘- . Commute Vehicle Fuel Efficiency (M.P.G.)

In us ing this formula, of course , it will be necessary to take into account

the type of vehicles to be used. If automobiles are used , three persons

per vehicle is a reasonable estimate; if, on the other hand , buses are used,

this figure would be considerably higher. (See Section A for the capacities

of various types of buses.) The use of buses could bring about a savings of

fuel in the commute of critical workers. It is possible that gasoline con-

sumed for work trips within the host area would remain about the same before,

during and after relocation . In making fuel calculations , however, local

circumstances should be taken into account.

Goods Movement. Intercity cargo movement during relocation will gen-

erally follow normal patterns, with movements restricted critical goods.

Local cargo flow will be restricted to movement of critical goods, but tra-

vel distance will be increased . A detailed discussion of cargo movement

appears in Section A.3.
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C.2.3 After Relocation

Personal Transportation. Following relocation, personal travel require-

ments within the risk area would be limited to the commuting of critical

workers. Fuel for this activity would be obtained from selected risk area

gasoline stations. The amount of fuel consumed by commuting critical work-

ers following relocation may be assumed to be identical to the amount con-

sumed during relocation, since presumably the work would continue . This

amount would be equal to the fuel required to move the critical share of

the work force from host facilities to jobs within the risk area.

Within the host area, it can be assumed that family business trips

by both risk and host area families will continue at pre-evacuation levels.

These trips include shopping trips , medical trips, and trips to restaurants.

It is assumed that no educational trips will be made following relocation ,

and that social and recreational trips will be considerably reduced . Post-

evacuation trips by risk area residents may be reduced or eliminated by

impounding automobiles following relocation; such a measure would result

in significant fuel savings. The action to be recommended will depend on

the availability of fuel and other factors relevant to a specific area.

Goods Movement. Intercity truck movements are assumed to drop to 60%

of the pre-evacuation movement (see Section Il-A) . Local truck movement in

the risk area will undoubtedly drop during and after the relocation period.

Using an analysis of truck trips in eleven composite cities, it has been

estimated that local truck movement of critical commodities and services

will be only about 50% of that under normal conditions . However , the dis-

tance traveled with probably increase due to the need to move trucks greater

distances into the host areas. Of course, the percentage changes in commo-
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dities carried and the increase in distance traveled will be different in

each case. Volumes of local and intcrcitv ~‘argo no’. ement within the host

area may be reduced b y fac to rs  ide n ti 1~a1 t those ~i~ed in adjusting risk

area cargo volumes. In the host ire~ , t~owever , no adjustment need be made

for the increased distance of local movements .

In computing the amount of fuel consumed by family business , social

trips , and cargo movement during the relocation period, the daily fuel

requirements for these trips before and after relocation may be averaged .

(Illustrative fuel requirements for the Colorado Springs risk and host

areas before, during and after relocation are shown in Appendix Table

C2-2.)

Summary

Under any foreseeable circumstances, total fuel requirements will pro-

bably decrease during and after relocation . The decrease in the risk area

will be marked, and conditions in the host area will depend upon the speci-

fic measures taken to control the fuel consumption following relocation.

Fuel supplies will need to be bolstered at selected locations in the host

area, particularly those locations serving as refueling stops along the evac-

uation route. The chief fuel problem anticipated during relocation is one of

redistributing the supplies from the risk to the host area.
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In evaluating the available options, it is important to remember that so

long as normal fuel production rates are maintained, the total supply of motor

fuel is likely to exceed the total demand during and after relocation . Unless

fuel shortages exist prior to relocation, then, there should be more than

enough motor fuel to go around. Since the nature of the product does not lend

itself to individual hoarding, the chief arguments for strict conservation

measures and controls are:

1. To ensure that gasoline and diesel fuel supplies are shifted to meet
the needs and priorities of the relocated population ; and

2. To reduce the vulnerability of the nation’s fuel supplies by build-
ing stockpiles in host-area bulk terminals and storage tanks.

Exhibit 11-15 summarizes the principal advantages and disadvantages of

the various options for controlling, distributing, and conserving motor fuel

under crisis relocation conditions. Since total supplies are l kely to exceed

demand during and after relocation, and since motor fuel is difficult to hoard,

strict rationing controls are not necessary for ensuring fuel availability dur-

ing a relocation period. The primary argument for such controls is that they

will create excess supplies which can be stockpiled against a potential attack

and will help prepare the public for postattack rationing, should an attack

follow relocation.

The chief motor fuel problem to be faced under crisis relocation conditions

is one of distribution, not supply. Stocks in the secondary distribution system

must be redirected so they are available where needed. Depending on the situa-

tion, this may be done either by using tank trucks to take supplies directly from

risk-area pipeline terminals and refineries to host-area storage facilities and

gasoline stations , or by intercepting pipeline flows before risk-area terminals

are reached. To facilititate the redistribution process, any regulatory barriers

to intercompany fuel transfer should be lifted.
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C.3 Motor Fuel Control and Distribution Options

Alternative stragegies for controlling the distribution of motor fuel

under crisis relocation conditions may be classified into the following

four categories:

1. Fuel Rationing Systems designed to control fuel sales
at the retail level. Examples of such systems include
coupon controls, odd/even sales restrictions, purchase
limitations, and minimum tank requirements .

2. Distribution System Adjustments designed to redirect fuel
supplies to host area storage facilities and gasoline sta-
tions. Such adjustments may leave normal distribution
channels intact or interrupt the flow of fuel before risk
area outlets are reached.

3. Product Integration Measures designed to speed the distri-
bution process and simplify adjustment procedures. Examples
of such measures include the encouragement of intercompany
fuel transfers, elimination of product separation, and the
unrestricted use of leaded gasoline.

4. Fuel Conservation Measures designed to reduce fuel needs
during the crisis relocation period . Such measures might
include the impounding of private automobiles following
relocation and increased reliance upon buses and carpools.

The above options are not mutually exclusive, and a successful strategy

for providing fuel during and after relocation is 1il~e1y to require the

interaction of a number of complementary rationing procedures, distribution

system adjustments, integration techniques, and conservation measures. In

an attempt to identify the most promising combination of alternatives , each

potential option was evaluated in the light of general considerations con-

cerning:

o Pre-crisis set-up and maintenance requirements;

o Potential post-crisis legacy;

o Operating requirements under crisis relocation conditions; and

° System performance under crisis relocation conditions .
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The relative motor fuel supply-demand situation outlined above is

typical of that throughout the United States. Other researchers examining

the need for fuel under crisis relocation conditions have concluded that

an ample supply exists in available storage facilities. Studies of risk

areas in one region, for example, indicate that service station and local

pipeline stocks of fuel are more than sufficient to “top off” the tanks of

relocating vehicles. It was found that if all automobiles are serviced on

the average of every five days) the relocating first automobiles, repre-

senting three-fifths of the total fleet, can be serviced in three days.

Since service stations operate substantially below capacity a considerable

portion of the time, only a few of the risk area service stations need to

be scheduled to provide continuing service.

C .4  Preattack Fuel Stockp i l ing

One of the important postattack implications of research on pre-

attack crisis relocation planning guidelines is the need to expand

output and stockpile fuel during the crisis relocation period. Based

on data from one commonly-used attack pattern, it is estimated that

approximately 30% of U.S. refining capacity will remain undamaged in

the postattack period~
’9. Therefore, fuel stockpiled in the host area

prior to an attack will ease a possible severe shortage in the post-

attack period. Stockpiling of fuel in the host area should begin as

soon as poss ible dur ing crisis reloca tion .

Following evacuation, tank truck deliveries to all host-area

gasoline stations will be increased both to meet the increased host-area

fuel needs and to decrease vulnerability in the event of an attack .
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Supplies will also be redirected to secondary bulk terminals within the host

area. Secondary bulk storage in the host areas, however , may be relatively

small. In the Colorado Springs host area, for example, if fuel is redirected

to the host area, bulk terminals would be filled in less than three days,

and storage tanks in host-area gasoline stations would require an additional

five or six days to fill completely . Thus, if pre-evacuation production

rates were continued , existing fuel storage capacity in this host area would

be exceeded in little more than one week following crisis re’
~ocation . In

the event that the crisis period extends beyond one week, therefore, a

strategy of fuel stockpiling will require the creation of additional fuel

storage capability in the host area. Possible alternatives for providing

supplementa l fuel storage facilities within the host area under extended

crisis conditions include:

— I. Building c~xpedient storage facilities;

2. Constructing new bulk storage terminals;

3. Using underground storage; and

4.  Filling the tanks of impounded automobiles.

Each of these alternatives is discussed briefly below .

Expedient Storage. One promising type of expedient storage facility

suggested by industry officials entails the use of collapseable rubber-

plastic containers . Such a storage facility has the advantage of requiring

relatively short construction time . This type of storage , referred to as

“embankment support storage,” has thus far been developed for crude or petro-

leum products up to a capacity of 25,000 barrels. It is essentially a 185’

X 100’ X 14’ rubber-plastic-treated fabric formed in the shape of a pillow ,
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and supported on all sides by earth embankments . In collapsed form, a crated

container can be delivered to site on a semi-truck-trailer. Total construc-

tion time including earthwork, placement of container, roof, and pumps and

values is about one week . The largest unit of this type (25,000 barrels) is

still being tested by the U.S. Army . It does appear, however, that this

type of storage may soon be available for such uses as those required under

crisis relocation.

New Permanent Storage. Construction of new permanent bulk storage

terminals is time-consuming. It is unlikely that a crisis would extend

long enough to permit the construction of entirely new bulk storage facil-

ities in the host area. Industry officials estimate that a 100,000-barrel

new bulk terminal would require from three to six months to build, providing

all materials were readily available. However, the steel for this type of

facility is usually made to order, and can take from two months to one year

or more to deliver depending upon other demands for steel.

Underground Storage. Underground storage is another possibility for

petroleum product storage. Two European counties are known to store liquid

petroleum products underground. In the United States (Colorado and else-

where), natural gas is now stored underground and investigations have been

underway for some time on the storage of crude underground. Salt domes

which occur in a number of states can be made suitable for this type of

liquid storage.
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Tanks of Impounded Automobiles. Among the most readily available

sources of storage for the excess fuel produced during an extended crisis

period are the gasoline tanks of the automobiles used in the relocation

itself. The bulk of these automobiles would be impounded following the

relocation , and could be refilled from host-area outlets in the event of

an extended crisis period. Automobiles could be released from impoundment

on a scheduled basis during an extended crisis for the expressed purpose of

refilling their fuel tanks, after which they would be reimpounded . This

action would hav e the effect of freeing more fuel storage capacity within

the host area and demonstrating to the automobile owners that fuel would be

available for their use following the resolution of the crisis. Vehicles in

use in the host area during an extended crisis should also be encouraged to

“top off” their tanks frequently , keeping them as full as possible and free-

ing more fuel storage capacity within the host area.

In general , all existing and potential petroleum storage facilities in

the host areas should be identified. Appropriate data (such as location ,

ownership, capacity, fuel category, number of loading bays, and pumping

rates) should be obtained on each petroleum storage facility and included in

the Fuel Annex of local plans.

C-S. Protecting Critical Facilities

Petroleum pipeline terminal facilities, including pumps , instrumenta-

tion , communications and storage tanks, are critical links in the fue l supply

system network and should be protected where possible. Where such facilities

are located on the fringes of target areas, they would not be completely

destroyed but would receive light to moderate damage. Even light damage
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could render these facilities inoperable in the first days and weeks after

an attack, when fuel will be critically needed. In many instances, such

facilities can be relatively easily protected with sandbags, steel mesh,

or earth embankments. Protection measures for petroleum facilities are

discussed by Stephens (Reference C-l); Appendix C-3 provides further data

on protection measures. Discussions with petroleum industry officials will

provide planners with data necessary to identify key pipeline facilities.

Guidance for the protection of such facil ities should be included in the

Petroleum Annex, along with a set of priorities for protection reflecting

both the importance of the facility and the anticipate level of damage at

the site.

C-6. Probable Postattack Situation Sunmary

An analysis of the damage to national and local petroleum production

and distribution facilities indicates that severe fuel shortages will probably

follow a nuclear attack. The destruction of national and local refineries,

storage facilities, and pipelines would necessitate changing patterns of

distribution and implementing strict fuel use controls.

Only 30 percent of U.S. refinery and storage capacity is expected to

survive a nuclear attack; therefore, it is anticipated that federal reallo-

cations will effectively adjust local fuel supplies to 30 percent of pre-

attack levels.

Following a crisis relocation prior to an attack, fue l requirements are

expected to drop to between 35 and 40 percent of normal daily usage. As the

nation’s production capacity will far exceed consumption rates during
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this period, excess supplies should be stockpiled in host-area storage

tanks to alleviate anticipated postattack shortages. Rigid control and

conservati on measures such as rationing, vehicle impoundment, and restric-

tion of unnecessary cargo shipments will be necessary following an attack.

Introduction of these measures during the relocation period will allow

these procedures to be tested under somewhat less harrowing circumstances

and increase the supply of fuel available for stockpiling. Critical

petroleum production and distribution facilities on the fringes of antici-

pated target areas should be protected with sandbags , steel mesh , and earth

embankments during the relocation period .

Several alternative methods of alleviating a fuel shortage in the

postattack period have been identified. These include :

° Assigning top priority to the repair of refineries and pipelines.

° Adjusting the fuel supply and distribution system to bypass
damaged facilities. In the immediate postattack period, trucks
could be used to bypass damaged refineries and pipelines and pro-
vide survivors with fuel from surviving supply points. In one
case studs- in Colorado , it was determined that this adjustment
would require a 41% increase in the mileage normally required
to transport fuel.

0 
Introducing rigid control and conservation measures. Such mea-
sures include: (1) limiting cargo shipments to essential goods;
(2) moving critical workers in buses and carpools; (3) impound-
ing personal automobiles ; and (4) introducing strict fuel
rationing measures.

The available fuel supply will be the constraining element in the postattack

management of the transportation system. In this regard, fuel shortages

will be more critical than either vehicle losses or road damage. However,

there should be sufficient fuel to support the movement of food and other

essential commodities if its use is carefully controlled.
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- TABLE A .l-2

S~M’1ARY OF PUBLIC TRANSIT VEHICLE AVAILABILITY

URBANIZED AREA POPULATION CLASSIFICATIONS
__________ _________ 

(THOUSANDS) 
_________ __________ __________

2,000 1,000 ~ 500 ~ 250 ~ 100 ~ 
- 

5-0 ~ Total ,
and under under under under under all

___________________ over 2,000 1,000 500 250 100 areas

POPUL ATION
INFORMATION :

No. of Areas 10 13 29 40 80 69 241

Total Population
(thousands) 59,309 18,041 20,097 13,120 12,417 5 ,205 128,189

BUS INFORMATION :
No. of Buses 26,680 6,992 5,768 3,186 2,666 909 46,201

Average Seats! 47.6 48.7 45.7 43.5 38.7 35.4 46.4Bus
Buses Per 1000 .45 .39 .29 .24 .21 

- 

.17 36.0

RAPI D RAIL
INFO RMATION :

No. of Vehicles 10,129 101 35 23 0 0 10,288

Average Seats/
Vehicle 50.7 46.6 52.U 64.0 0 0 50.7

COMMUT ER RAIL
INFORMATION :

No. of Vehicles 43,314 11 1 8 10 0 4,344

Average Seats!
Vehicle 104.6 70.1 24.0 110.0 89.0 0 104.5

SCHOOL BUS
INFORMATI ON:
No. of Buses N/A N/A N/A N/A - N/A N/A 257,804(’

TAXI
INFORMATION :

— 
No. of Tax is 49,676 11,500 9,931 5,092 4,798 1,959 82,962
Taxis per 1000

Population .84 .64 .49 .39 .39 .38 .65

4School bus totals reflect entire U.S., (Source : 1974 Nationa l Transportation
both urbanized and non-urbanized areas. Survey and Statistics on School

- Transportation) 
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APPENDIX A.1.4

NATIONAL AND LOCAL ESSENTIAL FACILITIES LISTS

It has been noted above that several “essential” industry lists

have been prepared in accordance with various criteria. There is appar-

ent agreement among a l l  criteria , however, that food manufacturers, fuel

suppliers (where fuel is defined as energy), pharmaceutical manufacturers,

and transportation operations are essential to the life support of the

population and to the continued operation of the productive capacity of

the United States. The major problems of identifying critical facilities

lie in the area of defining which portions of the production capacity

should be kept operating during a crisis relocation and are essential to

post-attack recovery after a nuclear exchange, and even which are essen-

tial to maintain production in the event of a conventional war of unknown

magnitude. Obviously, one master “Nationally Essential Facilities” list

cannot be developed to meet these varying requirements. Therefore, it~as

decided to concentrate on identifying the facilities that should be kept

in operation during a crisis relocation period of 14-30 days.A~~~

It should be noted that manufacturing establishments and suppliers.

raw or semi-finished materials to them have been considered as nationally

essential facilities . Because of the difficulty in determining the loca-

t ion of such facilit ies as:
o Petroleum bulk station s and terminals;
0 Truck “redistribution” facilities;
o Railroad marshaling yards; and
0 Mining and extraction processing facilities ,

_ _  
-,—~~~~-—---~ 
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INTERIM LIST OF NATIONALLY ESSENTIAL INDUSTRIES

IDENTIFIED BY STANDARD INDUSTRIAL CLASSIFICATION CODES

~~~~7(SIC) Title

1211 Bituminous Coal

1311 Crude Petroleum ~ Natural Gas
1321 Natural Gas Liquids
1472 Barite
1473 Fluorspar
1474 Potash, Soda, Borate Minerals
1475 Phosphate Rock

1476 Rock Salt

1479 Chemical ~ Fertilizer Materials

2611 Pulp Mills

2621 Paper Mills

2643 Paper Bags 
-

2647 Sanitary Paper Products 
• . 

- 
-

2651 Folding Paperboard Foxes

2654 Sanitary Food Containers
2711 Newspapers, Publishing

2812 Alkalines and Chlorine
2819 - Industrial Inorganic Chemicals, NEC
2822 Synthetic Rubber

2831 Biological Products
2833 Medical Chemicals ~ Botanical Products
2834 Pharmaceutical Preparations
2841 Soaps and Detergents
2842 Special Sanitary Preparation -

2869 Industrial Organic Chemical s , NEC
2871 Fertilizers

2873 Nitrogenous Fertilizer

2879 Agricultural Pesticides ~ Chemicals
2899 Chemicals ~ Chemical Preparations , NEC

2911 Petroleum Refining 
-

A-S 
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Industry
Number (SIC) li tle

3011 Tires and Inner Tubes

3041 Rubber , Plastics Hose and Belting

3221 Glass Containers

3312 Blast Furnaces (Including Coke Ovens)
3317 Steel Pipe and Tubes

3411 Metal Cans

3423 Hand Edge Tools , Except Machine Tools
and Hand Saws

3523 Farm Machinery and Equipment
3531 Construction Machinery and Equipment
3546 Power-Driven Hand Tools

3623 Welding Appartus , Electric

3641 Electric Lamps
3841 Surg ical and Medical Instruments and Appartus

3842 Orthopedic , Prosthetic , and Surgical
Appliances and Supplies

4011 Railroads, Line Haul
4213 Trucking , Except Local

4231 Maintenance Facili t ies for Motor Freight
4612 Crude Petroleum and Pipelines
4613 Refined Petroleum Pipelines

4619 Pipelines (Other) 
-

4811 Telephone Communications

4821 Telegraph Communications
4899 Communication Services (Other)

4911 Electric Services

4922 - Natural Gas Transmission

4923 Natural Gas Transmission and Distribution
4924 Natural Gas Distribution

A-6
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they have not been included as candidates for inclusion in the NEF list.

Many of those in the last category are located in sparsely populated

areas ; however , some (such as oil extraction) are located in populated

areas .

A major problem for inclusion of any facility of a NEFL is the total

output required for the industry during the evacuation period. There is

doubt that demand for goods will drop; the extent of the drop can only be

guessed . For example, gasoline consumption will be cut drastically because

private automobile use will be virtually nonexistent; fuel consumption will

drop because some industries will be s)~ut down ; steel demand will drop for

the same reason. Thus, for example , he quest ion posed is how many of the

refineries and steel mills in the evacuated areas need be kept in operation .

Obviously, steel can be shipped away from the areas at hazard and stock-

piled; but there is an absolute limit to fuel storage space which is rather

easily reached when consumption falls by even a few percent .

Criteria, Methodology and an Explanation of the Local Vital Industries
SIC Table

“ The definition of ‘Local Vital Facili t ies’ is those fac i l ities in a

local area where production must be maintained for the li fe support of the

population of that city prior to, during and for the duration of the evacua-

tton . This definition limits the facili t ies to those contributing to the

production items that fu l f i l l  basic human needs - - os tensibly food and

shelter.

A-7 
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Based on the four-digit SIC code industries, a table was developed marking

the local vital industries (based on the above definition). The follow-

ing pages outline specifi c criteria for inclusion and exclusion , and ex-

plain the limi tations of the table. The gcneral criteria (outlined by the

above definition), the criteria for the inclusion of specific industries

on the local vital industries SIC list , and the choice of spec ific plants

on the local vital facilities lists were determined judgmentally by the

author, as a result of discussions with DCPA staff officers, IDA and JHK

~ Associates staff members , local and state authorities , and city planners

of Austin and San Antonio, Texas , and a brief process analysis of certain

industries. “A 12

Criteria for Inclus ion in the Local Vi tal Industries SIC List

The following explanations outline entire sectors included in the High-

Risk Area and special cases where inclusion might seem questionable. It is

assumed that all facilities in the Host Jurisdiction will continue to oper-

ate, subject to availability of inventory :

(1) A ll industrial sec tors that input to the production of food
• are included. There are, neve rtheless , exceptions to this 

-

rule--notably production of foods with little nutritional
value (e.g. , candy and carbonated soft drinks). More often,
only  a few products of an SIC group are inc luded , wh ile a
great number of products under the sane SIC group are exclu-
ded . An example of this is SIC 2099: Food Preparations ,
NEC. Yea st , which is a local vital product, comes under this
SIC; therefore , the group number is included , although other
products that also come under this group (e.g., spaces, cat-
sup, and chutney) are not vital products. Thus , in the San

- • Antonio sample li sts , not all plants with the SIC number 2099
~~~~ have been includ ed , although the number is on the Local Vital

Industries SIC list .

A-8 
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(2) All energy-producing industries (electric companies, petro-
leum refineries) are included in the Local Vital Industries
SIC and facilities lists. These will also show on the
National Essential Facilities lists .

(3) Wholesale trade facilities and companies are included
where theF ?ertain to the distribution of food , drugs , and
other vital items.

(4) All facilities that produce pastries are included , on the
assumption that they are easily converted to bread production.

(5) Industries producing beer are included , on the ass umption
that they provide a good source of drinking water which could
be bott led during a crisis.

(6) All transportation SIC groups are included , although regular
routes and business-as-usual would be different.

(7) Retail• stores are indicated as being operable in Host Juris-
dictions only. Even though the probability exists that all
such establishments will continue to operate in these low-
risk areas until their stocks are depleted , these specific
SIC establishments are highlighted to ensure that the local
authorities will arrange for necessary controls and replenish-
ments of their essential life-support goods .’~~

12
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TABLE C1-2

MILEAGE OF PRODUCT PIPELINE S IN THE UNITED STATES
AS OF JANUARY 1, 1971

CM9ss)

Si.. (inchesl

24 
Total

Sta,tI 
Under 4 1/  62/ 4 10 12 14 16 18 20 22 (and ‘ T~~~~~4 

— 

°‘~~‘~ 1971 19F0

Alaba ma — — 36 85 18 402 — 2 310 — — 290 1 , 143 1 ,049
Alaska — — 8 — — — — — — — - --  8
Anzona — — 173 241 — 280 — — — — — - 694 696
A,kansas 7 21) 37 57 234 248 — 1 — 297 — — 901 901
California 140 342 495 943 382 302 175 62 — — — — 2,84) 2.403

Colorado — — 4 11 87 — — — — — — -- — 498 502
Conneclicut — — 22 — 6 64 — — — — - 92 9)
Dalaware — — — — — — — — — — — 3 3
Florida — — 26 24 37 — — — — — — 87 35
Georgia — 42 197 685 218 104 148 — 12 — — 322 1.728 1 .567

I~~~o — 13 — 548 79 — — — — — — — 640 639
I$sno,i 1 I 246 1,272 516 801 438 160 3 — — — 3,444 3 . 101
Indiana 6 5 103 1,009 454 300 202 102 — 195 — 2,378 2 )37
Iowa 6 2 1.456 1, 157 292 850 — 84 — — — - - 3,847 3 103
Kanta. — 206 1,241 2.642 972 710 — 185 — — — — 5 ,976 4 , 590

Kantucky — - 49 — — — — — — — 50 49
Louis iana 7 241 477 502 351 225 — — 1)2 142 — 202 2.259 2.069
Meine — — 124 — — — — — — — — — 124 375
Marylaod and Dinrictof Columbia - .  — — 59 24 — 38 — — — — — 98 219 235
Massachusetts — 28 190 10 — 14 — — — — — — 242 739

Michigan 1 — 259 472 282 166 — 230 — — — — 1,410 1.271
Minnesota — 14 - 424 906 137 291 — — — — — — 1 ,772 1 .159
Mississippi — — — 90 — 521 — — 332 — — 180 1 ,123 924
Missouri 10 — 119 1,623 822 412 — 62 — 70 — - 3,118 3,021
Montana 2 4 141 379 443 — — 54 — — — — 1.023 967

— 12 1.222 890 38 . 151 — — — . — — — 2.313 1,9)6
Npvada — 8 82 237 — I — — — — — — 378 331
*w iertey 2 — 136 39 13 43 79 138 2 — — 97 549 545
t*w Mes, co 82 — 228 732 — 163 — — --  — — — 1,705 1 130
Mew yor k I 17 384 392 187 71 84 12 — — — -. 1,148 1 ,130

North Canali na — — 131 261 108 18 169 — — — ‘- 147 834 833
Marth Dakota — 2 81 137 198 — — — . — — — 418 483

4 81 868 1, 323 126 352 94 49 — 34 — — 3,531 3,333
Okialsom a 1 335 769 1 ,275 481 432 — - 1 — — — I i i  3,491 3,208

— 3 61 619 — — - 6 — — — ‘- - 689 41)7

Pennsylv nia 3) 112 1,392 1 ,226 285 185 290 146 114 77 — 155 4,013 4027
*sode Island 3 — 14 — — ‘ — — —. — — — — 17 17
South Carolina — — 9 240 104 10 102 — — — — 170 635 561
South Dakota — — 564 5~ — 22 — — — — — — 640 575
Tan — — — 247 118 — — — — — — — 365 365

373 1,280 3.770 3,678 1,968 1,376 305 68 34 92 — 110 13 ,054 10,608
Utah — I II 292 7 2 — — — — - 313 488
Vug.n.a — — 54 155 13 109 208 54 — — 9 220 822 80.
Mashsngton 2 1 211 24-4 14 22 141 121 — — - 762 608
West Virg.ni~ — — 7 — — — — — — — - 8 7

Wsscon~in — — 72 172 109 41 — 72 — — — 466 464
Wyoming 23 1 327 664 170 — — — - — — — 1 ,185 1 ,009

Total January 1, 197) 702 2,77) 
- 16, 732 25,634 9, 785 8.137 2.441 1,603 919 - 907 9 2,17 1 72 ,406

Total J.nuary l.1968 6~~ Z
~~9 [ ~~~~

o 0 2 [ 2 2 $ 2 2 [ 8 1 8 7  17 1 8 9  2,129 1441 937 1 075 9 L678 ]~~~~~~~ 64 .529

Includes a gmell amoun of 5.~nds pipe.

Includes a gmill amount of 7-inch pipe,

$owc.: USPM
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TABLE C.2-4

DISTRIBUTION OF ENERGY WIThIN
THE TRANSPORTATION SECTOR

Sot Total Energy
1960 1970

1, Automobiles
urban 25.2 28,9
intercity 27.6 26.4

(52.8) (55.3)
2. Aircraft

fre ight 0.3 0.8
passenger 3.8 6.7

(4 .1) (7 .5)
3. Railroads

freight 3.7 3.2
passenger 0.3 0.1

(4.0) (3 3)
4. Trucks

intercity freight 6.1 5.8
other uses 5 13.8 15.3

(19.9) (21.1)
5. Waterways , freight 1. 1 1.0
6. Pipelines 0.9 - 1.2
7. Buses 0.2 0.2
8. Other b 170 10.4

Total - 100.0% 100.0%
Total Transportation Energy

Consumption (10 15) 10.9 16.5 Btu

aData from Federal Highway Administration. Highway Statistics.
blncludes passenger traff~c by boat, general aviation, pleasure boating,
and non-bus urban mass transit , as well as the effects of historical
variations in modal energy-efficiencies.

(Source: Reference C-7)
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TABLE C.2-5

DISTRIBUTION OF ENERGY WITHIN THE

U.S. TRANSPORTATION SECTOR

- Percent of Total Energy

_________________________ 1950 1960 1970

1, Automobiles (38.0) (51.4) (54.2)
urban 22.3 29.2 34.2

intercity 15.7 22.2 20.0
2. Trucks (16.6) (19.8) (21 .1)

intercity frei ght 4.7 7.5 6.9
other 11.9 12.3 14,2

3. Railroads (25,2) (4 .9) (3.3)
freight 22.4 4.3 3.1
passenger 2.8 0.6 0.2

4. Airplanes (1.7) (7.5) (10.8)
passenger - 0.5 2.0 5.6
freight 0.1 0.3 0.8
generai aviation 0.1 0.3 0.6
military 1 .0 4.9 3.8

5. Buses (1.1) (1.0) (0.8)
urban 0.8 0.5 ~i3
iritercity 0.2 0.3 0.25
school 0.7 0.2 0.25

6. Non-bus urban mass transit 1.0 0.3 0.2
7. Waterways, freight 3.6 2.8 2.5
8. Pipelines 0.7 0.9 1.2
9. Othera 12.1 11,4 59
Total Transportation Energy

Consumptionb (1015 Btu) 6.7 10.9 16,5

a..
~~her.. (the difference between Bureau of Mines totals and the sum

of lines 1-8) includes passenger traffic by boat, pleasure boating,
noafuel uses of energy (lubricants, greases), nonaviation military fuel
uses, and errors due to the use of ~pproximati-Sns and assumptions.

bAs reported by the Bura~au of Mines.

(Source: Reference C-7)
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TABLE C.2— 6

INTERCITY FREIGHT TRANSPORT

DATA FOR 1970

- El Haul
Actual Price Length Speed

(Btu/TM) (i/TM) (miles ) (mph )

Pipeline 450 0.27 300 5
Railroad 670 1,4 500 20
Waterway 680 0.30 1,000 —

Truck 2,800 7.5 300 “ .40
Airplane 42,000 21.9 1.000 400

TABLE C.2.— 7

PASSENGER TRANSPORT DATA FOR 1970

Fatality
Rats

El IBtu/PMI Haul
Factor P IOS P5 Length Spu d

Actual 100% IF (%I (i/PM) to8 PM) ( nsIes) (mph ~

Inte city

Bus .1600 74 0 46 36 010 100 4 5
RSII,pad 2900 1100 37 4 0 009 80 40
Autornob.Ie 3400 1600 48 4 0  325 50 ~5o
A.rplan, 8400 4100 49 6.0 013 700 400

Urban
M.si tranIst 3100 7S0 20 83 026 3 ‘-IS
AIJIOSnOSSI. 1100 2300 21 95 2 11  6 ‘-20

(Source : Reference C-7)
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APPENDIX C-3

Stephens* provides the following data by A. Lewis Russell on storage
tank security:

“Storage Tank Security is designed to minimize losses resulting from
artillery, mortar, aerial , small arms or satchel-charge attack . Several - -

defensive steps can be taken to accomplish this objective .

“The following details have been obtained from several sources . Tests
and experience have proven the defense steps recommended below to be effec-
tive in minimizing losses resulting from attack.

“1. Blast Walls - Blast walls constructed around each individual stor-
age tank have proven to be effective against shrapnel emanating from “near-
miss explosions,” small arms fire up to and including 57 and 75mm weapons —

with contact fuse detonation, satchel charges placed by saboteurs and mor-
tars up to 81mm.

“It is recommended that blast walls be constructed of brick or hollow
ti le and mortar, with the brick or tile laid to give a wall about .25 meters
thick. Reinforcing is used with vertical supports at 3-4 meter intervals
around the periphery and horizontal reinforcing rings about 3 meters apart.
The inner surface of the blast wall should be about 1.25 meters from the tank.
(See attached drawing.) Experience has further indicated that the blast
walls must have ventilation slits approximately .2 meters from ground level
to avoid trapping gas fumes between wall and tank. These slits must be pro-
tected by heavy wire mesh to prevent hand grenades or other explosives from
being introduced between the wall and tank foundation.

“A door of 1.25 cm. steel plate or 5 cm. wood sandwiched between 2-.6
cm. steel plates is recommended. The sill should be about .2 meters above
the ground level and of masonry. It will serve to contain product in case
of modest spills or leakage. A lock not easily forced or broken should be
used to secure the door to minimize the poss ibility of forced entry.

“The masonry wall should rise about 1 me- er above the tank top, to
support mesh covers.

“2. Mesh Covers made of hardware cloth , lightweight up to 1/2” holes
are used as nets over the tops of the tanks to cause incoming shells with
contact fuses to explode at the sc reen, thus minimizing damage to the tank
proper.

“Best protection is derived when the hardware cloth is placed in 2
layers about 10-15 cm . apart, about one meter above the tank top and
anchored to a supporting truss. The truss work is secured to the top of
the blast wall with screen supporting members welded to the top of the tank
itself to support the weight of the layers of hardware cloth .

*
Stephens, Maynard M., Vulnerability of Total Petroleum Systems, Office of Oil
and Gas, U.S. Department of Interior for Defense Civil Preparedness Agency,
Washington, D.C., May 1973, pages 141-142.
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(Appendix C-3 , Continued)

“3. Steel Access Doors in Blast Walls - Steel plate doors equipped
with locks are recommended. They have proven to be effective against efforts
by saboteurs to destroy storage tanks through the placement and explosion
of satchel charges.”

The sketch below is a rough plan for construction of blast walls around dif-
ferent types of tankage:

T RUSS MESH-COVER
HARDWARE CLOTHMESH -\~~~~~~~~~~~~ //~~~~~~~~ 

_ _ _ _ _ _ _

MASONRY .-_.
WALL

TANK

_ _ _  

L~ E~JIL II I 
•,~,/
/ VE

TANK PAD DOOR 
WIN DOW

Tank Protection — Sides and Cover
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