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THE HYDROLOGIC ENGINEERING CENTER EXPERIENCE
IN NONSTRUCTURAL PLANNING'

William K. Johnson and Darryl W. Davis*

ABSTRACT: The Hydrologic Engineering Center, Corps of Engineers,
has been engaged in research, training, and project assistance in non-
structural flood control planning for Corps offices across the United
States since 1975. Lessons learned from this experience deal with the
role of nonstructural measures in flood plain management, the role of
creativity in analysis, the role of analysis, and tools for analysis. The
role of nonstructural measures in flood control planning depends upon
the scale of the problem, the nature of the measure, the degree of pro-
tection desired, and whether damage is to existing or future property.
An earnest seeking for nonstructural opportunities, a field presence for
their formulation, and compatbility with local infrastructure plans arc
prerequisite to creative use of nonstructural measures. Analysis is a
necessary complement of creativity, Several tools for nonstructural
analysis have been developed and applied to flood problems involving
several hundred and several thousand structures.

(KEY TERMS: flood control planning; nonstructural measures; hy-
drology; economics.)

INTRODUCTION

Since 1975 the Hydrologic Engineering Center (HEC),
Corps of Engineers, has been engaged in research, training,
and project assistance in nonstructural flood control planning
for Corps offices across the United States. Eighteen docu-
ments covering a wide-range of nonstructural topics have been
published and are available from the Center (U.S. Army Corps
of Engineers, 1982d). Included are research documents which
report on investigations into technical aspects of nonstructural
measures; user manuals for computer programs developed for
analysis of nonstructural measures: and project reports which
describe studies in which nonstructural alternatives were for-
mulated.

Training in nonstructural planning has also been conducted.
Since 1975 four training courses and one seminar have been
held by the Center. Another training course is cheduled dur-
ing 1984. These group activities have provided the opportunity
for exchange of insights, information, counsel and advice on
the planning of nonstructural measures in Corps field offices.

The experience gained by the Hydrologic Engineering
Center through research, analysis, project investigations, and

! Paper No. 83112 of the Water Resources Bulletin.

training and seminars is the subject of this paper. Much has been
learned. The paper will focus on four subject areas: 1) lessons
in the role of nonstructural measures, 2) lessons in creativity,
3) lessons in analysis, and 4) tools for analysis. Lessons in the
role of nonstructural measures presents observations related
to the role nonstructural plays in the larger context of flood
plain management. As part of the solution, what have we
learned about these measures as a group or category? Lessons
in creativity addresses those activities in nonstructural plan-
ning which are nonquantitative in character. They are more
intuitive, more social, more cultural. Lessons in analysis sum-
marizes experience gained in the use of computer programs in
nonstructural planning. It is not the programs themselves, but
their use which is the subject. Lastly, tools for analysis des-
cribe various computer programs and their application in non-
structural planning studies.

In discussing flood probability in this paper the term ex-
ceedance probability is used. A 0.01 exceedance probability.
for example, is often referred to in the literature as the **100-
year flood.” 1t is felt that terms such as exceedance probabi-
lity, or alternately, percent chance or exceedance frequency
are technically superior and less likely to be misunderstood
than the more common literature terminology of exceedance
interval expressed in years (U.S. Army Corps of Engineers.
1982¢).

LESSONS IN THE ROLE OF
NONSTRUCTURAL MEASURES

Large Scale Solutions

Large scale nonstructural solutions to problems of flooding
to existing property have not been found in studies conducted
at the HEC nor in Corps District offices. There are several
reasons for this. First, formulation of plans to protect against
the 0.01 exceedance probability or Standard Project Flood
event in a populated flood plain creates a need which non-

structural measures alone cannot practically nor economically
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meet. The number of structures, the variety of types of pro-
perty, their location, the severity of hazard, ownership . . . all
these factors and others make nonstructural solutions on a

large scale improbable. Second, there are a limited number of

measures which can be effective in reducing damage to existing
structures. Conditions which make these measures attractive
are unique. For example, structures in frequently flooded
arcas where damage is high enough for relocation to become a
viable option; or structures built of materials such that they
may be easily floodproofed or raised; or communities where
the flood warning time is sufficient to allow emergency ac-
tion.

While nonstructural solutions to flooding of existing struc-
tures may not generally be found attractive on a large scale,
there are opportunities for their use. Often nonstructural mea-
sures can be combined with structural measures to provide a
composite plan. Such a plan should always be sought. It
should look to the strengths of each type of measure and
utilize them in a way which produces the most effective re-
sponse to the hazard.

Local/Individual Nature

Traditional structural measures often have the important
advantage of being back in the mountains or over by the river.
Reservoirs, levees, flood walls, and channel modifications are
in general, constructed away from or on the fringes of the
urban/suburban infrastructure. While relocation of existing
property was often necessary, it was a relatively small per-
centage of what existed in the flood plain. Also, these tradi-
tional measures provided protection for large sectors of the
community. A reservoir provides protection of developed and
undeveloped land downstream. Levees, walls, and channel
works protect all property within their area of influence. An-
other feature of traditional measures is that they protect both
existing and future development. Open space occupied later
by damageable property is assured of protection because
structural measures protect all the land not just that which is
occupied at the time. Lastly, reservoirs, levees, walls, and
modified channels are physical, concrete and steel, engineer-
ing works which we know how to plan, design, construct, and
operate. Equally important, they arc reliable and certain
within the bounds of our knowledge of hydrology, hydraulics,
and structures. There is a sense of confidence which structural
measures create, by virtue of their history of use.

Nonstructural measures are uniquely different from struc-
tural. First, they include a wide range of activities. Flood
plain zoning and flood preparedness are significantly different
from relocation or raising a structure. Second, some measures
are designed for existing structures (relocation, flood proofing)
while others only apply to future development (regulation).
Still others like flood preparedness and flood insurance arce
applicable to both existing and future development. With the
exception of flood preparedness planning, flood plain regula-
tion, and flood insurance, nonstructural measures when ap-
plied to existing flood problems are local and individual. As a
consequence, the means of protection is not “‘over there™ as

in the case of structural measures, but in the midst of the flood
plain infrastructure. Protection is not for a large sector of the
community, but for individual properties . . . primarily exist-
ing properties. And lastly, there is considerably more uncer-
tainly, perhaps unjustifiably, in the protection provided by
nonstructural measures. Part of this uncertainty is because
many nonstructural measures require a personal involvement

Or response.

Degree of Protection

A nonstructural plan or a combined structural and non-
structural plan is most likely to provide variable degrees of
protection. The concept of a uniform degree of protection is
derived from, and more applicable to, structural measures than
nonstructural. Relocation, for example, provides complete
protection; flood insurance no physical protection, prepared-
ness, unquantifiable protection; and raising, quantifiable pro-
tection. For some measures, for example, raising existing
structures, it is difficult for a uniform level to be achieved
because of variations in topography, type of structures, and
personal preference. When mixes of nonstructural measures
are formulated, the task of providing uniform protection is
near impossible. The difficulty lies in trying to maintain a
concept (uniform protection) developed with one type of
measure in mind (structural) and apply it to quite a different
set of measures (nonstructural).

The question of certainty or confidence in the protection
provided has already been raised in comparison with structural
measures. Thus, not only will the degree of protection vary
with nonstructural measures, but the confidence in that pro-
tection may also vary.

Present and Future

Flood preparedness planning, flood plain regulation, and
flood insurance are measures which should be part of every
community’s planning to minimize the flood hazard. Flood
preparedness is designed to reduce the social disruption and
losses caused by flooding to existing property and is an essen-
tial component of a community’s disaster planning. It can
serve in the absence of more permanent measures to reduce the
threat to loss of life and property and can be part of both
structural and nonstructural plans. In addition, it can include
public facilities such as roads, bridges, drainage, and sewer
systems which are not part of other nonstructural plans.

Flood plain regulation has been given nationwide impetus
through the National Flood Insurance Program. A major con-
tribution of regulation is the prevention of future flood losses.
In measuring the overall effectiveness of nonstructural mea-
sures, regulation has made a significant contribution in pre-
venting future losses. This is the new America being con-
structed in the next 50 years. The flood insurance itself does
not reduce damage directly but provides indemnification for
financial loss and shifts part of the burden to flood plain
occupants. Where flood plain regulation does not already
exist, it can be encouraged through the development and im-
plementation of flood plain management plans.



LESSONS IN CREATIVITY

In light of the foregoing, several observations can be made
relative to the creative dimension of nonstructural planning.
First, nonstructural opportunities must be earnestly sought.
The variety of nonstructural measures, the lack of experience
with their implementation, and the uncertainty surrounding
their use makes a vigorous search to utilize them a necessary
prerequisite to any study. We must look for the opportunities.
There must be a genuine desire to find nonstructural solutions
or partial solutions.

Second, there is a necessity for a field presence during the
planning study. The infrastructure, in which nonstructural
measures are applicable, is a living community of people whose
personality can best be captured through field work. Informa-
tion on the types of structures, their use, their location in
proximity to other property, and their ownership can best be
assessed in the field. Community development: parks, bridges,
recreation, historic features can be observed in the field. Ac-
cess roads, terrain, vegetation, and wildlife are also important
to observe. Discussions with people in the community can
provide valuable insight to both the local flood problem and
appropriate means of solution.

A third observation is that every effort should be made to
make any nonstructural plan compatible with and appropriate
for the community; its infrastructure, its values, its plans.
Nonstructural alternatives directly touch the lives of people
and communities more than structural measures, As a conse-
quence the appropriateness of proposed actions must be care-
fully considered.

Also, it should be recognized that a variety of federal, state,
and local agencies have responsibility for urban infrastructure
including the flood plain. These agencies modify this infra-
structure on a regular basis: inadequate bridges are replaced,
land use is changed, new development is added, parks are plan-
ned, and structures removed. Many such actions by local
government are nonstructural in character and should be taken
into account in the planning study and encouraged by a spirit
of mutual cooperation.

In the search for appropriate nonstructural opportunities
. . . the earnest and vigorous search . . . it must be recognized
that none may be found; at least, none of significance; or none
which are appropriate. Often investigators feel they have
failed unless they develop a nonstructural plan. When the task
is forced, it could lead to recommendations which are not
appropriate for the community and are later rejected by the
community. Flood insurance, flood plain regulation, and flood
preparedness are exceptions. Thesc are opportunities which
should be seriously put forth and considered by all communi-
ties. They are nonstructural measures which have the poten-
tial for doing much good and may be confidently recom-
mended. Other more local and individual measures must be
examined in the context of cach community and flood hazard.

LESSONS IN ANALYSIS

In addition to the creative activities of nonstructural formu-
lation there is also an analysis or analytical side. This is equally

important. Analysis is generally of two types: flood hazard
assessment and flood damage assessment. Hazard assessment
includes hydrologic and hydraulic computations which des-
cribe where the flood waters go; how frequent flooding occurs;
and their depth, velocity, andvs'other characteristics. The level
of protection provided by nonstructural measures can be
determined as part of this analysis. Damage assessment in-
cludes estimating the economic damage to property at dif-
ferent levels of flooding, estimating the frequency of occur-
rence at each level, and computing the expected annual dam-
age. Damage prevented by nonsiructural measures is the dam-
age to the structures without implémentation minus the dam-
age with implementation. Both hazard and damage assess-
ments provide quantitative information to the investigator on
the severity of the hazard and its economic consequences.

To provide the Corps with hazard and damage assessment
capability for nonstructural planning, the Hydrologic En-
gineering Center developed several new computer programs as
tools for analysis and has extended the capability of several
existing programs. The basic hydrologic analysis programs
HEC-1 “Flood Hydrograph Packagei’ and HEC-2 “Water Sur-
face Profiles” are well known to flood plain investigators. The
new programs are discussed in a following section on “Tools
for Analysis.” These programs have been invaluable to the
task of nonstructural formulation. They have been used on
projects ranging from several hundred structures to several
thousand. In all applications they provide a véry necessary
tool for organizing, analyzing. and displaying large amounts of
hazard and damage information. Coupled with the creative
side of formulation they provide the investigator with the
necessary tools for formulatidn.

Level of Detail

An important question in nonstructural formulation is the
level of detail at which the hazard and damage analysis should
be performed. The options range fiom considering each struc-
ture individually (structure-by-structure analvsis) to consider-
ing all structures within a river reach as a single damageable
property (reach-by-reach analysis). The latter approach is
common in damage assessment for structural measures. The
structure-by-structure analysis has the advantage of being able
to analyze and consider alternatives for each structure in the
flood plain, and the disadvantage of having to analyze and
consider individually large numbers of structures if the num-
ber of structures is large. Reach-by-reach analysis aggregates
all structures within a reach to one location which makes
analysis more tractable, but in the f)r‘ocess of aggregation the
individual characteristics (hazard, damage, and structure) are
not readily accessible to formulation. Experience has shown
that either handling the damageable property individually or in
groups of homogeneous units is best for nonstructural formu-
lation unless 4 single measure is being applied to all structures
in the same way. To ensure accuracy when grouping struc-
tures it is nccessary that they have similar damage potential
(depth-damage relationship) and are subject to similar severity
of hazard (frequency and depth of flooding). Such an ap-
proach (individual or groups of structures) preserves the



individual characteristics of the property while at the same
time providing the opportunity to reduce data handling. The
tools for analysis described later handle both types of condi-
tions.

Preliminary Estimate of Damage

One of the research findings from analysis of flood damage
of individual residential structures is that expected annual
damage decreases rapidly (exponentially) as structures are
located further out of a flood plain (Johnson, 1978). For ex-
ample, a residential structure located at the 0.5 exceedance
probability (2-year) flood event has significantly more damage
potential than the same structure located at the 0.05 ex-
ceedance probability (20-year) flood line. This is illustrated in
Figure 1. Total expected annual damage expressed as a per-
centage of the value of a structure is plotted against the fre-
quency of the flood event at the first floor. The curve shown
is for a one-story, no basement structure; however, other types
of structures show a similar relationship. The analysis uses
1974 FIA damage and frequency data. Figure 2 illustrates
the significance of this relationship in another way. Expected
annual damage is 13.2 percent of the structure value when the
first floor is located at the 0.5 exceedance probability (2-year)
flood level. The same structure located with the 0.5 ex-
ceedance probability (20-year) event at the first floor has only
1.2 percent expected annual damage, and at the 0.2 exceedance
probability event, 0.5 percent. This relationship between ex-
pected annual damage and location in the flood plain is sig-
nificant when it comes to understanding the economic feasi-
bility of nonstructural measures.

Limits of Analysis

There are some nonstructural measures for which factual
data and empirical relationships on performance is sparse or
nonexistent. This is true of flood preparedness (forecast,
warning, emergency action, and temporary evacuation) and

EXPECTED ANNUAL DAMAGE

FHF = 4.0 13.2%

individual actions such as rearranging damageable property.
As a consequence analysis is limited. Analytical tools will be
of less value for estimating level of protection and damage
reduced for these measures. The way to make them more valu-
able and obtain better estimates of their performance is to
conduct research and collect information on their nature and
application. To bé effective in plan formulation there must be
a better understanding of what some of themore complex hu-
man response measures, in fact, do. Better data and better
understanding will most likely result in better analysis and
plans.
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Figure 1. Expected Annual Damage for Different Location of
Structures in Flood Plain (one story, no basement
structure; flood hazard factor (FHF) = 4.0 feet).

1],

1.2% 0.5%

Figure 2. Expected Annual Damage for Alternate Flood Plain Locations (one story, no basement structure; flood hazard factor (FHF) = 4.0 feet).
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TOOLS FOR ANALYSIS
Each of the tools described below is designed to assist in
analysis of the hazard and damage related to nonstructural
plans. For details on each tool refer to the references cited
(U.S. Army Corps of Engineers, 1982a).

Interactive Nonstructural Analysis Package

(VA L Seo £ Wl gC

This analytical tool was first developed for, and used on, a
study of nonstructural measures for the Santa Fe River, New
Mexico. Since that time it has been used by other Corps
offices on a variety of nonstructural studies (Ford, 1981; U.S.
Army Corps of Engineers, 1981). The program allows the user
to assess the hazard and damage potential of individual or
groups of structures interactively, that is, by sitting at a CRT
or teletype computer terminal accessing a hazard/damage base
and giving commands which request various analysis. A tele-
type about the size of a briefcase was taken to the field in the
Santa Fe Study where it was connected to a previously de-
veloped data base at Boeing Computer System, Seattle, via a
telephone line. This allowed immediate access to important
hazard and damage information while in the field. For each
structure, or group of structures, some of the information
which may be requested via commands to the generalized
program includes:

® Depth of flooding for a range of flood events

® Frequency of the flood event at the first floor

Level of protection

Elevation of the ground, first floor, level of protection
Value of the property

Expected annual damage of structure and contents

X, Y coordinates of the structure or group

In addition, the user may give commands to raise or protect a
structure or group of structures. The program raises or pro-
tects the distance specified and all of the above information
then becomes accessible, for example, new level of protection,
new expected annual damage. The immediate, interactive
access to a data base with a variety of hazard and damage data,
and the ability to select certain types of data for analysis make
the interactive program a powerful tool in nonstructural for-
mulation.

In the Santa Fe Study nearly 500 structures were analyzed
using the interactive program. The program was accessed both
at the HEC and from a motel room in the field. This allowed
the most effective use of both locations. Results from the pro-

gram which were used in the final report included a table of

the number of structures in the flood plain for different levels
of hazard, level of protection for different measures, and ex-
pected annual flood damage.

DAMCAL - Spatial Data Management System

This family of tools has evolved from the Corps of En-
gineers experimental Expanded Flood Plain Information Pro-
gram (Davis and Webb, 1978). The series of programs com-
prising the spatial data management technology, referred to as
HEC-SAM, was specifically designed to enable comprehensive,

flood plain oriented studies to be undertaken in a systematic,
land use focused style. The damage reach Stage-Damage Pro-
gram (DAMCAL) is the central feature of the SAM system
which focuses on nonstructural measure formulation and
particularly examination of the quantitative consequences of
alternative flood plain management policies (U.S. Army Corps
,of Engineers, 1979).
DAMCAL has the capability to evaluate the following:

® Flood proofing of existing and/or future development —
selective by land use categories and damage reaches.

® Relocation of existing development — selective as above.

® Managing future development to a target management
flood level — selective as above.

® Temporary adjustments to contents during emergencies —
selective as above.

Studies of this nature initially create a spatial data bank
which contain gridded data on topography, land use, trans-
portation and other infrastructure, hydrologic basins and flood
profiles, and any other relevant geographic data. A scale
covering not only the flood plain but the entire watershed
may be selected. The spatial data file can be accessed by
DAMCAL for nonstructural/flood damage studies, by various
graphics and boolean operation programs (U.S. Army Corps of
Engineers, 1978), and by hydrologic programs as may be ap-
propriate. '

About 35 studies have been undertaken by the Corps that
make substatial use of all or parts of the SAM system. A re-
cent study performed with the Los Angeles District Corps of
Engineers, illustrates the type of utility a spatial/ DAMCAL
oriented study can contribute to nonstructural planning. The
study was for the metropolitan Phoenix area (U.S. Army Corps
of Engineers, 1982b) and the particular focus was non-
structural planning, A spatial data bank was constructed of
just the flood plain area in the vicinity of Phoenix. The spatial
resolution was 1.15 acres and comprised about 50,000 grid
cells. Data included were existing and projected future land
use, flood profiles and other geographic data. There are about
7,000 structures within the 500-year flood plain. Conven-
tional flood damage analysis was performed using the spatial
data by executing DAMCAL without exercising any of the
nonstructural options and linking the results (automatically)
to the Expected Annual Damage Program (as described in the
SID structure-by-structure analysis).

The -overall nonstructural evaluation was performed by
analyzing the full array of measures for all applicable land use
categories and damage reaches. General cost relationships were
used to create screened zones of possible candidate structures
for further more detailed individual structure analysis. Pro-
tection of up to 500 structures by perimeter barriers appeared
to be marginally feasible. In addition, nine alternative flood
plain management policies, ranging from flood plain fill at
selected levels to exclusion of development from the flood
plain were quantitatively analyzed. Thesc analyses provided
local officials economic data on the likely impacts of manage-
ment policies which were heretofore unavailable.



An investigation of flood emergency preparedness per-
formed as a component of the nonstructural investigation
made valuable use of the spatial data bank and nonstructural
analysis features of DAMCAL. The high flood threat areas
were graphically displayed by mapping flood depths and ex-
pected flood damage by automatic retrieval and mapping from
the data bank. Also, flood threat area data were tabulated by
arca and type by innovative use of the DAMCAL and RIA
programs — data such as number and types of structures (thus
people and goods) that would be flooded by target flood
events, and evacuation routes graphically located. Oppor-
tunities for meaningful emergency actions such as flood fight-
ing were located by study of the damage potential map and
topographic features . . . which could be automatically super-
imposed using spatial data management techniques. Lastly,
the value of certain emergency actions, such as contents re-
moval, and contents elevation and protection were evaluated
and used in an approximate economic analysis of the value ofa
total flood emergency preparedness plan.

Structure Inventory for Damage: SID/EAD Package

This tool was initially developed for a pilot study of Walnut
Creek, Texas, conducted by the Ft. Worth District. The pack-
age consists of the basic structure inventory, project feature
formulation program SID, and the companion Expected
Annual Damage computation program EAD (U.S. Army Corps
of Engineers, 1982c, 1977). The SID program is an individual
structure-by-structure program that yields as an end product
elevation damage relationships for each damage reach, flood
damage category, and nonstructural measure or flood plain
management policy. These data are then linked (automatically)
with hydraulic and hydrologic data and input to the EAD pro-
gram for expected annual damage computations. The SID

program, the key nonstructural formulator/evaluator tool of

the package, has been used for several large and small studies
with nonstructural considerations.

The SID program has the capability of analyzing structure-
by structure, then aggregating to an index location for a dam-
age reach. The following array of nonstructural measures can
be analyzed: .

® Flood proofing existing and future structures by raising
and/or ptotecting.

® Relocating existing structures.

® Managing future development to a target management
flood level (flood plain regulations).

® Temporary adjustments by emergency action (contents
raise, removal, etc.)

Several types of measures may be implemented by reach
and/or structure category and a log by structure of all actions
taken is filed and may be printed.

The information that may be catalogued into a SID struc-
ture file can vary from a minimum of structure elevation, and
damage function and reach assignment, to elaborate description
for more detailed nonstructural analysis of geographic coor-
dinatcs, structure construction type, size, number of openings,

etc. Thus, SID may be used from preliminary screeningstudies
through to detailed planning level final formulation of plans.

In a study of the Passaic River Basin in the eastern United
States, 65,000 structures were catalogued into the SID struc-
ture file. A special program named SIDEDT was used to mani-
pulate the file to the subset of structures subjected to detailed
analysis. SID (linked to EAD) was run a number of times ex-
ploring the range of individual structure measures and flood
plain management policies which contribute to alleviating the
flood problems in the Passaic. The full range of nonstructural
measures analyzed by use of the SID (and other linked pro-
grams) were: flood proofing by barriers (structural and
perimeter), structure relocation, flood plain management poli-
cies, and alternative levels of temporary actions taken as part
of a flood emergency preparedness plan. A reference set of
lecture notes is available from HEC chronicling the use of the
full array of HEC analytical tools in the Passaic Basin investi-
gation.

The SID, EAD, and other hydrologic engineering programs
are available from HEC and have HEC standard documenta-
tion. At this time, the automatic linking of the programs has
been made operational only on Corps computers.

CONCLUSIONS

It was never intended by the early advocates of nonstruc-
tural measures that thesemeasures alone be the answer to our
nation’s flood problem. White (1945) called for a geographical
approach to flooding; Hoyt and Langbein (1955) stressed
unified flood management; U.S. Congress House Document
465 (1966) recommended a broad and unified effort. These
and other voices were calling for a more comprehensive ap-
proach, an approach which seriously considered all possible
means to reduce loss of life and damage to property. Subse-
quent federal legislation and policy guidance were designed to
give impetus to these other, so called, nonstructural means
which previously had been neglected or nonexistent.

Today, based upon experience in the field and knowledge
from research, we can affirm that nonstructural measures have
an important role in reducing present and future flood losses.
Flood plain regulation, flood preparedness, flood insurance,
relocation and other nonstructural measures go hand in hand
with structural control works. Formulation of comprehensive
plans of this type is a complex and delicate task which requires
creativity and analysis. The tools for analysis are available.
Do we have the creativity?

ACKNOWLEDGMENTS

The observations, conclusions, and analytical tools discussed in this
paper have come from several years research work, internal discussions,
and project assistance on the part of a number of HEC professional
staff. Major contributions have been made by Michael Burnham, Dr.
David Ford, Harold Kubik, and R. Pat Webb. Bill S. Eichert was the
Dircctor of the HEC during this period of rescarch, training, and special
assistance.



LITERATURE CITED

Davis, Darryl W, and R. Pat Webb, 1978. Flood Damage Assessment
Using Spatial Data Management. Technical Paper No. 57, Hydro-
logic Engineering Center, U.S. Army Corps of Engineers.

Ford, David T., 1981. Interactive Nonstructural Flood-Control Plan-
ning. Journal of Water Resources Planning and Management Divi-
sion, American Society of Civil Engincers 107(WR2).

Hoyt, William G. and Walter B. Langbein, 1955. Floods. Princeton
University Press.

Johnson, William K., 1978. Physical and Economic Feasibility of Non-
structural Flood Plain Management Measures. Research Report,
Hydrologic Enginecring Center, U.S. Army Corps of Engineers.

U.S. Army Corps of Engineers, 1977. Expected Annual Flood Damage
Computation. Computer Program Users Manual, Hydrologic En-
gineering Center (June).

U.S. Army Corps of Engineers, 1978. Resource Information and
Analysis. Computer Program Users Manual, Hydrologic Engineering
Center (September).

U.S. Army Corps of Engineers, 1979. DAMCAL (Damage Reach Stage
— Damage Calculation). Computer Program User Manual, Hydro-
logic Engineering Center (February).

U.S. Army Corps of Engineers, 1981. Interactive Nonstructural Analy-
sis Package. Computer Program Users Manual, Hydrologic Engineer-
ing Center (July).

U.S. Army Corps of Engineers, 1982a. Analytical Instruments for
Formulating and Evaluating Nonstructural Measures. Training
Document No. 16, Hydrologic Engineering Center (January).

U.S. Army Corps of Engineers, 1982b. Flood Preparedness Planning:
Metropolitan Phoenix Area. Research Document, Hydrologic En-
gineering Center (January).

U.S. Army Corps of Engineers, 1982c. SID (Structure Inventory for
Damage Analysis). Computer Program Users Manual, Hydrologic
Engineering Center (January).

U.S. Army Corps of Engincers, 1982d. Hydrologic Engineering Center
Publications Catalog. Hydrologic Enginecering Center (June).

U.S. Army Corps of Engineers, 1982e. Flood Risk Analysis. Engineer
Technical Letter 1110-2-274 (September).

U.S. Congress, 1966. A Unified National Program for Managing Flood
Losses. Report to the 89th Congress by the Task Force on Federal
Flood Control Policy, House Document No. 465 (August 10).

White, Gilbert F., 1945. Human Adjustment to Floods: A Geographical
Approach to the Flood Problem in the United States. Department
of Geography, Research Paper No. 29, University of Chicago, Chi-
cago, lllinois.






TP-1
TP-2

TP-3
TP-4
TP-5
TP-6
TP-7
TP-8
TP-9
TP-10
TP-11
TP-12
TP-13
TP-14

TP-15
TP-16

TP-17
TP-18
TP-19
TP-20
TP-21
TP-22
TP-23
TP-24
TP-25
TP-26
TP-27
TP-28
TP-29
TP-30
TP-31
TP-32
TP-33
TP-34
TP-35

TP-36
TP-37

TP-38

Technical Paper Series

Use of Interrelated Records to Simulate Streamflow

Optimization Techniques for Hydrologic

Engineering

Methods of Determination of Safe Yield and

Compensation Water from Storage Reservoirs

Functional Evaluation of a Water Resources System

Streamflow Synthesis for Ungaged Rivers

Simulation of Daily Streamflow

Pilot Study for Storage Requirements for Low Flow

Augmentation

Worth of Streamflow Data for Project Design - A

Pilot Study

Economic Evaluation of Reservoir System

Accomplishments

Hydrologic Simulation in Water-Yield Analysis

Survey of Programs for Water Surface Profiles

Hypothetical Flood Computation for a Stream

System

Maximum Utilization of Scarce Data in Hydrologic

Design

Techniques for Evaluating Long-Tem Reservoir

Yields

Hydrostatistics - Principles of Application

A Hydrologic Water Resource System Modeling

Techniques

Hydrologic Engineering Techniques for Regional

Water Resources Planning

Estimating Monthly Streamflows Within a Region

Suspended Sediment Discharge in Streams

Computer Determination of Flow Through Bridges

An Approach to Reservoir Temperature Analysis

A Finite Difference Methods of Analyzing Liquid

Flow in Variably Saturated Porous Media

Uses of Simulation in River Basin Planning

Hydroelectric Power Analysis in Reservoir Systems

Status of Water Resource System Analysis

System Relationships for Panama Canal Water

Supply

System Analysis of the Panama Canal Water

Supply

Digital Simulation of an Existing Water Resources

System

Computer Application in Continuing Education

Drought Severity and Water Supply Dependability

Development of System Operation Rules for an

Existing System by Simulation

Alternative Approaches to Water Resources System

Simulation

System Simulation of Integrated Use of

Hydroelectric and Thermal Power Generation

Optimizing flood Control Allocation for a

Multipurpose Reservoir

Computer Models for Rainfall-Runoff and River

Hydraulic Analysis

Evaluation of Drought Effects at Lake Atitlan

Downstream Effects of the Levee Overtopping at
Wilkes-Barre, PA, During Tropical Storm Agnes

Water Quality Evaluation of Aquatic Systems

TP-39

TP-40

TP-41

TP-42
TP-43

TP-44

TP-45

TP-46
TP-47

TP-48

TP-49

TP-50

TP-51

TP-52

TP-53

TP-54

TP-55

TP-56

TP-57

TP-58

TP-59

TP-60

TP-61
TP-62

TP-63
TP-64

TP-65

TP-66

TP-67

TP-68
TP-69

A Method for Analyzing Effects of Dam Failures in
Design Studies

Storm Drainage and Urban Region Flood Control

Planning

HEC-5C, A Simulation Model for System

Formulation and Evaluation

Optimal Sizing of Urban Flood Control Systems

Hydrologic and Economic Simulation of Flood

Control Aspects of Water Resources Systems

Sizing Flood Control Reservoir Systems by System

Analysis

Techniques for Real-Time Operation of Flood

Control Reservoirs in the Merrimack River Basin

Spatial Data Analysis of Nonstructural Measures

Comprehensive Flood Plain Studies Using Spatial

Data Management Techniques

Direct Runoff Hydrograph Parameters Versus

Urbanization

Experience of HEC in Disseminating Information

on Hydrological Models

Effects of Dam Removal: An Approach to

Sedimentation

Design of Flood Control Improvements by Systems

Analysis: A Case Study

Potential Use of Digital Computer Ground Water

Models

Development of Generalized Free Surface Flow

Models Using Finite Element Techniques

Adjustment of Peak Discharge Rates for

Urbanization

The Development and Servicing of Spatial Data

Management Techniques in the Corps of Engineers

Experiences of the Hydrologic Engineering Center

in Maintaining Widely Used Hydrologic and Water

Resource Computer Models

Flood Damage Assessments Using Spatial Data

Management Techniques

A Model for Evaluating Runoff-Quality in

Metropolitan Master Planning

Testing of Several Runoff Models on an Urban

Watershed

Operational Simulation of a Reservoir System with

Pumped Storage

Technical Factors in Small Hydropower Planning

Flood Hydrograph and Peak Flow Frequency

Analysis

HEC Contribution to Reservoir System Operation

Determining Peak-Discharge Frequencies in an

Urbanizing Watershed: A Case Study

Feasibility Analysis in Small Hydropower Planning

Reservoir Storage Determination by Computer

Simulation of Flood Control and Conservation

Systems

Hydrologic Land Use Classification Using

LANDSAT

Interactive Nonstructural Flood-Control Planning

Critical Water Surface by Minimum Specific

Energy Using the Parabolic Method



TP-70
TP-71
TP-72
TP-73
TP-74
TP-75
TP-76
TP-77
TP-78

TP-79

TP-80

TP-81

TP-82
TP-83

TP-84

TP-85

TP-86

TP-87
TP-88

TP-89
TP-90
TP-91

TP-92
TP-93

TP-94

TP-95

TP-96

TP-97

TP-98

TP-99

TP-100

TP-101

TP-102
TP-103

TP-104

Corps of Engineers Experience with Automatic
Calibration of a Precipitation-Runoff Model
Determination of Land Use from Satellite Imagery
for Input to Hydrologic Models

Application of the Finite Element Method to
Vertically Stratified Hydrodynamic Flow and Water
Quality

Flood Mitigation Planning Using HEC-SAM
Hydrographs by Single Linear Reservoir Model
HEC Activities in Reservoir Analysis

Institutional Support of Water Resource Models
Investigation of Soil Conservation Service Urban
Hydrology Techniques

Potential for Increasing the Output of Existing
Hydroelectric Plants

Potential Energy and Capacity Gains from Flood
Control Storage Reallocation at Existing U.S.
Hydropower Reservoirs

Use of Non-Sequential Techniques in the Analysis
of Power Potential at Storage Projects

Data Management Systems of Water Resources
Planning

The New HEC-1 Flood Hydrograph Package
River and Reservoir Systems Water Quality
Modeling Capability

Generalized Real-Time Flood Control System
Model

Operation Policy Analysis: Sam Rayburn
Reservoir

Training the Practitioner: The Hydrologic
Engineering Center Program

Documentation Needs for Water Resources Models
Reservoir System Regulation for Water Quality
Control

A Software System to Aid in Making Real-Time
Water Control Decisions

Calibration, Verification and Application of a Two-
Dimensional Flow Model

HEC Software Development and Support
Hydrologic Engineering Center Planning Models
Flood Routing Through a Flat, Complex Flood
Plain Using a One-Dimensional Unsteady Flow
Computer Program

Dredged-Material Disposal Management Model
Infiltration and Soil Moisture Redistribution in
HEC-1

The Hydrologic Engineering Center Experience in
Nonstructural Planning

Prediction of the Effects of a Flood Control Project
on a Meandering Stream

Evolution in Computer Programs Causes Evolution
in Training Needs: The Hydrologic Engineering
Center Experience

Reservoir System Analysis for Water Quality
Probable Maximum Flood Estimation - Eastern
United States

Use of Computer Program HEC-5 for Water Supply
Analysis

Role of Calibration in the Application of HEC-6
Engineering and Economic Considerations in
Formulating

Modeling Water Resources Systems for Water

Quality

TP-105

TP-106
TP-107

TP-108
TP-109
TP-110
TP-111
TP-112
TP-113
TP-114
TP-115

TP-116
TP-117

TP-118

TP-119

TP-120

TP-121

TP-122

TP-123

TP-124

TP-125

TP-126

TP-127

TP-128

TP-129

TP-130

TP-131

TP-132

TP-133

TP-134

TP-135

TP-136

TP-137

TP-138

TP-139

TP-140
TP-141

Use of a Two-Dimensional Flow Model to Quantify
Aquatic Habitat

Flood-Runoff Forecasting with HEC-1F
Dredged-Material Disposal System Capacity

Expansion
Role of Small Computers in Two-Dimensional
Flow Modeling

One-Dimensional Model for Mud Flows
Subdivision Froude Number

HEC-5Q: System Water Quality Modeling

New Developments in HEC Programs for Flood
Control

Modeling and Managing Water Resource Systems
for Water Quality

Accuracy of Computer Water Surface Profiles -
Executive Summary

Application of Spatial-Data Management
Techniques in Corps Planning

The HEC's Activities in Watershed Modeling
HEC-1 and HEC-2 Applications on the
Microcomputer

Real-Time Snow Simulation Model for the
Monongahela River Basin

Multi-Purpose, Multi-Reservoir Simulation on a PC
Technology Transfer of Corps' Hydrologic Models
Development, Calibration and Application of
Runoff Forecasting Models for the Allegheny River
Basin

The Estimation of Rainfall for Flood Forecasting
Using Radar and Rain Gage Data

Developing and Managing a Comprehensive
Reservoir Analysis Model

Review of U.S. Army corps of Engineering
Involvement With Alluvial Fan Flooding Problems
An Integrated Software Package for Flood Damage
Analysis

The Value and Depreciation of Existing Facilities:
The Case of Reservoirs

Floodplain-Management Plan Enumeration
Two-Dimensional Floodplain Modeling

Status and New Capabilities of Computer Program
HEC-6: "Scour and Deposition in Rivers and
Reservoirs"

Estimating Sediment Delivery and Yield on
Alluvial Fans

Hydrologic Aspects of Flood Warning -
Preparedness Programs

Twenty-five Years of Developing, Distributing, and
Supporting Hydrologic Engineering Computer
Programs

Predicting Deposition Patterns in Small Basins
Annual Extreme Lake Elevations by Total
Probability Theorem

A Muskingum-Cunge Channel Flow Routing
Method for Drainage Networks

Prescriptive Reservoir System Analysis Model -
Missouri River System Application

A Generalized Simulation Model for Reservoir
System Analysis

The HEC NexGen Software Development Project
Issues for Applications Developers

HEC-2 Water Surface Profiles Program

HEC Models for Urban Hydrologic Analysis



TP-142
TP-143
TP-144
TP-145
TP-146
TP-147
TP-148
TP-149
TP-150

TP-151
TP-152

Systems Analysis Applications at the Hydrologic
Engineering Center

Runoff Prediction Uncertainty for Ungauged
Agricultural Watersheds

Review of GIS Applications in Hydrologic
Modeling

Application of Rainfall-Runoff Simulation for
Flood Forecasting

Application of the HEC Prescriptive Reservoir
Model in the Columbia River Systems

HEC River Analysis System (HEC-RAS)
HEC-6: Reservoir Sediment Control Applications
The Hydrologic Modeling System (HEC-HMS):
Design and Development Issues

The HEC Hydrologic Modeling System

Bridge Hydraulic Analysis with HEC-RAS

Use of Land Surface Erosion Techniques with
Stream Channel Sediment Models

TP-153

TP-154

TP-155
TP-156

TP-157
TP-158

TP-159
TP-160

TP-161

Risk-Based Analysis for Corps Flood Project
Studies - A Status Report

Modeling Water-Resource Systems for Water
Quality Management

Runoff simulation Using Radar Rainfall Data
Status of HEC Next Generation Software
Development

Unsteady Flow Model for Forecasting Missouri and
Muississippi Rivers

Corps Water Management System (CWMS)

Some History and Hydrology of the Panama Canal
Application of Risk-Based Analysis to Planning
Reservoir and Levee Flood Damage Reduction
Systems

Corps Water Management System - Capabilities
and Implementation Status






	Front Cover
	Abstract
	Introduction
	Lessons in the Role of Nonstructural Measures
	Large Scale Solutions
	Local/Individual Nature
	Degree of Protection
	Present and Future

	Lessons in Creativity
	Lessons in Analysis
	Level of Detail
	Preliminary Estiamte of Damage
	Limits of Analysis

	Tools for Analysis
	Interactive Nonstructural Analysis Package
	DAMCAL - Spatial Data Managment System
	Structure Inventory for Damage:  SID/EAD Package

	Conclusions
	Acknowledgments
	Literature Citied
	Technical Paper Series

