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ABSTRACT

The prime objective of tkis phase of work is to augment the debris pre-

Tens

diction model with additional information (dehris charts, failure overpres-
sures, contents-debris criteria, estimating procedures and data, etc.) to

facilitate its application and increase its range of appiicabiiity.

To this end, new debris charts are preseanted which cover a more com-
plete and detailed range of building types, along with a tabulation of fail-
ure overpressures for miscellaneous s=all structures (towers, poles, stacks,
etc.). Criteria are develored for determinaticon of cebris from the contents
of buildings, and furnished with these (for ease of use)} are data relating

the amount of materizl contained in buiidings to building occupancy.

A description of the debris prediction model and its operation and a
detailed worked example zre presented illustrating the use of the mcdei to
determine debris contours over an entire city (Detroit) and debris profiles

along a route through the city. 1In this example, debris depths before ard

T el Gmeg  Gemd Gy Gmeg ey comy Gy G

after fire and the percentage contribution by building contents and struc-
tural components in eachk case are given. (Detailed descriptions of debris

characteristics are beyond the scope of work covered by this report and there-

» A imea

fore rot included.)

Data (tables, charts, eic.) developed in this report and in earlier
phases of this program have been assembled and are presentea in Appendix A

for ease of reference.
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Section 1

2 INTRODUCTION

o p—
T

Prior knowledge of the amount, type, and distribution of structural
and vegetational debris resulting from ruclear attacks on urban areas is

essential to preplanning of transattack and postattack operations. Such

- TP TR RO T

debris could constitute a forsmidabie impediment to all ferms of overland
transportation. Many activities and cperations which require mobility in
varying degrees (fire suppression, emergency mobilization, various counter-
measures, supply lines, evacuation, rescue, reclamation, recovery, cleanup,
etc.) botn during and after the attack would be greatly affected by the
amount of debris formed (by blast) or being formed (by fire or coupled

- ——————— et e f T
i

blast and firej}.

In many cases it wsouid be necessary to remove debris before scme of
these operations could be executed at ali. Ir such cases, preplanning of
5 the operations would regquire not only predictions of the amount, type, and
distribution of debris, but also predictions of the level of effort and
the amount of equipment required to remove the debris. Scheduling and the
approach taken to execute an operation could be vitaliy affected by logistic

requirements for debris removal.

This stuldy has been directed to the first of these problems — the
development of techniques for predicting the amount, type, and distribu-
tion of debris — and this repcrt summarizes activities carried out during

its third phase,

. In the first phase (Ref. 1), debris prediction charts were constructed
which related overpressure from a 20-kt weapon to the amount of debris
formed (by percentage of structure volume) from various rather broad cate-
gories of structure types. To illustrate the effects of weapon size,

similar predicticns made for a 20-Mt weapon were included on these charts,

- ——

e
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During the next prase (Ref. 2) the effects of fire on debris forma-
tion <ere studied. Debris prediction charts refiectiirng ibe coupled eifects
of blzast and fire were constructed for the same structure categories and

weapon sizes previously considered.

In the last phase the following tasks were undertaken:

® Tke debris prediction model was exterded tc include some structures
not previously considered, and was refired by adopting a =ore
detailed set of categories for many of the strnuctures already
studied.

® JMeans for predicring the amount of debris formed by the conteats
of buildings were developed.

® A detaiied descripticn of the prediction modei, its input require-
ments, and its operation was prepared, and — to illustrate the
operation of this model — it mas used to predict debris that would
be created by the Five-City Study attack on Detroit, Michigan. In
this example, general contours of debris denths for tne entire
city, and more detzailed debris deoths along routes through the
city, were calculated.

as part of this last task, the utility of the debris prediction zodel
vas improved by devising simplified methods for estimating structural

volumes and determining buiiding areas.

N rrp
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Section 2

STRUCTURAL DEBRIS FROM BLAST AND FIRE

In the course of empioying, for an ana2iysis of debris depths in
San Francisco (Ref. 2), the debris prediction charts developed in the first
two phases of the study, large differences in debris production character-
istics were noted. Further study irdicated that many of these differences
could be dealt with by adopting a finer set of structurai categories and
by including as specific types other structures commoniy found in urban
complexes. Accordingly, new charts have been prepared and, for certain

small structures, simple overpressure failure criteria were estabiished.

NE¥ DEBRIS CHARTS

The selecticn of building types for construction of these new charts
was based not only on consideration of blast and fire vulnerzbility, debris
production characteristics, and availability of data that would 2llow the
general behavior of the building to be defined, but also on the availability

of data that would permit buildirgs to be identified in urban complexes.

Data Anaiysis

The basic data for comstruction of these charts were obtained from
bombing survevs, weapon tests, technical reports, &nd historical accounts
of natural and man-made disasters. As before, the bombing surveys cover-
ing atcmic attacks on Japanese cities (Refs. 3 through £) provided valuable
blast and fire damage data for numerous types of structures at various
overpressures but had to be augmented with data from weapon tests, theo-

retical treatises, and miscellaneous other sources.

The bombing survey dats were reviewed first to identify the various
structure types and subtypes represented therein. Information ox each type
was then grouped for more thorough study. It was noticed at this time that

mixed constructiocn occurred frequently. For example, shear-wall and mowent-
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resisting frawe systeas were componly found in the same duilding. These
hybrids were evaluated and categorized on the basis of their dominant dynamic
properties. If a reinforced concrete building contained a moment-resisting
frame and light shear walls that would be blown out early in the failure
histary of the building, it was classified as a reinforced concrete frame
building. If the shear walls were more substantial (and blast resistant),

the building would bekave as a shear-wall buiiding and was so ciassified.

The bombing survey data were not complete. Sizable gaps existed ior
certain failure stages and ir some cases, such as the substantial rein-

forced ccncrete shear-vall building, compiete failure never did occur.

Damage analyses of buildings with similar components were used to
fill gaps where component failure was in question. The wearons test data
provided valuable information on various types of pavnels, walls, and
sheathing. These aata compare closely with the damage to similar elements
observed in the Japanese buildings. Variatiorns in conztruction practices,
window aperture,and shielding account for the relatively minor cbserved

spread.

Inforpation based on theoretical considerations, such as that found
in Ref, 9, was used for determination of coliapse threshold overpressures
for building types whick did not sustain complete or partial failure of

thei' main structural systems.

The terminal {100 percent debris) collapse overpressures for these
buildings were then obtained by estimation of the amount of additional
energy (in excess of that required to bring the building to the thkresh»>ld
of collapse) which the building would probably absorb in going from thresh-
old of collapse to complete cocllapse and matching this (by calcuvlations
censidering the dynamics of the systems) to the greater energy input from

the impulse of higher overpressure blast waves.

All failure overpressures from these various data sources were adjustad

or initially selected to reflect the effects of a nominal 20-kt weapor.
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After determination of overpressures for the various stages of failure
of each building type and various s¢iructura. svstems and components, the
relative volumes of the components and faziled portions were calculated as
a percentage of the total volume of structural material in the building.
This supplied the necessary information for comstruction of the basic Z0-
kt air-olast debris charts. By noting the percentage of combustible mate-
rial irn the various p.r-tions of the buiiding and using the fire vulnerabii-
ity information presented in the URS report 639-9 :gef. 2) these curves

were altered to reflect the courled effects of air blast and fire.

Corresponding curves for the 206-Mt weapon size were obtained from
these basic charts through utilization of structural dynamics procedures
such as fcund in Refs. 10 and 11, which take into account the effect of
variations in shock-wave characteristics (overpressure, dvnamic pressure,
positive-phase diration, impulse, etc.) on the dvnamic response of the
structure or its comporents. The response of structures and/or components
to a ssecific blast wave depends on their dynamic properties, such as natural
period of vibration, equivalent yield resistance, ultimate ductility ratios,

etc. Tvypical values for these parameters are listed in Ref. 9.

Chaxt Constuction and Description

Charts (Figs. 1 through 11) were constructed for the following building
types:

1. Heavy reinforced concrete multistory shear-wall buildings with
light interior panels

2. Heavy reinforced concrete multistory shear-wall buildings with
masonry interior panels

3. Steel and reinforced concrete multistory frame buildings with
earthquake design and light panels

4, Steel and reinforced concrete multistory frome buildings with
earthquake decign and masonry panels

5. Steel and reinforced concrete multistory frams buildings — non-
earthquake design with light panels
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6. Steel and reinforced concrete multistory frame buildings —
aon-earthquake design with masonry panels

% 7. Load-bearing masonry buildings with reinforcing or reinforced
i concrete spandrels

8. Light reinforced concrete shear-wzll buildings with concrete roof
and light interior paneis

9, Light reinforced concrete shear-wall buildings with concrete roof
and masonryv interior panels

10. Light reinforced concrete shear-wall buildings with nill-type
roof and light interior panels

11. Light reinforced concrete shear-wall buildings with mill-trre
roof and masonry intericr panels

All these buildings vary considerably with respect to debris production
when acted upon by blast and fire. In the following, a brief summary of

special problems associated with the various types is presented.

-

Building Types 1 and 2 (Figs. 1 and 2) have identical basic structural
systems but diffe: in the type of interior panels used. Changing the type
of interior panel from light (typified by stud, lath and plaster or wall
board, and by pressed metal construction) to heavy (masonry) increases the
volume of structural material in the building by over 70 percent (see Table
A-3), which wouid in turn increase the amount of debris produced by destruc-
tion of the building. The percentage increase in debris production would be

greater if just the panels were destroyed,

When fire effects are present, the light panels, being more vulnerable
to fire, would fail and produce debris at distances from the burst where over-
pressures alone would be tuo low to cause panel failure. Note on Fig. 1 that
significant coupled blast and fire effects begin at very low cverpressure

levels,

An additional curve for a 20-Mt weapon acting on these buildings was
drawn to illustrate the effect of variations in building height. The fact
that the taller buildings require smaller overpressures for equivalent
destruction than the shorter buildings is aue to the longer periods of vibra-~
tion of the former, making them more sensitive to the longer positive-phase

duration of blast Zoad associated with large weapon yields.
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Buiiding Types 3 and 4 also contain similar structural systems but
differ again primarily by type of interior panels. These types were treated
in the same manner as Types 1 and 2 in this respect. Note that the debris
charts for these building tvpes {Figs. 3 and 4) exhibit greater shifts in
overpressure for equivalent destruction (20-kt vs 20-Mt carves) than those
for Types 1 and 2. This is due to the longer natural periods of vibration

and the greater ductility ratins inherent in this type of building.

The overpressures defining the knee at the start of the terminal limb
of the air-blast debris curves for Types 1 through 4 were obtained from
Ref. 9, since complete failure of these buildings did not occur in
Hiroshima cor Nagasaki and no building of this type has Lkeen tested to

failure.

Virtually no damage datua were available for Types 5 and 6 since they
were not included in weapons tests and did not exist in Hiroshima and
Nagasaki. This building is common in areas of low seismic activity (the
greater part of the United States). Consequently, debris charts (Figs.

S and 6) were synthesized by using information from Ref. 9 and failure
analysis of other structures with similar typical components and comparable

*
dynamic characteristics.

Buildinr Type 7 (see debris chart, Fig. 7) was established as a
separate category as a result of apparent inconsistencies found in bombing
survey data. In reviewing these data, some brick masonry buildings were
noted to have withstood appreciably greater overpressures (with minor amounts
of damage) than those that completely destroyed other structures, apparently
of the same type. The inconsistency was of sufiicient magnitude to merit

further investigation,

The structures exhibiting this more substantial characteristic were

studied in more detail. The thickness of walls, sizes of members and general

— o — -

+ AL analytical investigation presently in progress (under the cognizance
of Dr. R, Condit of SRI — Project No. SRI 4949-010) may yield further
information of these buildings.
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weight class of these structures were about the same as those that failed
at lower overpressures. The ciue to their strength was found when some
reinforcing steel in rubble from one of these buildings was noticed. A
further detailed check (knowing what to look for) revealed that 211 these

stronger buildings were reinforced. Although the amount of reinforcing was

small, it was strategically placed and thereby increased the strength and
blast resistivity of the buildings considerzbly {(compare Fig. 7 to Fig. A-4).
The shells of those buildings, left after being gutted by fire, were also

more stable, akin to the reinforced concrete shear-wall building.

The response of these buildings is similar to that of heavy rein-
forced concrete shear-wall buildings when subjected to blast loading.
Their shorter period of vibration makes them a bit more diffraction-phase
sensitive, and weaker structural materials and lighter reinforcing make

them less blast-resistant.

Building Types 8 through 11 contain similar lateral resistance elements
(light reinforced concrete shear walls) but differ in roof type and again
in the type of interior panels, The variations in panels were handled in

the same fashion as the previously described buildings.

A further division had to be created, however, to describe rcof type
variations., The mill-type roof is usually sheathed with corrugated iron or
ashestos sheathing which fails at much lower overpressures (less than 3 psi)
than those for the deck portion of the concrete roofs (6 to 10 psi), and
contains a much smaller volume of material. The mill-type root is usually
rot fireproofed and consequently is much more vulnerable to fire., These
effects account for the major differences in the debris charts for these

buildings (Figs. 8 through 11).

The charts for Types 1 tarough 11 are also included in Appendix A (Figs.
A-5 through A-16) along with charts developed in €arlier phases of this
study for other types of buildings (Figs. A-1 through A-4).

Small Structure Failure Overprossure

In reviewing the damage information for construction of the new debris

charts, note was also made of overpressures at which miscellaneous, small,
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primarily drag-sensitive structures failed.

URS 651-4

These structures, although

generally insignificant, may figure prominently irn some specific analyses.

Consequently, failire overpressures for these structures were assembled and

tabulated for the 20-kt and 20-Mt weapons and are presented in Table 1.

Table

FAILURE OVERPRESSURES FOR SMALL DRAG-SENSITIVE STRUCTURES

AND ELEMENTS (20-kt and 20-Mt weapons)

Description

Transmission Poles
Radial Lines

Transverse Lines
Transmission Towers
Average Forest

Stacks
Reinforced Concrete:
Over 4 ft diameter

4 ft and smaller diameter
Steel

Brick

Overpressure at Failure

(psi)
20 kt 20 Mt
8 3.8 (Ref. 12)
9 4.5 (Ref. 12)
10 5
8 3.8 (Ref. 12)
25 11
15 7
5.5 2.6
5 4,5 (estimated)
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Section 3

BUILDING CONTENTS

The contents of buildings, as well as structural parts, can contribute
significantly to the amount of debris produced. Quantifica:ion of the con-

tribution of building contents to the total debris problem requires detailed

. knowledge of the amount of and character of tnese contents.

Both the amount and charac’er of debris from building contents will de-

pend to a great extent on the use or occupancy of the building. The basic

design of the structure also depends on the projected use or occupancy; con-

sequently, information developed to establish design criteria has proved very
useful. Detailed information has been found (Refs. 13 through 18) on both the
total weight of contents per square foot and the amount of this material that
is combustible. Information on combustible contents has also been collected
and presented in Refs, 15 through 17,which, in general, ignore incombustible

contents,

Data found in National Bureau of Standard Reports BMS92, 133, and 149
proved to be most useful for general occupancy coverage. Data presented in
these reports were obtained by actually weighing and categorizing the con-
tents of several buildings and converting these data to pounds per square foot
for various building area uses. The data were quite detailed, giving weights
and areas for each area usage encountered (such as various weights in sec-

tions of a department store) and for each floor in multistory buildings.

For adaptation to the debris model, the data were grouped into occupancy
classifications which can be read di*eétly from Sanborn maps. Weighted aver-
ages were used to find the average lozad per square foot for each occupancy.
These are tabulated in Table 2. Estimated values for packed density (no voids
between articles, although voids may be contained within the con:ines of an
article, such as the storage space in a refrigerator) were used to obtain
volume coefficients K. The volume of building contents V (in cubic feet),

is then found by applying the formula:

= N
v KAp
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Volume Factor K

_ *
(V= KApN)

Total

0.625
0.25
0.75
0.55
0.09
0.375
0.625

0.75

22
Table 2
BUILDING CONTENTS LOADS AND VOLUME FACTORS
PSF PSF
QOccupancy Combustible Total
Apts., and Residential 3.5 S
Auditoriums and Churches 1l 1.5
Garage
Storage 1 15
Repair 1 11
Gymnasioam 0.3 0.5
Hospitals 1.2 3
Hotels 4 5
Libraries 24 26
Manufacturing
Comb. Mdse, fabrics,
furniture 13.5 18
Incombustible 1 11
Offices 7 12
Printing Plant
Newspaper 10 23
Books o0 60
Schools 9.& 11
Storage
Gen. Mdse, 14 35
Special ok
Stores
tail Dept. 7.5 12
Wholesale 10 16
Restaurant 2 3.5
* V = Volume in cubic feet
A = Plan area in square feet
Np = Number of stories

¥*
*
N
[34]

percent of design load.

After Fire
0.02
0.007
0.30
0.20
0.003
0.03
0.013

0,027




e

3

URS 651-4 23

*
where Ap is the plan area in square feet and N is the number of stories in

the building.

The amount and type of materials stored in warehouses, particularly
special-purpose warhouses, can vary over a considersble range. For these
it was found that the contents usually amounted ta about 25 percent** of
the design load for the warehotise. This accounts for aisle space and fluc-

tuations in the amount of material stored.

DEBRIS FROM BUILDING CONTENTS

Building contertis beccome debris when, by action of blast and/or fire,
their usefulness is destrsyed or their remains constitute a cleanup problem
instead of a part of a resouirce. With this definition in mind, the following

criteria were adopted:

Action Contents Considered As Debris
Contents ejected by blast yes
Contents destroyed by fire yes
Contents destroyed by blast yes
Building destroyed by blast or fire yes

Contents displaced by blast but not
destroyed or ejected no

To apply these criteria, the state of the contents -- wheiher displaced,
ejected, burned, or destroyed by blast — must be known. Stipulation of
building destruction and the presence of fire effects is not difficult.
Determining whether the articles have been merely displaced by blast or
destroyed and/or ejected becomes much more difficult. Trajectory studies
are presently in progress (by others)., These have not yet considered the
ejection problem, are at present in an embryonic stage with respect to

this problem, and consequently not useful for this problem. Alsc, no good

* It is usually most advantageous to calculate contents volumes in cubic
ft since building dimensions are usually given in ft (on Sanborn maps).
This avoids combersome conversions to other units,

** This figure is also commonly specified in building codes (Ref. 18) for
use in obtaining forces from lateral seismic accelerations,
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source of information on blast damage to contents has been uncovered in the
data search, Therefore, techniques for prediction of damage to and ejection

of building contents were based on logical extensions of related techniques.

In most occupancies, the durability of the typical contents is not too
different from that of the internal panels with respect to blast vulnera-
bility. {(An exception to this is permanently installed heavy industrial
machinery or equipment.) It the blast intensity were sufficient to destroy

the panels, in all likelihood the contents of the building would aliso suffer.

In this same vein, if portions of the blast-formed debris from the
interior panels were to be ejected from the building, it is logical to
assume that rart of the building contents would likewise be ejected. 1If all
the debris from the interior panels were to be ejected from the huilding,

the major part of the building contents would undoubtedly also Je ejected.

In previous phases of this study, criteria were developed for deter-
mining whether interior panels would fail or not. These criteria, suitably
modified, form the basis for estimating whether building contents would
become debris (with due regard for obvious cases where these rules would
not apply). Application of these criteria is made quite convenient by
recognizing that the initial rising limb of most of the debris charts is
essentially the result of panel failure The beginning of the first plateau
generally repiesents the point at which panel failure would be complete and --
in accord with the relationship between panel and building content failure
Jjust described — it would also represent the point at which all the building
contentc pecome debris., For lower overpressures, the percent of contents

converied to debris can be estimated by linear interpolation,

Gt

Yoot
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Section 4

MODEL DESCRIPTION

The debris prediction model is designed to provide a means for predict-
ing the amount of debris that would be produced by blast and fire effects
of a nuclear attack on an urban area. As such, the output can be in the
form of general debris depth contcurs covering the entire city, or more
accurate debris depths in specific locaticus or along routes into or through
the city. The contours can be used to gain a general picture of the debris
probiem over the entire city and, in addition, can be invaluable in solving
specific, more detailed problems, such as selection of least obstructed

routes.

The model does not include means for determining fire sjyread, but it
can be integrated with a fire-spread model for determination of the limits
of fire-affected areas. Should such fire-spread information not be avail-
able, the debris estimates can be bracketed by arbitrarily including and

excluding fire effects in specific portions of the city.

To facilitate the use of the model, input infonnation required is
briefly described in this section of the report, and the sources through
which this information can be obtained are tabulated and discussed. The
section also includes 2 step-by-step outline of the model's operation and

indication of how each step is to be carried out.

INPUT DATA .

Input data required for operation of the model include weapon size and
location arnd city layout, with detailed information on buildings and struc-
tures within the city. 1In addition to these, meteorological data are
required for prediction of fire effects, The meteorological data can be
obtained from weather records and the attack information estimated or syn-
thesized. The city data (which comprise the major portion of input data)

can be obtained from the following sources:*

* Illustrations of many of these are included in the example problem
(Section 5).

‘3’ AWy H
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1. Quadrangle maps

2. City street maps

3. Land-use maps

4. Buying-power maps

5. Aerial mosaics

6. Sanborn maps

7. On-site recomnaissance

8. Miscellaneous: panoramic photos, zoning maps, building regulations,
etc.

General topographic information about the city, its prominent features
and its surrounding area, can be obtaired from quadrangle maps. These maps
are also useful in locating the weapoa burst point since they are accurate
as to scale and detail and zre referenced in both Geodetic and Universal

Transverse Mercator Ccordinate Systems.

The street maps provide detailed information on roads, streets, and

general layout of the city.

A more detailed concept of the composition of the city can be obtained
from land-use and buying-power maps. The land-use maps identify residential,
industrial, and commercial districts, and the buying-power maps serve to
identify and bound the major subsections of residential areas. These maps
are useful in the interpretation of aerial photography from which current
integrated information on development and extent of the various areas as
well as ground cover and vegetation can be obtained. They are also useful
to the planning of on-site reconnaissance, should aerial photography prove

inadequate or unavailable.

Detailed knowledge of the sectional composition of the city will enable
the efficient selection of Sanborn maps for sample areas in homogeneous sec-
tions and for adequate coverage in areas of changing built-upness or in hetero-
geneous areas. These Sanborn maps are as yet the best source of detailed

building information, which is essentizl to the operation of the debris model.
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Should information from some of these sources not be available, the

model can still be used, but with a lesser degree of relative accuracy anrd/or

efficiency.

OPERATION

After determination of the objectives cof the investigation znd assembly

of the input data reqguired to satisfy those objectives, the debris model is

thern ready for operation. This involves the following procedure:

of weapon) (see Fig. i3).

2. Deteramine occupancy, type, and size of building (uasuzlly irom

Sanborn maps (see Fig. B-2).

3. Determine overpressure at building's locatiorn.

1. Determine overpressure vs distance (from size and height of burst

4. Enter proper curve (for type <f puilding and size of weapon) withk

overpressure to obtain percentage of structure converted to debris

by
a. Blast only
b. Blast and fire (if in burned area)

(see Figs. A-1 through A-16).

5. Refer to debris overpressure criteria for contents to detvermine per-

cent of contents of the building converted to debris (Section 3).

6. Calculate total structural materizl volume (see Tabie A-3).

7. Calculate volume cof contents (see Table A-2).

8. Apply perceantage figures to structural and contents volumes to

determine volume of debris from building.
. *
9. Distribute debris.

10. Repeat for next building.

*%
11. Sum up all contributions and apply void ratio to obtain debris

depths at specific locations.

* At present, simplified procedures are used for distribution debris.

These can

be refined and improved upon when more trajectory data are made available.

** Since the void ratios (volume of voids divided by the volume of solid mate-
rial) for most materials are commonly close to unity, it is customary to

assign this value in absence of a measured value,
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These debris depths may be used iar investigation of specific areas,
to plot debris profiles alcong routes through the city, or as control points

for constructicn of debris depth contours, e:c.

o -
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Section 5

EXAMPLE OF APPLICATION OF DEBRIS MODEL

CITY SELECTION

It is stipulated by the Office of Civil Defense that in any application
phase of research under its sponsorship, one of the cities (San Jose,
Albuquerque, New Orleans, Providence, and Detroit) covered by its Five-City
Study shouid be used. Consequently, each of these cities and its associated
attack conditions were investigated with respect to debris production in
order to select the city (Detroit) best suited for illustration of the
applic;tion cf the debris prediction model. With the aid of street =zps,
quadrangle sheets, and general descriptive data, each of the five cities
was studied to determine the general level of damage and potential debris

problexs resulting from the attacks specified in the Five-City Study.

The recults of this preliminary generalized investigation are summarized

as follows:
San Jose

The S5-Mt burst at 14,000 ft over Moffett Field would impart aan
overpressure of about 2 psi on downtown San Jose. This overpressure
is insufficient to produce appreciable amounts of debris. This light-
to-moderate damage area would, however, be vulnerable to fire, which
could produce considerable debris in the central business district,
the major part of which is clustered ulong First Street for a distance
of about 3 miles.

Albuquerque

The 2-psi isobar from the 5-Mt weapon detonated 14,000 ft above
the southern lip of Tijeras Canyon (on the southeast edge of town)
completely envelops this city. Although the major portion of this city
would suffer complete destruction from this attack, debris depths
would be relatively shallow since the c¢ity contains few tall buiidings
and is characterized by a liberal spacing between ruildings, wide streets,
and very little debris-producing vegetation. Subsequent fires, which
are highly probably, would serve tc further alleviate debris problems
by consuming combustible portions of that formed by air blast.

Providence

The 1-Mt surface burst detonated about 17 miles due south of
Providence (US Naval Const. Bn., Davisville) will produce overpressures
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of less than 1 psi over this city. At this overpressure level air

blast damage would be very light (broken windows, etc.). Conseguently,
negligible amounts of debris would be produced from air blast within

the city. Appreciable debris from fire effects is also unlikely,

since Providence is out of range for primary iganitions and there is

good likelihood that firefighting and fire countermeasures will diminish
damage from other fires. Fires and blast--formed debris from vegetation,
however, might constitute a significant problem in areas closer to
ground zero.

New Orleans

The 4-psi isobar from the 10-Mt surface burst dectonated near the
north corner of the Customs House (located in the French Quarter)
will envelop the entire city of New Orleans. Since the larger and
more substantial structures in this city are located ir the high-
overpressure area, nearly complete destruction by air blast is
predicted. Consequently, appreciable amounts of debris would be
produced. Fire, too, would be prevalent, but prediction of its
ultinmate effects is somewhat complicated by the fact that the breach-
ing of the dikes and levees along the Mississippi River would produce
flooding of this low-lying area. This would inhibit fire consumption
of combustible debris depcsited over the flcoded area and would also
redistribute bouyant portions in an as yet unpredictable fashion.

Detroit

The S5-Mt surface burst near the intersection of Casper and McGraw
is sufficient to cause wide-spread damage to the city of Detroit,
varying from heavy damage on the west side to light damage in the
eastern portions. The downtown section will receive from 5 to 10 psi,
which will cause only partial destruction t¢ numerous substantial multi-
story structures. It can be expected that ejected building contents
will constitute the major portions of the debris in this section. Fire
effects will be present but probably will not be the dominant agent
of destructicn, considering the g