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D B, AR
o TION. NNING - DEBRIS REMOVA

Debris following a nuclear explosion can be predicted with procedures
established in other studies, It is related to building size, construction and
use as well as overpressures,

Routes along streets for post-attack emergency use will need to be
cleared from 20 to 50 feet wide. Equipment and other resources must be mobi-
Mized as soon as possible. Many of the emergency routes will be required to
be cleared within hours or a very few days to rescue survivors, prevent fire
spread and re-establish emergency services.

Equipment and other resources should be inventoried, classified, and
listed beforehand to expedite mobilization and to make an orderly plan of pro-
cedure for operation control. This includes plans for estimating supporting re-

gsource and supplies and accounting for them.

DEBRIS DESIGNATIONS

Debris has been classified to reflect the important characteristics that
affect its removal. These are chunk or piece size, depth and structural content.
Sixteen such classes are defined.

Unusual content which will vary with time or conditions of attack, must
be known. One such probiem will be automobiles, Such inclusions will re-

quire the normal debris classification to be revised.

CLEARING TASKS

There will be many emergency debris clearing tasks in any damage situa-
tion. Among other needs, routes will be required for rescue and fire fighting,
evacuation, and access to essential facilities. The purpose of the route will
determine its width, and three such route widths have been chosen as 20, 30

and 50 feet.



Debris removal for each task will be by dozing or load and haul or a
combination of the two. These three methods are shown on a matrix with the
three route widths to provide a code from 1 to 9 for type of operation.

Tasks can be numbered and listed. The list shows debris designation,
traffic content and type of operation. It also shows physical characteristics
required for estimating volume and resulting production requirements. These
characteristics are width and length of route and average depth of debris. The

time in which task should be accomplished is shown as is the task priority.

EQUIPMENT PRODUCTIVITY

Construction equipment most likely to be used is coded in terms of either
horsepower or bucket capacity, whichever is appropriate, Standard production
rates are given for each code for handling a uniform material such as well-
blasted rock.

Debris will be more difficult to move than well-blasted rock. Variations
in piece size and depth add to the difficulties as does inclusion of structural
steel, building contents, and exterior objects. Factors have been determined
for each of these elements which decrease production and are presented in a
table for each debris type, for each type of equipment and traffic situation.

Production will be reduced further if more than one piece of equipment is
used or if a single piece is used in a narrow route. Multiple unit factors for
these conditions are shown for each type of major equipment.

These factors are applied to the standard production for all debris situa-

tions to arrive at :zasonable production estimates.

DEBRIS ENVIRONMENT
Debris prediction surveys should be made of each debris zone prior to

any emergency. These should be updated at least annually.



The surveys will list bullding height, size, construction, use and block
coverage, It will show block sizes and street widths. The proposed survey
form provides space for notation of trees and poles and comments on unusual
conditions such as large numbers of billboards.

This survey can be made by patrolling each area, It can also be aided
by use of several available maps such as Sanborn maps or city building code
maps,

The proposed survey form can be used to predict debris volumes and
types for varfous shock or overpressure gondltions. A table is provided to
show a relationship of building volume and use to its potential debris volume
for blast only or for blast and fire. Another table shows average depth of de-
bris factors for various block sizes in relation to street widths from 30 to 120
feet,

A chart shows the blast overpressure at which 20 building types experi-
ence light, moderate or severe damage. Moderate damage for all buildings
occurs at less than 6 psi. Severe damage for a few does not occur until 11 psi
but severe damage starts in most at less than 9 psi and in 3 types at less than
6 psi,

The important consideration for debris removal is that condition which
creates debris in the streets. A table gives the factor for this for each build-
ing type for overpressures from 2 to 20 psi, where appropriate. Other tables
show ratios of maximum to average debris depth, debris size under varying

conditions, and ways to anticipate automobile inclusions.

AVAILABILITY OF REMAINING RESOURCES
Equipment yards of contractors, utilities, and mining companies, or
others should be given serial numbers and an inventory made of each yard

showing: shovels, front end loaders, dozers and motor graders by equipment



code number. These should be summarized by code numbers for each zone,

A cadre of equipment operators and operating management personnel
should be listed with methods of contact and vital statistics on age, skills,
etc,

Fuel and lubricant stock point locations, and methods of contacting
them should be tabulated., Parts sources for the major manufacturers of equip-
ment should be similarly listed.

Multipurpose staging areas (MSA) should be selected and shown and
these will be those areas to which equipment not assigned will be gathered
and from which it will be dispersed. This gathering of equipment at the MSA

may start during the period of increased readiness.

EVALUATION OF CLEARING TASKS

Anticipated tasks can be listad for hypothetical situations and provi-
sional priorities should be assigned, This will be done, recognizing that ac~
tual priorities must be established based on a great many variables after an
event. The provisional priority system will provide an intermediate guide for
ordering the assignment of resources. This report suggests guidelines for pro-
viisional priority assignment, based on urgency, number and condition of peo~

ple and the chance of success of the mission.

MOBILIZATION

Mobilization will require a declaration of emergency, establishment of
organization and housing, and ultimately movement of equipment from its base
to the zone or task site where it will be used, or to a MSA,
‘ Movement of equipment to a task site will require time .to be added to
removal production estimates., Zone to zone time tables will be needed and

are illustrated. In some cases, uncontrollable fire or radiation may restrain



allocation of resources for all or part of a task.

ASSIGNMENT OF RESOURCES

Al A AT TR e

Equipment from the inventory will be formed into effective groups which
may be dissolved and reformed if required by tasks as they develop. The
equipment groups will be coded and the code will show essential group char-
acteristics,

The group card shows major and mipor equipment and supporting re=
sources of fuel, oil, grease and labor. It also shows standard production.

A task card is made for each task and nearby groups will be listed on it
for production evaluation versus need. The most effective group will be as-

signed.,

DETERMINATION OF TOTAL EFFORT
The task cards provide a source of information for resource needs.

These can be summarized for the total task requirements.

A form is provided for the individual task managers to make a daily re-
port of progress, unusual developments and details of all resources used.

A flow char!. is provided to explain total pre- event organization of a

debris removal operation.

PROBLEM SIMULATION

e e e —— e ——————

The proposed debris clearing operational plan is illustrated by means

of an assumed attack on the City of San Francisco.
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PREFACE

This report on urban debris removal in an emergency situation has
been prepared by Jacobs Associates of 500 Sansome Street, San Francisco,
California under Contract No. DAHC 20-70-6-0305 dated 26 February, 1970
with the Office of Civil Defense,

This is a continuation of studies of debris generation and methods of
handling debris. It ig sponsored by the Office of Civi] Defense. Coopera~
tion has been helpful from Mr, Edward P. Joyce, Director Disaster Corps,
City of San Francisco, Mr, William H, Van Horn of URS and Mr. Charles
Rainey of Stanford Research Institute.

The contracting officer is Mr, Phillip H. Miller and the technical

monitor is Mr, M. A. Pachuta, who has been most helpful,



ABSTRACT

This report is an analysis of use of available technology for a practi-
cal organization of conventional resources to accomplish the job of debris
removal from emergency routes in an urban area following a nuclear explosion,

Detailed directions are given to predict debris quantity, particle size,
variations in depth and distribution, A simplified method is provided to clas-
sify and code the debris into sixteen types,

Forms are provided for (1) inventory of essential resources; (2) group-
ing the equipment and estimating its needs in fuel, manpower and supporting
tools. These procedures, if pre-planned, can provide control on the use of
these resources during an operation,

Task requirement cards provide guidance in the use and selection of
resources.

These procedures can be used in debrig clearing operations, whether

from natural or man-caused disasters,

I
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INTRODUCTION

Debris clearing operations may be a critical function in the early
post-attack period. The purpose of this study is to provide a method by
which potential debris environments can be predicted, and to present an op-
erational plan for the efficient removal of debris from designated routes.
Methods of evaluating clearing tasks, assigning appropriate resources, and
determining total effort required are set forth. The study relates primarily
to environments resulting from a nuclear attack but could be adjusted and
used in considering other disasters such as hurricanes or earthquakes.

Overall recovery efforts include many aspects beyond the scope of
this study. An attempt is made to show how debris clearing operations can
be included in general emergency or disaster planning and to indicate the re-
lative effect of debris clearing on other operations or functions.

Much of the information and data necessary to evaluate and specify
debris clearing requirements have been presented in other research studies
(References 1-7). This study has utilized and expanded applicable data in
formulating the methods and procedures set forth herein,

Details are provided for both planning and operational control of de-
bris clearing operations. Charts and tables delineate the various steps to
be taken. They provide also input data necessary to evaluate the effects of
different attack conditions on both debris environments and resource alloca-
tion,

To illust-ate the proposed plan, a case study was made for the City
of San Francisco using a simulated situation as might result from a "1 Mt air
burst over City Hall". Results of the case study are given in terms of "total

effort" required to clear debris from twelve designated routes through the City.

VIII
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SUMMARY

Debris following a nuclear explosion can be predicted with procedures
established in other studies. It is related to building size, construction and
use as well as overpressures.

Routes along streets for post-attack emergency use will need to be
cleared from 20 to 50 feet wide. Equipment and other resources must be mobi-
lized as soon as possible. Many of the emergency routes will be required to
be cleared within hours or a very few days to rescue survivors, prevent fire
spread and re-establish emergency services.

Equipment and other resources should be inventoried, classified, and
listed beforehand to expedite mobilization and to make an orderly plan of pro-
cedure for operation control. This includes plans for estimating supporting re-

source and supplies and accounting for them,

DEBRIS DESIGNATIONS

Debris has been classified to reflect the important characteristics that
affect its removal, These are chunk or piece size, depth and structural content.
Sixteen such classes are defined.

Unusual content which will vary with time or conditions of attack, must
be known. One such problem will be automobiles. Such inclusions will re-

quire the normal debris classification to be revised.

CLEARING TASKS

There will be many emergency debris clearing tasks in any damage situa-
tion. Among other needs, routes will be required for rescue and fire fighting,
evacuation, and access to essential facilities. The purpose of the route will
determine its width, and three such route widths have been chosen as 20, 30

and 50 feet.

X



Debris removal for each task will be by dozing or load and haul or a
combination of the two. These three methods are shown on a matrix with the
three route widths to provide a code from 1 to 9 for type of operation.

Tasks can be numbered and listed. The list shows debris designation,
traffic content and type of operation. It also shows physical characteristics
required for estimating volume and resulting production requirements. These
characteristics are width and length of route and average depth of debris. The

time in which task should be accomplished is shown as is the task priority.

EQUIPMENT PRODUCTIVITY

Construction equipment most likely to be used 1s coded in terms of either
horsepower or bucket capacity, whichever is appropriate. Standard production
rates are given for each code for handling a uniform material such as well-
blasted rock.

Debris will be more difficult to move than well-blasted rock. Variations
in piece size and depth add to the difficulties as does inclusion of structural
steel, building contents, and exterior objects. Factors have been determined
for each of these elements which decrease production and are presented in a
table for each debris type, for each type of equipment and traffic situation.

Production will be reduced further if more than one piece of equipment is
used or if a single piece is used in a narrow route. Multiple unit factors for
these conditions are shown for each type of major equipment.

These factors are applied to the standard production for all debris situa-

tions to arrive at reasonable production estimates.

DEBRIS ENVIRONMENT

Debris prediction surveys should be made of each debris zone prior to

any emergency. These should be updated at least annually,



The surveys will list building height, size, construction, use and block
coverage, It will show block sizes and street widths. The proposed survey
form provides space for notation of trees and poles and comments on unusual
conditions such as large numbers of billboards.

This survey can be made by patrolling each area. It can also be aided
by use of several available maps such as Sanborn maps or city building code
maps,

The proposed survey form can be used to predict debris volumes and
types for various shock or overpressure conditions. A table is provided to
show a relationship of building volume and use to its potential debris volume
for blast only or for blast and fire. Another table shows average depth of de-
bris factors for various block sizes in relation to street widths from 30 to 120
feet,

A chart shows the blast overpressure at which 20 building types experi-
ence light, moderate or severe damage. Moderate damage for all buildings
occurs at less than 6 psi, Severe damage for a few does not occur until 11 psi
but severe damage starts in most at less than 9 psi and in 3 types at less than
6 psi.

The important consideration for debris removal is that condition which
creates debris in the streets. A table gives the factor for this for each build-
ing type for overpressures from 2 to 20 psi, where appropriate. Other tables
show ratios of maximum to average debris depth, debris size under varying

conditions, and ways to anticipate automobile inclusions.

AVAILABILITY OF REMAINING RESOURCES
Equipment yards of contractors, utilities, and mining companies, or
others should be given serial numbers and an inventory made of each yard

showing: shovels, front end loaders, dozers and motor graders by equipment

XI



code number, These should be summarized by code numbers for each zone,

A cadre of equipment operators and operating management personnel
should be listed with methods of contact and vital statistics on age, skills,
etc,

Fuel and lubricant stock point locations, and methods of contacting
them should be tabulated, Parts sources for the major manufacturers of equip-
ment should be similarly listed,

Multipurpose staging areas (MSA) should be selected and shown and
these will be those areas to which equipment not assigned will be gathered
and from which it wil] be dispersed. This gathering of equipment at the MSA

may start du-ing the period of increased readiness,

FVA; J2TION OF CLEARING TASKS
Anticipated tasks can be listed for hypothetical situations and provi-
sional priorities should be assigned. This will be done, recognizing that ac-
tual priorities must be established based on a great many variables after an
event, The provisional priority system will provide an intermediate guide for
ordering the assignment of resources, This report suggests guidelines for pro~
visional priority assignment, based on urgency, number and condition of peo-~-

ple and the chance of success of the mission,

MOBILIZATION

Mobilization will require a declaration of emergency, establishment of
organization and housing, -and ultimately movement of equipment from its base
to the zone or task site where it will be used, or to a MSA,

Movement of equipment to a task site will require time to be added to
removal production estimates. Zone to zone time tables will be needed and

are illustrated. In some cases, uncontrollable fire or radiation may restrain

XII



allocation of resources for all or part of a task,

ASSIGNMENT OF RESOURCES
Equipment from the inventory will be formed into effective groups which

may be dissolved and reformed if required by tasks as they develop. The
equipment groups will be coded and the code will show essential group char-
acteristics.

The group card shows major and minor equipment and supporting re-
sources of fuel, oil, grease and labor. It also shows standard production,

A task card is made for each task and nearby groups will be listed on it
for production evaluation versus need. The most effective group will be as-

signed.,

DETERMINATION OF TOTAL EFFORT
== At 1OIAL EFFORT

The task cards provide a source of information for resource needs.
These can be summarized for the total task requirements,

A form is provided for the individual task managers to make a daily re-
port of progress, unusual developments and detatls of all resources used,

A flow chart is provided to explain total pre-event organization of a

debris removal operation.

PROBLEM SIMULATION
The proposed debris clearing operational plan is illustrated by means

of an assumed attack on the City of San Francisco.
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SECTION I
DEBRIS DESIGNATIONS

1.1 INTRODUCTION

The rate at which various types of equipment will excavate, load or
handle different materials is dependent on the following properties of the ma~-
terial:

1. Maximum size

2. Maximum depth

3. Uniformity of composition (content)

4, Average depth

5. Quantity and area configuration

Typical construction materials, such as rock, dirt, or gravel are fair=-
ly homogeneous and are usually distributed uniformly. Consequently, the
production rates of equipment handling these materials can be determined
readily. These rates indicate the average hourly production which could be
expected in completing a task using specific kinds of equipment.

Debris will be composed of many different types and sizes of mate-
rials and will be encountered in various configurations and distributions., It
is necessary, therefore, that certain criteria be established which will relate
characteristics of debris to common factors useful in determining equipment
productivity. The first three properties are: size, depth, and composition.
These are discussed in this section, Section 2 deals with quantity and areal
configuration. All must be considered in defining a particular clearing task.

Previous research (References 2, 3 and 4) has attempted to define the
physical dimensions and composition of potential debris based on the type of
construction and use of contributing buildings. Those studies considered the

effects of both blast and fire damage to which a structure may be subjected



due to various attack conditions. They en:aliled the evaluation of theoretical
analysis, actual observations at Hiroshima and Nagasaki and the results of
physical tests conducted by the Office of Civil Defense and others. Contin-
uing research is endeavoring to delineate, more specifically, the type, quan-
tity and ultimate location (with respect to streets, etc.) of debris as it may

be encountered in post-attack clearing operations.

1.2 DEBRIS CHARACTERISTICS AND CLASSIFICATION
Existing debris generation data is general with respect to size, mix,
and type of material resulting from the destruction of buildings. Fourteen dif-
ferent types of debris were identified under prior research (Reference 1), de-
fining these variable properties in terms compatible with the parameters of
equipment productivity. These types were based on available research data,
past experience with construction equipment operation and personal evalua-~
tions of anticipated debris characteristics. Three properties of debris con-
sidered were:
1. Maximum size - The predominant maximum size of
pieces, excluding structural elements.
2. Maximum depth - The maximum depth to be encoun-
tered along a clearing path.
3. Structural content - Indication of the relative quan-
tity of elements such as steel beams, large pieces
of reinforced concrete, piping, trees, etc. in the
debris, This factor was evaluated on the basis of
added difficulties of handling debris caused by such

inclusions and was designated as follows:

1-2



Content Code

No steel or wood 1
Light steel - no wood 2
Medium to heavy wood; no steel 3
Medium steel 4
Heavy steel 5

Elements of reinforced concrete, piping, etc. are in-
cluded in the general term of "steel". "Wood" includes
trees and utility poles.

Subsequent study indicated that, with one or two exceptions, the 14
designations provided a reasonable basis by which debris properties could be
related to equipment productivity. Exceptions included conditions where
only minor quantities of debris (two to three inches, or less, in depth) would
be encountered or where the predicted debris would be predominantly that from
fallen trees or utility poles.

To accommodate all of the above possibilities, a revised debris desig-
nation table is shown in Figure 1.1. This table is essentially a narrative des-
cription of data which have been presented elsewhere in graphic form (Figure
1.3 of Reference 1). It designates debris types by a two-digit number. The
first digit relates different combinations of debris sizes and depths as shown
in the second and third columns of the table. The second digit delineates
structural content, The table lists the various types of debris in order of an-
ticipated degree of difficulty in handling during a clearing operation, Desig-
nation 1-1 is the least difficult and 6-5 is the most difficult, These designa-
tions will be used in subsequent determinations of clearing task requirements
and are hereinafter referred to as "Parameter A" of the task definition,

In appraising the overall difficulty of accomplishing a clearing task,



DEBRIS DESIGNATIONS

Range of Range of
Designation Max. Size Max, Depth
(Parameter A) Inches Feet Structural Content
1-1 1-6 0.1-1 None
1-2 1-€ 0.1-1 Wood
2-3 7-14 1.1-3 Light Steel
3-1 15-30 3.1-6 None
3-2 15-30 3.1-6 Wood
3-3 15-30 3.1-6 Light Steel
3-4 15-30 3.1-6 Medium Steel
3-5 15-30 3.1-6 Heavy Steel
4-3 31-48 6.1-10 Light Steel
4-4 31-48 6.1-10 Med{ium Steel
4-5 31-48 6.1-10 Heavy Steel
5-3 49-60 10.1-15 Light Steel
5-4 49-60 10,1-~15 Medium Steel
5-5 49-60 10.1-15 Heavy Steel
6-4 61-72 15.1-20 Medium Steel
6-5 61-72 15.1-20 Heavy Steel
Figure 1.1




it 18 necessary to consider not only the different physical properties of the
debris but also the relative mix and consequent effect of each of the varying
properties with respect to the others. A large quantity of debris consisting
primarily of rubble from a brick building could be less difficult to clear than
a relative small quantity of debris intermingled with steel girders.

The three factors considered reflect specific criteria necessary for the
proper equipment selection and evaluation of productivity. Quantitative values
for each of these factors can be estimated from debris generation research and
confirmed by visual inspection of a devastated area in the early post-attack
period. Discussion of possible methods and a procedural format by which
pre-attack predictions of debris characteristics and type can be made is given

in Section 4,

1.3 TRAFFIC CONTENT
It 1s likely that debris in streets and thoroughfares will contain dam-

aged vehicles., Their presence could have a marked influence on the produc-
tivity or capabilities of equipment used in clearing operations. This type of
inclustion is treated as a variable factor effecting debris types since it varies
with respect to traffic, parking and other conditions existing at time of attack,
This factor depends on the predicted number of vehicles which may be con-
tained in the debris. It is referred to as "Parameter B" of the task definition,

In accordance with this and paragraph 5.3 of Reference 1, this factor is de-

fined as:
Traffic Parameter B
Light 1
Medium 2
Heavy 3



As with other factors, their relative effect on the overall clearing operation
varies with other physical properties of the debris, In areas with only small
amounts of debris, the vehicles can be pushed aside with little additional
effort, In other areas, their presence would affect the time required and in-
Crease the difficulty of accomplishing a task, Quantitative evaluation of this
factor cannot be made other than to indicate, generally, the additional effort
necessary to complete a clearing task in which damaged vehicles are encoun-
tered. The table given in Figure 1.2 is one method by which allowance for
this factor can be made. In essence, it shows that the presence of damaged
vehicles has the effect of classifying type of debris to a higher degree of dif-
ficulty,

The designations are sufficient to pemit a reascnable determination
of equipment requirements for various clearing operations to be conducted in
the early post-attack period. Subsequent appraisal of the actual debris en-
vironment, through visual or other reconnaissance methods, may necessitate
deviations from the planned operation, but such changes should not impair the
possibilities of successful completion significantly,

The crucial element is the classification of debris conditions for de-
termining necessary clearing requirements and for allocating the most appro-
priate equipment,

It would be impossible to allow for all possible debris types, but the
designations in Figure 1.1, as modified by those in Figure 1.2, encompass
those conditions most likely to be encountered in clearing operations. Many
streets within an area may contain only minor quantities of debris requiring
essentially no clearing before proceeding with other Civil Defense functions.
Debris in other streets may make it virtually impossible to conduct or com-~

plete a clearing operation within the concept of "emergency" operations,



ADJUSTMENT OF DEBRIS DESIGNATIONS

TRAFFIC CONTENT
PARAMETER B_

Degzk:ai:i - Adjusted Debris Designation ,

[ Light (1) | dium (2) | Heavy ()]
1-1 1-1 1-1 2-3
1-2 1-2 2-3 2-3
2-3 3-3 3-3 3-4
3-1 3-3 3-4 3-5
3-2 3-4 3-5 4-3
3-3 3-4 4-3 4-4
3-4 3-5 4-4 4=-5
3-5 4-3 4-5 5§=3
4-3 4-5 5-3 5-4
4~4 5=-3 5-4 5-5
4-5 5~4 5=5 5-5
5-3 5~4 5=5 $=5
5-4 5=5 §=5 6-4
5-5 6-4 6-4 6-5
6-4 6~4 6-5 6-5
6=5 6=5 6-5 6=5

Figure 1.2



Standard debris designations serve several purposes, They enable a
manager in charge of clearing operations to make early evaluations of poten-
tial problems and to allocate appropriate equipment accordingly. This con-
cept is discussed later and is basically the process of identifying particular
types and quantities of equipment with problems associrated with specific
types of debris. It would be similar to a construction manager who is in-
formed that a certain job involving the removal of a considerable amount of
rock is to be completed within a relative short period. He could appraise,
immediately, the general type and number of units of equipment required.

Designating debris types by a two-digit rumber allows for early iden~
tification of major characteristics of the debris. The first digit indicates the
general range or Uimits of particle size and depth of material. The second
digit specifies the relative degree of difficulty in handling debris due to dif-
ferent types and quantities of structural or other inclusions, It also indicates
supporting resources required to accomplish a task. For instance, a designa-
tion of 2 (Wood) implies that chain saws and similar tools will be required; a
designation of 4 indicates that cutting torches probably will be needed. Ad-
ditional effort required due to presence of damaged vehicles is indicated by
Parameter B, and its effect on difficulty is indicated in Figure 1.2.

Since the designations show relative degrees of difficulty in accom-
plishing a task, it serves as a guide in the assignment of priorities on the
basis of tasks showing the greatest possibility of successful completion with-
in the limits of available resources and time.

Standard debris designations also serve the purpose of providing a
common basis by which pre-attack plans and post-attack procedures can be
equated. Subsequent sections discuss how this can be accomplished by re~

lating equipment productivity and capabtlities to the given designations.



SECTION 2
CLEARING TASKS

2.1 INTRODUCTION

The ultimate objectives of all Civil Defense debris clearing tasks can
be described basically as one or more of the following:

1. Provide immediate access to or from specified locations

for the implementation of emergency rescue and/or fire-
fighting efforts,

2. Provide evacuation or supply routes.

3. Provide access to essential facilities.

Although there is an infinite number or combination of goals, objec~-
tives and conditions under which, or for which, these tasks must be accom-
plished, all have four common elements that are essential in the final deter-
mination of clearing operation requirements. These elements are:

1. Type of debris and possible inclusions to be

encountered.

2. Type of operation, or method used in handling the

debris,

3. Quant!ty of debris to be handled.

4, Time required for completion,

Each element must be considered with respect to the other in evaluating task
requirements for assignment of appropriate available resources.

The purpose of this section is to define these elements in such a man-
ner that general concepts can be applied to a wide variety of potential tasks.,
The format shown as Figure 2.1 is used to tabulate various values determined

for particular tasks,
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2.2 TYPE OF DEBRIS AND TRAFFIC CONTENT

Various types of debris have been defined in Section 1. Figure 1.1
designates by a two-digit number the type of debris resulting from destruc-
tion of buildings, trees, etc. The applicable designation is noted for Para-
meter A of the format on Figure 2.1. Difficulty of handling such debris due
to possible inclusion of damaged vehicles is taken from Figure 1,2, This
effect is indicated as a relative value of: light (1), medium (2), or heavy (3),
concentration of such vehicles, The numerical designation of 1, 2 or 3 is

recorded as Parameter B,

2.3 TYPE OF OPERATION

There are two basic methods of handling debris that will be used in
clearing operations:

1. Pushing debris aside (dozing)

2. loading debris into trucks and hauling to disposal

areas (load and haul)

Either, or a combination of the two, may be most appropriate for a particular
task, Making such a determination would require an overall knowledge of the
physical features along a route, such as: street widths and patterns; and the
objective of the task, and the debris environment. General evaluations can
be made. Routes through a predominantly single family residential area with
wide streets would be cleared by dozing the debris aside. Clearing debris
from a narrow street in the downtown area of a large city would require a load
and haul operation, Deep debris in a wide street might best be moved by a
combination of methods.

Decision as to the most appropriate type of operation will rest with

the manager in charge of debris clearing operations. He must consider not

2-3



only the above factors but also the type and mechanical limitations of avail-
able resources.

Since the type of operation is essential in selecting the kind of major
equipment for clearing debris, an evaluation is needed for pre-attack planning
purposes as well as post-attack analysis,

Figure 2.2 identifies type of operation with different route widths (see
paragraph 2.4.2). The manager can indicate the most appropriate type of oper-
ation. His choice is listed by code number from Figure 2.2 for Parameter C.
Corresponding route width; 20, 30 or 50 feet, is noted for D-2.

Certain guidelines may be helpful in the use of Figure 2.2. Actual
street width, D-3, will limit width of route to be cleared and will to a certain
extent indicate the possibility of either dozing debris aside or the necessity
of hauling debris from the clearing path.

As a general rule, dozers will be used wherever possible. particularly
when debris is shallow and where there is room to windrow the dozed material.
Load and haul operations may be required when debris is of appreciable depth

or has to be moved for some distance.

2.4 QUANTITY OF DEBRIS

Time and equipment requirements for completing a task require esti-
mates of the quantity of debris to be handled, Quantity (Parameter D-5) in
this study, is defined in units of 1,000 cubic yards, based on average depth

and length and width of route as explained below.

2.4.1 Length of Route

The length of a route (Parameter D-4) to be cleared can be estimated
from the overall damage assessed and determination of the clearing objectives.

In a moderate size city, there would pi >bably be few or no tasks requiring a



TIYPE OF OPERATION
PARAMETER C

METHOD OF HANDLING DEBRIS

BULLDOZING COMBINATION LOAD & HAUL

WIDTH OF ACCESS ROUTE

:
I 2 3
X
(I 5 6
;
S 8 9

Figure 2.2




clearing route in excess of two miles. In a larger city, route lengths of three
to five miles may be common.

Estimates of route lengths can be made during pre-attack planning,
This would entail analysis of debris predictions, the evaluation of potential
objectives, and determinations of most feasible or likely routes to be used in
accomplishing or reaching those objectives. Each area would have different
requirements. The best route may not be the shortest. A one-mile path
through a heavily built-up section, with narrow streets, could require more
effort and time than a more circuitous two-mile path through a less dense area
to the same objective. If both paths would achieve the same objective, the
longer route probably would be specified.

Length of routes are defined in this study in units of 1,000 feet.

2.4.2 Width of Route

The width of route (Parameter D~2) can be related to the prime objec-
tive of clearing task. Rescue operations for small groups would require the
minimum width necessary for the passage of emergency vehicles or apparatus.
A major group or facility evacuation route should be as wide as possible.
Access needed for restoration of essential facilities would require provisions
for two-way traffic of heavy vehicles, Widths of routes also relate to mini-
mum working space requirements of equipment used in debris clearing.

Considering these factors, width of routes to be cleared for all Civil

Defense operations will be specified as follows:

Route
Objective Width -
Emergency rescue 20

Access to essential facilities 30

Evacuation routes 50



During operations, the route length and width may vary from predetermined
dimensions, as an equipment operator will follow the path of least resistance
Presented by the debris. The above indicated average measures of length and
width would appear to provide a reasonable basis for estimating tota] quantity
of debris and assignment of resources,

The width of route is indicated by Parameter C (type of operation) as
either 20, 30 or 50 feet, and is shown on Figure 2.1 as Parameter D~2. The

length of route, expressed in units of 1,000 feet s noted under Parameter D-4.

2.4.3 Average Depth and Quantity

Average debris depth is discussed in Section 4. The average depth,
expressed in feet, is entered as Parameter D-1, Having determined the width,
average depth and route length, it is possible to calculate total debris quan-
tity to be handled in completing a task,

Most equipment production is rated in cubic yards per hour. Quantity
of debris, therefore, is expressed in cubic yards. Figure 2.3 shows quanti-
ties of debris in terms of thousands of cubic yards per 1,000 foot of route
length, depending on width of route, and average depth of debris,

Volume of debris in thousands of cubic yards for each task (Parameter
D-5) can be obtained by multiplying the volume per 1,000 feet of route from

Figure 2.3 by route length in thousands of feet (Parameter T-4),

2.4.4 Time for Completion and Priority

Emergency clearing operations must be completed in a specified time
for achieving the objectives, Permissible time for completion depends on
survival requirements, which in turn relate to attack conditions and resulting

environments,



VOLUME OF DEBRIS

1000 cu.yd./ 1000 ft. of route

DEBRIS ROUTE OF WIDTH - FEET
Dﬁf“ 20 30 50
2 1.7 2.4 5.2
4 3.6 5.0 8.0
6 5.8 8.0 12.5
8 8.3 11.2 17.1
10 11.1 14.8 22.2
12 14.2 18.6 27.5
14 17.0 22,8 33.2
16 21.2 27.2 39.1
18 25.2 32.0 45.5
20 29,6 37.0 51.8

V= ,037 (dw +d%)
where: V= Volume in 1000 cu.yd./1,000 ft, ofroute.
d = average debris depth in feet

w = route width in feet,

Figure 2.3



T e rem

The actual time required for completing a task will have to be desig-
nated by the debris manager (in consultation with other related emergency
groups) after he has assessed the overall damage, the resource, and speci-
fic situation or effect of the attack .

Although all tasks should be completed in the shortest possible time,
the manager will, to a certain extent, be able to assign time intervals on the
basis of priority. Priorities (Parameter F) are discussed in detail in Section
6. Generally speaking, tasks related to emergency rescue and fire fighting
will be given top priority, Access to some essential facilities may not need
to be completed for several days after shelter emergence.

The allowable time interval will be indicated for Parameter E in terms
of hours, Clearing operations will be conducted on a 24-hour-day basis and
production is measured on an hourly basis. Parameter E indicates time avail-
able for completing a task in hours. It serves two purposes:

1. Those tasks with least allowable time for completion

will be given high priority with respect to allocation
of available resources,

2. Attack evaluations may show that with available re-

sources, a particular task cannot be completed with~
in the specified time., Under such conditions, the

manager may need to divert his resources to other tasks.

2.5 DIVISION OF TASKS

Defining clearing tasks by six parameters provides a common method
by which all tasks for any area can be listed and evaluated for pre-attack
planning and post-attack implementation. Values, or codes, assigned to
each parameter will reflect as nearly as possible, the actual environment and

corresponding resource requirements, In many instances, it may be found



that a single clearing route, necessary to achieve a specific objective,

would pass through different debris environments. In such & case, the route

dominant conditions of that portion of the tota] route,
The general format of defining clearing tasks ig used in subsequent

determinations of clearing operation requirements and total effort,



SECTION 3

EQUIPM ENT PRODUCTIVITY

3.1 INTRODUCTION

Many variations of a few types of available construction equipment

can be used for debris removal, Each general type, such as "bulldozer", in-
cludes many different makes and models each of which, within a size range,
would have similar operating characteristics and performance capabilities.

It is unlikely that each and every make or model could be assessed, indivi-
dually, in pre-attack planning or in the post-attack period,

A table classifying typical equipment by type and horsepower or capa-
city has been prepared and is shown on Figure 3.1, A numeric code is used
to identify specific units of equipment for subsequent determinations. For
example, code "280" signifies a crawler type bulldozer of up to 150 HP rating.
Codes are similar to those used in "Plan Bulldozer".

Classes of equipment are also indicated as either major or minor, Ma-
Jor equipment is dozers, shovels, loaders and motor graders. All other is
"minor" equipment. Primary consideration of debris removal will be based on
capacity or production of major equipment,

Minor equipment indicates auxiliary equipment necessary for certain
operations. For instance, dump trucks are needed for a load and haul opera-
tion, although actual production will be based on the capacity of the major
equipment which is the shovel or loader being used.

Figure 3,1 shows a great variety of equipment, some of which may
not be adaptable to specific debris clearing tasks, nor even available for
consideration in a particular area. A variation to the table should be prepared
to reflect local conditions. There would be an advantage to having some
standard to the coding as under attack condition, one city or area may borrow

resources from another.
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3.2 STANDARD PRODUCTION RATES

Production rates, or rates of handling typical construction materials
such as rock, gravel, or dirt have been determined for various types of con-
struction equipment. These rates vary with type of material, characteristics
of equipment being used and job conditions., A similar evaluation or rating
can be made for equipment handling debris. Allowances must be made for var-
iations of the physical properties of debris as compared to those of a common
construction material such as "well-blasted rock".

The table on Figure 3,2 lists the average hourly rate of handling well~
blasted rock for types of major equipment listed on Figure 3.1, which are
those most likely to be used as major tools in any debris removal task. The
production rate is shown in terms of loose cubic yards per hour under each
equipment code classification.

The indicated production rates are based on working at depths and un-
der conditions to afford maximum production efficiency for the type of equip-
ment. They are based on a 50-minute working hour. These production rates
are referred to as "standard production”., They assume that supporting equip-

ment and supplies are provided and this is discussed in Section §.

3.3 PHYSICAL PROPERTIES EFFECT ON PRODUCTION

The physical properties of debris, which must be considered in adjust-
ing standard production by a single piece of equipment, are:

1. Maximum Size

2, Maximum Depth

3. Structural Inclusions or Content (including trees and poles)
4, Average Depth
5. Traffic Content (damaged vehicles)

3-3



STANDARD PRODUCTION
SN LRV DUCTION

Code & Standard Production

Major Equipment Item Cu.Yd, /Hr,
b Code | 280 | 242 | 284 | 284 284
] Cravler Rate ) 140 | 230 | 330 | 400 | s2g
g Contlp 281 L85 a7 189
Whea! Ral= 14a iTa 150 30
Code 160 163 154 168
Lrawlay Rate 104 lad 185 245

Code [ 161 . 163 165 167 a4

Wheal Rate | §30 I’ 185 250 [ 330 | q3p
Code: 170 ‘172 [17a | 178
Crawler Rate | E25 | 180 | 215 | 290

P

Frimt. Bnd Lopdsy

Qode | 371 173 175 17T 7

Whis| Hits 155 230 309 400 515

Sldo Daemp | End Dhimip

Eg Code | 141 | 343 | 148
<8 Whas| Hatm 160 200 &g
0
Code | 2E0 263 64 25 268
E,' Crawlar (1] Ao 1E0 2210 263 J2n
E Code [ 261
Whasl fate 80
i
Figure 3,2



Necessary adfustments are expressed as a percentage of standard pro-
duction. They are made by evaluating the relative overall effect of these pro-
perties of debris with corresponding properties of well~blasted rock. The ef-
fect of variables on standard production differs with each type of equipment.

Section 4 of Reference 1 shows basic adjustments of standard produc-
tion to be made to reflect the different debris properties. Those adjustments
have been revised in accordance with new debris designations and require-
ments as set forth in this report and combined into one composite factor as
shown in Flgure 3.3.

The three equipment types shown are dozers, front-end loaders and
shovels. Motor graders were not shown as they can be used as prime equip-
ment only in situations where their production will be fairly optimum or close
to the standard production, Such tools as back hoes and clamshells are not
shown as their main use will be in spot or unusual situations where production
factors would have little meaning.

The current analysis showed that the debris designation - Parameter A -
{described in the first two sections of this report) reflects all of the physical
characteristics of debris for averaging except "traffic content" or Parameter B.
The type (Parameter A) does reflect differences in debris size, depth, varia-
tions in depth and structural inclusions.

As a result, Figure 3.3 gives 9 adjustment factors for each of the 16
debris types., There are 3 each for the three equipment types to provide a
factor for each of the three values of Parameter B.

The combined factor may be used as in the following example, A
clearing task requires the removal of debris type (Parameter A) 3-4. There
was a moderate amount of traffic, so Parameter Bis 2. The available resource

18 a 350 HP crawler bulldozer - Code 284 (Fig. 3.1). Its standard production
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from Figure 3.2 is 330 cu.yd./hr. From Figure 3.3 the factor for dozers in
3~4 debris with type 2 inclusions is 0,57. Production of this bulldozer will
be 330 x 0.57 = 188.1 or 188 cu.yd. /hr.

A rather convenient way to use these factors is shown in Figure 8.1

and discussed in Section 8 of this report.

3.4 MULTIPLE UNIT PRODUCTION FACTORS

The adjustment factors, previously discussed, reflect the use of a
single unit of major equipment with no restrictions from limited working space
due to width of clearing route, etc. They do not allow for the fact that many
clearing tasks will be accomplished by using several units or a combination
of different types of equipment working as a group.,

These two conditions of space and multiple equipment use, impose ad-
ditional limitations on the anticipated hourly production rates. A shovel or
loader cannot work efficiently unless there is sufficient room to turn and load
the hauling vehicles. Two bulldozers working side by side, in a restricted
area, cannot obtain double the maximum production of a single unit, due to
interference between the two units,

Figure 3.4 shows a table of factors to reflect the effect of these space
conditions on hourly production. In the example in paragraph 3,3, the ad-
justed hourly production rate for a bulldozer, Code 284, has been determined
to be 188 cu.yd./hr. Assuming a 50-foot wide path and the need for two
units the total production for the pair would be 188 x 1,7 = 319.6 cu,vyd. /hr,
It would not be 376, as would be indicated by multiplying 188 by 2 units,
Blanks left in the various columns of the table show that it would not be prac-
tical to use the multiple number of the indicated units for that particular route

width,
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3.5 OTHER EQUIPMENT

Construction equipment for any job requires certain support equipment
such as fuel trucks, tire trucks, and sometimes air compressors, with paving
breakers or drills. Sometimes cutting torches, or chain saws may be needed.
Nearly always, small hand tools such as shovels, wheelbarrows, crow bars,
sledgehammers, axes, and safety equipment as hard hats, raincoats and
boots will be required. These supporting resources are required to achieve
the production rates discussed above. When all of these are put together,
they normally are called an "equipment spread” or in this study, a "group".
These groups are defined in Section 8 of the report. Generally speaking, the
production capability of a group is related directly to the adjusted capability
of either the single or multiple principal major equipment units of the group

as described in this section.,
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SECTION 4.
DEBRIS ENVIRONMENT

4,1 INTRODUCTION

Debris environment, as used in this section, relates to the physical
composition, depth and overall configuration of debris which may be antici-
pated, or actually encountered during post-attack clearing operations, Since
most operations will be directed toward the clearing of streets and thorough-
fares, the debris in the streets or "off-site"” debris is that which is considered.

Although various research studies have defined debris environments ex-
pected in certain areas due to different attack conditions, it would be unreal-
istic to expect that any pre-attack determinations would accurately predict
actual conditions. This is due primarily to the uncertainty of the size, loca-
tion and height of detonation, Previous studies do, however, provide a basis
for making gencral approximations of the potential debris environments.

Post-attack visual reconnaissance of the damaged area will provide
the most reliable appraisal. It would include the compilation of various dam-
age assessments, reported to a central control center, from different areas or
zones within the attack perimeter. This information will permit an overall
evaluation of the actual environment; probably in terms of light, moderate or
severe damage. It would not, however, be available for the immediate im-
plementation of clearing operations,

Since time is critical, a procedure is essential to use common meas~-
urements of debris environment for relation to removal resources in pre-attack
and post-attack periods.

4.2 DEBRIS PREDICTION SURVEY

The first determination in the planning process is to make some eval-

uation of potential debris environments resulting from possible attack



conditions in the planning area. Quantitative evaluations of environments,
usually expressed as "contours™ of debris depth, have been made in other re-
search studies (Reference 7). The usontours” ¢enerally were defined by the
extrapolation of debris conditions as determined for individual structures.

The following procedure of making debris predictions for pre-attack
planning purposes was arrived at after review and consideration of the method-
ology developed in previous studies. The proposed format is such that deter~
minations can be adjusted readily to conform to actual post-attack reports on
real conditions, It ;ncludes generalizations and assumptions which may be
verified or modified, as the case may be, by continued research. The pro-
cedure is referred to as a "Debris Prediction Survey" or, for brevity, a
“D.P.S.".

Appropriate zone maps will be needed for the survey area. Zones
should reflect, as nearly as possible, areas within which a uniform debris
environment could be expected due to similarity of buildings and area config-
wrations. In some cases, local planning officials may choose zones already
established for other purposes, such as fire districts. For purposes of illus=-
tration, an area zone map of the City of San Francisco is showr; in Figure 4.1.

A D.P.S. sheet, as shown in Figure 4.2, is prepared for each zone
to record data necessary for the survey and ultimate determinations. The
first step would be to complete input data A through H, as indicated on the
upper portion of the D.P.S. sheet. These data reveal average existing con-
ditions in the zone and can be obtained from visual inspection and use of
available Sanborn (or other) maps, building records, etc. The team (probably
two men) making the survey should be cognizant of the survey requirements
and capable of identifying types of building construction and use.

Data for the D.P.S. will be recorded showing:



AREA ZONE MAP
CITY OF SAN FRANCISCO

Sen

Frencisco

[ L P

Note: (1.2)indicates zone number.

Figure 4.1
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Item A. Block §ize - Average block size within the zone
1s recorded from among the following six block
sizes:

100 ft. x 300 ft.

200 ft. x 200 ft.

200 ft, x 300 ft.

300 ft. x 300 ft.

300 ft. x 400 ft.

400 ft. x 400 ft,
For different or unusual shaped blocks, the choice
would usually be of one with the closest total area.

Item B, Street Width - Width of street is the average dis-
tance between faces of buildings, including side-
walk areas, Widths from 30 to 120 feet are to be
used in increments of 10 feet.

Item C. Building Coverage - A determination is made of the
percentage of block areas that are occupied by
buildings. In many cases, this will be an estimate
by the surveying group. In a residential area,
buildings may occupy only 20 to 40% of the total
block area. The percentage in commercial areas
may approach 100%.

Item D. Average Building Height - Average height is the
average of all buildings within the zone. An ex-
ceptionally tall, isolated building should not be
averaged, but should be noted under "comments”

on the D.P.S. sheet.



Item E,

Item F.,

Item G.

Item H,

Bullding Type - Butlding type reflects the predominant
type of butlding construction and is recorded by num-
ber. The table on Figure 4.3 lists 20 building types
considered in this study. They are essentially the

same as set forth in Reference 2,

Building Use ~ Typical use of most buildings is indi-
cated as residential (R), commerctal (C), or industrial
.

Irees and Poles - Indication is made of size and number
of trees or utility poles adjacent to streets and which
could contribute to "off~site” debris, This input will

be a relative evaluation designated as “none”, "medium"
or "heavy",

Comments - Any predominant factors or physical features
that could affect clearing operations are noted. These
could include an exceptionally high or massive building;
a large number of metal standards and signs; and possibly
an evaluation of potential traffic conditions to be ex-

Pected during different hours of the day.

If a zone does not lend itself to "averaging" as indicated above, it

may be necessary to divide the zone into smaller increments and a new

D.P.S. sheet prepared.

With the above data provided for each zone, it is then possible to

make a determination of possible debris environments which might be ex-

pected within the zone due to various attack conditions, The proposed pro-

cedure and necessary calculations to make such a determination are des~

cribed in the following paragraphs.
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4.3 BUILDING AND CONTENT DEBRIS

The principal source of debris will be from the buildings, and their
contents, that are either totally or partially damaged by the attack. Sources,
from outside the buildings, such as trees, utility poles, automobiles, etc.,
are considered later. The type and quantity of debris generated from buildings
is dependent on the following:

1. Size, or contained volume of the building,

2. Type of building construction.

3. Principal use of the building.

4. Attack conditions.

Other factors, such as direction of the blast wave and shielding effect
of other buildings probably could be considered in making a detailed debris
analysis of an area. Consideration of the above listed factors is believed to
be sufficient to give a realistic "first approximation” of actual debris type
and quantity,

Previous research rcudies have determined quantitative values for the
various factors to be considered. They are:

1. Factors are given for determining quantity of structural

materials within a building which would form debris.
The factors are expressed as a percentage of the total
contained volume of a building and vary according to
type of construction (20 types on Figure 4.3 previously
mentioned). (Reference 3)

2. TFactors are given to determine the material volume of

building contents such as: desks; cabinets; furniture;
etc., which would contribute to debris. These factors

are based on the floor area or size of the building and



the primary use of the building such as: residential;
commercial; or industrial. (Reference 3)
3. Factors show the percentage of total structural or con-
tent material that would be converted into "debris" as
a result of various attack conditions. (Reference 2)
4. Factors are given for the amount of total debris that
would remain on-site and the amount that would be
thrown off-site. (Reference 4)
The above factors have been developed for both "blast only" and

"blast and fire" conditions.

4.4 BU N P (NPUT] -~ 4,2

Off-site debris is related directly to the type and use of buildings
that front on the street and the contained volume or size of such buildings.
The type, use and average height of the buildings within a zone will have
been determined and noted on the D.P,S. sheet. It is also necessary to
know the building's length and width to determine its contained volume.

The length, as measured along the street frontage, is taken as one foot for
these calculations., The width (or depth) of the building is the average width
of a hypothetical building of uniform width along the total street frontages of
the block, It is determined from the ratio of actual building coverage in the
block to the total area of the block.

This building width 1s termed the "Equivalent Building Strip" (or
E.B.S5.). It indicates the average width of a hypothetical building which
would contribute the same amount of debris to the street as would all of the
actual buildings in the block. As an example, assume a 300' x 300* block,
or one of 90,000 square feet total area. The actual building coverage is 30%

of the total block area, or approximately 27,000 sq.ft. A hypothetical building



around the 1,200 feet perimeter of the block with a width, or E.B.8., of 25
feet, would approximate the total actual coverage of all buildings in the
block.

Figure 4.4 gives the E.B.S. for the six block sizes considered in
this study as determined by different percentage of building coverage. By
using data inputs A (block size) and C (building coverage) from the D.P.S.
sheet, an E.B.S. factor can be determined for input “I" (E.B.S.) and noted

accordingly on the D.P.S. sheet.

4.5 CONTAINED VOL NPUTJ - 4,2

The contained volume of buildings which would contribute debris to
the streets. can be determined by multiplying the average building height
(Input D) by the E.B.S. Since length of the building along the route is con-

sidered as one foot, the volume is expressed as cubic feet per lineal foot.

4,6 MATERL 'ACTORS (NPUT K - 4,2

The amount of debris generated is a function of actual quantities of
material used in building construction plus the material in the contents of
the building. Other studies show the quantity of structural material in a
building as a percentage of the total contained volume of the building. This
percantage varies with different types of construction. Studies also have
been made which indicate the material volume of typical building contents
as a percentage of the size, or contained volume, of the building. These
factors vary with the primary use of the building, such as residential, office,
etc. Examples of the structural and content factors are given in Reference 3,
That study designates factors for these variables for both “blast only" and

"blast and fire" conditions.

4-10



(Expressed as a decimal)

Figure 4.4

4-11

EQUIVALE DIN RIP
(E.B.8.)
SIZE OF BLOCK -~ FEET
% of Bldg.| 300 by | 200 by | 300 by 300 by 300 by | 400 by

Coverage | 100 200 200 300 400 400
10 4 5 6 8 9 11
20 8 11 13 16 18 21
30 12 16 20 25 28 33
40 16 23 27 34 39 45
50 21 30 35 44 50 59
60 26 37 44 55 63 73
70 30 46 54 68 77 90
80 37 56 65 84 94 110
90 43 68 79 103 115 136
100 50 100 100 150 150 200

£.8.8. =@xw?- pwa-cy /2

2
Where L. = Length of Block, Ft.
w = Width of Block, Ft.
C = Percentage of block covered by buildings




Multiplying the contained volume by the appropriate factors will give
an approximation of total quantity of material which could form debris under
different attack conditions.

This study has combined and related the various factors to 20 typical
building types on the basis of predominant use. The structural factors are
based on those given in Reference 3. Equivalent content factors were derived
to approximate the different mixes of building types and uses which might be
expected in an urban area. All factors were adjusted so that they could be
applied to the contained volume of the buildings.

The sum of the structural and content factors, expressed as a percent-
age of the contained volume, indicates the quantity of material (solid measure)
within the buildings which would contribute to the formation of debris. To
conver: this quantity of material to equivalent volumes of potential debris,

a factor of 2 is used. This is based on an estimated average void ratio for
debris of 1:1. The table on Figure 4.5 1s a list of debris factors determined
for different uses of the 20 typical buildings, It lists factors for both "blast
only" and "blast and fire" conditions., Some of the listed building types
probably would not be used for all three of the indicated occupancies, there-
fore, no factor is given for those improbably occupancies. All factors in
Table 4,5 have been adjusted for the debris void ratio of 1:1.

Knowing the building type (Input E) and use (Input F), the debris
factors can be obtained from the table and noted on the D.P.S. sheet as
Input K. Separate factors will be noted for each condition - "blast only (B)"
or "blast and fire (B & F)".

4,7 POTENTJIAL DEBRIS MATE UTL - RE 4,2
The quantity of building and content material, which could generate

debris under various attack conditions, is obtained by multiplying the

4-12
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B ExF E ENTIAL DEBRIS VOLUME
BLAST ONLY BLAST & FIR
Building

|__Tvpe Res, Com, | Ind, Res Com, Ind,

1 .218 »354 .026 .076
2 .378 494 .390 .186 .230 .216
3 - . 164 .188 - .040 .052
4 - .158 .182 - .034 .046
§ - «162 .188 - .040 .052
6 - . 160 .184 - .036 .048
7 - +166 .190 - .042 .054
8 - .160 .184 - .036 .048
9 - .380 .456 - 216 .242
10 - .460 .536 - +296 .322
' 11 .276 .406 .290 .132 .180 .162
12 «376 .506 .390 .230 .278 .260
13 .256 »392 .138 .116 .164 . 146
14 .330 .466 .350 .190 .238 .220
15 «270 .406 .290 .130 .178 .160
16 .350 .486 .370 .208 .256 .238
17 .280 .340 .320 .134 .168 172
18 .290 .350 .330 .148 .182 . 186
19 - .274 .254 - .102 . 106
20 - .300 .280 - .132 .136

Note: Res, = Residential; Com. = Commercial; Ind., = Industrial
Figure 4.5
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contained volume of the building by the debris factors from Figure 4.5. Since
the contained volume is that of a hypothetical building, in one foot of route
length, the volume of potential debris material, so obtained, is expressed

in cubic feet per lineal foot of route and recorded as Input L. Two entries
are made. One is for the condition of "blast" and the other for “blast and

fire",

4.8 AVERAGE DEPTH _FACTORS (INPUT M AND N - FIGURE 4,2)

The method above provides a means to estimate the total volume of
debris from destruction of buildings of known volume, type and use. Quan-
tities would depend on attack conditions. The debris would be distributed in
varying depths over areas including: the building site; adjoining block; front-
age street areas; and possibly portions of adjacent side streets. It is impos~
sible to predict details of the debris distribution.

The average depth is required in evaluating clearing operations. It is
used in determining the total quantity of debris and in equipment selection
and productivity estimates. The table on Figure 4.6 lists “average depth
factors” for the specific block size (Input A) and street width (Input B), and
are noted (as Input M). Discussion in 4,10 explains how this factor is mul~
tiplied by off-site debris volume to give an average depth estimate.

Maximum depth also needs to be estimated. A means to estimate this
is described in 4,10 and requires a ratio of building height (Input D) to street
width (Input B) and this ratio (D/B) is inserted as Input N on the D.P.S.

sheet.

4.9 PRE NG S E NM
The various zone characteristics and factors, previously discussed,

show pre-attack conditions, ascertained from visual inspection, use of



idth of [ 300 by <00 by . Yy T 300 by 400 by
Izzmgt Ft.] 100 200 200 300 400 400
30 .026 .020 .023 .021 .023 .021
40 .019 .015 .017 .015 .017 .016
50 .015 .011 .013 .012 .013 .012
60 .012 .009 .011 .010 .011 .010
70 .010 .008 .009 .008 .009 .009
80 .009 .007 .008 .007 .008 .007
90 .008 .006 .007 .006 .007 .006
100 .007 .005 .006 .005 .06 .006
110 .006 .004 .005 .005 .006 .005
120 .005 .004 .005 .004 .005 .005

Figure 4.6
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available debris generation data, city maps, or other similar data or processes.,

The next determination to be made is the potential debris environment
which might be anticipated in a zone as a result of different attack conditions.
The following indicates how this can be done,

The numbered columns of the D.P.S. sheet are used for guidance.
Determinations are made for both "blast only" and "blast and fire" conditions,

Incident overpressures, to which an area or zone may be subjected,
are listed in Column 1. The range of overpressures would be considered lim-
ited, to a certain extent, by the particular building type of the zone. For in-
stance, overpressures above 5 or 6 psi would not be considered fo: a wood
frame building since total destruction occurs at a somewhat lesser value,

Column 2 denotes the degree of damage corresponding to the various
overpressures listed in Column 1, This evaluation of damage is shown as
light (L), moderate (M), or severe (S). It does not reveal the specific struc-
tural damage to a building but rather the approximate level of destruction by
which significant quantities of debris are expected to be generated.

It is likely that initial post-attack reconnaissance reports will be
general in nature, They will indicate, probably, only a relative degree of
damage which may suggest quantities of debris. If a "moderate" damage
report was received from a particular zone, the approximate incident over-
pressure experienced in the zone could be bracketed by the range of moderate
damage, shown in Column 2. For subsequent determinations, the highest
overpressure listed in the "moderate damage range" would be used. (See
discussion of zone situations, paragraph 4.12.)

The table of Figure 4.7 shows the relation between building types,
incident overpressures, and degree of damage. The range of damage and cor-

responding overpressures were derived from data presented in other studies

4-16



L't 3¥N9id

— { o mm o e e e e e e e e e e e e s e e o e e )
F 1i— — = = = = —= = —| - - 21

e e e e e e e e et e e

6
TIII.|||-III||-||llllll.'l_.....-........ Q
e o em e o o — = e s e e s e e e e s s

383A3S J1vVH300N ! 1H91 3
- —_— . e — | ] o s e e e e e w s 0
— U S
' - — — —1 . N
) e — — — e e c
! e o e e e e e 2
[ & nlll— ----- —

s a1 o 6 8 < ©® S ¥ & 2 | 39AL

1Sd — S3¥NSSIUAEBIAO LNIAIDINI aNiaTIng

I R

39VNVQ 3¥IAIS
JOVNVG JIVH3GON — — — — — — — — — — — — — —

U°‘=<° F:Q —l— .............................

4-17




and were adjusted to reflect "damage" as related to debris generation.
The same overpressures and corresponding damage evaluations are

used for both "blast only” and "blast and fire" conditions,

4,10 OFFSITE DEBRIS FACTOR

Input L (Potential Debris Material) is an indication of the total vol~
ume of debris which could be generated from typical buildings. The actual
quantity will depend on type of building construction and the attack condi-
tions. A portion of the debris will remain on-site, the remainder will be tra-
Jected on.o adjoining areas. The ultimate quantity and distribution depends
primarily on the incident overpressure. Considering volume generated and
its distribution, with respect to the 20 different building types, a table of
off-site debris factors is given in Figure 4.8, The applicable factor for the
particular type of building and incident overpressure is obtained from the
table and noted in Column (3) of the D.P.S. sheet. The same factor is used
for like overpressures under both conditions of blast or blast and fire. The
anticipated volumes of off-site debris, Column (4), is obtained by multiplying
Input L {"B", or "B & F" as the case may be) by this factor and noted as
cu,ft. of debris per lineal foot of frontage.

The off-site debris will be spread over the adjacent street areas. An
indication of the average depth is, the quantity in Column 4 multiplied by
average depth factor, Input M, As previously discussed (in 4.8) this factor
allows for variations in total area over which the debris may be spread. The
product is noted in Column 5 as feet of depth.

The actual area distribution of debris could vary from a few scattered
pieces to large piles of rubble and structural members several tens of feet
high, Allowance for this type of distribution must be considered in the evalua-

tion of clearing requirements., It entails the consideration of incident over-
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pressures, height and size of buildings, width of streets and direction of the
blast wave,

It would be impossible to predict exactly how the debris would be
distributed. In an effort to make some evaluation, the following general as-
sumptions were made with respect to maximum variations from the average
depth indicated above:

1. The greatest variations will occur at relatively low

overpressures in areas with wide adjoining streets.

2. Variations will decrease as overpressures increase

and/or as widih of streets decrease.

“Variations” as referred to above can be expressed as a ratio of maxi-
mum depth to average depth, The table on Figure 4.9 shows ratios of maxi-
mum to average depth for different ratios of building height to street width
(Input N) and variations in overpressures,

These are relative values with respect to quantities and average depth
of debris. A ratio of 6:1 in an area where average depth is 2 ft, implies oc~
casional piles of debris approximately 12 ft, deep. The same rato in areas
with average depths of 5 ft. indicates 30 ft. maximum depth. Using Input N,
appropriate ratios can be listed in Column 6 for the different overpressures
considered. Pressures beyond 1:1 ratio imply levels at which for all practical

purposes, uniform distribution occurs,

4.11 DEBRIS PROPERTIES

The physical properties, which basically define type of debris or de-
bris environment and ultimately clearing tasks, are:

1. Maximum Size

2. Maximum Depth

3, Structural Content
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4. Average Depth

5. Quantity and Area Configuration

The D.P.S. offers a means by which properties can be estimated for
various zones on the basis of assumed, or actual attack conditions. Know-
ing the approximate average depth, it is possible to determine total quantity
of debris to be handled for a specific task. Multiplying average depth by the
ratio noted in Column 6 gives an indication of maximum depth which is shown
in Column 7. Maximum and average depths and total quantity basicolly de-
fine the distribution and contours of debris to be encountered in clearing op~
erations,

The maximum size is the largest size of debris pieces, excluding large
structural components such as beams, girders, etc. It varies with type and
use of building and degree of destruction. Previous research studies have
given descriptions of potential debris. These descriptions relate primarily
to structural failures and possible mix of elements. They do not give quan-
titative values, It is necessary that at least a general approximation of max-
imum size and content he made during the pre-attack planning process since
these two factors are essential in the overall evaluation of clearing operations.

The table of Figure 4,10 shows values of size and content determined
in this study. The designated values are intended to reflect the i::roporrionate
mix of building and content materials for a particular building type and use
depending on incident overpressure or degree of damage. The content rating
provides a measure for evaluation of difficulty, as might be experienced in
handling the debris due to large structural inclusions (see discussion, Sec~
tion 1), No distinction is made between "blast only” and "blast and fire"
conditions, although such a refinement may be desirable. It is doubtful that

the size and/or content of off-site debris would be materially altered due to
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fire conditions. Exceptions would be debris from wood structures which may
be consumed by fire or where massive buildings adjacent to narrow streets
might collapse as result of fire, Values from the table of Figure 4. 10 are
noted in Columns 8 and 9.

Relative quantity and size of trees and poles which may be contained
in the debris are noted in Column 10. This indication will be in accordance
with discussions in paragraph 1,3 and can be based on "comments", (Input
H), of the D.P.S. sheet.

The predicted debris type is indicated in Column 11 and is determined
by relating values given for maximum size, depth and content with debris de-
signations shown in Figure 1.1. It should reflect most difficult mix as in-
dicated by the given values. Figure 4. 11 shows a completed D.P.S. sheet.

The debris type is representative of the nfixed" physical features of
a zone and does not allow for possible inclusion of damaged vehicles. Eval-
uation of this variable factor is discussed in paragraph 1,3, Although com~-
ments listed on the D.P.S. sheet will help in determining this factor, it is
proposed that a separate tabulation of anticipated traffic conditions be pre-
pared for the various zones. Such a tabulation is shown for a hypothetical
situation on Figure 4.12, This tabulation will provide values for Parameter B,
when severity (zone situation) and time of attack are known or assumed.
Severity will have been classed for the zone by debris management by a code
from Figure 4.13 which is discussed in Reference 1 and the following para-

graphs.

4.12 EVALUATION OF ACTUAL DEBRIS ENVIRONMENTS
The D.P.S. sheet indicates potential debris types and environments
which might be expected in a particular zone as a result of different attack

condition-. The environments are listed in accordance with the two direct
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Figure 4,12

* See Figure 4,13
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measures of the intensity of a nuclear detonation which are incident over-
pressures and fire spread. If values indicative of the actual attack condi~
tions can be determined for these two factors, then it would be possible to
identify the post-attack environments for each zone. Both factors are depen-
dent on:

1. Yield of weapon

2. Type of blast (surface or air)

3., Geographic location

The extent of the fire spread also is dependent on building types and
other physical features of the particular area,

Other research studies have developed criteria for measuring the ef-
fects or extent of damage caused by the detonation of different types of nuclear
weapons. Incident overpressures usually are indicated by isobars of pressure
radiating from ground zero. Fire spread is determined for specific weapons
and area configurations.

Although this study is not involved in any aspect of weapon evalua-
tions, it is assumed that it would be possible to construct typical patterns of
damage for a variety of detonations, i.e., a 5 megaton surface blast or a 20
megaton air blast, etc. Individual patterns of the most llkely weapons
should be drawn on transparent overlays to the same scale as used for area
zone maps. See Figure 4.14 as an example,

Early post-attack reports will indicate the approximate yield, type
and location of the blast. The appropriate damage pattern overlay will be
placed over the area zone map with ground zero centered at approximate lo-
cation given by the reports. Incldent overpressures can then be determined
for the various zones by identifying corresponding isobars from the overlay.

The approximate fire spread also can be indicated. Knowing these two factors,
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a reasonable determination of post-attack environment can be made from data
contained on the D,P,S. sheet.

Another method of identifying the actual environment would be by use
of "zone situations" as discussed in paragraph 5.3 of Reference 1. This
would require individual evaluations of overall damage experienced in each
zone. Damage reports, or zone situations, would indicate the degree of both
blast and fire damage in accordance with that data shown on Figure 4,13,

A zone situation of 2 (moderate blast damage) could be related to dam-
age evaluations given in Column (2) of the D.P.S. sheet. Situation 2 indi-
cates negligible fire damage so the environment would be based on "blast
only" conditions.

Both methods indicate the general range or degree of damage sustained
by the attack. The most difficult environment within the indicated range
would be used in initial evaluations of clearing operations. If necessary, the
environment parameters coul& be adjusted, to reflect more detailed damage
assessments which may be reported subsequently.

The proposed procedure for making pre-attack and post-attack evalua-
tions of actual debris environments entails the use of many factors which
have been determined in other research studies. If, or when, more appro-
priate values for these factors are determined, they could be substituted for
values used without changing the overall concept. A general appraisal of the
proposed D.P.S. method could be made by comparing specific area environ-
ments, as determined herein, with environments as defined for the same areas

in other research studies.
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SECTION 5
AVAILABILITY OF REMAINING RESOURCES

5.1 INTRODUCTION

The inventory of all available basic resources is fundamental to the

success of any construction job. Debris removal is a form of construction
job.

The principal resources are:

1. Equipment

2. Personnel

3. Fuel and Lubricants (P.O,L.)

4, Repair Parts

5. Equipment Transport Facilities.

Debris removal resource control need not be a complicated and time-
consuming operation with large masses of records. The availability of these
resources is constantly changing in any area. For example, operating person-
nel for this type of work, generally, are very mobile and follow construction
activity from one geographic area to another. Parts and P.O.L. supplies,
held locally, will vary with types of current jobs and the level of construction
activity in the area. Fortunately, organizations are available which maintain
records of such things as labor and equipment parts. There are fewer reliable
sources of information on heavy construction equipment census,

The procedures outlined in this section are directed towards a very
simple but reliable utilization, and extension, of existing information. The
inventory must be in such a form that it can be used to collect resources at
designated areas during period of increased readiness. The concept and use

of multipurpose staging areas (MSA) for ultimate deployment of resources has



been considered in other emergency plans., How it relates to debris removal

resources is discussed in Section 7.

5.2 EQUIPMENT RESOURCES

The main inventory function of the debris removal task force will be to
control key equipment elements. An inventory must be made of all local, and
nearby, sources of usable equipment in the key categories. This equipment
list has been abbreviated so tuat it can be maintained reliably with minimum
effort, This approach will lead to greater accuracy and dependability than
would result from an effort to tabulate and control every type of equipment
that may be employed.

An inventory will be made only of equipment of the type and size ranges
essential to this operation. It will include only: bulldozers; shovels; front~
end loaders; motor graders; dump trucks and low bed trucks for hauling the
equipment. The table on Figure 5.1 shows this selected key equipment, clas-
sified and coded for inventory. The coding follows the format described in
Section 3 of this report,

Flgure 5.2 shows a form which will be completed at each source, or
storage location, of the equipment shown in Figure 5.1.

The main equipment sources will be contractors, quarries, utilities,
government agencies (municipal, county, state and federal) equipment dealers
(including rental companies), and nearby mining operations. Each source will
have a serial number for their location or storage yard or job where the equip-
ment is based. The serial or identifying number is entered on the upper right
hand cormer of Form 5.2, A separate inventory will be made for each equip-
ment base or storage location, even though the same owner may control sev-

eral such bases and, therefore, be shown on several sheets.
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EQUIPMENT INVENTORY CODE

CAPACITY OR CODE
ITEM HORSEPOWER CREWLER WEHEEL
E 0-150 HP 280
8 151-200 HP 282 283
3 201-250 HP 284 285
5 251-300 286 287
M Over 300 HP 288 289
-1
g § 100-150 HP 160 161
< | 2 151-200 HP 162 163
o|® 201-250 HP 164 165
H g 251-300 HP 166 167
X! Over 300 HP - 169
o)
&
o 100-150 HP 170 171
> E 151-200 HP 172 173
olA 201-25% HP 174 175
o " 251-340 HP 176 177
= Over 300 HP - 179
0.5to 1.0 cu. yd, 260 261
@ 1.1to 1.5 cu. yd. 262 -
E 1.6t0 2.0 cu, yd. 264 -
g 2.1t0 3.0 cu. yd. 266 -
2] Over 3 cu.yd. 268 -
&g To 10 cu. yd. 311
2 5 11 to 15 cu. yd. 313
BE 16 to 20 cu. yd. 315
& 317
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The yard equipment locations can be put on to a map as shown on
Figure 5.3. This, together with information on Figure 5.2 will be preliminary
to the operation of putting the equipment, in the geographic zones, into work-
ing groups, which is explained in Section 8. A map similar to Figure 5.3 can
be used as a guide in determining most feasible MSA locations for debris re-
moval resources.,

At completion of the inventories, a master summary of total equipment
resources by code and yard serial number will be made on a table as shown in
Figure 5.4, A total for all zones or the geographic areas for the City will be
made, Fgure 5.5. In pre-event planning this inventory should be updated at
least once a year and preferably at six month intervals. During periods of
increased readiness, as equipment is moved to MSA's, the inventory sheets
will be reworked. After an attack, or other event, and mobilization, these
inventories will be adjusted dally to show effects of damage to or isolation
of equipment as well as inventory reductions due to assignment of resources
to tasks. These daily adjustments will show return of resources to inventory
at completion of task.

In the upper part of the equipment inventory sheet (Figure 5.4) is a
space for "Zone Situation". This will be filled in only on the zone sheets
and only after an attack, or event, except that in a pre-attack planning ex-
erciie an assumed value may be inserted. The zone sitvation is that code
for severity of dynamic or fire damage from Figure 4,13, If this rating is 3,
6, 7, 8 or 9 it should be assumed that the resources are not available and
those units on that Zone Sheet should be deleted from the total sheet for the
whole city. If a field reconnaissance report subsequently indicated that all
or part of the resources did survive and were obtainable, then those resources

should be reinstated in the summary.



EQUIPMENT YARD LOCATIONS

5.3 .

Figure
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As owner serial numbers are assigned, they will be entered on a table

showing owner and yard location as can be seen on Figure 5.6.

5.3 PERSONNEL RESOURCES

Basically, personnel resource requirements can be divided into two
categories, They are management and operations.

Management category would include supervisory, clerical, communi=
cations, public relations, fiscal accounting, inventory control, task evalua-
tion, resource assignment and information gathering and correlation of activi-
ties with other groups.

Operations would include field management of tasks and that personnel
actually required to get the job done such as task directors, operators, me-

chanics and labor,

5.3.1 Management
It should be assumed, in pre-attack, or event planning that some

governmental management groups will survive and be able to take cominand.
On the other hand, it must be planned for the absence of such control as a
result of the event.

The most logical non-governmental sources for administration of a
large construction oriented project, such as debris removal, would be the
heavy construction or mining industry.

It would be desirable to have on hand a list of key personnel who
could be a cadre for implementation of the debris removal program in the event
the normal community direction was indisposed. This reserve cadre should
be knowledgeable in the field of heavy construction and hopefully would have
some pre-event training in what may be required of them, In this kind of

situation such people would have knowledge of and access to the availability
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CITY:

SERIAL NUMBER ASSIGNMENTS

ZONE:_

OWNER

YARD LOCATION

SER.
NO,

Figure 5.6

5=-10




o o gy

of personnel with some experience in this field or the related one of excava-
tion,
It is suggested that a cadre of key management personnel be listed
with significant data about them and trained before an event. Perhaps one
such person per 200,000 population of an area should be recruited, listed
and trained. Sources of volunteers for such training are several. They
include:
1. The Contractors Assoclation - The AGC (American General
Contractors).

2. The Civil Engineers Professional Society - The ASCE
(American Society of Civil Engineers).

3. The Mining Engineers' Professional Society - The AIME
(Society of Mining Engineers of the American Society of
Mining, Metallurgical and Petroleum Engineers).

Experienced and trained mznagement personnel would be able to re-
cruit and train or direct the necessary subordinate personnel required to get
the job done.

A method of listing the cadre of altermates for management is shown

on Figure 5.7,

5.3.2 OQperations Maintenance and Labor

In an emergency, labor supply is not a real problem. In most cases,
there are more volunteers than there are jobs to be done in the unskilled
category. Trained and qualified operator personnel could be in short supply
in the early stages of mobilization.

Maintenance personnel will be slightly less critical than operator per-
sonnel for two reasons. Key operator personnel can perform essential main-

tenance. No major maintenance is envisioned as any equipment requiring
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repairs, needing more than a few hours, more than likely will be abandoned.
Owners of equipment and union headquarters will have a list of operat-
ing personnel in the area, Again, as in management, it will be desirable to
have a source for a cadre of qualified equipment operators and means of con-
tacting them listed prior to the need. This group should be contacted and pro-
vided information on the plan in advance of need. The operators provided
must be skilled in operation of the three types of major equipment which are
most critical, and they are dozers, front-end loaders and shovels. Figure

5.8 provides a means to list the sources or contacts.

5.4 FUEL AND LUBRICANTS

Initial fuel and lubricants may be supplied from the equipment owner
or construction company's facilities, but those for continuing operation will
come from the normal commercial distribution channels for such products. In
an emergency there will be many demands for P.O.L. for operations other than
debris removal, P.O.L. supplies will be needed for trucking, heating and
transportation among other requirements.

The debris removal operations will not control the total, or perhaps
even the majority of the petroleum fuel resources. The debris removers must
produce a list of approximate quantitative requirements to establish plans
and a suitable priority for the operation’s share of this resource.

The equipment owners, who will be involved, will have knowledge of
locations and contacts for obtaining delivery of fuel and lubricants, within
the constraints established by the situation. The debris removal headquarters
should have names and addresses of contacts at major local P.O,L. distribu-
tion centers, A form of tabulating storage sources and normal stocks of P,O,L.
is shown in Figure 5.9, These locations with an approximate normal storage

capacity should be shown on the map overlay for resources.
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5.5 REPAIR PARTS

Repair parts for the key equipment will be a critical resource. Sales
and distribution of heavy construction equipment is an orderly and well-con-
trolled business. There usually will be only one dealer for any one make of
new equipment in any metropolitan area., For example, there will be only one
Allis Chalmers dealer for the whole section of the country in which the affected
city lies. Similarly, there will be only one Caterptllar and one Intemational
Harvester dealer and one only for each of the other major manufacturers. Each
of these may have a branch or other warehouse in another city, which in many
cases will be a few hundred miles distant. Such branches may be supplemental
sources of parts supplies, as the chances are that a city at such distance
would not have a similar debrls or damage problem,

The table on Figure 5.10 shows the principal manufacturers of key equip-
ment to be used in debris removal. The local planner should have a list of per-
sonnel contacts at: the local distributor; each of the factories; and any other
nearby major source of repair parts inventories. The latter may be: zone,
branch or district offices of the manufacturer; government installations such as
highway maintenance offices; large contractors; quarries; or mines.

Fgure 5.11 shows a method for showing details of parts sources for

each of the fifteen producers of key equipment items listed on Figure 5.10.
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IPMENT MANUFACTURER

Front End
Manufacturer Dozers Loaders Shovels Graders
Allis Chalmers (AC) X X X
American Hoist and Derrick X
Bucyrus Erie (BE)
Caterpillar (CAT) X X
Eimco X X
Gallion X
Insley X
International Harvester (IH) X X
Koehring X
Lima X
Marion X
Northwest X
P& H X
General Motors (TEREX) X X X
Trojan X X
Figure 5,10
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EQUIPMENT PARTS LOCATOR

MANUFACTURER: DATE:
EQUIPMENT:
FACTORY ADDRESS{ MAIN OFFICE) (BRANCH)

STREET

CITY

PHONE RADIO

CONTACTS

LOCAL DISTRIBUTOR NAME:

STREET

CITY

PHONE _ RADIO

CONTACTS

NEAREST DISTRIBUTOR ELSEWHERE: NAME:

STREET

CITY

PHONE RADIO

CONTACTS

OTHER IMPORTANT PARTS SOURCES:

Figure 5,11
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SECTION 6
EVALUATION OF CLEARING TASKS

6.1 INTRODUCTION
Clearing tasks must be described with sufficient and significant data

to permit evaluation of the task with respect to both the removal effort re-
quired and objective. This will assist in work scheduling and will provide
ald to those in authority who will assign final priorities.

The procedure for evaluation must be one that will permit some pre-
attack planning or estimating, It must be adaptable to revision after an event
a; real results, or conditions, are reported.

The manager of debris clearing will be subordinate and report to the
commander of the total emergency operation. In each city this direction and
control may be different but for this discussion it will be called the D & C.
The manager will Jook to the D & C for assignment of task priorities. There
could be situations where he is out of contact with the D & C and certain
guidelines may be helpful for his evaluation of urgency and the initiation of
clearing operations. The manager's initial actions may be countermanded

after contact is re-established with D & C.

6.2 LISTING OF TASKS

Section 2 of this report shows a means of listing tasks and describing
the debris environment.

An analysis of several hypothetical situations indicates that the first
debris clearing action after an event, which causes debris in the streets,
would be to make a network of cleared routes generally connecting each area
of the city where there may be survivors. It is likely that these routes will

have been pre-planned. These may be rather long routes and pass or be near
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to several kinds of facilities which would be critical to the overall emergency
effort. Some of the routes may be divided into severai individual tasks de-
pending on type of debris, access or other considerations. The D & C could
direct that alternate or lateral routes be cleared from tf:ese major routes and
assign high priorities to such tasks.

The debris group should provide the D & C as much information as
possible on each task and the chance of its successful completion. Those
tasks from Figure 2.1 should be listed on a form to display the general pur-
pose or objective of the tasks. This can be done on a form as shown on Fig-
ure 6.1. They may be listed sequentially by task number.

Some of the data for completing details of Figure 6.1 can be obtained
from the D.P.S. sheets, Figure 4.2. Most of the descriptive information will
be based on knowledge of facilities and activities in the areas, some of which
is available to the debris manager through surveys made in pre-event planning
in preparation of the D.P.S. sheets.

On those tasks, involving long routes, the most critical facility en
route will be listed. See Figure 6.2 and subsequent discussion of it in this
section. One or twe words will describe the facility such as "hospital",
"school", etc.

Under "Supplied”, a "yes" or "no" should show that the goal does,
or does not, have food, water and other essentials to support life.

“The Number of People" column is self-explanatory. In most cases,
this will be an estimate of the number of people trapped or in the area, and
in need, based on known population of the area or from post-attack reports.

rCondition of People" should be one or two words such as "healthy",
"{11", "injured", "incarcerated”, msheltered", "exposed", or other suitable

description or descriptions,
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TASK CODE

SITUATION FIRST DIGIT
FIRES 1
HOSPITALS 2
SCHOOLS AND INSTITUTIONS 3
HOMES FOR THE AGED 4
UNSHELTERED GROUPS 5
SHELTERED GROUPS 6
UTILITIES 7
WAREHOUSES OR FACTORIES FOR CRITICAL

MATERIALS 8
GOVERNMENT BUILDINGS 9
NUMBER OF PEOPLE SECOND DIGIT
GROUPS OVER 100 1
GROUPS 50 to 100 2
GROUPS 25 to § 3
GROUPS 10 to 25 4
GROUPS LESS THAN 10 5

Figure 6.2
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The "Location" should show the zone number which will have been
established for debrls clearing purposes. The next column is for "Restrictive
Tasks", if any, which must be completed to provide access to the start of
task under analysis,

The "Task Purpose Code" might be a two-digit number which will des-
cribe the essential purpose of the task. This would be used, primarily, to
assist in establishing the urgency. The first number of the two-digit number
can be obtained by data on top portion of Figure 6,2, and the second digit
obtained from the bottom section of that same figure. For example, a grammar
school with 200 students would be coded 31, or "3" for "Schools" and "1" as
a second digit for "more than 100", A hospital with 65 patients and staff would
be Code 22, etc.

Generally speaking, those tasks with lowest first numbers in the codes
will have the highest urgency. Those with identical first numbers nomally
will be arranged in urgency with the ones having the lowest second number
given the higher urgency consideration,

A guide for assigning provisional urgencies from one to ten is as
follows, Refer to Figure 6,3, Use the task purpose code to find the job in
the first three columns, The indicated provisional urgency shown in the
fourth column is put into the "Provisional Urgency" column on Figure 6.1.

Local conditions may dictate a judgement granting a higher urgency
which may not correspond with this general procedure.

It should be stressed that these are provisional guidelines to be used
only if priorities have not been established by D & C., They must be subject
to change. Changes can result from such things as reconnaissance reports
showing different debris situations or conditions of people, or new develop-

ments such as fires or fallout. They may be influenced as well by subsequent



EROVISIONAL URGENCY & PRIORITY

ask Code Provisional Provisional Priority
Pirst [—=econd Digit Urgency Chance of Success
Digit | Min. Max, 1 2 3 4
1 1 2 1 1 1 2 4
1 3 4 2 2 2 3 6
1 5 S 3 3 4 4 8
2 1 1 1 1 2 3 5
2 2 3 2 2 3 4 8
2 4° 5 3 3 4 4 8
3 1 1 3 3 3 5 6
I | 2 4 4 4 4 5 7
3 ! 5 5 5 5 6 7 8
4 1 3 S 5 8 10 16
4 4 5 6 3 8 11 17
S 1 2 6 6 8 11 17
5 3 5 7 7 9 12 18
6 1 3 7 7 9 12 18
6 4 S 8 8 11 14 19
7 1 3 8 8 11 14 19
7 4 5 9 9 12 16 20
8 1 4 9 9 12 16 20
8 5 5 10 10 16 18 20
9 1 5 10 10 18 18 20
Figure 6.3
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evaluation of chances of success and this effect is discussed in the following

paragraphs.

6.3 CHANCES OF SUCCESS

The chances of successfully completing a task will need to be known
by D & C or others who will be establishing priorities. If there appears to
be no chance of success, it may be a useless waste of resources to start it,
even though it may have a high provisional urgency. On the other hand, a
high urgency task with a low chance of success may be given an even higher
priority by judgement of D & C, based on need, if such change would improve
the overall operation.

If there is an abundance of debris removal resources, the task may be
started even though its chance of success appears non-existent, In such an
over-abundance, however, urgencies and priorities would mean little except
perhaps to establish the order in which tasks would be started,

The chances of success may not be known at the time of assigning the
provisional urgency rating. This chance is based on performance estimates
for the tasks as described in Section 8 of this report. That section deals with
allocation of resources based on availability and productivity.

A chance of success numerical 1 Jng is suggested. It is based on
calculation of time required to accomplish the task as opposed to the time
estimated in which it needs to be accomplished. Again, these data on time
requirements, and needs, are used and described in Section 8. The next
column of Figure 6.1 is one which shows "Chance of Success", It is noted
as a numerical value from 1 to 5 selected from Figure 6.4 which is based on
the productivity evaluation described in Section 8. Figure 8,1 shows a time
allowed and time required for each task. If the task can be performed within

the time specified, it will get top rating of 1. The more time it requires, in
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CHANCE OF SUCCESS

“TASK TIME RATING
SPECIFIED 1 2 3
DAYS/HQURS | MINIMUM T;mnz TO DO JOB - DAY
.5/12 .5/12 .70/17 .80/19 1.0/12
.75/18 .7/18 .9/22 2.2/29 1.5/36
1.0/24 1./24 1.2/29 1.6/38 2.0/48
1.25/30 1.25/30 1.6/38 1.9/46 2.5/60
1.50/36 1.50/36 1.9/46 2.4/58 3.0/72
1.75/42 1.7/42 2.4/58 2.8/67 3.5/84
2.0/48 2.0/48 2.6/62 3.2/76 4.0/96
2.5/60 2,5/60 3.3/79 4,0/96 5.0/120
3.0/72 3.0/72 3.9/94 5.4/120| 6./144
4.0/96 4.0/96 5.2/125 | 6.4/154| 8./192
5.0/120 5.0/120 6.5/156 ] 8./192 10/240
Note; If task analysis shows that it cannot be performed with

available resources, a chance of success rating of "5"
is assigned.

Figure 6.4
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relation to specified time, the lower chance of success (higher rating number) ,
If a task is Specified to be done in 1.25 days (30 hours) but is estimated to
require two days (48 hours), it wij] get a rating of "3" in chances of success,
As noted on Figure 6.4, the task analysis may show that there is absolutely
no chance of performing it with avallable resources, If such is the case, a
chance of success rating of "5 will be noted on Fgure 6.1 to Indicate or flag

this condition,

6.4 PROVISIONAL PRIORITIES
===aele iy TRIORITIES

Consideration of provisional urgency and chance of success ratings
will provide a guide to establish "Provisional Priorities" + the last column of
Flgure 6.1, Figure 6.3 provides a chart to give each task a provisional prior-
ity rating of from 1 to 20. Initial assignment of resources could be made on
the basis of tagks having the lowest (numerical) Provisional priority,

The task code and provisional urgency are identified on the left-hand
portion of Figure 6.3, Reading to the right, a provisional priority number is
listed under the appropriate chance of Success rating column. For example:

It is decided that a route to a school with 75 students be cleared in two days,
The task code is 32, Analysis has shown that the actual clearing task wil}l
require 2.8 days; therefore, the chance of success rating is 2, The provi-
sional priority of this task is 4,

All tasks which have Previously been given a chance of success rating
of "5" are automatically assigned a provisional priority of 20,

The preceding paragraphs indicate how provisional priorities could be
established by evaluating clearing task requirements and objectives, Whether
or not such priorities would be used depends on post-attack conditions, As
mentioned in paragraph 6.1, the final analysis and the assignment of resources
and priorities would be made by D & C, Information provided by task evalua-

tion would be helpful.
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SECTION 7
MOBILIZATION

7.1 INTRODUCTION

Mobilization, or marshalling of resources for debris clearing opera-

tions involves many facets., Subjects which must be considered include:

S.
6.
7.

The purpose of this study is to provide guidelines for the actual physi~-

Management or control

Administrative quarters and communications

Staff personnel assembling

Construction equipment and areas for its assembly
and dispersal

Labor access and control

Supplies

Transportation ‘or personnel, equipment and supplies.

cal operation of removing debris for the emergency phase. The appointment

or organization of staff and methods of getting the operation underway are as

important as providing guidelines for the staff to do an effective job.

It is assumed that local conditions, and potential effects of the debris

causing event, will dictate requirements and personnel for overall supervision

of work performed in accordance with this study. The study will provide the

overall authority some aid in selecting managers from those best qualified in

the construction or public works fields.

In pre-event planning, the mayor or other authority in the area may

appoint a debris removal manager. The manager's planning in advance should

provide him with micans, during increased readiness to:

1.
2.

Establish contact with D & C

Establish base of operation
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3. Assemble key staff

4. Mobilize resources.

These functions of organizations are essential to provide the initia-
tion of actual debris removal operations and direction for each task to get the

job done,

7.2 STAGING AREAS

Normally, one or more multipurpose staging areas (MSA) will have
been selected for the disaster relief activity. One might house the overall
command and the control headquarters, The debris removal activity may be
only one of several management groups in that MSA so that the site selection
for some ~itles may or may not be one at which heavy construction equipment
can be assembled and maintained.,

In some cases it may not be advisable to assemble large quantities of
equipment during the increased readiness period. Although much of the key
equipment is rugged and will withstand fairly large overpressures it could be
made inoperable by isolation, fallout or fire. Decisions as to use of MSA's
for debris removal operations will depend on the Emergency Operating Plan

for the area in question,

7.3 ORGANIZATION MOBILIZATION
The debris manager would appoint key personnel using quidelines

made on the basis of suggestions of Section 5 of this report during pre-event
studies. Many cities, hopefully, will have made these pre-event plans to
such a point that mobilization of the key personnel can be accomplished in a
few hours.

The operating base for debris removal activities should have at least

five large rooms and a small auditorium for briefings. A school or abandoned

7-2



office would be ideal, Shopping centers with office complex are good candi-
dates for headquarters sites. The site should have adequate parking space
as there will be considerable vehicular traffic in and out of this headquarters.

All band radio and telephone communications must be established
early,

Feeding and other facilities for headquarters and transient operator
personnel should be provided. Sources of office fumiture, typewriters, sta-
tionery, drafting boards and filing cabinets should be arranged. During in-
creased readiness (IR) time, these and all pre-event assemblec data on debris

removal should be moved to the headquarters site,

7.4 EQUIPMENT MOBILIZATION

Equipment mobilization is that part of marshalling of resources which
1s most important to this study. Primarily, it means preparing and moving
the equipment to the task or to the central or subordinate MSA within one of
the zones where it may be required,

Most of the equipment considered for this work is comparable in mobil-
ity requirements. It takes little or no more time to move a 300 HP tractor on
a low boy tratler than it does to move a 150 HP tractor on the same type of
equipment for short hauls, as between zones in a city. Self-propelled wheeled
vehicles travel at approximately the same rate of speed as truck trailers. An
estimate of time required to move equipment from zone to zone or from a near-
by mutual aid area to a particular zone can be made as shown on Figure 7,1,
It is similar to a mileage map and is referred to as a "Zone to Zone Time
Table",

The table has been filled out for a hypothetical situation, It will be
noted that there is a column to the left called "Travel to Area". Thisis a

space to put in hours required to get equipment from pre-determined distant
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locations to the MSA or other marshalling yards such as railroad yards or
truck terminals in specific zones equipped to receive such shipments. This
distant traveiing time, when used, naturally must be added to the zone to
zone travel times.

Three different "hour" figures are given for travel time between any
two zones. This is to indicate possible range of time required due to differ-
ent debris conditions which may exist along the route. For example: Equip-
ment traveling from Zone 5 to Zone 6 may require from two to four hours de-
pending on restrictions presented by the anticipated debris environment. If
the equipment was from a distant area requiring ten hours to get to Zone 5,
then the mobilization time would be between 12 and 14 hours, Hours used in
preparing such a table should reflect estimates made for the particular study
area taking into account actua!l distances between zones, probable travel
routes, etc.

Pre-event inventory of key equipment may indicate that the owner's
yard locations are such as to provide reasonable dispersement of equipment
throughout the study area. During periods of increased readiness it may be
advisable to mobilize equipment at its home base. The equipment could be
fueled and made ready for transport to designated MSA's or task assignments
as the case may be. As mentioned, this is a decision for local authorities.,
In the event that equipment was mobilized at its home base, it would be
necessary to provide communication facilities and personnel shelters at or
near the yard location, In some {nstances, owners may have existing radio

systems which could be used.

P,O,L, MOBILIZATION

7.5 0.L,

In most cases P.O,L, supplies will be drawn from the regular commer-

cial storage areas for petroleum products. Unfortunately, in most cities these



often are concentrated in one area which may be near a port or rail or pipe
line terminal. This makes them rather vulnerable to a disaster centered in
that area.

During periods of increased readiness, it would be desirable to ar-
range for each large user of P,O,L, who has yard storage facilities to stock
up to capacity. In this way the P,O.L. resources would be distributed so
that it is less vulnerable to complete loss and there are better chances that
some supplies will be closer to the task site at which it may be required.
Also, it would be desirable to ask for dispersement of any portable diesel
fuel tanks to different zones where debris difficulty has been indicated by
debris prediction studies. These portable tanks should be filled. Drums of
fuel oil should be assembled at each MSA or yard location. They will be use-
ful to stock individual tasks and as a means to haul fuel over debris with a

front-end loader.

7.6 MAINTENANCE MOBILIZATION

Mechanics' tools and welders should be assembled during increased
readiness. It is best not to try and stock additional repair parts but to depend

on drawing those parts from the dealers or major users as needed.

7.7 MISCELLANEQUS SUPPLIES

An assortment of hard hats, safety shoes, rubber coats and boots,
picks, shovels, etc. should be stocked at the different locations during in-
creased readiness periods. Many of these miscellaneous supplies will be

available from those contractors who are fumishing the major equipment.

7.8 TRANSPORTATION MOBILIZATION

During increased readiness all commercial haulers of heavy equip-

ment should be asked to move their low boy trailers and tractors to MSA's
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or yards which will be the main source of equipment, Pickup trucks and

four~wheel drive vehicles should be fueled and available,
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SECTION 8
ASSIGNMENT OF RESOURC ES
ASSIGNMENT OF RESOURCES

8.1 INTRODUCTION

Resources must be assigned for efficient completion of the tasks.
The assignment must be as orderly as possible under rather extraordinary cir-
cumstances. Priorities must be followed.

Records must be kept of remaining available resources including man-
power and material at all stages of the mobilization and activation,

The preceding sections of this report provide task definition and re~-
source inventory and mobilization guides,

This section describes how task requirements can be matched with

those resources, particularly the very critical equipment resources,

8.2 TASK REQUIREMENTS

A form, as shown as Figure 8.1, should be prepared for each task,
This task requirement card serves three purposes. Its primary purpose is to
assist in selecting the best available resource. Its other purpose is to show
resources assigned and their total requirements for completing the task,

The top part of Form 8. ] describes the task purpose, conditions, lo-
cations, and time requirements. Most of the data for this part of the form
can be read directly from Figures 1.2, 2,1 and 6.1. The date is that on which
the form is being filed. Form 6.1 provides: task starting point, zone or
street location, priority and urgency. Figure 2.1 provides: task no. , opera-
tion type; allowed time - hours; debris type; traffic content; average depth
in feet: length of route in thousands of feet; and debris volume in units of
volume of 1,000 Cu,yds.

Finish day and hour is computed by adding the time allowed in which
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TASK REQUIREMENT CARD

Task Requirement Summary

Zone Situation: Fall Out: Fire Condition:

Task No: Zone: Date: Priority:

Route Width:______ Street Width: Average Depth:___ Length:
Operation Type:_____Time Allowed-Hrs:______ Finish Day: Hr:

Debris Type: Variable Cont: Adjusted Debris Type:

Volume: Req.Prod:

Resource Evaluation

Production
Group Cu.Yd./Hr, _Time - Hours
No. | Zone |Standard Factors Adjusted | Mobil.|Oper. |Total

Prod. Comp,. | Units

Supporting Resources

Code Quantity
620
621
622

Resource Assignment:

Group No.
Start Day Hour
Finish Day Hour Gross Oper.Time __
Labor Hrs.by skill: 1 2 3 4
Labor Total Hrs:
Dies. (gal): Gas(gal) Lube(lb,) Oil (gal,)
Figure 8.1
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job must be done to that time (day and hour) at which form is being computed.
The adjusted debris type can be read from Figure 1.2, using debris
type and traffic content.
The approximate net production rate required is the debris volume,
in cubic yards, divided by the allowed time in hours. This will be a much
lower rate than will be needed for equipment capacity as there will be lost

time in mobilization and elsewhere. This is detailed below.

8.3 RESOURCE EVALUATION

The most critical resource will be key or major equipment, Personnel
and P.O.L. supplies are more mobile and, therefore, can be obtained from
greater distances in the time likely to be available.

The center section of Form 8.1 provides a means to evaluate equip-

ment groups with respect to task requirements.

8.3.1 Resource Grouping

FEquipment resources will have been inventoried as has been described
in Section 5. See Figures 5.2, 5.3, 5.4 and 5.5.

Construction equipment must be put into groups for effective opera-
tion. A group may be simply one bulldozer and a few hand tools. It may be
a more complex group of severzl bulldozers or combinations of shovels and
front-end loaders and/or bulldozers. All groups that include shovels and
most that include front-end loaders will have trucks. They will require part-
time allocation of fuel trucks or other service vehicles, Nearly all groups
for debris removal will be fairly small. This is because tasks, as envisioned,
will have limited working space.

The equipment group concept for this work was introduced in Section

3.2 of Reference 1 and illustrated in detail in Appendix B of that report.
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Figure 8.2 shows a group card form for listing equipment and other
resources for each equipment group formed. Provisional equipment groups
should be made on such forms for all of the equipment inventoried as des-
cribed in Section 5. These provisional groups can be dissolved and other
groups made with the equipment either prior to assignment {for special task
needs) or on completion of a task. The group will be dissolved if the equip-
ment is taken out of service for any reason.

The group card shown on Figure 8.2 differs from that described in
Reference 1 in a few details. These provisional groups should be made using
judgement by persons with experience in earth excavation by construction
machinery and a general knowledge of the probable nature of the tasks likely
to be required.,

Group numbers will be assigned sequentially to the groups as group
cards are filled in,

The "Date Formed" is the date the group card is filled out. The "Date
Dissolved" is the date the group is dissolved which may be for, among other
reasons, the following:

1. Equipment is used in forming another group.

2, Equipment is damaged beyond repair.

3. The group is modified for a task by additions or deletions.

The left~hand columa of the main body of the gi'oup form is for listing
major and minor equipment and supporting resources usually by code, After
the code number for the major equipment, there will be a slant line and the
equipment's location or yard serial number will follow the slant line.

The "No. Reqd." (number required) column is the number of the speci-~
fic pieces or units of resources listed in the left~-hand column of the group

card.
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The labor table part of Figure 8.2 provides space for listing three
categories of labor by skill code and the manhours, per hour of group opera-
tion, required for each. Labor Code 1 is equipment operators; Code 2 is
mechanics or other skilled; Code 3 is drivers or semi-skilled, and Code 4 is
unskilled. The last four columns are for petroleum, oil and lubricant .0.L.)
requirements and show them by gallons or pounds per hour for each unit in
the group requiring such supplies. Figure 8.3 gives data necessary to com-
plete the group card. It shows hourly labor and supply requirements for each
type of equipment shown by name and code as well as data on key specifica-
tions such as weight, horsepower and capacity where appropriate. Figure
8.3 also shows "standard production" and “type of operation" to which each
kind of equipment may be assigned either alone or in multiple units or com-
bined.

Total hourly requirements for all resources in the group are summa-
rized on the appropriate line of Figure 8.2. Standard production for the group,
as well as type of operation will depend on type and number of major equip-
mer used in forming the group.

Transportation requirements are not shown on the group card as analy-
sis has shown that all of this equipment can be transported by truck, tractor
and low boy trallers or are self-propelled. Rail haulage would seldom be
used except for equipment from great distances, The latter, if required,
more than likely would be supplementary to the local inventory and in most
cases called in only if required after an event, An exception to the post-
event plan for any required rail transport, would be in what appears to be an
unlikely discovery in pre-event inventory that there will be a shortage of
equipment in the city or study area. In such a case distant sources which

may be less vulnerable to damage may be established. Arrangement then
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may be made to get the equipment on board trains and en route to the city
during periods of increased readiness. Barges may be needed in a city which
deponds on bridges for access or one which may be bisected by one or more
rivers or waterways. Wheeled units can and probably will travel to tasks
within about 30 miles (in an emergency situation) without haulage units,
Wheeled units are those with odd or uneven code numbers. Crawler units
(even code numbers) in an ~mergency could travel about 3 miles on city
Streets to a task on their own power. As a general rule, equipment traveling
under its own power (on short hauls) will make the trip in 60% of the time

fequired to get a trailer to haul it.

8.3.2 Resource Evaluation

As was described the above trial groups of equipment should be formed
on paper for each zone as soon as the area equipment inventory is completed.
Then a group inventory showing zone, group number, operation type, stand-
ard production and owner serial number should be made for the complete city
or area, See Figure 8.4,

When the group inventory lists are accomplished, the analysis in re-
source evaluation in the center section of form Figure 8.1 can proceed. The
"Operation Type" for the task will indicate that basically, it is either a dozer
Job, a shovel job, or a combination (of dozers and shovels) job. The "Re-
quired Production” will indicate the production rate, but it must be remem-
bered that groups chosen for evaluation usually should have a standard pro-
duction of at least double this required production. Rather drastic down-
ward adjustments to standard production are required for various practical
reasons as are explained elsewhere in this report.

The group inventory lists for the zone involved and its adjoining zones

will be searched for groups available which could do the job and which have
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GRQUP INVENTORY
Opera- |Standard] Owner
Zone Group Date tion |Product.] or Yard
No. Start Stop Type |Cy/Hr. | Serial
Figure 8.4




several times the indicated required production capacity. The most con=
venient ones geographically will be listed in the first two vertical columns
of the center table of Figure 8.1 and their standard production will be put
into the third column,

The "composite adjustment” factor will be chosen from Figure 3.3
depending on major equipment, debris type and traffic content. The "units"
(or multiple units) factor is selected from Figure 3.4 using number and types
of major units from the equipment group card (Figure 8.2) and route width
from data at top of Figure 8.1, Standard production for each group listed is
multiplied by both factors to achieve adjusted production figure. (Section
11 gives additional details on this procedure.)

The time in hours required to move the equipment to start of task is
selected from a table similar to Figure 7.1 and inserted in the mobilization
time coluran. To use Figure 7.1 the zone to start the task is obtained from
the top of 8.1 and the zone from which equipment must be moved is from the
center table of that figure.

The adjusted production “rate" is divtc.i’ed into the "Volume" number
{cubic yards to be moved) from top of Figure 8.1 to arrive at "Operating Time
Hours" for the central table of that figure.

"Mobilization Time" and "Operating Time" are added and their sum
is "Total Time". The group with least hours in total time probably will be
assigned.

In evaluating task requirements, it may be found that a group needs
additional supporting resources such as labor, cutting torches, chain saws,
protective clothing, etc. A crane may be required in areas of heavy debris
with considerabie "steel" content. These resources can be added to a group

by the person making the analysis on Figure 8.1. His decision will be based



GROUP SUPPORTING RESOURCE SETS
U v E ONDITIONS

One 620 supporting resource set
required per 6 men

Number of 621 sets required,

Original or

Adjusted Average Depth

Debris

Struct,

Content Up to 2' 4 6 8' 10° 12'
-3 1 1 2 2 3 3
-4 2 2 3 3 4 4
-5 2 3 3 4 4 )

Number of 622 sets required

Original Average Depth

Debris

Structural

Content, * Upto 2' 4 6'
-2 1 1 2

* Structural Content is from Parameter A-2 of
Debris Classification - See 1,2,

Figure 8.5




on debris type and other task requirements. These resources and needs are
discussed in Reference 1 and can be selected from bottom portion of Figure
8.3, Figure 8,5 s a guide as to quantity of such resources required for
various debris environments. Any additional resource required to augment

an assigned group are noted on the bottom center table of Figure 8.1.

8.4  RESQURCE ASSIGNMENT

The assigned group's serial number is inserted in the “group number®
slot on the lower part of Figure 8.1. To the start time or hour of assignment
the total hours sre added to compute finishing day and hour.

The selccted group card will be attached to the task requirement card
and it will be removed from inventory of remaining resources which are shown
on Figure 8.4 for groups and Figure 5.4 for equipment.

Gross operation time must be computed. It is the time for which re-
sources must be prow}ided to complete the task. It has been assumed that re-
quirements for operators, fuel, etc. needed for mohilization will be approxi -
mately 60% of similar requirements during actual operations. Therefore,
gross operation time = 0,6 x Mob. Time. plus 100% of Operating Time.
"Gross Operation Time" is then multiplied by labor summaries for each of
the four classes and put in the appropriate slots at the bottom of Figure 8.1.
The total of the four is put in the total labor spot for the task on the bottom
of that figure. Similarly, P.O.L, requirement summaries from the group card
are multiplied by "Gross Operation Time" to give data for the bottom line of
each task requirement card. Total required hours for individual pieces of
equipment is obtained by multiplying gross operating time by number of units
used,

As will be explained, these task resource totals will be used later to
make an estimate of total requirements for the complete operation or the total

effort as discussed in the next section.
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SECTION 9
DRETERMINATION OF TOTAL EI'FORT

9.1  [NTRODUCTION

The ultimate objective in debris removal planning 15 to provide an or-
derly means to tabulate and evaluate a variety of potential debris situations
and estimate the total resowces required for designated clearing operations.
Many of the procedures required in pre-event planning, increased readiness
alert time and in post-event implementation which give data to this summary
of total effort have been described in previous sections,

As much of the statistical work as possible should be done in the
planning period. These plans are provided to contain essential data in a
flexible format adjustable to many possible different situations,

Many of the steps in organization, mobilization and execution can be
done concurrently. Some must be done sequentially.

This section of the report describes an orderly process for scheduling
the various steps so that debris clearing operations can be set in motion in
either the increased readiness or post-attack periods. It provides a means
by which an estimate of total effort can be made for different attack condi-

tions and debris clearing requirements.

9.2 SCHEDULING

Preparation for debris removal analysis can be considered by six
basic steps. They are illustrated graphically in Figure 9.1. The number at
the bottom of each block of the diagram gives the figure number (of this re-
port) which provides the form to be considered., It is assumed that all plan-
ning procedures have been completed and are available. The six operations,

or steps, are:
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1. Event Desoription
2. Debris Analysis
3. Clearing Requirements

4. Equipment Analysis

5. Personnel Summary

6. P.O.L. Supplies

These all provide information for the final analysis of each task, {n-
cluding task definition, resource evaluation and resource allocation.

The summary of the resources allocated for all tasks provide a total
job effort estimate, During actual operation, this must be updated frequently
with progress and change of condition reports. The total effort can, there-
fore, be estimated before an event and during the clearing operation.

The complete process Involves assuming a variety of situations before
an event, or having reports of the actual situation after an event,

Naturally, results vary with cities and even with zones within any
city. A hypothetical situation will be assumed to {llustrate the methods pro-
posed. For the purpose of this illustration, let it be assumed that the author-
ities of San Francisco are estimating clearing requirements necessitated by
a nuclear air blast over City Hall,

The firat step (Figure 9,1) would be to estimate the isobars of inci-
dent overpressure generated by the detonation, These can be plotted on a
map of the City and roughly are concentric circles of decreasing pressure
from the ground zero. Another source of information for step 1 would be re~
ports of actual damage provided after an event. In Pre-event preparation,

a survey team has investigated each section or zone of San Francisco with
"Debris Prediction Survey" (D.P.S,) forms (Figure 4.2). Data on these

forms will provide guidelines for reasonable debris predictions, and
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information needed for steps 2 and 3.

Clearing requirements (step 3) can be indicated by the various routes
to be cleared and shown on the area zone map. These routes may have been
pre-determined or could be designated by D & C in the early post-attack
period,

Step 4. equipment inventories and grouping, can start at any time,
even before the D.P.S. is conducted. Parts of the equipment analysis, in
the final stages, are dependent on knowing zone boundaries which are de-
pendent on the D,P.S.

Steps 5 and 6 are listing of personnel and P.O.L. supplies, respec-
tively. These are highly mobile resources, not influenced so much by loca-
tion as is equipment, The first parts of studies for S and 6 can be conducted
concurrently with, and independently from, debris and equipment analysis
and area mapping. In an emergency, this concurrent analysis would be the
case but in pre-attack planning, these independent functions can be scheduled

at the convenience of the planners.

9.3 TOTAL RESOURCE REQUIREMENTS FORECAST

Data and information provided by the completion of the 8ix steps can
be summarized on forms as shown in Figure 8.1, It gives the debris environ-
ment, task definition, available resource capability and allocation for each
task. All resource requirements, other than equipment, can be totalled for
each task or zone and then the zones summed for the city on forms as shown
on Figure 9.2, Fgure 9.3 is used to summarize total equipment requirements,
in machine hours, as indicated by data and task analysis given on Figure 8.1.

Both Figures 9.2 and 9.3 are set up for tabulation for either zones or
the entire area. The totals at the bottom will provide such things as fuel,

manpower, lubricants and machine hours, by major code or type. Thus,
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a measure of the total effort forecast can be made.

9.3.1 During the planning period, it would be desirable to determine total
effort requirements for several simulated attack conditions and correspond-
ing debris clearing requirements. Such studies would indicate potential
recovery capability based on available resources of the area. Also, it would
be a guide as to need and use of mutual aid between areas with respect to

debris clearing operations.

9.3.2 The same general procedure of determining total effort can be followed
in the post-attack period. In this instance, however, it will be necessary

to maintain current records of resource needs and use as the various tasks
are undertaken or completed. These reports would reflect actual require-
ments as opposed to original estimates made on the basis of planning data.
This can be accomplished by use of daily progress reports as shown on

Figure 9.4, These reports will provide a means of summarizing total resource
requirements both during and at completion of a task. All steps previously
discussed will be updated with field reports of actual conditions.

In some situations it may be decided locally that these progress re-
ports will be made on a more or less frequent basis than daily. They should
be filled out by the manager of each task, Comments noted at the bottom of
the form will include such things as:

1. Weather

2. Unusual inclusions or debris characteristics

3. Radiation

4. Incidental rescues

5. Unpredicted damage



‘, Route _mgmp___mqmm__J

Task Date Zone width

Progress Original Today To Date Balance
Route Length - Ft.
. Debrs Volume - Cu.Yd.

labar UUsad :
Name 1 2 P-Ls 4

Tot. Labor by Class Today
Tot. Labor by Class Te Date

Major Equipment P.O,L. Used Todav |To Date
; |
Equip. Owner | _.___Howrs | piesel - Gal
Code Ser, No, Gasoline - Gal.
Today | To Date oil - Gal.
Lubricants - Lb.

QOther Supplies

b Total
Comments:

Signature:
Task Mgr. (Print):

Figure 9.4
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The data from the daily progress report could be inserted on the task
forms of Figure 8.1 and new and current summaries provided for Figures 9.2
and 9.3 showing totals to date or estimate of remaining resource require~
ments. The progress reports also provide data which may assist in reim-

bursing those who must be paid for services.
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SECTION 10

SAN_FRANCISCO STUDY
DEBRIS ENVIRONM ENTS

10.1 INTRODUCTION

Phase III of the research study was to apply and test the proposed
debris clearing operational plan with respect to requirements and conditions
of a specific area. The City of San Francisco was designated for this purpose.
Also, the assignment included the correlation of clearing operations with other
Civil Defense functions which might be undertaken in the study area,

The City of San Francisco has adopted an Emergency Operations Plan
which sets forth various procedures and plans to be implemented in the event
of a nuclear attack or other major disaster. It details the overall organiza-
tional control and specific functions to be performed by different city depart-
ments and other agencies, utilities, etc. which would be involved in emer-
gency action, The plan considers various stages of readiness or warning
which might be applicable to a specific event.

Debris clearing operations are designated as a function or section of
the Engineering Annex of that plan. The chief of this annex is the Director of
Public Works, who supervises four Coordinators of Engineering Services and
thirteen Section Leaders. As used hereinafter in this report, reference to de-
bris clearing "manager" will imply the Coordinator of Street Use, in line with
the above, It is assumed that the planning and implementation of debris
clearing operations is the primary function of this emergency section,

The Emergency Cperations Plan is oriented to nine basic operating
situations which relate fire and fallout conditions as described in "Concept
of Operations Under Nuclear Attacks" - OCD November, 1967 (Reference 5).

This same general concept is followed in the subsequent discussion of debris
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clearing operations with the exception that zone situations, which relate
blast damage and fire damage, are used instead of the nine bagic operating
situations. Although debris environments are directly dependent on blast and
fire damage, it is realized that any emergency function in the wake of a nu=
clear attack must consider existing fallout and fire conditions. It is unlikely
that a clearing task would be initiated in an area of severe fallout, even
though resources were available to do so. This same reasoning applies also
to areas with an uncontrollable fire situation. In essence, existing fallout
and fire conditions are restraints to clearing operations and are treated as
such in the following discussion, They are considered by use of a color code
symbol on each task requirement card, This procedure is used primarily to in-
dicate how clearing tasks can be correlated with other emergency functions or
plans. (See paragraph 10.9.) The scope of this study does not include de-
termination of time lags or other restrictions which might be imposed on clear-
ing operations due to either fallout or fire conditions. Consequently, only
general allowances are made in the following case study.

This section deals primarily with the determination of debris environ-
ments and requirements of clearing tasks that may be undertaken in the post-

attack period. Section 11 describes resource allocation and total effort.

10.2 ATTACK CONDITION

Although the proposed debris clearing operational plan is adaptable to
all simulated or actual attack conditions, most of the data and procedures
hereinafter discussed are based on one specific situation--a 1-Mt air burst
over City Hall. This attack is the same as considered in Reference 6, which
describes it as "sufficient to essentially destrcy the city, considering the

location of various types of structure". By using the same attack condition,

it was possible to compare debris environments {quantities) as predicted in
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Reference 6; Flgure A-4 through A-12, with those determined by D.P,S.
method proposed in this study.

Isobars of incident overpressures, and assumed fire spread of the
simulated attack are indicated on the various overlays and maps which are
discussed later.

In evaluating the overall debris clearing problem, the following as-
sumptions were made:

1. All elevated freeway structures which were subjected

to incident overpressures in excess of 12~15 psi were
considered as being destroyed.

2, The San Francisco - Oakland Bay Bridge was not usable.

3. The Golden Gate Bridge was usable.

Sufficient detail is given in the problem study to illustrate how the
proposed plan and data could be expanded to cover all possible attack condi-

tions.

10.3 CLEARING ROUTES

Possible methods of defining objectives of clearing operations and es-
tablishing priorities are discussed in Section 6. It is obvious, however, that
ultimate objectives cannot be determined until after actual attack conditions
are known, In general, it can be assumed that major thoroughfares will be
cleared for evacuation or access purpeses. Routes to essential facilities,
major shelters and operational control centers will be cleared as soon as pos-
sible, With this in mind, the following clearing routes were established
which would probably be typical of an actual situation:

A. Evacuation and general access - 50" path

1. Third Street Route - Meade Avenue

to Kearney and Pacific. This is the
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same route as studied in Reference 6.
2. Center of downtown to Golden Gate Bridge
via Sansome and Bay Streets.
3. 19th Avenue - Presidio to Southern City
lats.
4. From 3rd Street Route to San Francisco
Naval Shipyard.
B. Access to facilities - 30' path
5. Van Ness Avenue from Bay Street to City Hall.
6. GCeary Street - Van Ness Avenue to 19th.
7. From 19th and Judah to Geary Street via Masonic.
8. Southern portion of City to downtown via
O'Shaughnessy Boulevard and Market Street.
9. From Bosworth Avenue to center of town via
Mission Street.
10. From 3rd Street to Hall of Justice via 7th Street.
C. Emergency rescue - 20' path
11. From Clayton and Pamassus to Twin Peaks Avenue.
12. Mission to §.F. General Hospital via 23rd Street.
These clearing routes are shown on Figure 10.1. Each route has been
divided into inidividual tasks and noted as la, 1b, etc. Each task reflecting
a different debris environment as determined for individual zones through

which the route passes. (See paragraph 10. 10.)

10.4 AREA ZONE MAP
Due to restricted areal configuration of the City--water on three sides
and City-County limits on the other--existing land use has evolved more or

less by a process of encroachment and overlapping as opposed to a somewhat
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more systematic development that may have been accomplished if area expan-
sion had been possible, Consequently, San Francisco does not lend itself

to readily definable zones based solely on land use. The City has, however,
been divided into 10 fire districts, which in effect zone the City by building
type and configuration with respect to fire-fighting requirements. The fire
districts are used also as basic operating areas for the City's Emergency
Operations Plan. Zones for planning debris clearing operations were estab-
lished which coincided as nearly as possible to the existing fire districts.

The zones are numbered as 1.2, 2.4, etc. The whole umber indi-~
cating the fire district; the decimal, the zone within the district, The out-
side perimeter of all zones with the same whole number prefix approximates
the corresponding fire district boundary. The number of zones within each
district is dependent on variations of building types, height, etc. Fire Dig~
trict 1, which is essentially the "downtown" portion of the City, has 6 zones
while some of the other districts have only 3, For purposes of this study,
the City has been divided into 42 debris zones, as shown on Figure 10.1,

The area zone map, or modification thereof as may be later determined,
is basic to all debris clearing operations, It is used in determining debris
environments regardless of attack conditions. Other data and information per-
tinent to clearing operations can be superimposed on the area zone map by

use of transparent overlays or by actual notation.

10.5 DEBRIS PREDICTION SURVEY
The next step in the study was to make some prediction as to possible

debris environments resulting from various simulated attacks on the City.
This was accomplished by using the D.P.S, method as discussed in Section 4,
Several variations in overall procedures were used, primarily to see if com~

parable results would be obtained. They were as follows:
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1. Actual fleld survey along the designated clearing route,
using a two-man team in accordance with procedure set
forth in Section 4. This procedure was jdentified as a
"route survey' as opposed to zone survey later dis-
cussed. Individual kits were prepared for several
routes. They included portion of City map showing the
route; instructions as to how inputs A through H of the
D.P.S. sheets were to be determined, and the D.P.S.
sheets themselves. The team, who had not previously
been involved in debris studies, was given a short
briefing of the purpose of the survey and sent into the
field.

2. The second procedure was the same as Number 1, above,
except that Inputs A through F were obtained by using
Sanbom maps in the office. After this data was recorded
on the appropriate D.P.S. sheets, the team drove along
the designated routes and completed data for Inputs G
and H.

3. The third procedure was to make a field or office "zone
survey". The purpose of this was to see if average or
typical debris predictions as determined for an individual
zone would be similar to separate debrls predictions made
for a specific route through the zone.

All predictions of debris environments used for the San Francisco

study are based on the individual zone surveys (3 above) except for com-

parisons of results as previously mentioned.
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Alternating between field survey and use of Sanborn maps enabled the
team to spot check themselves as to the varlous inputs such as average
height of buildings, etc. The biggest problem was found to be in identifying
or correlating building types, Input E, between the field survey and Sanborn
map identifications. Although all building types were classified in accord-
ance with table of Figure 4-3, it may be desirable to establish new designa-
tions which would more nearly reflect types shown on the Sanborn maps or ac-
tual types within a specific study area.

Inputs I through N were completed by use of appropriate factors as
given in Section 4, In cases where the D.P.S. sheet listed two predominant
building types or uses within the zone, average values of the several appli~
cable factors were used for the various inputs. The same averaging process
was used where block sizes or street widths did not fall within the ranges
specified, Due to these conditions, it may be worthwhile to expand the range
of factors previously given,

The information provided on the top portion of the D.P.S. sheet is in~
dicative of the fixed physical features of the zone. This data would be used
in making predictions of debris environment for all assumed or actual attack

. conditions,

10.6  PREDICTED ENVIRONMENTS
~=an ey LIVVIRONMENTS

Using input data A through N, predictions were made of debris environ-
ments that may be anticipated in any zone of the City as a result of different
simulated attacks. Calculations and determinations for inputs (1) through
(11) were made in accordance with discussion and procedures of Section 4.
Input (11), predicted debris designation or type, was determined as follows:

The first digit number was taken as the most difficult (highest numerical value)
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as shown on Figure 1.1 with respect to given maximum depth and size shown
by inputs 7 and 8. The second digit reflects inputs 9 and 10. Figure 10.2
shows a completed D.P.S. sheet for Zone 1.4. Environment predictions have
been made for a range of anticipated overpressures for both blast only and
blast and fire conditions. A sheet for each zone would be completed accord-
ingly and used as follows, A simulated attack is assumed which caused an
incident overpressure of 16 psi in Zone 1,4 and an uncontrollable fire situa-
tion (Blast and Fire Condition). Predicted debris environment for Zone 1.4
under these conditions would be type 4--5 with an average depth of 6.2 feet.
The same sheet would be used in post-attack efforts reflecting either field
reports or other information transmitted to the control center. Assume that
initial field reconnaissance from Zone 1.4 indicated that blast damage was
moderate with little or no fire damage; the predicted environment would be
debris type 4-4 with an average depth of 7.9 feet. (Most difficult type in
the moderate range; Column 2, under blast only conditions.)

Since this study is concerned with one simulated attack, the calcula-
tions for environment predictions were made only for one value of incident
overpressure in each zone. Figure 10,3 shows a summary of debris environ-
ments {type and average depth) as predicted for each of the 42 zones., The
indicated overpressures were obtained by using the isobar overlay for a
1-Mt air blast centered over City Hall. (See Figure 10.5) If the same wea-
pon had been detonated over Kezar Stadium, the overlay would have been
centered over the stadium and corresponding zone overpressures indicated
accordingly. This and potential fire spread which defines either blast only

or blast and fire conditions are discussed later.

10.7  TRAFFIC CONTENT

The predicted environments as given on the D.P.S. sheets allow for
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all factors except possible inclusion of damaged vehicles. This variable
factor is dependent on traffic conditions within the zone at time of attack
and the actual attack conditions, A tabulation indicating this factor for each
study area can be made as shown in Figure 4.12. It is assumed that the at-
tack on San Irancisco occurred between the hours of 7 and 9 A,M, on a
Tuesday. During these hours, medium to heavy traffic conditions exist
throughout the City. Figure 10.4 lists assumed traffic conditions (Parameter

B) for the various zones.

10.8 ZONE SITUATIONS

Prediction of debris environments for pre-attack planning purposes

can be made from completed D.P.S. sheets using specific overpressures and
fire spread data as provided by appropriate attack overlays. In the immediate
post-attack period, these predictions could be based on zone situations as
discussed in Section 4, See Figure 4.13.

Blast damage as indicated by a zone situation would relate to evalua-
tion shown in column (2) of the D.P.S. sheet. Situations 1, 2 or 3 would
apply to blast only condition; situation 7, 8 or 9 to blast and fire conditiors.
The debris manager would make his own determination with respect to pre-
dicting debris environments for a reported situation of 4, 5 or 6.

Initial reporting of zone situations will enable the manager to make at
least a first approximation of debris environments to be encountered in com-
pleting various tasks. Appropriate resources could be assigned accordingly.
As more information becomes available, he may re-assign resources as indi-
cated by revised prediction of the debris environment.

Situations have been assigned each zone in the City on the basis of

the assumed attack conditions. They are listed on Figure 10.4.
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Zane No.
1.1
1.2
1.3
1.4
1.5
1.6
2.1
2.2
2.3
2.4
3.1
3.2
3.3
3.4
4,1
4.2
4.3

ZONE SITUATIONS & PARAMETER B
CITY OF SAN

Situation

6
9

wmmmwamwwwwwwwww

NCISCO

SIMULATED ATTACK #1

"B
3
3
3

Zone No.

6.2
6.3
7.1
7.

9.1
9.2
9.3
9.4

10.1
10.2

10.3

1
1

Figure 10.4
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10,9 DEBRIS PERIMETERS

Zone situations as used in this study tend to define predicted type
and quantity of debris resulting from various degrees of blast and fire dam-
age as opposed to nine basic operating situations given in Reference 5. In
the early post-attack period, however, the two can be related with respect
to fire. A basic operating situation of 7, 8 or 9, which indicates an uncon-
trollable fire condition can be assumed the same as a zone situation of 7, 8
or 9, severe fire damage. Using this relation, itis possible to make an
‘early appraisal of the overall possibility of completing a task. This is ac-
complished by drawing “debris perimeters" on the area zone map Or appro-
priate overlay. All zones with a situation of 7, 8 or 9 are included within the
"heavy perimeter”. It would be difficult if not impossible to complete within
a reasonable period of time, a task lying within the heavy perimeter area.

The medium perimeter is drawn to encompass all zones with a situation of 3,

5 or 6. Tasks lying between the "™heavy" and "medium" perimeters could prob-
ably be completed as an emergency function, Tasks beyond the "medium"”
perimeter, zone situations 1, 2 and 4, should present no unusual problems.
See Figure 10.5.

This relation of fire conditions between zone and basic operating situa-
tions varies with respect to time, Although an operating situation may change
from an uncontrollable fire condition (7, 8 or 9) to a negligible fire condition
(1, 2 or 3) as fires are extinguished, the zone situation will remain as either
7, 8 or 9; severe fire damage.

The above evaluation of clearing tasks does not allow for the effects
of radiation. It is assumed that no task would be started in a 7one with a
severe fallout situation regardless of its location with respect to the debris

perimeters. As mentioned previously, this restraint on clearing operations,
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as well as existing fire conditions, will be indicated by color code on the

individual task cards.

10.10 POST ATTACK EVALUATIONS

The previous paragraphs have described the different procedures and
data necessary for the evaluation of debris clearing tasks. The area zone
map, Figure 10.1, shows the different zones, zone situations and clearing
tasks pertaining to the San Francisco study. Inan actual situation, other
data such as isobars of incident overpressures, anticipated fire spread, de-
bris perimeters, etc. would be shown by a serles of transparent overlays
placed over the basic area zone map, each overlay depicting certain condi-
tions of the attack and clearing requirements. For purposes of this study,
these overlays are combined and shown at reduced scale on Figure 10.5.

Using the area zone map. overlays, completed D.P.S. sheets and
Fgures 1.2 and 10.4, it is possible to define the debris handling require-
ments for each of the assumed tasks. For example, consider task 12a. This
task is located in Zone 6.3. Length of route as scaled from the map is 3, 600
feet, Width of clearing path is 20'. The attack overlay indicates an inc! lent
overpressure of 15 psi. A situation of 6 has been assigned to Zone 6.3;
severe blast and moderate fire damage. The D.P.S. sheet for Zone 6.3 shows
the following environment: blast only condition; debris type 1-2 with an aver-
age depth of .8'; for a blast plus fire condition; debris type 2-3 with an aver-
age depth of .4', (See Figure 10.3) For purposes of this example, the blast
only condition is used. Quantity of debris is determined to be 2,220 cu.yd.
Figure 10,4 shows a value for traffic content (Parameter B) of 3. Adjusted
debris type is 2-3, (See Figure 1.2.) Task l2a involves the handling of

2,220 cu.yds, of type 2-3 debris.
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Similar evaluations were made for all tasks. As previously men-
tioned, the twelve designated clearing routes have been considered by indi-
vidual tasks, each reflecting a different debris environment {or type) as de-
termined for the zone through which the route passes. A tabulation of all
tasks can be made by using the form shown on Figure 2.1. Figure 10.6 is a
partial listing used for the San Francisco study. A summary of the anticipated
quantity of debris to be handled in clearing the designated routes is shown
on Fgure 10.7. Quantities are listed by debris types. They are based on
"plast only" conditicns except for tasks in zones having a situation number
of 7, 8 or 9, where factors reflecting a vplast and fire" condition were used.

Total quantity of debris to be handled is estimated to be approximately
550,000 cu.yd. If blast only condition had been used for all calculations,
the total quantity would be approximately 920,000 cu,yds. These quantities
are indicative of the overall magnitude of debris clearing requirements. They
represent only a small percentage of the tctal quantity which ultimately may
have to be cleared from the City of San Francisco.

As mentioned in paragraph 10.5, several variations of the D.P.S.
method were used to determire average depth of debris which in turn dictates
total quantity. Comparative results for "blast only" condition were as
follows., Quantity as determined for Route #1 based on profile given in Ref-
erence 6 was 148,000 cu.yds.;: based on a route survey, the total was
182, 000 cu.yds. Using a zone survey. the quantity was 167,000 cu.yds.
Results of other comparable route and zone surveys indicated that, in gen-
eral, a route survey gave greater quantities of debris than determined by a
zone survey. This was anticipated as most designated routes were along
major thoroughfares where building densities were usually higher than aver=

age conditions in the zone. variations in total quantities were in the range
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of plus or minus 20 to 40%. Considering the large uncertainties of all fac-
tors relating to nuclear attacks, it is felt that either D.P.S. method would
provide reasouable basis for determining clearing operation requirements.
The choice would lie with those in charge of debris studies for each specific
study area. The physical features and configuration of an area would pro-
bably indicate which method, either route or zone surveys, would be most

appropriate.
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SECTION 11
SAN FRANCISCO STUDY

RESOURCE INVENTORY, ASSIGNMENT
& TOTAL REQUIRED RESOURCES

11.1 INTRODUCTION

In this phase of the study, inventories of the resources of the San
Francisco area were made. The essential resources that were located and
tabulated were: key debris removing equipment, petroleum stocks, repair
parts sources and manpower for organization and operation. The key equip-
ment was placed into groups which were considered best to deal with the
various tasks likely to be allocated to them.

The most appropriate groups were then matched to the varinus clear-
ing tasks outlined in Section 10 of this study. It was then possible to com-
pute the total effort in equipment, P.O.L. and manhours requirad to carry

out these tasks.

11.2 EQUIPMENT INVENTORY

An inventory of key equipment was made for the City of San Francisco
and for the areas that were considered sufficiently near to the City to be
able to provide key equipment in time for it to be used on emergency clear-
ing tasks. In the simulated attack condition, the estimated damage should
be light in the outlying districts where the equipment normally is located,
so that it is presumed to be made available for use in San Francisco. These
additiona) areas were the Mid->eninsula (south of the City to Redwood City),
the South Peninsula (Redwood City to San Jose), Marin (Marin County), and
the East Bay (Richmond to Hayward and east to San Leandro).

The key equipment considered was limited to bulldozers, front-end

loaders, shovels and motor graders. It was rezalized that dump trucks,



supply trucks and low-bed trailers for transport would be needed for success-
ful clearing operations, but it was considered that they would be available
in sufficient quantities from the same sources as the key equipment.

Contractors and dealers were contacted and theic presently available
key equipment was recorded on Equipment Inventory Locator cards. A typical
completed card is shown on Figure 11.1. Most of the contractors were drawn
from a list of members provided by the Peninsula Chapter of the Engineering
and Grading Contractors Association. The local dealers for the major earth~
moving equipment manufacturers contacted were listed from the current
"Annual Equipment Index" of Westem Construction magazine or from the Yel-
low Pages of the telephone directory. Some forty sources were inventoried
and continuing studies would increase this number substantially. More than
one hundred bulldozers and 160 front-end loaders were counted. These are
the most critical pieces of equipment for the presumed conditions and ade-
quate to perform the tasks listed in this study.

It was found that practically all the Key equipment located in the
City was in one zone (10.3), an outlying area to the south. San Francisco
is probably unique in such concentration of equipment and other cities could
be expected to have a more even distribution of key equipment. The greater
part of the total quantity of equipment located was outside the city limits.
The City public works department and the various utilities had little or no
equipment in the key categories. The large contractors working on various
major buildings and BARTD structures also seemed to have little appropriate
earthmoving equipment.

Large contractors with their home base in this area are poor pros-
pects fer locally stocked equipment but could be very valuable as sources

of management personnel or advisors. It is noteworthy that there are very
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few power shovels in this area.

Each source of equipment was given an equipment yard serial number,
by zone - Figure 11.2. An Equipment Inventory Summary was made out for
Zone 10,3 of the City as well as for each of the four nearby areas mentioned
previously. A sample Zone Summary card is shown on Figure 11.3 and the
Total Equipment Inventory Summary was then completed for the whole area
and is shown on Figure 11.4. A map showing the position of individual
sources of key equipment was drawn up (Figure 5.3). Most of the equip~-
ment was either close together in one zone of the City, or could be brought
from outside the City to designated MSA's, during increased readiness alert.

Equipment Parts Locator cards were completed for the various units
of key equipment used in this study. The information was obtained from the
current "Annual Equipment Index" of Western Construction magazine, An

example of a completed card is shown on Figure 11.5.

11.3 MANPOWER RESOURCES

The debris clearing manager will require the assistance of manage-~
ment personnel from industry who for the most part are successful contractors
or their key personnel. Executive officers of the E.G.C.A. were listed as
key management personnel on Figure 11.6. Others listed were consultants
in the field, and an officer of the ASCE. General contractors with head~
quarters in the area, who have experience in large construction endeavors
on a world-wide basis but who may not otherwise be active locally in con-
struction would be additional sources of management per:onnel.

Discussion with the Operating Engineers of the AFL-CIO with respect
to establishment of a cadre of key operators resulted in the listing in Figure
11.7 not of individual operators, but union representatives from the various

districts in the area. It was considered that these people would mobilize



SERIAL NUMBER ASSIGNMENTS

CITY: San Francisco ZONE: 10-3

SER.

OWNER YARD LOCATION NO,

Flora Crane 250 Mendell 101
Chet C. Smith 2170 Oakdale Avenue 102
Morgan Equipment 1755 Evans 103

Fred Early 369 Pine (Office) 104

Figure 11.2
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EQUIPMENT PARTS LOCATOR

DATE:

MANUFACTURER: Caterpillar

EQUIPMENT: Dozers, Front End Loaders, & Graders

FACTORY ADDRESS{ MAiLN OFFICE) (BRANCH)

STREET =

CITY Peorla, Illinois

PHONE 309-676-3311 RADIO

CONTACTS Ralph E. Ehni

LOCAL DISTRIBUTOR NAME: Peterson Tractor Co.

STREET 955 Marina Boulevard

CITY San Leandro

PHONE 357 ~6200 RADIO
CONTACTS Mike Patrick

NEAREST DISTRIBUTOR ELSEWHERE: NAME:  Holt Bros.

STREET E. Highway 4

CITY Stockton

PHONE 209-466-600(RADIO

CONTACTS

OTHER IMPORTANT PARTS SOURCES:

Peterson Tractor Co. @ Chico

Figure 11.5
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the required operators during the increased readiness period. Future studies
could supplement the union officials by a lst of names of more or less per-
manently located skilled personnel in the event the union offices would not
survive the attack. The study determined that there were presently about

200 heavy construction equipment operators in the area.

11.4 P,O,1, INVENTORY

Figure 11.8 shows details of some of the major commercially avail-
able P.O.L. sources in the area with their approximate normal stocks. These
fuel and lubricant suppliers provided their normal stocks and storage loca-
tions only upon verifying the authenticity of this study. It should be noted
that a large stock of P.O.L. is located and concentrated at the Brisbane

Southern Pacific Pipeline Terminal,

11.5 RESOURCE ASSIGNMENT

Group Cards were made up from the various zone inventory summaries.
Sample cards are shown on Figures 11.9 and 11.10. The groups contained
no more than three items of major equipment and were arranged to be able to
deal with one of the three types of clearing operations described in para=
graph 2.3, As far as possible, the groups also were arranged to be most
effective in one of the three access route widths likely to be encountered on
carrying out the clearing tasks. For example, groups with three 270 HP to
350 HP bulldozers were made up for clearing 50' routes with nominal debris
depths. Other groups with two 270 HP bulldozers as major equipment were
formed for 30 ft. routes. After groups were formed the Zone Resource Group
Inventory Cards were made for each zone. They list groups by group number

and show production capacity, types of operation and location. Figure 11.11

"shows this card for Zone 10.3.
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ZONE RESOURCE

e e satizamatarier

GROUP_INVENTORY

Pt A

Opera- |Standard|  Owner
zone | Group Date tion |Product.| or Yard
No. Start  Stop Type |Cy/Hr. | Seral#
10,3 1 3/23 4&7 540 101
10.3 2 3/23 4&7 540 102
" 3 3/23 4&7 800 102
" 4 3/23 7 1200 103
" 5 3/23 1&4 470 103 & 104
" 6 3/23 2&5 470 102 & 103
" 7 2/23 5&8 710 101 & 102
" 8 2/23 2&5 580 101 & 103
" 9 2,5&8 360 101 & 104
" 10 3,6&9 405 101
" 11 2/23 6&9 500 101
" 12 2/23 2,5&8 660 102
" 13 3&6 285 101
" 14 6&9 620 103 & 104
. 15 6&9 380 102
" 16 2&5 325 101 & 104

Figure 11.11
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Task Requirement Cards for three tasks in route #5 are shown on
Figures 11.12to 11.14. These are representative of the individual task re-
quirement cards made up to clear the 12 routes. Note that "Fallout" and
“Fire" conditions on the cards are color coded Yellow, This means that with=-
in the zone location of the individual tasks, there is negligible fallout and
negligible fire conditions. This may not be the case but is considered to be
so for the purpose of this study. The color coding used is in accord with the
Alpha Neop Plan proposed by Stanford Research Institute,

For the purpose of this study, work on the first tasks was assumed
to start at 1800 hrs. on Tuesday, March 23. This was 10 hours after the
1-Mt air burst mentioned in Section 10,

Using the Zone Resource Inventory, the most suitable groups were
assigned to the various individual tasks. In this assignment of groups to
tasks, the inventories were searched for groups with high standard produc-
tion having an operation type corresponding to that on the Task Requirement
Card. Consideration also was given to the task location relative to a poten~
tial MSA location where the equipment would have been mobilized during in-~
creased readiness. For example, groups from the Southern Peninsula area
were assembled at a presumed MSA at the San Francisco Golf Club and used
mainly on tasks in the western zones of the City,

Each of the groups selected as possibilities for a given task were
evaluated on the Resource Evaluation section of the task card as to time re-
quired to complete the task. In this evaluation, the adjusted hourly produc-
tion was determined by multiplying the standard production given on the group
card by two factors. The first was a factor which reflected varying diffi-
culties in the clearing operation caused by the various contents of the debris.

This factor was obtained from Figure 3.3, The second factor reflected the
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TASK REQUIREMENT CARD

Task Requirement Summary

Zone Situation: 6 Fall Out: "Yellow" Fire Condition: "Yellow"

Task No: 5a Zone: 1.1 Date: 3/23 Priority:

Route Width: 30’ Street Width: 80’ Average Depth: 4.8' Length: 2.05

Operation Type: 5 _ Time Allowed-Hrs:_160 Finish Day: 3/30 Hr: 10.00

Debris Type: 4-3 Variable Cont:_3 Adjusted Debris Type:_ 5-4
Volume: 12680 Req.Prod: 79
Resource Evaluation
Production

| __Group Cu.Yd./Hr. Time - Hours

No. | Zone  Standard Factors Adjusted | 'Mobil.{Oper. |Total

Prod. Comp,. | Units

9 10.3 360 .23 .70 58 10 219 229

8 10.3 580 .23 .70 93 10* 136 146
Supporting Resources *Mobilized by "Vater

. Code Quantity

620 3

621 3

622 -

072 .9
Resource Assignment:

c Group No. 3

Start Day 3/23 Hour 18.00
Finish Day 3/29 Hour _ 20.00 Gross Oper.Time 142
Labor Hrs.by skill: 1 355 2 186 3 1207 4 284
Labor Total Hrs: 2032
Dies.(gal): 5507 Gas(gal) 142 Lube(lb.) 235 oll (gal,) 91

Figure 11,12
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TASK REQUIREMENT CARD

Task Requirement Summary

Zone Situation: 9 Fall Qut: "Yellow" _Fire Condition: "Yellow"

Task No: 5b Zone: 4.3  Date: 3/23 Priority:

Route Width: 30 Street Width:_ 80" Average Depth: 2, 9' Length: 5, 20

Operation Type: 5 Time Allowed-Hrs: 200 Finish Day: 4/7 Hr: 18.00

Debris Type: 4-4  Variable Cont: 3 Adjusted Debris Type: 5-5

Volume: 18,355 Req.Prod: 92

Resource Evaluation

Production
Group Cu.Yd./Hr, Time - Hours
No. | Zone !Standard; Factors Adjusted | Mobil,[Oper. [Total
Prod. Comp. | Units
33 Fast 770 .17 o7 92 24%* 200 224
Bay
8 10.3 580 .17 .7 69 0 266 266
Supporting Resources *This group from East Bay will mobilize
in 24 hours from 3/28 @ 20,00 hrs.,
Code Quantity but will be ready to ctart sub-task 5b
620 2 on completion of sub-task 5a on 3/29
a 20.00 hrs,
621 2
622 -
072 0.3

Resource Assignment:

Group No. 33

Start Day 3/28 Hour 20,00

Finish Day 4/7 Hour 04,00 Gross Oper.Time _214
Labor Hrs.by skill: 1 492 2 294 31391 4 540

Labor Total Hrs: 2817

Dies.(gal): 9154 Gas(gal) _ 214 Lube(lb,) 439 o1l (gal,) 17

Figure 11.13
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TASK REQUIREMENT CARD

Task Requirement Summary

Zone Situation: 9 Fall Cut:_"Yellow" _ Fire Condition:_ "Yellow"
Task No: Sc Zone: 2.2 Date: 3/23 Priority:

Route Width: 30' Street Width: 80'  Average Depth: 4.4' Length: 1.75'

Operation Type: 5 Time Allowed-Hrs: 54  Tinish Day: 4/9 Hr: 24.00

Debris Type: 3-5  Variable Cont: 3 Adjusted Debris Type: 5-3
Volume: 9820 Req.Prod: 180

Resource Evaluation

Production
Group Cu.Yd./Hr, Time - Hours
No. | Zone !Standard! Factors Adjusted | Mobil,|Oper, |Total
Prod. Comp. | Units
8 10.3 580 .35 .70 142 0 69 69
33 East 770 .35 .70 190 0 52 52
Bay

Supporting Resources

Code Quantity

620 3

621 3

622 1

072 0.5
Resource Assignment:

Group No. 33

Start Day 4/7 Hour 04,00
Finish Day 4/9 Hour 08.00 Gross Oper.Time 52
Labor Hrs.by skill: 1 130 2 76 3 454 4 260
Labor Total Hrs: 920
Dies.(gal):__ 2293 Gas(gal) 52 Lube(lb,) 115 Ol (gal.) 42

Figure 11.14
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reduction in production to be expected when multiple units of major equip-
ment were working in the limited working space of the route width. This
was obtained by dividing the appropriate factor from Figure 3.4 by the num-
ber of major units in the group. With "combination" groups, as determined
from Figure 2.2, (such as were employed for task 5a), the unit factor was
first averaged between the two different types of equipment and then divided
by the number of major units. For example, group 8 on task 5a (Figure 11.12)
contained a bulldozer (Code 284) and an end dump front-end loader (Code
165).

Multiple Unit Factor = 1——95—1—2-— = 2=0.7
The group which had the capability to complete the task most quickly, and
within the time allowed, was selected.

Attached to the selected group were additional sets of tools and sup-
plies for cutting steel and wood debris as required, and the personnel to
perform such tasks. The required quantities of these support resources
varied with the debris characteristics as indicated on Figure 8.5. Where the
debris depth and type required it, a crane was attached to the selected group
to handle heavy pleces of structural steel and other large pieces of debris.

Computer application to the problem of group and task matching and
group availability is not within the scope of this study, butin a situation
where there were a large number of groups and a multitude of tasks, the
groups could be given code numbers which indicate the major equipment
they contain., These code numbers could be compared by the computer with
the various individual tasks and the most suitable available group selected,
task duration times forecast, and P.O.L. and manpower requirements could

be predicted. Computer analysis may provide a planning too! and might be
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useful in the post-attack period. In any event, it is essential to code the
equipment by type and capacity to avoid confusion in considering the many
sizes and types which may be available and interchangeable.

It was found useful to employ a bar chart (see Figure 11.15) in order
to determine the availability and location of the various groups at any given
time. From the bar chart it can be seen that, in some cases, as many as
three groups are employed in clearing a given individual task at the same
time,

There were two task situations in which "multi~group" debris clear-
ing was employed. The first was when a route could be tackled from both
ends. Route #3 (see zone map Figure 10, 1) illustrates this. Groups 20 and
21 were assembled at the San Francisco Golf Club MSA, having been mobi-
lized from the Mid-Peninsula area. Group 21 was considered to start im-
mediately on the southern end of task 3d and then on to task 3c. Group 20
was mobilized to the north end of task 3a. This mobilization was estimated
to take six hours and to be carried out under the equipment's own power via
the Great Highway. Group 20 could complete task 3a and then both groups
could tackle task 3b, one from each end. A second type of multi-group
operation is illustrated by Route #1. In this case, task 1f was started in
three places by three groups equipped to deal with combination type opera-
tions (see Section 2 of this study), Each of these groups had "all crawler"
major equipment, The assumption was that the "all crawler" groups could
travel over debris of average depth without having first to clear an access
route, These groups (12, 17 and 18) could by-pass tasks la through le
and start task 1f after a seven hour mobilization period. P.O.L. supplies
to these "by-passing"” groups could be carried in drums hy crawler front-

end loaders, It is recognized that maintenance of "by-passing" groups
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would be difficult. In this study, another method of both mobilization to a
task and of P.O.L. supply during the task was considered. This was by use
of barges on water routes. Of course, this method would not be applicable

to all cities.

11.6 TOTAL REQUIRED RESOURCES

On completion of the "Resource Assignment” for all tasks, the Total
Resource Needs Forecast, Figure 11.16, was compiled. This card shows a
prediction of total manpower hours, by skills, and total petroleum fuel re-
quirements for clearing the 12 routes through the City. Comparing the P,O, L,
quantities with the P,O,L, resources available in the area, as indicated on
the P.O.L, Sources Card {Figure 11.8) shows that only a small fraction of
these resources will be needed fo debris clearing operations.

From the Equipment Group Cards and Task Requirement Cards, a total
Machine Hour Forecast was made. Figure 11.17 shows this forecast for
routes 8, 9, 10, 11 and 12. The hours shown as B/F (Brought Forward) are
for routes 1 through 7.

It is interesting to note the following: 71,385 manhours, requiring
a maximum of approximately 300 men are needed to remove 548,525 cu.yd.
of debris material. All tasks except 2b would be finished after 17 days.
Finish of task 2b would be approximately 48 days after the start of clearing
operations on March 23, To clear the 12 assigned routes, 85 pieces of
major or key equipment and 7 cranes are required. This equipment, along
with the necessary dump trucks, will require approximately 195,000 gallons

of diesel fuel,
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SECTION 12
CONCLUSIONS AND RECOMMENDATIONS

12.1 CONCLUSIONS

Debris environments and associated debris clearing problems are
very difficult to predict. It1s possible, however, to make realistic approx-
imations by utilizing and combining findings of previous research (References
1-7) with procedures set forth in this study, Clearing operations and re-
source requirements can be evaluated on the basis of different simulated
attack conditions during the pre-event planning period. The proposed pro-
cedures are such that post-attack data could be readily integrated without

significantly altering the overall concept.

12.1.1 Mobilization

Success of any emergency action depends to a large extent on an ef-
ficient and reliable method of mobilizing necessary resources. Debris clear-
ing operations are no exception, even though they present problems which
are not applicable to other activities, such as need for large size construc-
tion equipment. The study proposes various inventory and organizational
procedures to be followed in planning or periods of increased readiness and
by which resources can be mobilized for clearing operations. Specific re-
quirements for successful mobilization will depend on local conditions and
emergency operating plans if available. In any event, it is essential that

mobilization procedures be finalized in the planning period.

12.1.2 Available Resources

Based on existing studies and assumed attack conditions it appears

that sufficient resources would be available to implement clearing operations
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in the post-attack period. Resources can be assigned to different clearing
tasks on the basis of their availability and capacity of handling various
types of debris. Evaluations can be made for different areas and attack con-
ditions so as to identify those situations where lack of resources would pre-

clude the initiation of clearing operations,

12.1.3 Total Effort

Total effort in terms of manpower, equipment, P,O,L, supplies and
other supporting resources can be determined for various debris clearing
operations, They will provide a guide as to potential need and use of re-
sources for this particular emergency function. Approximations of total re~
source requirements for all simulated conditions can be made by relating
anticipated quantities of debris generated by those situations to debris quan-

tities considered in specific case studies.

12.1.4 Case Study
The San Francisco case study shows that the proposed methods and

procedures would provide essential data and information needed in both pre-
attack planning and post-attack implementation of debris clearing operations.
The indicated formats are adaptable to specific requirements of a study area
subjected to different attack conditions. They provide a means by which
evaluation of clearing operations can be made with respect to the overall

recovery effort.

12.2 RECOMMENDATIONS

Debris clearing operations are a critical function to be considered
in any emergency operating plan, In many instances, other Civil Defernise

actions cannot be initiated until debris clearing is accomplished. Based on
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conclusions and findings of this study, the following recommendations are
made:

a) Fomats and inputs used in developing the pro-
posed operational plan should be reviewed with res-
pect to existing Emergency Operating Plans, such as
"NEOP" proposed by Stanford Research Institute.
Debris clearing should be considered as a separate
"annex" or emergency action.

A formalized "handbook" for making predictions
of debris environments and the implementation of clear-
ing operations should be prepared. It must be adapta-~
ble to all study areas and presented in such a form
that local Civil Defense personnel could analyze and
evaluate potential requirements and effectiveness of
clearing operations,

b) Additional investigations should be made regarding
mobilization efforts required for clearing operations
during periods of increased readiness. Correlation
with other emergency functions~~the effectiveness of
MSA concept with respect to clearing operations--and
evaluation of resource allocations between different
functions should be studied.

¢) Due to interdependency of all survival actions, it is
recommended that additional effort be made to define
more specifically the "critical time relation" between
clearing operations and other functions such as fire

fighting, evacuation, etc.
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d)

Factors or parameters should be developed by which
the proposed debris clearing operational plan could
be adapted to natural disasters such as floods or

hurricanes.
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