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(ABSTRACT) 

Current U.S. Army Corps of Engineers water resources 

planning guidance directs the planners to consider all 

design alternatives with economic efficiency as the primary 

criterion. Recent criticism of the flood loss reduction 

planning is directed at the Corps. One criticism is that 

the traditional design practices of the Corps address only 

large flood events. The emphasis on large flood events 

precludes the use of nonstructural methods, whose 

economically feasible range is at smaller scales. However, 

the advantage of having nonstructural measures available to 

federal water resources planners is widely recognized. 

This study seeks to demonstrate that nonstructural means 

are at a disadvantage in the Corps planning process. It 

examines the institutional framework that directs the 

planning of these projects. USing data from Corps reports, 



the economically feasible ranges and optimal sizes are 

determined for selected nonstructural measures through a 

series of case studies. The resulting optimal sizes are 

compared to those recommended in the Corps reports. 

The optimal sizes of the nonstructural alternatives 

developed for this study are smaller than the recommended 

levels. In the current budget climate, the implementation 

of flood loss reduction projects may occur more frequently 

with the increased use of nonstructura1 measures since they 

require less investment. 
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1. 1 PROBLEM STATEMENT 

Chapter 1 

INTRODUCTION 

Protecting against damage from flood water has been an 

activity of the federal government since the nineteenth 

century_ Since 1936, Congress has given nationwide 

responsibility for flood control planning and funding to the 

U.S. Army Corps of Engineers. Because of its extensive 

work, this current study focuses on this agency. 

In recent years, fewer resources have been available from 

the federal government (10). Although local governments 

themselves have powers to effect flood damage reduction 

through such means as enforcing building codes and zoning 

regulations, they have been unable to make up for the 

reduced federal activity. 

Continued floodplain development with increased annual 

flood losses has motivated a search for additional ways of 

reducing damage. This search has led to alternative 

approaches that alleviate strict reliance upon such 

traditional methods as dams and levees by introducing 

techniques that regulate human activities on the floodplain. 

These alternative means of reducing losses due to floods are 

referred to as nonstructural measures. 

2 
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Nonstructural measures include property acquisition, 

removal of damageable property; enforcement of building 

codes, zoning, and other forms of floodplain management; 

provision of tax incentives, insurance, and early flood 

warning systems; and application of a variety of 

floodproofing techniques such as ring-walls~ raising of 

structures, and temporary and permanent closures. By 

contrast, structural measures consist of dams, levees, 

floodwalls, and channel diversions and improvements. 

These structural measures historically were the principal 

techniques used by the federal government to reduce flood 

losses. Structural measures, however, are usually very 

expensive and often have associated environmental impacts 

and other disadvantages. Nonstructural measures may be less 

expensive in some situations and offer an expanded range of 

alternatives to planners. Expansion of flood damage 

reduction efforts to include nonstructural measures, 

therefore, has received recognition as a beneficial 

development. Ironically, it is also recognized that, 

despite their apparent advantages in many circumstances, 

nonstructural measures have seen little utilization (3, 5). 

Traditional feasibility tests have required that a 

project's benefits be in excess of its costs, where benefits 

and costs include all economic, environmental, and social 
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effects. Although many considerations enter into a 

project's overall feasibility, of interest to this study is 

the economic efficiency of a project alternative. 

A large body of federal guidelines have been developed to 

direct water resources investment over the last five 

decades. These guidelines include legislation, Executive 

Orders, and directives from the Chief of Engineers. The 

current administration's guidelines emphasize the economic 

contribution of water resources planning and require that 

the recommended project alternative optimize national 

economic development though exception may be made for 

overriding reasons. 

Water resources projects can vary in size and benefits. 

They must also be economically efficient, that is, maximize 

the net benefits. Within the range of economic feasibility, 

there is one project size that maximizes the net benefits. 

This desirable size is the project's economically efficient 

scale. The economic efficiency criterion,. when considered 

with other factors, is important in the recommendation of 

project level of protection (also referred to herein as 

project scale). 

A common question faces all 

protection should a project 

planners: 

produce? An 

how much flood 

examination 

presented later in this report of administrative guidelines 
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(62) and Corps of Engineers guidance (32, 35), especially 

those dealing with risk and uncertainty, shows that planners 

are encouraged within the scaling process to choose a level 

of protection well above the level where net benefits are 

maximized for most nonstructura1 measures. In their 

analysis of procedures for selecting a project size, James 

and Owen (12) found that project purposes that are difficult 

to evaluate in monetary terms frequently raise the amount of 

federal investment above the economically efficient level. 

The importance of non-economic criteria, as shown below, has 

expanded during the past few decades. 

President Reagan recently issued revised guidelines re

emphasizing the economic efficiency criterion. Although the 

efficiency criterion has existed in water resources planning 

for many decades, it now has reemerged as the dominant 

planning objective and is discussed below. 

Alternative flood loss reduction measures vary 

substantially as to the levels of protection included within 

their range of economic feasibility. The literature 

indicates that nonstructura1 measures possess economic 

feasibility at project scales smaller than those currently 

being recommended (5, 12, 13, 18). Structural measures, on 

the other hand, have relatively large start-up or first 

costs and are economically feasible at the higher ranges of 
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project scales. An analysis of the generalized cost 

functions for both structural and nonstructural measures 

combined with the benefit function illustrates the ranges of 

project scales where each type of measure achieves the 

correct amount of flood loss reduction. Figure 1.1 shows a 

generalization of 

relationships for 

techniques. 

the benefits versus level-of-protection 

different structural and nonstructural 

The sigmoid curves, TC/s and TC/n, represent the total 

cost functions of a structural and a nonstructural 

alternative, respectively, that are designed for the same 

study site. Different technologies with the same prices for 

inputs will produce different functions as shown. Because 

nonstructural measures have greater net benefits than 

structural measures at lower project scales, and structural 

measures have greater net benefits at higher scales, these 

curves must necessarily cross as indicated at point ~. 

The third curve, TB, represents total project benefits 

and rises above each of the total cost curves upon passing 

through points aln and als and remains above until points 

bIn and b/s. This region represents the economically 

feasible range of project sizes using the given technology. 

Within the feasible ranges are points q*/n and q*/s that 

represent the project scales where the net benefits are 
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greatest, that is, the economically efficient scales for the 

respective technologies. As a result of these differing 

characteristics, selection of project size have a major 

impact on the type of flood loss reduction measures adopted. 

The illustration in Figure 1.1 shows a case where the 

optimal size for the nonstructural alternative produces a 

greater net benefit than the structural alternative. For 

this reason, all reasonable measures should be investigated. 

The level of protection selected is subject to 

considerations of economic feasibility and efficiency but 

also is influenced by other factors. Current guidelines for 

Corps of Engineers planning defines level of protection as: 

the flood level at which flood damages and other 
adverse effects not eliminated Qx the proiect are 
considered relatively minor [emphasis added] 
(32:3-5). 

The tendency toward high levels of protection created by 

this provision is further enhanced by concern for avoidance 

of catastrophic flood losses in urban areas--that is a 

situation where loss of a substantial number of lives or 

major social disruptions from flooding are possible. 

In large projects t nonstructural alternatives are placed 

in an unfavorable light due to differences in cost 

structures between structural and nonstructural measures. 

Structural measures can protect at levels that are 

considerably higher than the economically efficient level 
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and still retain economic feasibility. Because of differing 

physical characteristics, any sentiment espousing a minimum 

level of protection coupled with decision rules for 

selecting project size tends to bias the selection process 

toward structural options. 

1.2 THE RESEARCH PLAN 

This study examines the Corps of Engineers' incorporation 

of nonstructural measures into its flood damage reduction 

efforts and evaluates the impact of project evaluation 

procedures on nonstructural implementation. It begins with 

a brief history of flood protection in the United States and 

includes development of institutional requirements for 

project planning and approval. The study then analyzes 

current guidelines for project development and approval and 

emphasizes requirements affecting selection of project scale 

in terms of their impact on the relative standing of 

structural and nonstructural measures. Several case studies 

are developed to illustrate the impact of rules for 

selecting a level of protection on the type of alternative 

measures recommended for implementation. 

The case studies are based on information taken from 

flood loss reduction project reports prepared by the Corps 

of Engineers' District Offices. Project reports that 
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consider nonstructural alternatives were solicited from 

Corps of Engineers Division and District Offices. Reports 

selected for analysis present economic data sufficient to 

estimate the total annualized benefits and total annualized 

costs at various levels of protection. For each case study, 

the project benefits and their associated costs are related 

at selected levels of protection. Specific techniques for 

estimating the total annualized benefits and costs are 

presented within each case study. 

Finally, the relationships between the project benefit, 

the cost, and the level of protection for all case studies 

were determined. From these relationships, the study 

concludes whether nonstructural solutions receive uneven 

treatment under current sizing practices in the setting of 

the case studies by comparing alternative flood loss 

reduction measures with the recommended plan of the original 

project report. 
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Project Size in Levels of Protection 

Figure 1. 1: Generalized Benefit-Cost Relationships 
(developed from the case studies below 
and 7, 14, 15, and 21) 
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Chapter 2 

HISTORY OF FLOOD LOSS REDUCTION: CORPS 
INVOLVEMENT AND INSTITUTIONAL DEVELOPMENTS 

2.1 THE CORPS INVOLVEMENT IN FLOOD PROTECTION 

2.1.1 The Beginning 

Current Corps of Engineers' authority directing flood 

damage reduction on the nation's navigable waters developed 

through legislative actions t Supreme Court decisions, and 

executive directives. The Corps of Engineers began in 1775 

with three Congressional appointments who were attached to 

the Grand Army. These appointments, the Chief Engineer and 

two Assistant Engineers, were dissolved after the Revolution 

(35). In response to Indian uprisings, Congress later 

established the Corps of Artillerists and Engineers in 1794. 

President Washington later established the first school of 

engineering in the United States at West Point t New York in 

1795 and assigned its operation to the Corps (35). 

The Louisiana Purchase of 1803 doubled the nation's size 

and, as a result, the Corps of Engineers began to receive 

responsibilities outside the military realm with the Lewis 

and Clark Expedition. The expedition was assigned the task 

of surveying the new territory and developing an internal 

transportation scheme. Although this expedition had 

12 
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military purposes, it also marked the Corps of Engineers' 

entry into civil works (35) as the explorers searched for a 

way to navigate through the North American continent to the 

Pacific Ocean. 

In addition, the new republic was also concerned about 

impediments to interstate commerce and military movements 

along the eastern seaboard as well as regions west of the 

Appalachian Mountains. Senator John Quincy Adams asked the 

Treasury Secretary, Albert Gallatin, to study the situation. 

In 1808 Gallatin suggested an interstate system of roads, 

overland canals, and canalization of rivers (8). The 

propriety of federal involvement in such activities was soon 

questioned. Since intrastate activity was not explicitly 

permitted by the Constitution, it was thought to be within 

the purview of state and local governments. This question 

of states' rights soon resulted in the shelving of the 

recommendations of the Gallatin Report. Later, the War of 

1812 posed logistical problems which emphasized the lack of 

suitable transportation (23). 

Not until 1824 was the question of intrastate activity by 

the national government resolved with the landmark decision 

by the Supreme Court in Gibbons y Ogdon (63). A steamship 

company that had been operating on the Hudson River had sued 

to preserve its exclusive operations. The Supreme Court 
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subsequently ruled that no such right could be claimed on 

the public domain. In its far-reaching opinion, the 

Marshall Court interpreted the Constitution's commerce 

clause as acknowledging the superiority of the national 

interest with respect to control of navigable waters. This 

decision opened the doors for Congress to pass legislation 

pertaining to federal involvement in public works. 

The decision in Gibbons y Ogden (63) was followed by 15 

years of concentration by the Corps of Engineers on 

navigation projects ranging from snag removal to the 

building of canals. These projects were authorized in a 

series of River and Harbor Acts. Later, a shift in 

transportation technology, first to roads and then to 

railroads, diminished the value of inland navigation. 

Finally, the Mexican War halted the passage of any new River 

and Harbor Act amendments. This suspension of the water 

resources program continued until westward migration began 

again after the Civil War (35). 

The federal objective in the area of water resources 

development was stimulation of economic growth. Senator 

William Windom of Minnesota presented evidence that the 

nation's share of world trade in agricultural products was 

shrinking and that its major customer, England, was turning 

to India for cotton and to Russia for grains. He argued 
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that extensive navigation would return a competitive edge to 

the United States (65). Water-borne transportation would 

compete with the railroads and thus lower freight costs for 

bulk goods. The nation's trade partners would then pay less 

for its products. The extensive navigation system 

envisioned by Windom was not implemented; instead, the 

Interstate Commerce Commission was established to regulate 

rail freight charges. At any rate, the Corps of Engineers 

continued to plan navigation projects that would enhance the 

national economy. This interest in economic development 

would direct the Corps of Engineers' water resources 

activities for the next century as it worked with other 

federal and state agencies to develop the Nation's water 

resources. 

2. 1. 2 The Emergence of Flood Protection as ~ Project 
Purpose 

The first expression of concern for flood protection came 

in 1849 when the federal government established two land-

grant programs to states in the lower Mississippi Valley 

(36, 37). The proceeds from the sale of wetlands was to 

finance state-administered flood protection programs. This 

land-grant approach failed since the individual state 

actions could not manage the flood problem on the larger 

system (23). A broader federal response was necessary_ 
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2. 1. 2. 1 The Mississippi River Commission 

To understand the problems posed by the larger system, 

Congress authorized a survey of the Mississippi River. The 

survey~ primarily for navigation, was to include a practical 

plan for flood control. In presenting the findings of this 

survey 11 years later, the Humphreys-Abbot Report stated 

that flood control and navigation were considered 

interrelated problems (11). 

Congress took the step toward direct federal involvement 

in 1879 by establishing of the Mississippi River Commission 

as a branch of the Corps of Engineers. Federal involvement 

in local flood problems was seen as necessary since flooding 

had nationwide effects and was unmanageable by non-federal 

interests. The Commission has comprehensive planning 

authority to: 

correct, permanently locate and deepen the channel 
and protect the banks of the Mississippi River; 
improve and give safety and ease to the navigation 
thereof; prevent destructive floods; promote and 
facilitate commerce, trade and the postal service 
[emphasis added] (52:sec. 647). 

Although flood protection had received a place alongside 

other projects, protection as a primary purpose was still 

decades ahead. So when the Commission planned a system of 

levees~ the flood protection benefits were viewed as 

incidental to those of navigation (35). 
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2.1.2.2 Flood Protection and Land Use 

The turn-of-the-century was a period when gathering 

interest in conservation mingled with the tradition that 

government's principal function was to facilitate economic 

development. In the l890s, the idea that forest cover 

influenced both stream flow and flooding was a sensitive 

scientific controversy. The forests, it was argued, act as 

natural catchment basins that reduce runoff and, thereby, 

decrease flood magnitudes. 

Congress exercised the government's proprietary 

power in 1891 with passage of an Act that, in addition to 

amending the federal timber culture policy, provided the 

authority for establishing forest reservations (39). It 

passed two other related Acts in this period. The Act of 

1897--building upon the 1891 Act--contained an amendment 

reserving forests "for the purpose of securing favorable 

conditions of water flows" (40). The Weeks Act of 1911, 

which explicitly established the amelioration of runoff from 

forest lands to navigable waters as a purpose of the forest 

reservation system, followed (42). 

2.1.2.3 The National Waterways Commission 

President Theodore Roosevelt set up the temporary Inland 

Waterways Commission in 1907 and charged it with 
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recommending ways to coordinate the country's water 

resources. This Commission's report was completed the 

following year (41). The report contained a recommendation 

to establish a permanent national commission for navigation 

that would be responsible to Congress (22). Congress acted 

by designating a delegation of its members to form the 

temporary National Waterways Commission. In 1912, when the 

Commission made its final report to Congress, it went beyond 

its original objective of addressing the needs of navigation 

nationally and addressed the controversy over the influence 

of forestation on flooding: 

The Commission has given special consideration 
to the influence of forests upon the navigability 
of streams. The benefits attributed to forests 
are greater regularity of stream flow, the 
prevention or amelioration of floods, and the 
prevention of erosion and the consequent silting 
up of navigable channels. 

In recent years this subject has been widely 
discussed and many conflicting opinions expressed. 
Members of the Corps of Engineers, United States 
Army, and meteorologists, as a rule, are inclined 
to minimize the influence of forests, while 
geologists, foresters, and others are inclined to 
emphasize it, and civilian engineers are about 
equally divided. There is a prevalent impression 
that deforestation is alike responsible for 
droughts on the one hand and floods on the other. 
[T]he lack of accurate information ... makes it 
extremely difficult to reach any final conclusion 
(16:242). 

Further, it reported that the following water resources 

problems were as significant as navigation: 
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a. The practicability of impounding reservoirs for 
flood prevention, 

b. The influence of forestation on navigability of 
streams, and 

c. The need for legislation for the development 
and control of water power (16:243). 

The authors of this report supplied supporting evidence 

obtained from the aggressive water resources works in 

Europe, particularly in Germany. 

2.1.2.4 The Flood Control Acts 

Nearly a century after Congress instituted a civil works 

program, the Flood Control Act of 1917 was passed. It was 

the first direct authorization of a continuous program for 

flood control (52:sec. 703). The Flood Control Act of 1917 

directed the Secretary of War, and thus the Corps of 

Engineers, to pursue flood control as a primary function for 

its projects and authorized flood protection planning beyond 

the MisSissippi River Basin into the Sacramento River Basin. 

The Act stipulated that all requirements for navigation 

projects applied also to flood control projects. It further 

stated that all flood control surveys should plan for 

hydropower, navigation, and "such other uses as may be 

properly related to or coordinated with the project." 

(52:sec. 705). MUlti-purpose projects were now the accepted 

approach in water resources development. 
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Flood loss reduction had gained acceptance as a project 

purpose with passage of the Flood Control Act of 1917 but 

only in specified regions of the country_ Congress had yet 

to charge any agency with protecting the entire nation. 

In 1936 Congress began establishing principles for water 

project evaluation with implications for the project scaling 

process. Flood Control Act of 1936 (44), which was regarded 

as a milestone in the federal water resources program, 

emphasized flood control's suitability as a project purpose 

and enlarged the Corps of Engineers' flood control program 

from those river basins specified in previous Acts to 

include all navigable waters throughout the nation. The 

expansion of the Corps of Engineers' mandate to the entire 

country is significant. This expanded mandate implied a 

necessary expansion in the measures used in planning: 

2. 1. 3 

The 1936 and subsequent [Flood Control] acts 
further specified the details of federal 
participation. These actions have enlarged the 
scope of the federal interest to include 
consideration of all alternatives in controlling 
flood waters, reducing the susceptibility of 
property to flood damage, and relieving human and 
financial losses (32:3-1). 

Ib§ Construction Era 

The economic expansion of the 1920s encouraged water 

resources development (17). The River and Harbor Act of 

1925 directed the Corps of Engineers to gather data on all 
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rivers except the Colorado for power potential, navigation, 

and flood protection (35). Two years later a list of the 

river basins for such surveys was included in House Document 

308 (43). The Corps of Engineers began a ten-year program 

of compiling data for comprehensive, multiobjective planning 

along the nation's rivers, resulting in the establishment of 

the 308 Process. The 308 Reports that followed became the 

basis for the development of large water resources 

development projects in the following decades (17). 

2.1.3.1 The Continuing Authorities Program 

Through the 308 survey process, a number of smaller 

problem sites were identified that could be better served by 

a shortened planning process (35). Section 205 of the Flood 

Control Act of 1948 established the Continuing Authorities 

Program. Known also as the Small Projects Program, this 

program defined smaller works and their abbreviated 

evaluation process. Given the continuous authority, Corps' 

planning requires less time. Section 205 also set 

appropriation limits for each project and for the entire 

program (52:sec. 70ls). 

The economic conditions of the 1930s, although 

unfortunate for the nation, provided nearly ideal conditions 

for accelerating a flood damage reduction program. The 
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widespread unemployment provided a large labor pool for an 

extensive public works program (5). The Corps of Engineers 

also responded to several flood emergencies during the 

1930s. That relief action and the implementation of basin

wide projects made flood damage reduction an accepted 

function of the federal government and the Corps of 

Engineers. 

Flood protection grew rapidly in the forties and fifties. 

During this time many multiobjective projects were spawned 

by the 308 Reports t including the Central Arizona Project 

and the Columbia River-Bonneville Project. Initial projects 

were large designs using contemporary, structurally-oriented 

technologies (5). These first projects had great economic 

and social benefit that accommodated their construction 

(35). Since then, the remaining flood problems have 

challenged the flood control planners (10). These were 

problems not easily solved with the traditional technologies 

conceived during the period of navigation projects. 

2.2 THE BROADENED MEANS FOR FLOOD PROTECTION 

2.2.1 The Initial Corps Efforts 

The flood control measures that were first utilized had 

been developed as part of the Corps of Engineers' efforts in 

navigation, and included dams, levees, and channel 
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improvements. These approaches, however, 

deficient as the planning setting changed. 

were proving 

Now the agencies 

with activities in flood loss reduction needed additional 

measures that were economically feasible at lower project 

scales as well as innovative ways of applying them as the 

complexity of planning increased. These new approaches have 

antecedents in the previous century_ 

2. 2. 1. 1 Land Use Regulation 

Congress was concerned about the effects of placer mining 

on navigation and established the Corps of Engineers' 

California Debris Commission in 1893. This Commission had 

charge of channel maintenance and flood control and issued 

permits aimed at reducing sedimentation and shoaling. The 

California Debris Commission's permit program indirectly was 

the first nonstructural flood damage reduction means at the 

federal level. 

This realization that land use and water use should be 

considered jointly was addressed in the closing decades of 

the nineteenth century by the surveyor Major John Wesley 

Powell in his report to Congress entitled "Report on the 

Lands of the Arid Regions of the United States" (38). Joint 

consideration of land and water resources was reasserted 

during the economic depression of the 19305. The newly-
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formed Water Planning Committee of the National Resources 

Planning Board observed that: 

nature's ways have been so modified by 
inadequately planned works of man that now 
engineering and economic experience indicate the 
need of readjustment in respect to many of these 
relations; in some aspects a more intelligent 
conformity to certain basic, inexorable 
conditions.... For instance, one generation may 
establish agricultural ... and other works directly 
in the path of a predictable flood that will 
inflict great loss on this or the next generation. 
The problem is an engineering problem; not merely 
physical engineering but of cultural 
engineering--of planning a future civilization 
(lS:p 260). 

This statement, written by geographer Harlan H. Barrows, may 

be the first federal expression of general interest in 

nonstructural approaches to flood loss reduction (18). The 

Barrows statement suggests both that structural measures are 

insufficient to rectify all problems relating to flood loss 

reduction and that consequently a more comprehensive 

planning process would be desirable. 

Zoning and land use regulation, and more specifically 

floodplain management, are the responsibilities of local 

governments. Although many local governments have carried 

out floodplain management programs of their own throughout 

u.s. history (7), the increasing complexity of planning such 

activities presented difficulties beyond local capabilities. 

Section 206 of River and Harbor and Flood Control Act of 

1960 (S2:sec. 709a) instituted the Flood Plain Information 
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Program, giving the Corps of Engineers authority to assist 

local governments with their floodplain programs. It 

created the opportunity to develop plans incorporating 

elements of floodplain management that were considered the 

exclusive prerogative of the local jurisdiction. 

2.2.1.2 Acquisition and Evacuation 

Section 3 of the 1938 Flood Control Act permitted 

acquisition of land and removal of damageable property. It 

contained authority for the Secretary of the Army to acquire 

and evacuate floodplains if such an alternative was less 

costly than any construction alternative (52:sec. 70lc-2). 

This authority was modeled after that previously available 

for navigation projects (52:sec. 593 and sec. 595). 

2.2.1.3 Flood Insurance 

A means for spreading the financial burden of flood 

damage was introduced with the passage of the National Flood 

Insurance Act of 1968 (48). This Act established the 

National Flood Insurance Program (53:sec. 4001 et~.). 

The local sponsor was to identify hazardous areas and to 

develop a floodplain management scheme. 

of the floodplain benefited by receiving 

Existing occupants 

subsidized basic 

coverage while having the option of securing higher coverage 

at actuarial rates (53:sec. 4001). 
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Participation in the National Flood Insurance Program was 

small as individuals found the coverage limits under the 

subsidized program too low and the costs of the premiums for 

the supplemental program too high. Moreover, local 

governments had difficulties identifying flood hazard areas. 

They were also concerned about loss of their tax base and, 

therefore, did not desire to constrain development in the 

hazardous area with a restrictive management program (51). 

Congress saw the problems with the initial National Flood 

Insurance Program and took steps to eliminate them but not 

without considerable debate. The National League of Cities 

argued against restrictions. In his response to the 

League's concern, a member of the National Academy of 

Science expressed the following view: 

My own judgement, Mr Chairman, is that to push 
for continued land use that takes account of what 
so far seems to have been reasonable levels from 
inland floods is not to bring economic disaster to 
the communities affected. It is rather to avert 
disaster of a far greater sort to the nation as a 
whole. 

To the extent that communities have not engaged 
in this [land use control], one must recognize 
that there has been a trade-off, and continues to 
be a trade-off, and the trade-off is between the 
short term benefits that are gained by a private 
developer and landowner and the long-term costs of 
the Federal Government in bailing out those people 
who subsequently occupy the property and then come 
to the Federal Government for relief, or for 
costly protective works (51:3224). 
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The Flood Disaster Protection Act of 1973 (55:975) made 

the National Flood Insurance Program more appealing to local 

governments that were in hazardous areas by making 

participation therein a precondition for future federal 

assistance (55:976). In addition to raising the limits of 

coverage for individuals (53:sec. 4013), the Act required 

the purchase of the insurance as a precondition for any 

owner who desired to receive federal assistance for property 

that was subject to flooding (53:sec. 4012a). Such federal 

assistance would have included the securing of a federally 

insured loan. The 1973 Act also provided for an 

accelerated, interagency program for the identification of 

flood-prone areas (53:sec. 4101). 

The National Flood Insurance Program got more assistance 

from amendments within the Housing and Community Development 

Act of 1977 (53:sec. 4003 ~~.) which extended the 

coverage for basic and supplemental policies. It also 

relaxed the fiscal sanctions against individuals by removing 

the precondition for federal assistance and requiring 

lenders to inform individuals if a flood hazard exists 

(53:sec. 4104a). It still required communities with hazards 

to institute a project of floodplain management 

(53:sec. 4106). The Act permitted affected communities 

sufficient time to define the hazardous zone and established 
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criteria for the designation and purchase of damage-prone 

properties (53:sec. 4103). 

2.2.2 

2. 2. 2. 1 

The Acceptance of Non-traditional Measures 

Toward a Unified National Program 

Although the 1897 Act dealing with forest reserves, the 

Weeks Act of 1911, the Barrows statement in the Natural 

Resources Planning Board Report of 1934, and the Flood 

Control Act of 1938 may have been the precursors of modern 

nonstructura1 thought, its contemporary form came about in 

the 1966 discussions of House Document 465, A Unified 

Program for Managing Flood Losses (47), produced by the 

Office of Management and Budget's Task Force on Federal 

Flood Control Policy. House Document 465 assessed the 

practicality of a "unified national program" of floodplain 

management and of synthesizing both structural and 

nonstructura1 measures into flood loss reduction plans (5). 

Because of this document, President Johnson issued Executive 

Order 11296 (61) in August of the same year to encourage 

federal agencies to prevent uneconomic floodplain 

development. 

House Document 465 was further extended in 1979 by A 

Unified National Program f2x Flood Plain Management (64). 

Referred to as the Unified Program, this document of the 
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Water Resources Council provided guidelines under which the 

Corps of Engineers planned flood projects. Unified Program 

identified the methods of floodplain management, which 

included cooperating with local sponsors and state agencies, 

and stressed the value of combining these elements for 

innovative project design. 

2.2.2.2 Water Resources Development Act of 1974 
Requirements 

Congress expressed its intention that nonstructura1 

measures be considered in the planning of water resources 

projects with its passage of the Water Resources Development 

Act of 1974 (52: sec. 701b-11, 1984 Supp). Part (a) of this 

Act required the inclusion of nonstructural measures in all 

flood loss reduction studies, and part (b) eased the 

financial burden on local sponsors by stipulating that: 

in no event shall [the sponsorts cost share for a 
nonstructural alternative] exceed twenty percent 
of the project's costs" (52:sec. 70lb-ll, 
1984 Supp). 

This Act included the authorizations for major nonstructural 

projects in Prairie du Chien, Wisconsin; in Bay Town, Texas; 

and on the Charles River above Boston, Massachusetts. 
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2.2.2.3 Executive Order 11988 

The need to encourage sound floodplain development again 

received Presidential approval with the issuance of 

Executive Order 11988 in May, 1977 (58). This Executive 

Order went beyond Executive Order 11296 with added 

encouragement to planning agencies: 

Each agency shall provide leadership and shall 
take action to reduce the risk of flood loss, to 
minimize the impact of floods on human safety, 
health and welfare, and to restore and preserve 
the natural and beneficial values served by 
floodplains ... (58:l). 

It directs agencies to use their regulatory and licensing 

powers to get flood hazards and floodplain management 

considered. Executive Order 11988 requires water resources 

agencies--including the Corps--to permit development in the 

100-yr floodplain only if no other practicable alternative 

exists. 

2.3 DEVELOPMENT OF THE INSTITUTIONAL FRAMEWORK FOR PROJECT 
PLANNING 

The criterion for scaling a water resources project has 

had a long evolution, yet the earliest notion of a scaling 

process for flood loss reduction projects has no precise 

date of inception. Flood protection itself did not become a 

recognized project purpose until the twentieth century. Its 

recognition came after the Corps had a long involvement with 
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river and harbor improvements directed at navigation out of 

which developed flood control (5). 

2. 3. 1 Passage of the Flood Control Act of 1936 

Rather than merely granting basin planning authority and 

annually appropriating project funds, Congress now requires 

projects to be individually accountable for their benefits 

and costs. The Flood Control Act of 1936, the first formal 

evaluation requirement, permitted the Corps of Engineers' 

participation in a project: 

if the benefits to whomsoever they may accrue are 
in excess of the estimated costs, and if the lives 
and social security of people are otherwise 
adversely affected (52:sec. 70la). 

The 1936 Act also stated the requirements to be met by 

the local sponsor to secure federal participation. Known as 

the na-b-c" requirements, they direct the local sponsor to: 

(a) provide without cost to the United States all 
lands, easements, and rights-of-way necessary for 
the construction of the project., except as 
otherwise provided herein; (b) hold and save the 
United States free from damages due to the 
construction works [except those damages due to 
the fault or negligence of the United States or 
its contractors (amended by 56:sec. 9)]; (c) 
maintain and operate all the work after completion 
in accordance with regulations prescribed by the 
Secretary of the Army (52:sec. 70Ic). 

The original requirements remained essentially intact for 

certain projects until 1986. 
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2.3.2 Movement to Standardize the Evaluation Process 

Section 70la of the 1936 Flood Control Act directed all 

water resources planning agencies not to implement any 

economically infeasible projects. Taken in the broad sense, 

overall project feasibility is the result of all relevant 

impacts. After a decade, various water resources agencies 

were criticized due to their inconsistent record of impact 

assessment, particularly as it concerned assessment of 

benefits. In response, policymakers began formulating 

procedures to standardize project formulation and 

evaluation. 

2.3.2.1 The Green Book 

President Truman established the Inter-Agency River Basin 

Committee in 1946. Among its tasks was formalizing the 

basis for economic analysis of water resources projects, 

including those for flood loss reduction. This task was 

assigned to the Subcommittee on Benefits and Costs which 

issued its report entitled Proposed Practices for Economic 

Analysis 2f River Basin Projects in May 1950. This report 

is referred to as the "Green Book" and was revised eight 

years later (57). 

The Green Book stated that the objective of water 

resources project planning was the maximization of net 
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economic benefits to the nation. The economic policies it 

contained indicated that a principal decision rule for 

recommending a project alternative was that the approved 

alternative should maximize positive net benefits rather 

than maximize the ratio of benefits to costs; 

The most effective use of economic resources is 
made if they are utilized in such a way that the 
amount by which benefits exceed costs is at a 
maximum rather than in such a way as to produce a 
maximum benefit-cost ratio or on some other basis. 
This means that a project should be so designed as 
to include each separable segment or increment of 
scale of development which will provide benefits 
at least equal to the cost of that segment or 
increment (57:5). 

A project scaled at a level other than the optimum would be 

wasting resources. At levels lower than the optimum, the 

next greater increment of project size would yield more net 

benefit. At levels greater than the efficient scale, the 

next increment of size would yield lower net benefits than 

the previous size. 

The Green Book guided planners to consider the 

capabilities of non-federal entities to effect the same 

purposes at the economically efficient scale. 

The project and any separable segment of increment 
thereof selected to accomplish a given project 
should be more economical than any other actual or 
potential available means, public or private, of 
accomplishing that specific purpose which would be 
displaced or precluded from development if the 
project is undertaken (57:5). 
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The Green Book was not a set of enforceable requirements; 

rather, it was a set of guidelines directing federal water 

resources planning. 

2.3.2.2 Circular A-47 

Another step toward consistency in water resources 

planning that had its start in the Truman Administration 

came from the Bureau of the Budget. With its 1952 

publication, Circular A-47, the Bureau informed all agencies 

of its proposed standards for rejection or acceptance of 

water resources projects (57). Circular A-47 provided for 

circulating project reports among a network of interested 

agencies as part of the Bureau's review process. In a 

manner similar to the Green Book, Circular A-47 provided 

that each separable project purpose must be economically 

feasible. Likewise, Circular A-47 influenced planners to 

design for economic efficiency (57). 

2.3.3 Expanding Planning Objectivity and Planning 
Requirements 

At the close of the fifties, water resources policymakers 

attempted to increase planning objectivity (17). To insure 

objectivity and facilitate the review process, more 

documentation that would identify impacts of the recommended 

alternative was required (35). In 1959, a Senate Select 
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Committee--known also as the Kerr Committee--studied the 

direction of water resources planning and future water 

resources requirements and determined what further projects 

would be needed. The Kerr Report of 1961 stated that 

comprehensive river basin planning should be emphasized on a 

regional basis. President Kennedy adopted this suggestion 

and asked Congress for a number of such planning 

commissions. Congress responded with the Water Resources 

Planning Act of 1965 (46). Most of these basin planning 

commissions have since been dissolved or taken over by 

compact among their constituent states. 

2.3.3.1 Senate Document 97 

President Kennedy charged an ad hoc committee with 

drafting water resources planning standards that would be 

applied throughout the government. The report of this 

committee (45) was released in 1962. Entitled Policies 

Standards and Procedures in the Formulation, Eyaluation, and 

Reyiew Qf Plans for Use and Development of Water and Related 

~ Resources, this report is known as Senate Document 97. 

The document built upon much of the Green Book's directives 

requiring planning objectivity and clarified the approach to 

decisions which are inherently subjective (17). Senate 

Document 97 stated three objectives for water resources 

planning: 
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The basic objective in the formulation of plans is 
to provide the best use, or combination of uses, 
of water and related land resources to meet all 
foreseeable short- and long-term needs. In 
pursuit of this basic conservation objective, full 
consideration shall be given to each of the 
following objectives and reasoned choices made 
between them when they conflict: [n]ational 
economic development, and development of each 
region.within the country ... [p]roper stewardship 
in the long-term interest of the Nation's natural 
bounty ... [and the w]ell-being of people.... [The 
w]ell-being of all of the people shall be the 
overriding determinant in considering the best use 
of water and related land resources (45, pp 1-2). 

Early in the 1960s, concern about impact on the 

environment in its wider sense including the natural, 

aesthetic, and the cultural development. Senate Document 97 

expanded the traditional emphasis on water resources for 

economic development by requiring consideration of a 

project's contribution to other purposes. 

2.3.3.2 Principles and Standards 

During the Sixties and Seventies, the mood of the country 

changed. Sensing the desire for a more binding and 

consistent planning process, Congress began the process of 

transforming guidelines into requirements. The enactment of 

the Water Resources Planning Act of 1965 (46) was a 

statement by Congress that water resources projects benefit 

the nation beyond just developing the national economy the 

national economic development or NED objective. With 
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comprehensive planning in mind, Congress established the 

Water Resources Council and charged it with creating a 

multipurpose planning process that was to be uniformly 

applied to all water resources agencies. 

While the Water Resources Council was developing planning 

guidelines, Congress continued development of formal water 

resources planning requirements with the passage of the 

National Evironmental Policy Act (NEPA) in 1969 (49). NEPA 

went beyond Senate Document 97's advisory function and 

mandated the inclusion of environmental issues in the 

planning process. Another Act passed that year was the 

Flood Control Act of 1970. Section 122 of this Act required 

the Corps of Engineers to publish its procedures and 

guidelines for considering all adverse social, 

environmental, and economic impacts of a project: 

Not later than July 1, 1972, the Secretary of 
the Army, acting through the Chief of Engineers, 
after consultation with appropriate Federal and 
State officials, shall submit to Congress, and not 
later than ninety days after submission, 
promulgate guidelines designed to assure that 
possible adverse economic, social and 
environmental effects relating to any proposed 
project have been fully considered in developing 
such project, and that the final decisions on the 
project are made in the best over all public 
interest, taking into consideration the need for 
flood control, navigation and associated purposes, 
and the cost of eliminating or minimizing such 
adverse affects and the following: 
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1. air, noise, and water pollution; 

2. destruction or disruption of man-made and 
natural resources, esthetic values, 
community cohesion and the availability of 
public facilities and services; 

3. adverse employment effects and tax and 
property value losses; 

4. injurious displacement of 
businesses, and farms; and 

people, 

5. disruption of desirable community and 
regional growth. 

Such guidelines shall apply to all projects 
authorized in this Act and proposed projects after 
the issuance of such guidelines (54). 

Section 209 stated that the social, environmental, and NED 

objectives mentioned in Senate Document 97 must be included 

in water resources planning: 

It is the intent of Congress that the 
objectives of enhancing regional economic 
development, the quality of the total environment, 
including its protection and improvement, the 
well-being of the people of the United States, and 
the national economic development are the 
objectives to be included on federally financed 
water resources projects, and in the evaluation of 
benefits and cost attributable thereto, giving due 
consideration to the most feasible alternative 
means of accomplishing these objectives (53, sec. 
1962-2). 

Development of planning guidelines took the Water 

Resources Council eight years. The ideas and language of 

both NEPA and the Rivers and Harbors and Flood Control Act 

of 1970 appeared in Principles and Standards for Planning 
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Water and Related Land Resources (P & S), effective October 

25, 1973. P & S established two national planning 

objectives, NED and environmental quality, and evaluated 

them with a system of four planning accounts--NED, 

environmental quality, social well-being, and regional 

development. 

2.3.3.3 P & 5 Revisions 

The next shift in Administrative policy came with the 

July 12, 1978 Presidential memorandum entitled Improyements 

in the Planning and Eyaluation of Federal Water Resources 

Programs and Projects. It required the elimination of 

planning inconsistencies and duplications throughout all 

water resources planning agencies. This memorandum started 

the Water Resources Council on a revision of P & S and on an 

examination of the procedures for the evaluation of the 

planning accounts. Each water resources agency had 

developed its own set of procedures, and a great variation 

had evolved. President Carter hoped that all could be 

brought into conformity. 

The Water Resources Council's P & S revisions with a 

manual for NED evaluation (59) and a manual for 

environmental quality evaluation (60) were ready on December 

14, 1979 and September 29, 1980, respectively. The social 
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well-being account was renamed "other social effects," and 

manuals for other social effects and regional development 

were being developed. The last two manuals were not 

released, however, before the next change in administration. 

2.3.3.4 P & S Transformed to Guidelines 

During the administration that followed, President Reagan 

instituted a return to a less encumbered planning process 

that is discussed in the next chapter. The Water Resources 

Council announced on September 11, 1981 that the existing, 

legally binding requirements of P & S would be repealed 

(61). P & S would be replaced with simplifying 

modifications as guidelines rather than requirements. 

Federal policy for water resources planning was being 

restructured to reflect the shift in the national desires 

for more responsive government programs and to foster 

expansion of the national economy. The task of drawing up 

new guidelines went to the Assistant Secretaries Working 

Group within the Cabinet Council on Natural Resources and 

Environment (17). This working group was composed of 

representatives of all water resources agencies. By 1983 

the new process was established, emphasizing the single 

planning objective of NED. 
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2.4 INDICATIONS OF PLANNING DIFFICULTIES 

All Corps of Engineers District Offices have integrated 

nonstructural measures into planning (14), though for most 

this integration has been difficult (5). Implementation of 

nonstructura1 projects has not been achieved throughout all 

Districts (5). The Office of the Chief of Engineers has 

documented that only 21 of its 38 District Offices have even 

submitted projects incorporating nonstructura1 measures for 

higher review (20:401). Partly responsible for this varied 

implementation are "the diverse views of numerous Districts 

as well as the character of the problems and opportunities 

under study" (5: 21). 

Allen Chin notes that, within a District Office, 

attitudes have varied toward using nonstructural measures 

since they are new ideas being applied through an 

established planning process to diverse planning settings 

(3). The details of nonstructural planning have only 

recently become known to the majority of planners. 

Consequently, those persons who were knowledgeable about the 

theories of nonstructural measures received the 

nonstructural assignments, yet these individuals frequently 

did not have enough knowledge of planning principles to 

formulate sound project alternatives (5). The resulting 

nonstructural measures frequently came to be viewed as add-
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on or "straw man" solutions to which the more conventional 

structural alternatives are compared (24). 

Nonstructural means have proven in non-federal 

applications to be sound methodologies for reducing flood 

losses (7). The conceptual basis of nonstructura1 measures 

has been a part of water resources planning thought for 

nearly a century_ The raising of structures above flood 

hazards pre-dates written history. For decades, writers 

have extolled their potential for preserving human life and 

property (18). The practicality of nonstructural measures 

for achieving aesthetic and architectural innovation has 

also been recognized (21). This acknowledgment has 

precipitated their wider integration into federal programs. 

The fact remains, however, that use of nonstructural 

measures by the Corps of Engineers has been less than 

expected. 



Chapter 3 

CURRENT PLANNING GUIDANCE FOR SCALING CORPS OF 
ENGINEERS FLOOD PROJECTS 

Current Corps of Engineers flood loss reduction planning 

operates within a systematic process that has developed to 

accommodate changing national desires. The planning process 

assembles the opportunities and problems of a study area and 

then generates and evaluates alternative solutions (35). 

The process had a single, economic orientation until the 

1960s when it responded to the shift in public opinion 

toward including social and environmental planning. Most 

recently the emphasis moved back to NED planning. 

Nevertheless, environmental quality and other social 

concerns would continue to be considered in the planning 

process. 

3.1 PRINCIPLES AND GUIDELINES 

The new guidelines became effective September 10, 1983 

and are entitled Economic and Enyironmental Principles and 

Guidelines for Water and Related Land Resources 

Implementation Studies (hereinafter referred to as P & G). 

Previous to P & G, the contents of project reports were 

subject to judicial review regarding their appropriateness 

and completeness. Judicial review has been a major factor 

43 
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in implementing other programs such as NEPA activities. 

P & G removed the force of law from the planning and 

reporting requirements: 

The EQ [environmental quality] procedures in this 
chapter are for Federal administrative purposes 
and do not create any substantive or procedural 
rights in private parties (62:103). 

Water resources planning is now considered to be an 

exclusively administrative function with the flexibility 

that allows planners to use discretion when developing 

plans. P & G still encourages a fuller participation of 

non-federal interests in all phases of planning. This 

emphasis on the "results" of water resources planning 

instead of its "process" (17) is intended to ease the burden 

placed on the planners. Those two changes t the return to a 

single NED objective and eliminating the right for third 

parties to sue, indicates the return of water resources 

planning to an earlier period of its development. 

3. 1. 1 Deyeloping ~ Recommended Plan 

The modifications make planning achieve a recommended 

plan more quickly by no longer requiring the accounting of 

environmental quality, regional economic development, and 

other social effects. Only the NED account is required in a 

project report, and only an NED alternative is needed for 

recommendation: 
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Four accounts are established to facilitate 
evaluation and display of effects of alternative 
plans. The national economic development account 
is required. Other information that is required 
by law or that will have a material bearing on the 
decision-making process should be included on the 
other accounts, or in some other appropriate 
format used to organize information on effects 
(62:v). 

The other planning accounts, which were established 

originally under P & S, are available to the planner but 

only as supplements. Certainly, if an alternative will 

contribute to another objective, then a treatment of that 

other account must appear in the report detailing the 

contribution. 

Flood loss reduction planning is oriented toward 

maximizing NED. P & G states this orientation in two steps. 

The purpose of water resources planning is to propose a plan 

that increases national productivity, with attention given 

to avoiding or mitigating any adverse environmental impacts 

by keeping within environmental planning requirements: 

The Federal objective of water and related land 
resources project planning is to contribute to 
national economic development consistent with 
protecting the Nation's environment, pursuant to 
national environmental statutes, applicable 
executive orders, and other Federal planning 
requirements (62:iv). 

NED is accomplished with environmental quality as a 

constraint. P & G then states that economic efficiency is 

the desired goal of water resources planning: 
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A plan recommending Federal action is to be the 
alternative plan with the greatest net economic 
benefit consistent with protecting the Nation's 
environment (the NED plan), unless the Secretary 
of a department or head of an independent agency 
grants an exception to this rule. Exceptions may 
be made when there are overriding reasons for 
recommending another plan, based on other Federal, 
State, local and international concerns (62:v). 

Later, P & G reiterates this statement and more explicitly 

directs plan formulation toward the economically efficient 

level: 

The alternative plan with the greatest net 
economic benefit consistent with protecting the 
Nation's environment (the NED plan) is to be 
selected unless the Secretary of a department or 
head of an independent agency grants an exception 
when there is some overriding reason for selecting 
another plan, based upon other Federal, State, 
local, and international concerns (62:15). 

Thus P & G states that planners develop plans that 

optimize the NED objective. Yet it allows planners 

considerable discretion regarding the influence of 

"overriding reasons," presumably noneconomic elements, in 

determining an appropriate project scale. If a project is 

scaled to the efficient level considering tangible, economic 

factors, as discussed above, enlarging the project to yield 

more benefit for other intangible purposes adds more 

separable cost and necessarily raises the project above the 

economically efficient scale. 
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3. 1. 2 ~ and Uncertainty 

Time and money constraints affect all planning efforts. 

Accommodating the risk and uncertainty inherent in planning 

with natural systems has an important implication for 

project scaling. The effect is to enlarge projects above 

the economically optimum size. In addressing this issue, 

P & G defines risk as follows: 

Situations of risk are conventionally defined 
as those in which the potential outcomes can be 
described in reasonably well known probability 
distributions (62:15). 

Risk is predictable and used to calculate the expected 

values of project benefits and costs. On the other hand, 

for situations of uncertainty: 

potential outcomes cannot be described in 
objectively known probability distributions. 
Uncertainty is characteristic of many aspects of 
water resources planning. Because there are no 
known probability distributions to describe 
uncertain outcomes, uncertainty is substantially 
more difficult to analyze than risk. 

[R]isk and uncertainty arise from measurement 
errors and from the underlying variability of 
complex natural, social, and economic situations 
(62: 15). 

These measurement errors are found in physical factors like 

stream flow and the effect of wave action, in human factors 

like population growth, and areas requiring the planners' 

judgement such as preventing loss of life. A gauged stream 

has a flow record, and a probability distribution can be 
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drawn from this record. Thus, the occurrence of a flood of 

a specified flow and its elevation are predictable. If a 

flood loss reduction study includes the flows on an ungauged 

stream, however, then a flow-elevation record is nonexistent 

resulting in an uncertain situation. The analyst must 

synthesize a probability distribution from those of similar 

watersheds thus increasing certainty. 

P & G suggests the following guidelines for managing 

situations of risk and uncertainty: 

(d) Risk and uncertainty arise from measurement 
errors and from the underlying variability of 
complex natural, social, and economic situations. 
Methods of dealing with risk and uncertainty 
include: 

(1) 

(2) 

(3) Increasing safety factors in design 

(4) Selecting measures with 
performance characteristics 

better known 

(5) 

(6) 

(e) Reducing risk and uncertainty may involve 
increased costs or loss of benefits... [emphasis 
added] (62:5-6). 

As for project scaling, the implication is clear. 

Accommodating risk and uncertainty may reduce the economic 

efficiency of the project. This is a problem of water 

resources planning requiring the judgement and experience of 
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the planner. Here P & G encourages planners to act with 

discretion thereby allowing their opinions regarding a 

minimum level of protection to influence project scaling. 

Different decision makers will have differing attitudes 

toward the elements of risk and uncertainty. This 

difference in attitude stems from the level of government 

and the experience of the decision makers. These 

individuals can be expected to act in a manner that 

increases their project benefits and avoids project costs to 

their jurisdiction. P & G notes: 

The attitudes of decision makers toward risk 
and uncertainty will govern the final selection of 
projects and of adjustments in design to 
accommodate risk and uncertainty. In principle, 
the government can be neutral toward risk and 
uncertainty, but the private sector may not be. 
These differences in attitudes should be taken 
into account in estimating the potential success 
of projects (62:15). 

In addition to asking planners to present the 

uncertainties in qualitative terms, P & G directs planners 

to identify adjustments in design that accommodate differing 

points of view of uncertainty: 

Adjustments to risk and uncertainty in project 
evaluation can be characterized as general or 
specific. General adjustments include the 
addition of a premium rate to the interest, 
overestimation of costs, underestimation of 
benefits, and limitations on the period of 
analysis. Such general adjustments are usually 
inappropriate for public investment decisions 
because they tend to obscure the different degrees 
of uncertainty in different aspects of projects 
and programs. Specific adjustments--including 
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explicit assessments of different degrees of risk 
and uncertainty in specific aspects of a project 
or program and specific adjustments to them--are 
preferable (62:16). 

This directive shows the preferred means for management of 

risk, and uncertainty would necessitate increased planning 

complexity by using more sensitivity analyses and not merely 

applying an across-the-board safety factor. Of course, the 

more risk-averse designs will be more expensive. 

3.2 GUIDANCE FROM THE OFFICE OF THE CHIEF Ql ENGINEERS 

The policies that individualize general federal planning 

guidelines for application within Corps of Engineers 

planning are disseminated from the Office of the Chief of 

Engineers. The most frequently used vehicle is the 

"Engineering Regulations". The Engineering Regulations 

enhance planning uniformity at the District level. 

3. 2. 1 Corps Policy on Leyel .Q.f Protection Selection 

The Office of the Chief of Engineers states in the 

engineering regulation entitled "Project Purpose Planning 

Guidance" (32) its guidance with respect to project sizing. 

While describing the types of flood damage reduction 

improvements available, including both structural and 

nonstructural measures, the Office of the Chief of Engineers 

guidance states that all relevant and practicable 
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alternatives should be considered with no prejudice for any 

particular measure or group of measures over another and 

that it is in: 

the Federal interest to include consideration of 
all alternatives in controlling flood water ... 
(32:3-1). 

Furthermore, it is not proper to plan with a preconceived 

level of protection such as the lOO-year elevation: 

There is no minimum level of protection for 
nonstructural plans. The level of protection may 
vary in order to achieve a more coherent and 
cohesive plan. Measures necessary to achieve the 
selected level of protection must be carried out 
in the entire community or portion of the 
community for which that level of protection has 
been designated. Plans that would leave occupied 
buildings inaccessible during a flood are normally 
not recommended (32:3-2). 

The one percent chance (lOO-year) flood is not 
an established criterion for flood loss reduction, 
except for flood insurance and land use regulation 
purposes (32:3-6). 

What is interesting about the three preceding quotes is 

that they direct planners to consider all flood loss 

reduction methods. This suggests that the Office of the 

Chief felt that the District levels were not doing so. The 

directive implies that some planners have designed with a 

minimum project scale in mind--at least for nonstructural 

alternatives. The lOO-yr event appears to have been given 

considerable acceptance. This level of protection threatens 

to prevent nonstructural approaches from attaining economic 

feasibility. 
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Guidance from the Office of the Chief of Engineers 

contains other provisions with potential to increase project 

scale beyond economically efficient levels. 

Plans--particularly structural plans--are required to 

provide "an acceptable degree of risk to health, life and 

safety" (32:3-6). If the peril to a community under study 

could be catastrophic, the standard economic scaling 

procedures for formulating and selecting a plan may result 

in projects that are unacceptably small. 

In the last decade, the Office of the Chief of Engineers 

developed a definition of catastrophic situations. An 

examination of previous definitions of catastrophe show 

concern for social impacts rather than economic factors. 

The earlier versions of the catastrophe definition listed 

below all closed with strong reference to urban areas: 

when extensive and crippling property damage 
occurs, either in small urban communities or 
metropolitan areas (26:1). 

when extensive property damage occurs, either in 
small urban communities or large metropolitan 
areas (28:B-l). 

urban property damage occurs extensively enough to 
cripple activities in the area (29: 1). 

Corps of Engineers guidance currently defines catastrophe as 

follows: 

An event causing sudden and widespread 
misfortune, destruction or irreplaceable loss; a 
catastrophe may be said to occur when many human 
lives are endangered, human lives will likely be 
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or have been lost, or urban property damage occurs 
extensively enough to cripple activities in the 
area (32:3-5). 

The Corps of Engineers guidance currently directs 

planners to recommend the Standard Project Flood where 

catastrophic conditions are judged to exist (32). The 

Standard Project Flood is deduced from the most severe 

hydrological and meteorological conditions that are 

reasonably characteristic of the study area. The Standard 

Project Flood is derived from the transposition of the 

Standard Project Storm, the most severe storm that is 

reasonably characteristic of the study area (25). 

The Standard Project Flood is described as the desirable 

level of protection in catastrophic situations. It promotes 

a consistent policy for level of protection selection that 

allows for comparisons throughout the country: 

The Standard Project Flood (SPF) is intended as 
a practicable expression of the degree of 
protection [an engineering term equivalent to the 
economic term level of protection] that should be 
sought as a general rule in the design of flood 
control works for communities where protection of 
human life and unusually high-valued property is 
involved. Inasmuch as SPF estimates are to be 
based on generalized studies of meteorologic and 
hydrologic conditions in a region, the SPF 
estimates provides a basis for comparing the 
degree of protection provided by flood control 
projects in different localities, thus promoting a 
more consistent policy with respect to selection 
of design flood giving a comparable degree of 
protection for similar classes of property (25:6). 
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The magnitude of the exceedance interval that is equivalent 

to the Standard Project Flood ranges between the events of a 

few-hundred-years and a few-thousand-years (25). P & G 

allows the District planners to protect against the hazards 

to intangible social factors by "[i]ncreasing safety factors 

in design (62:5)". That is, their designs should approach 

the Standard Project Flood when protecting against 

potentially catastrophic situations. When the Standard 

Project Flood is recommended, the project is likely to be 

sized above the level that is economically optimal. As will 

be discussed further in the next chapter, this approach 

further contributes to the tendency to adopt structural 

rather than nonstructural measures. 



Chapter 4 

IMPACT OF SCALING PROCESS ON USE OF 
NONSTRUCTURAL MEANS 

It is widely recognized that the implementation of 

nonstructural measures has had halting success at the 

federal level (5). A primary cause for this lack of use of 

nonstructura1 measures relates to the process of selecting 

the level of protection for water resources projects. There 

are two reasons for this selection process: planning 

guidance and planner perceptions. 

4. 1 PLANNING GUIDANCE 

Legislation requires that water resources projects, 

including those for flood loss reduction, produce a 

positive, overall net benefit. Going beyond feasibility, 

P & G requires selection of the economically efficient 

alternative--that is, the one that maximizes net NED. Plans 

that address special cases, however, are scaled beyond the 

economic efficient level, and perhaps beyond the 

economically feasible level, through consideration of other 

factors. In reality, project design practices start with a 

determined minimum acceptable level of protection, and 

economic analysis is conducted subject to that design 

constraint. The P & G implies that an economic criterion 

should dictate project scale. 

55 
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Chin (3) discovered that many planners perceive a 

contradictory message from the policy statement on the level 

of protection selection relating to planning for 

catastrophic situations (32). One section of the planning 

guidance states that it is inappropriate to consider a 

minimum level of protection. Elsewhere, planners are 

instructed to exercise extreme caution in urban studies 

which include most of the planning studies undertaken by the 

Corps of Engineers. Planners must evaluate the study area's 

potential for catastrophe to determine the need to scale the 

the project to protect against the Standard Project Flood. 

The catastrophe rule may appear to be directed to 

extraordinarily serious hazards. However, use of the 

catastrophe rule appears to have become the dominant 

planning approach. Of 67 project reports reviewed for this 

study, 42 recommended protecting against the Standard 

Project Flood or recommended no federal involvement because 

of lack of economic feasibility at that scale. The above 

proportion provides an indication of the larger situation. 

Planning guidance regarding minimum scale and risk aversion 

directs selection of project size toward higher levels of 

protection. 

Another survey of Corps of Engineers' District offices 

found that their recommended levels of protection were 

frequently above the economically efficient standard: 
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The history of federal project design, however, 
shows that many selected design floods vary from 
this standard and that the departures are biased 
toward provision of higher levels of protection 
( 12: 1-2). 

In this study, James and Owen note that Corps of Engineers' 

project reports are often returned to the District for 

revisions by reviewers who felt that the study areas 

required higher levels of protection. Even though the 

evaluation period involves substantial periods of time, 

Platt found that all planners want their designs quickly 

approved and executed (18). The returning of reports slows 

implementation, which ultimately reduces the number of 

projects and the amount of water resources related 

expenditures made by the District. Both are well known 

causes of a reduced budget. These factors create an 

incentive for initial adoption of high levels of protection 

within the planning process. 

4.2 PLANNING PERCEPTIONS 

Not only formal planning guidance but also perceptions of 

the planners regarding professional responsibility affect 

project scaling decisions. Galloway attributes oversizing 

of flood loss reduction projects to the planner's desire to 

avoid litigation due to negligence in their designs: 

During the early 70's, failure of the water 
resources development agencies to comply with any 
of the myriad statutes, regulations or procedures 
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frequently brought them into the courts, charged 
with noncompliance with specific statutes or NEPA 
in general. In a natural reaction to this fear of 
being caught short, planners today have developed 
a "zero-risk syndrome." "Just to be sure" 
planners now attempt to address every possible 
source of concern to higher headquarters and every 
potential area for court involvement (9:36). 

Although P & G obviates court challenges to the decisions 

of water resources planning, it is not clear if planners 

will feel free to plan with impunity from third party suits. 

This reinforces fail-safe planning so the tendency to 

include that extra margin to preserve an unblemished agency 

reputation will remain and will encourage increasing project 

scale. 

As is unanimously agreed upon, the economic feasibility 

of most nonstructural methods is likely to be limited to 

designs accommodating high frequency flood events 

(13, 21, 24). Chin's survey found that many projects' lack 

of economic feasibility at higher levels of protection has 

been a stumbling block to their implementation (3). James 

and Owen reached a similar conclusion: 

It is well known that few nonstructural 
measures are economically justified, so it is not 
surprising that this is a major impediment to 
implementation. In fact, only 17 District offices 
[fifty-two percent of the total] indicated that 
they had ever had a B/C ratio > 1 for a 
nonstructura1 measure at the Stage III level of a 
feasibility study (12:25). 
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Focusing on protection at Standard Project Flood levels, 

while adhering to the positive net benefit criterion, 

removes nonstructural means from serious consideration. 

Nonstructural measures cannot satisfy both the catastrophe 

and the positive net benefit rules because these measures 

may not produce economically feasible projects at levels 

that would protect against the Standard Project Flood 

(5, 18). As a result, perhaps as few as a half dozen 

nonstructural projects have been implemented during the past 

decade (20:Appendix B). 

Not only has the financial situation worsened (10), but 

locations where traditional solutions are physically 

feasible have become limited. The nation has implemented 

virtually all of the projects that are economically 

efficient at larger levels of protection. In planning for 

the nation 30 years hence, the preponderant levels of 

protection for the remaining sites is projected to be lower 

than those of past designs. These are levels of protection 

for which nonstructural measures possess economic 

feasibility. 

Observers of Corps flood protection planning note that 

the inherent sentiments impede nonstructural measures from 

reasonable consideration. One sentiment is especially 

pervasive and biases the process from the outset. Planning 
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flood protection requires a considerable outlay which casts 

a dim light on small project planning. Shabman states that 

the 100-yr level of protection is too frequently selected 

because of this failure to accept damage within that 

floodplain. As a result, "most plans will be formulated to 

the 100 year standard," which will generate suboptimal 

projects not putting the available measures to the best use 

(24:7). 

In his study of district planning, which surveyed all of 

the Corps districts, Chin found one cause for misgivings 

when looking into low level of protection: 

Nonstructural is felt by many to be only a 
limited solution to flooding problems because it 
can only be justified for lower levels of 
protection .... For example, do we only floodproof 
a home 2 feet to protect against the la-year flood 
while damages continue to occur from greater 
floods. And can we be liable for this damage 
(3:26). 

Chin is expressing his concern that he and other planners 

have at facing third party suits due to negligence. 

There is evidence that the unacceptance of damage in the 

higher hazard areas and the legal exposure it carries has 

indeed curtailed nonstructural planning: 

Large scale nonstructural solutions to problems of 
flooding to existing property have not been found 
in studies conducted at the HEC [Hydrologic 
Engineering Center] nor in Corps District offices 
(14:15). 
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Apparently there is insufficient help from those 

guidelines intended to aid in planning smaller projects. In 

fact, James and Owen deduced from their interviews with 

officials at the district level that confusion surrounds the 

guidelines: 

It is very common for project managers to 
apparently read right through [guidelines for 
level of protection selection] and apply its 
carefully stated policy across the board to all 
measures ... (4: 17). 

They see the resulting trend biased toward the larger 

project size: 

[s]ince Corps policy often requires a level of 
protection greater than optimal, these cases were 
very frequent (12:23). 

The Saint Paul District supports the above deduction by 

noting that the scale customarily selected will eliminate 

nonstructural solutions on economic grounds: 

Numerous analyses performed by Districts around 
the country have demonstrated that, using 
traditional economic analyses ... onlya limited 
number of potential project sites will have 
economic feasibility ... at levels normally proposed 
for urban areas (21:48). 

The confusion alluded to by these authors is rooted in 

structural project planning. Davis and Ulm (4) identified a 

source within the Corps' traditions. Although it detailed 

elsewhere in this work, it is sufficient to say here that 

confusion stems from a precept to avoid measures that result 

in higher damages if the design capacity is exceeded. This 
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so-called residual damage rule was from structural planning t 

especially that of levees. 

There is a tendency to view this basic precept as 
casting disfavor on low degree of protection 
projects. This seems to be an incorrect general 
conclusion and probably inhibits systematic 
assessment of viable, innovative solutions, being 
especially the case for nonstructural measures 
(4:14). 

Their results confirmed that over-designing is routinely 

applied a project's design to establish a factor of safety. 

They continue: 

In most instances the "safety factor" approach 
(e.g., overdesign for risk) is employed (4:11). 

The above evidence firms up the existence of sentiments 

that plans will be not be sized in the range of where 

nonstructural measures are feasible and that reputation-

perserving project scales will be sought. The result casts 

nonstructural means in a disadvantaged light. 

Johnson and Davis suggest one last point that deserves 

mention. Nonstructural methods are new to federal planning. 

A great deal of personal capital is invested by Corps 

planners in a process rooted in structural approaches. 

[R]eservoirs, levees, walls, and modified channels 
are physical, concrete and steel, engineering 
works which we know how to plan, design, 
construct, and operate. Equally important, they 
are 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.... [Whereas] there is 
considerably more uncertainty, perhaps 
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unjustifiably, in the protection provided by 
nonstructural measures (14). 

Simply stated, 

familiar tools. 

planners are more confident with their 



PART III 

THE CASE STUDIES 
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Chapter 5 

OVERVIEW OF THE CASE STUDIES 

The problem addressed by this thesis is the integration 

of nonstructural measures into the general calculus of 

project design. This is done by testing the viability of 

nonstructural planning in situations faced by the federal 

government. Nonstructural measures are integrated into 

selected cases in order to illustrate how it can be 

accomplished. A discussion of the results follows. 

Existing project reports were solicited from the District 

Offices of the Corps of Engineers from which the net 

benefits accountable to a nonstructural alternative were 

estimated. Benefit estimation for this study strove to be 

consistent with the practice of the planners preparing the 

report. These estimations were based on graphic and 

tabulated data contained in the original report. 

Frequently, benefit data were synthesized from different 

sources. For example, a benefit function was generated by 

correlating the damage versus elevation function with the 

probability versus elevation function. Probability is the 

inverse of level of protection. 

Efforts were made to generate cost estimates from data 

contained in the Corps reports. If this was not possible, 
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reference was made to sources within the Corps that 

specifically estimate costs for nonstructural alternatives. 

Reference manuals by Augustine and Hecker (1) and by Johnson 

(13) provided nomographs for this purpose. Entry into a 

nomograph with two variables yields the associated third 

variable. If the design involves basic elements like 

earthwork or yards of concrete, Building Systems Cost Guide 

(19) gives unit cost factors for such elements. Unit costs 

produce a simplified yet sufficiently accurate estimation of 

building costs. The technique necessitates knowing one or 

two variables, height and length for example, while 

subsuming other factors. In this study a parameter like the 

length of a wall is applied to the unit cost function, 

results in a single cost for installing a wall of the 

desired height and length. 

The dollar values from the above sources must be 

consistent with data from the report. The "Building Cost 

Index" as published in Engineering News Record (6) provides 

a method for converting the dollar values between years. 

The Corps reports used in this research consisted of the 

following: 

1. Wilson Branch, Cheraw, South Carolina. Charleston 

District. June, 1982 (34). 
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2. Belmont Park, Warwick, Rhode Island. New England 

District. June, 1982 (33). 

3. Geneseo Creek, Geneseo, Illinois. Rock Island 

District. September, 1976 (27). 

4. Village Creek, Birmingham, Alabama. Modile District. 

June, 1981 (31). 

5. Haikey Creek, Tulsa, Oklahoma. Tulsa District. 

September, 1980 (30). 

More detail is presented in the first three case studies 

which illustrates the techniques used in calculating their 

benefits and costs. Finally, as previously stated, 

conclusions regarding the performance of nonstructural 

measures are made by comparing the recommended plan of the 

original reports with their corresponding case studies. 



Chapter 6 

WILSON BRANCH, CHERAW, SOUTH CAROLINA. 
CHARLESTON DISTRICT. JUNE, 1982 

This first case study describes a small, somewhat simple 

flood damage reduction project. As such, it is a 

straightforward illustration of the relationship between 

project scale and suitable technology. It also gives a 

clear view of the current study's method used in the more 

complex case studies that follow. 

6. 1 REPORT DESCRIPTION 

The Wilson Branch Report (34) was done at the request of 

the Town of Cheraw, South Carolina and prepared under the 

Continuing Authority Program. It complies with Section 205 

of the Flood Control Act of 1948 as amended by the Water 

Resources Development Acts of 1974 and 1976. 

6. 1. 1 The Study Area 

The study area is a section of Cheraw, South Carolina 

that lies on a 1500 foot stretch of Wilson Branch. This 

stream flows into Huckleberry Branch which in turn flows 

about two miles to the Great Pee Dee River. Wilson Branch 

is a small stream that is intermittent in its upper reach 

and perennial at the lower end. The relatively flat 
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drainage area is 2.37 square miles and is nearly entirely 

located within the town's corporate limits. This presents a 

jurisdictional convenience that facilitates the development 

and enforcement of a floodplain management program. 

Flood damage occurs at the lower end and is confined to 

one side of the stream. Single family residential use is 

the only land use in the damage area. With development 

continuing in the upper reaches and the flood hazard certain 

to increase t the report notes the following planning 

constraint which are common to all studies: 

6. 1. 2 

Time is the principal planning constraint 
facing the Wilson Branch Detailed Project Report. 
With the passage of time, the probability 
increases for another damaging flood to occur 
( 34: 14). 

The Alternative Plans 

Several structural and nonstructural alternatives were 

examined by the planners who determined that a reservoir is 

neither practicable in the small watershed nor effective 

against the backwatering of the Great Pee Dee River. The 

same problem renders bridge modifications t channelizing t and 

clearing and snagging impractical. As for levees and 

floodwalls t they "proved to be engineeringly unsound" 

( 34: 16). Modifying the houses with nonstructural measures 

was deemed most effective and received the most local 

support. 
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The Wilson Branch Report contains the economic data for 

two series of alternatives designed for protection against 

the IOOO-yr (Standard Project Flood), IOO-yr, 25-yr, lO-yr, 

8-yr, and 4-yr events. One series of alternatives would 

relocate the houses to sites above the design elevation. 

The other series would acquire and demolish the houses and 

relocate the occupants. The recommended plan was from the 

latter series and protects against the 10-yr event. The 

report shows demolition to be more economically attractive 

than relocation for this study area (34:16-18): 

Although all demolition plans of 10-year 
frequency and below were economically justified, 
only the lO-year plan was carried forward into 
Stage 3 [of planning]. This plan was selected for 
Stage 3 evaluation because it provides the maximum 
justifiable degree of protection. Also, there are 
no houses between the 10- and 20-year flood plain. 
After clearing these structures there will be no 
houses within the 20-year flood plain (34:17). 

The level of protection recommended is at the top of the 

range of economically feasible scales so that larger 

projects would have negative net benefits. The recommended 

project is stated to yield more benefit up to the 20-yr 

elevation for which no costs are incurred. This assertion, 

however, must be assessed in view of distribution of 

damageable property. The project was completed in December 

1984. 
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6.2 IRE METHODOLOGY FOR ECONOMIC ANALYSIS 

The economic analysis was accomplished using the 

prescribed interest rate of 7-5/8 percent over a planning 

period of 50 years. The dollar values are measured at the 

June, 1982 level. The total annualized benefits and costs 

for the report's recommended plan in $1000 is $27.4 and 

$24.6, respectively, yielding a net benefit of $2.8. 

The values for the benefits and costs were developed 

within standard Corps procedures. The damage-frequency 

relationship provides the key to estimating the project 

benefits. This relationship is derived from engineering and 

economic surveys that develop the flow-frequency, flow

stage, stage-damage, and stage-frequency relationships. 

The HEC-2 stream model generated the expected flood 

elevations at locations along Wilson Branch expected for 

various return periods (34:2-4a). The flood profile between 

locations or stations was determined by linear interpolation 

of the HEC-2 elevations. These elevations, the elevations 

for intermediate return periods, 

interpolation. 

were estimated by 

To determine the damage due to flooding, the depth of 

flooding must be calculated. The structure's first floor 

elevation is subtracted from that of the flood of interest. 

A positive result indicates that it would remain dry while a 
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negative result indicates flooding and the structure is 

assumed to sustain damage. 

The total damage to both a structure and its contents are 

based on the value of the structure. According to standard 

practice, the contents are estimated to be worth half the 

value of the building. Damages are correlated to the depth 

of flooding. As flood waters rise, an increasing percentage 

of the total value is damaged. The percentage of the damage 

is assumed to hold constant with depth independent of 

changes in value. 

Theory, experience, or reliable sources can be referenced 

to determine the relationship between percentage and depth. 

In designing of the Wilson Branch project, the Charleston 

District used their own relationships for residential 

structures in their jurisdiction (34:2-3). Table 6.1 lists 

an example of the benefit calculations for a one story, 

single family houses found in the study area. 

The economic analysis continues with the summation of all 

damages and the associated costs of protection. Table 6.2 

shows the benefits and costs for the district's recommended 

plan which protects against the lO-yr event. This case 

study is completed by the analysis of the economic data. 

Table 6.3 lists the results of this analysis. 
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6.3 SIGNIFICANCE AND LIMITATIONS 

The Wilson Branch Report states that the level of 

protection of the recommended alternative is economically 

feasible. Its data were sufficient to estimate the 

economically efficient level of protection. By 

interpolating between adjacent positive and negative 

marginal net benefits in the marginal analysis, mNB in 

Figure 6.3, a zero value can be estimated. Thus, the 

economically efficient scale is is approximately the 8.5-yr 

level. 

Interpolating is necessary but can lead to approximation 

errors. Therefore, the point of maximized net benefit 

cannot be precisely determined. The location of such a peak 

value is not definite. In the above data, it could possibly 

be between the 4-yr and 8-yr levels as well as the 8-yr and 

lO-yr levels. Given this caveat and the current data, it is 

more or less certain that the maximum lies between the 9-yr 

and 7-yr levels, and 8.5-yr is a reasonable estimate of the 

efficient size. 

In actual acquisition projects, structures are acquired 

as individual units. Examining the number of houses 

involved in this damage area, URAD in Table 6.3, shows this 

whole-house acquisition results in a "lumpy" or 

discontinuous cost function. Although the benefits of flood 
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protection may rise continuously with flood elevation, 

acquisition costs do not. Stated another way, the 8.5-yr 

event may flood the sixth house whose acquisition produces a 

lO-yr (or 20-yr) level of protection. The level of 

protection on Wilson Branch could not be at the 8.5-yr 

elevation given the location of the structures. It can 

either be at the 8-yr with five houses taken or lO-yr 

elevation with six houses taken. The District planners' 

recommendation of the lO-yr level of protection is as close 

to the theoretically efficient scale as the 8-yr one found 

in this case study. Since no additional damages occur until 

the 20-yr elevation, this choice is logical as well as 

economically correct. 

Structural measures in the Wilson Branch area are not 

feasible and thus preclude federal participation. The Corps 

of Engineers report did indicate, however, that both of the 

nonstructural alternatives of acquisition 

demonstrated economic efficiency at lower 

protection. 

and demolition 

levels of 
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TABLE 6.1 

I Sample Damage Calculation to a House from the 4-yr event. 
1981 price level, (34:Appendix 2). I 

Site Description 
Location (HEC-2 cross-section) 
First floor elevation 
Structural value 
Contents value 

Elevation-Frequency Data 
Station 13+00 bed elevation 
Station 11+80 bed e1ev. 
13+00 2-yr flood e1ev. 
11+80 2-yr flood e1ev. 
13+00 10-yr flood e1ev. 
11+S0 10-yr flood e1ev. 

Interpolation Factor 
(1200-11S0) / (1300-1180) = 

Stage-Frequency Data at 12+00 
Stream bed elevation: 

= 95.S + (96.6-95.8)(0.016667) 
= 95.9 Ft NGVD 

2-yr flood elevation: 
= 100.3 + (100.7-100.3)(0.016667) 
= 100.4 Ft NGVD 

10-yr flood elevation: 
= 102.0 + (102.4-102.0)(0.016667) 
= 102.1 Ft NGVD 

4-yr flood elevation: 

Station 12+00 
100.7 ft NGVD 

$36,100 
$lS,050 

96.6 Ft NGVD 
95.8 Ft NGVD 

100.7 Ft NGVD 
100.3 Ft NGVD 
102.4 Ft NGVD 
102.0 Ft NGVD 

0.016667 

= 100.4 + (102.1-100.4)[(10g4-10g2)/(10g10-10g2)] 
= 100.4 + (1.7) (0.4118) 
= 101.1 Ft NGVD 

4-yr flood depth: 
= 101.1 - 100.7 = 0.4 Ft 

Continued 
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Table 6.1 Continued 

Total Annualized Flood Damage 
Total damage Value x Fraction at 0.4 Ft* 
Structural damage ($36,100) (0.1141) = $4,120 
Contents damage ($18,050) (0.1983) = 3,580 
Incidental damage = 1,750 

Expected flood damage 

* The percent-damage data was derived by the 
Charleston District (34:Appendix 2). 

$9,450 
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TABLE 6.2 

Annualized Benefits and Costs for 10-yr Protection by 
Demolishing Six Houses, 1981 $1000 (34:2-8, 2-10). 

I 
1 
1 
I 
I 
I 
1 

1 
-------------------------------------------------------1 

Benefit Category Amount 1 

----------------------------------------------------------I 
Total Damage Without Project 35.39 I 
Residual Damage With Project (-) 4.72 1 

Damage Reduction 

Encumbered Land Value 
Noninsurable Losses 
Deductible Losses 
Insurance Premium Costs 
Insurance Operating Costs 

Externalized Benefits 

-------- I 
30.67 I 

1. 17 
(-) 1.05 
(-) 2.53 
(-) 1.06 

0.23 

27.44 

NOTE: Subtracted values are internalized and 
are not chargeable to the project. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------------------------------------------------1 
Cost Category Amount I 

----------------------------------------------------------I 
Building Purchase 17.71 I 
Land Purchase 2.19 I 
Acquisition 1.39 I 
Demolition 1.41 I 
Site Restoration 0.23 I 
Salvage (a benefit) (-) 1.77 I 

Subtotal 

Contingencies 
Engineering and Design 
Supervision and Administration 

Total Project Cost 

--------- I 
21.16 I 

1.05 
1.44 
0.96 

24.61 

I 
I 
I 
I 
I 
I 
I 
I 
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TABLE 6.3 

Economic Data, Wilson Branch, Cheraw, South Carolina. 
i = 7-5/8 n = 50 yr, and $1000 June 1982 (34:17) 

I 
I 
I 
1 
I 
I 
I 
I 

------------------------------------------------------1 
L-P #HAD TAB TAC NB mNB I 

I $1000 $1000 $1000 $1000 I 
1---------------------------------------------------------I 
I 1000 11 31.75 47.63 -15.88 -8.24 1 
I 100 9 31.19 38.83 -7.64 -4.42 I 
I 25 8 30.61 33.83 -3.22 -6.05 I 
I 10 6 27.44 24.61 2.83 -1.35 I 
I 8 5 25.22 21.04 4.18 1.08 I 
I 4 2 11.95 8.85 3.10 0.00 

1---------------------------------------------------------I 
I KEY: L-P = Level of Protection I 
I #HAD = Number of Houses Acquired and Demolished I 
I TAB = Total Annualized Benefit I 
I TAC = Total Annualized Cost I 
I NB = Net Benefits I I mNB = Marginal Net Benefits. I 
I L-P of lOOO-yr = SPF; dollars at June 1982 levels. I 
I I 
I I 



Chapter 7 

BELMONT PARK, WARWICK, RHODE ISLAND. NEW 
ENGLAND DIVISION. JUNE, 1982. 

7.1 REPORT DESCRIPTION 

The Belmont Park report (33) is the result of an 

investigation requested by the Mayor of Warwick. Due to 

development upstream, the flood problem has been increasing 

in frequency and magnitude. The report was prepared under 

the Continuing Authority Program outlined in Section 205 of 

the FCA of 1948. 

7. 1. 1 The Study Area 

The section of Warwick, Rhode Island specifically 

referred to as Belmont Park is a 38 acre peninsula 

surrounded on three sides by the Pawtuxet River. The study 

area is bounded by the river and its 100-yr floodplain 

boundary which is the recommended design level. The 

watershed above Belmont Park is 224 square miles. 

Single family residences are the predominant structures. 

They are wooden frame on block foundations with full 

basements. What few commercial buildings exist are similar 

to the residences in composition and design which permits 

their being treated as residential structures. 

79 
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7.1.2 Ih& Alternatiye Plans 

Many structural and nonstructural alternatives were 

examined by the planners, but most lacked local support. A 

structural plan that included levees and floodwall was found 

to have marginal economic feasibility and would require the 

acquisition and relocation of as many as ten houses. Small 

reservoirs lacked economic feasibility entirely. An 

alternative that would have increased the storage of an 

existing upstream reservoir and decreased the lOO-yr event 

by one foot was eliminated because the planners estimated 

that it would be two decades before it would be fully 

operational. Anticipated governmental budget cuts would 

further delay its construction. Many other alternatives 

were viewed as giving a faster response. 

The report's recommended plan protects 17 structures by 

removing the electrical and mechanical equipment from 

flooded basements to utility-room additions that are built 

above the design elevation. Another 59 structures will be 

acquired and demolished, and the occupants relocated. A 

floodplain management policy and an automated flood warning 

system are included. Although an alternative using these 

measures at the 50-yr elevation had some local interest, the 

city wanted the increased protection offered at the lOO-yr 

scale. Furthermore, the plan would open a 38 acre area for 
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a municipal park. At this writing the project is near 

completion. 

7.2 ECONOMIC ANALYSIS 

The economic analysis was accomplished using the 

prescribed interest rate of 7-5/8 percent over a 50 year 

planning period. The dollar values are measured at the 

June, 1982 level. The benefits and costs are annualized by 

multiplying by a capital recovery factor. This factor 

permits comparison of these values and is calculated as 

follows: 

-n 
CRF = i / [ 1 -(l+i)] 

where: 

CRF = the capital recovery factor, 
i = the discount rate, and 
n = the planning period. 

The total annualized benefits and costs for this alternative 

in thousand dollars is $401.6 and $294.2, respectively. The 

the net annual benefit is $107.4. 

The economic analysis in these case studies must derive 

the total annualized costs and total annualized benefits for 

a range of project scales. This range should be sufficient 

to estimate the project size offering the maximum net 

benefit. This case study and most of the following case 

studies use a unit cost technique which is a simple 
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algorithm derived from the text and data presented in the 

district's report. 

In the Belmont Park case study, alternatives are 

developed to protect against the lOO-yr, 50-yr, 

15-yr, 10-yr, 7-yr, and 6-yr flood events. Flood damage 

begins with the 80 percent flood or 1.3-yr elevation. 

7.2.1 Estimating the Project Benefits. 

The benefits attributable to the project consists of 

reduction or elimination of externalized damages and costs 

which are borne by the public sector. Estimates of damages 

are plotted against their frequencies and are supplied 

graphically in the Belmont Park report. These damage-

frequency functions provide data required to determine the 

project benefits for this case study. They include gross 

insurable flood losses (33:Plate 6-2), losses to 

communication, transportation, and utility equipment 

(33:Plate 6-4), and the costs of emergency services during a 

flood event (33:P1ate 6-6). Plotting these functions on 

grids allowed the planners to determine the total annualized 

benefits for these three benefit groups using the block-

counting method of integration: 

[T]he probability of reaching each specific flood 
stage during a given year is multiplied by the 
corresponding dollar value of damage. The 
summation of these expected values results in 
potential annual losses (33:6-4). 
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Gross insurable flood losses are not entirely 

attributable as a project benefit. Only losses to the 

government avoided are counted. Insurable loss borne by the 

individual owners is internalized and not a project benefit. 

Thus the internalized loss must be subtracted from the gross 

amount. 

The owners internalize insurable losses through their 

flood insurance premiums. Their premiums have unsubsidized 

portions for coverage in two claims categories, up to 

$35 thousand for structure and $10 thousand for contents, 

which are adequate to evaluate the structures and contents 

in Belmont Park. 

Based on estimates of value, the homes in Belmont 
Park do not require more than the aforementioned 
coverage limits, therefore it was not necessary to 
calculate additional coverage premiums based on 
actuarial [fully internalized] rates (33:6-6). 

In June 1982, a home owner paid a premium of $0.25 per 

hundred dollars for coverage on his home and $0.35 per 

hundred on its contents. The balance is subsidized 

(externalized) by the government and is a chargeable project 

benefit. The internalized premiums amount to $87.50 plus 

$35.00 equaling $122.50 total premium paid per year per 

house. 

Structural premium: 
Contents premium: 

Total premium: 

($35,000)($0.25/$100) = $ 87.50 
($10,000)($0.35/$100) = $ 35.00 

$122.50. 
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Second t the structural and the contents claim categories had 

a deductible of $200.00 per event, or $400.00 total per 

event. The planners annualized this total deductible by 

multiplying it by the planning period, 50 years, and the 

percent chance of it being needed, that is, the project 

alternative's exceedance probability which is 0.01 per year 

for the 100-yr event. 

Average annualized 
deductible: ($400)(50 yr)(O.Ol/yr) = $200. 

The annual premiums and annualized deductible make up the 

internalized insurable loss and is then subtracted from the 

gross insurable loss in order to arrive at the externalized 

or net insurable loss. The calculation for the project 

providing protection for 59 houses against the 100-yr event 

follows: 

Gross insurable flood 
loss (33:P1ate 6-2): 

Average annualized 
deductible: 

Subsidized premium: 
($200) (59) 
($122.50) (59) 

$290,400.00 

= - 11,800.00 
= 7,227.50 

Net reduction: $271,372.50. 

The net insurable loss is attributable as a project benefit 

and is combined with the reductions both in communication, 

transportation, and utility equipment losses and reductions 

in needed emergency services as well as amounts from other 

b~nefit categories to arrive at the project's benefits. 
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One final insurance related benefit is the reduction in 

the overhead costs imposed on the Federal Insurance 

Administration. This is a result of the reduced number of 

flood insurance policies needed with the project and is a 

function of the number of structures acquired that carried a 

policy. The June 1982 administration annual costs to 

Federal Insurance Administration was $35.00 per policy. The 

planners assumed that two-thirds of the acquired homes had 

carried flood insurance (33:6-7). Calculation for the 

100-yr alternative is as follows: 

Overhead reduction: ($35) (59) (2/3) = $1,377. 

Two other related categories of project benefit apply to 

the houses allowed to remain within the floodplain limits. 

One stems from the permanent removal of the electrical and 

mechanical equipment from the basements of these houses to 

utility room additions above the design elevation. 

Comparing the with- and without-project conditions produced 

value of the benefits due to the permanent removal of the 

individual utilities from basements. The report states that 

$19.6 thousand worth of benefit is derived for the 17 

basement remaining the lOO-yr floodplain from protection 

against the 100-yr event. Unit costs for estimating such 

benefits within other floodplains is created by dividing the 

total benefit by the number of basements flooded as follows: 
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Unit cost = ($19.5 thousand) / (17 basements) 

= $1,147 per basement. 

To calculate the benefit from installing utility rooms in 

the 50-yr floodplain, multiply the number of basements 

flooded, which was 18, by the above unit factor as follows: 

(basements, 50-yr) (unit cost) = benefit, 50-yr 

(18) ($1,147) = $20,646. 

The second category of additional benefits stems from the 

temporary removal of damageable property stored in basements 

which rely on the flood warning system. Its value resulted 

from comparing the with and without-project conditions. A 

unit cost for estimating the avoided damage per-house was 

developed from details of the recommended plan. The total 

annualized benefits at the 100-yr scale are $4.2 thousand 

for the 17 basements for a unit cost of $249 per basement. 

For the 50-yr project, the benefit from the flood warning 

system (FWS) is calculated as follows: 

7.2.2 

(basements, 50-yr) (FWS unit cost) = benefit, 50-yr 

(18) ($249) = $4,482. 

Estimating the Project Costs 

Determining the number of houses to be acquired and cases 

of basement flooding to be avoided is the first task in 

estimating the project costs. Damage to the structures 
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occurs when the flood water hits the floor joists supporting 

their first floors. The report gives the first floor 

elevations of the hazardous houses (33:Plate 4-8). The 

joists are assumed to be one foot lower than these floor 

elevations. 

Water levels for various flood events is read off the 

report's Elevation versus Frequency Curve (33:Plate 4-9). 

The use of topographic maps supplied separately by the New 

England District (2) permitted the delineation of the 

various the desired floodplains. Figure 7.1 through 

Figure 7.7 show the approximate limits of the design flood 

and the structures to be protected. 

The costs of acquiring and relocating 

demolishing structures, and of removing 

households, of 

the individual 

utilities to an addition were determined using a unit cost. 

Unit costs were determined in the manner similar to the 

determination of ,flood warning system benefits presented 

above. The total cost of acquisition in the recommended 

plan was divided by the number of houses protected yielding 

an approximate value to be used in other alternatives. 

To acquire 59 houses and relocate the occupants from the 

lOO-yr floodplain cost a total of $3.2 million (or 

$54.2 thousand per house), and the demolition cost 

$340 thousand (or $5.8 thousand per house). The 
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construction of 17 utility rooms and the removal of the 

equipment to them totaled $170 thousand (or $10 thousand 

each) . The cost of installing the flood warning system was 

$50 thousand. 

To determine the total cost of implementing a specific 

level of protection, the number of structures protected is 

multiplied by the appropriate factors. These total costs 

for each component of the alternative are then added 

together to yield the total project cost. The project cost 

must be annualized in order to compare it with the 

annualized benefits. The capital recovery factor when the 

discount rate is 7-5/8 percent for a 50 year planning period 

is O. 07823. The cost is multiplied by the capital recovery 

factor to produce the annualized cost. The detailed cost 

calculations for the 100-yr level of protection are listed 

in Table 7. 1. Calculating the cost for the 50-yr project, 

which involves 51 houses and 18 basements, is summarized as 

follows: 

Component 

Acquisition/relocation: 
Demolition: 
Utility room construc.: 
Flood warning system: 

Total cost: 

$ Values in thousand 

($3,200 / 59) (51) 
( $340 / 59) (51) 
( $170 / 17) (18) 
( $50 / 1) ( 1) 

= 
= 
= 
= 

$2,766 
294 
180 

50 
------
$3,290 

Annualized cost: (total cost) (0.07823) = $ 257 
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The costs, when subtracted from the benefits, produces 

the net benefits. Table 7.2 lists the results of the 

benefit and cost calculations. Note that the marginal net 

benefits (mNB) run into the negative range above the lO-yr 

level of protection. If the planners were seeking the 

economic efficient scale using this acquisition-relocation

utility-room alternative, then the likely size would be at 

the l3.5-yr level of protection. 

7.3 SIGNIFICANCE AND LIMITATIONS 

The Belmont Park study area, consisting of houses with 

values averaging less than $35 thousand, illustrates a 

characteristic of many urban areas--low value residential 

properties in the area of highest flood risk. In these 

flood prone areas, protection with structural measures is 

likely to be too costly to be economically feasible. 

However, the permanent removal of the houses shows an 

economical nonstructural method that solves this type of 

urban problem. This case study, therefore, demonstrates a 

nonstructural approach that exhibits economic efficiency at 

a low level of protection. 

Finally, the results of the Belmont Park 

listed in Table 7.2 pose an apparent anomaly. 

case study 

In addition 

to the l3.5-yr level of protection noted above, the marginal 
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net benefits (mNB) decrease as expected with project scale 

until passing from the 50-yr project to the lOO-yr project. 

At the 92-yr level of protection, the function again becomes 

positive. This behavior demonstrates the lumpiness of real 

data. Note a marked reversal in the relative number of 

houses acquired and demolished (#HAD) to basements flooded 

(IIBF) . For both the 50-yr and lOO-yr projects, more houses 

are acquired than utility rooms constructed. For projects 

at levels of protection of 20-yr and less, the reverse is 

true. This difference between the larger and the smaller 

sized projects offers a possible explanation for the 

anomalous upturn in the marginal net benefits. The larger 

projects' ratio of houses acquired to utility rooms added so 

distinguished them from the smaller that they are, in 

effect, qualitatively different projects. The lack of data 

precludes the estimation of the optimal size. 

It is important at this point to recall that the measure 

of efficiency is maximized net benefits. It is irrelevant 

where the geometry of the marginal net benefit leads. Such 

anomalies must be expected in actual cases. For the matter 

of selecting the optimal project size in such cases of 

multiple maxima, the unlikely and uninteresting instance of 

equal maximums excepted, the efficient criterion still 

controls. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
f 

91 

S nbl.lls Descr-i t Vm 
Existing Structures 

Pol ~ Df::nlul ished 
CJ::J Utility Rooms 

,J / 

: .. r ( !. 
t'" " 

• 'r 
• I <_ " 
I I ,,~, 1 I',' 
I f ~ -". 't~ , \ " J 'I 

.~. '\ " 
• I. 

I ( 
'/ , . , , 

I Appx. Limit of 
I . : ... 100-yr Flood, 

the 

I <., ' : ~ 20-4 I NGVD 

l
i ___ ~~======~====H=CO~H'O'!:'====~j'~vr~_v~(~~\_'='~~~~=~~~~~~~~_~_~_~J~' _______________ __ 

t I ~--------

I 
I 
I 
I 
I 
I 
I 

Figure 6.1: The Approximate Limit of the lOO-yr Flood 
at Belmont Park, Rhode Island 
(38:Plate 4-8). 
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Figure 6.2: The Approximate Limit of the 50-yr Flood 
at Belmont Park, Rhode Island 
(38:Plate 4-8). 
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Figure 6.3: The Approximate Limit of the 20-yr Flood 
at Belmont Park, Rhode Island 
(38:Plate 4-8). 
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Figure 6.4: The Approximate Limit of the 15-yr Flood 
at Belmont Park, Rhode Island 
(38:Plate 4-8). 
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TABLE 7.1 

1982 Costs of the 100-yr Project in Belmont Park. 
(33:24-28) 

Acquisition 
Category Value $1000 

59 Improved Residential Tracts 
19 Unimproved Tracts 
City Owned Land 
Severance Damage 
Relocation Assistance 
New Site Acquisition 
Contingencies 
Administrative 

Subtotal 
Demolition and Site ~ 

$1,636 
60 
o 
o 

863 
207 
334 
100 

$3,200 

Category Quantity Unit Value (1982 $) 
-------- -------- -unit ---total 

Termination of Utilities 
cap water lines & 
hydrant removal one L.S. $ 1,000 $ 1,000 

telephone, electric 
& alarm box removal one L.S. 11,000 11,000 

Building Demolition 
structures 726,000 
foundations 153,000 
backfilling 10,000 

Septic System 
excavation 
pumping 
filling 

Topsoil & seeding 
Contingencies 
Engineer. & Design 
Supervise & Admin. 

Subtotal 

130 
59 

1,500 

5,000 

C. Y. 0~14 
C. Y. 0.,18 
C. Y. 4~00 

Removal 
C. Y. 7 .. 00 
Tank 100 .. 00 
C. Y. 100nOO 

S. Y. 

Continued 

101,640 
27,540 
40,000 

900 
900 

15,000 

22,500 
45,520 
42,000 
27,000 

$340,000 
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Table 7.1 continued 

Category 
Utility Room Additions 

Quantity Unit 

Construction 
Equipment Relocation 
Install Basement Drain 
Install Check Valve 
Anchor Fuel Tank 
Install Booster Pump 
Contingencies 

Subtotal 

Engineering and Design 
Supervision and Admin. 

Element total 

96 s. F. 
one job 
one each 
one each 
one job 
one job 

17 each 

Value 
-unit 

40 
L. S. 
100 
500 
L. Sfi 
L. S .. 

8,000 

Flood Forecasting Equipment 

(1982 $) 
---total 
$ 3,840 

1,000 
200 
500 
600 
500 

1,360 
--------
$ 8,000 

136,000 

20,000 
14,000 

--------
$170,000 

Category Quantity Unit Value (1982 $) 
-------- -------- -unit ---total 

Field Equipment 
event reporting 
precipitation gages 

event reporting 
river gages 
radio repeater 

4 each 

3 each 
one each 

Forecast Center 
microcomputer and 
peripheral equip. one set 

radio receiver one each 
battery supply one each 

Subtotal 

Contingencies 
Enginr. , design, 

superv. , and admin. 

Element total 

$3,100 

3,100 
5,000 

7,000 
2,700 
1,000 

Continued 

$12,400 

9,300 
5,000 

7,000 
2,700 
1,000 

-------
$37,400 

6,600 

6,000 
-------
$50,000 
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Table 7.1 continued 

Elemental First and Annual Cost Estimates. 
n = 50 yr, i = 7-5/8 

Element First Annualized 

. Acquisition 
Demolish/Site Work 
Utility Rooms 
Flood Forecast 

Total 

$3,200,000 
340,000 
170,000 
50,000 

$3,760,000 

$250,000 
27,000 
13,200 
4,000 

$294,200 
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I I 
I I 
I TABLE 6.2 I 
I I 
I Economic Data, Belmont Park. i = 7-5/8 and n = 50. I 
, Values in Thousand June 1982 Dollars I 
I I 
r f 
I I 
I ANNUALIZED BENEFITS I I L-P 6IFL tHAD SbPre Dedu~~~~~~~~_::Ut ... Elr!_T~_1 

I
I 100 290.4 59 7.2l 11.B 271.4 1.lB 17 19.5 4.2 40.1 05.0 401.0 I 

I 
50 24l.4 SI 6.2S 20.4 216.8 1.19 18 20.7 4.5 38.3 57.0 338.4 I 
20 214.7 IS 2.21 18.0 194.5 O~42 39 44.9 9.7 35.S 52.2 337.5 I 

I
f 15 IB7.9 9 1.10 12.0 174.8 0.21 45 Sl.S 11.2 34.3 49.9 322.2 , 

10 183.0 6 0.74 12.0 110.3 0.14 42 48.3 10.5 32.2 49.5 310.9 I 

" 

7 110.8 4 O.H 11.4 159.9 0.09 :S8 43.7 9.5 29.8 46.1 288.0 I 
I _~~52.=-__ ~ __ O.~~~:~~ __ ~:09_ 35 40.~~_~7.~. 40.5 25~:: __ 1 

I KEY I 
I L -P = Level of PrDtecti on 6Ifl = 6ross Insurable losses I 
I IHAD = NUlber of Houses Acquired and Delolished SbPre = Subsidized Preliul I 
I Deduc = Deductable NIFL = Net Insurable Losses I 
I Ovr = Overhead ISF = NUlber of Baselents Flooded I 
I Rools = Uti Ii t Y Roo' FWS = Flood Warni ng I I CTUt = Ccmlunication, Transportation, l Utility Elrg = Elergency Services I 
I TAB = Total Annualized Benefits I 
I ===================================================================:========================= I 

COSTS ECONOlUC ANALYSIS ( I t·p IHAD Acq/rel Delol ISF Rool FWSy TC TAC NB IrtB I 
I --------------------------------------·---·----------1 
I 100 59 3200 340 17 110 SO 3760 294.2 107.5 26.4 I 
I SO 51 2766 294 IB 180 50 3290 257.4 Bl.0 -137.S I 
I 20 18 976 104 39 390 50 1520 118. (~ 21B.6 -22.2 I 
I 15 9 4B8 52 45 450 SO 1040 81.4 240.9 -5.1 I 
I 10 6 325 35 42 420 SO 830 64.9 245.9 10.3 I 
I 7 4 217 23 38 380 SO 670 52.4 235.6 29.& I 
I 6 4 211 23 35 350 ~O 640 SO.l 206.1 0.0 I 
I ----------------------------------------------------------------------------------------------1 
I KEY 

I L-P = level of Protection 
Acq/rel = Acquisition and Relocation 

I IBF = NUlber of Baselents Flooded 
I FNSy = Flood Warning Systel 
, TAC = Total Annualized Costs 
fiNS = "3rgina1 Net Benefit. 

tHAD = Houses Acquired and Delolished 
Delol = De.olition 
Rool = Utility Rool 
TC = Total Costs 
NS = Net Benefits; 



Chapter 8 

GENESEO CREEK, ILLINOIS. ROCK ISLAND DISTRICT. 
SEPTEMBER, 1976. 

8. 1 REPORT DESCRIPTION 

8.1.1 The Study Area 

Geneseo, Illinois is located below a 24 square mile rural 

drainage and had a population in 1970 of 5,943 persons. The 

community, which had flood damage confined to two areas, 

asked Rock Island District planners for a fe~isibility study. 

The Geneseo study (27) was carried out under the Corps' 

Continuing Authorities Program. 

8. 1. 2 The Alternatiye Plans 

The project designers recommended a stream diversion 

using a system of levees to direct flood water away from the 

damage areas. The efficient scale for this alternative is 

less than the fifty-year exceedance frequency. The project 

is designed to protect against the 100-year event which is 

within the economically feasible range though above the 

economic efficient scale. Stated justification for this 

level of protection is the protection of additional lives 

and property. 

Both damages areas optimize below the 50-year 
level. In accordance with the designed standards 
for protection of urban areas, the recommended 

102 
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level is the 100-year frequency (0.01 
probability). This level is near the maximum that 
can reasonably be supported economically. The 
total B/C ratio is 0.67 for the 200-year level and 
0.60 for the Standard Project Flood which has an 
expected probability of .0002 [5000-yr]. 

Economic optimization, although an important 
criteria, must be considered along w'ith other 
factors, especially social well-being. Since the 
study area is a developed urban area and the BIC 
is still above 1.0 for the lOO-year level, this 
level is the minimum recommended protection. The 
optimum is shown only for economic and comparative 
purposes (27:F-3). 

8.2 ECONOMIC ANALYSIS 

The Geneseo report does not present costs regarding the 

nonstructural measures that were considered since none is 

required for an alternative that was not recommended. For 

the purposes of this analysis, a series of alternatives was 

developed with the report's benefit data in.volving raising 

the houses and surrounding the commercial structures with 

ring walls. 

An economic analysis requires the estimation of the total 

benefits and the cost for a variety of project scales. For 

purposes of this study, data gleaned from the Geneseo report 

were developed into seven designs covering a range of 

project sizes that protected from the lOO-yr down to the 

6-yr event. The damage threshold is at the 5-yr elevation. 
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8.2.1 Estimating the Project Benefits 

The Geneseo Report provides the damage :function for 

determining the value of flood damage at selected recurrence 

intervals. Flood damage first occurs with the five year 

event. The levels of protection chosen for analysis are the 

100, 50, 25, 15, 10, 7, and 6 which is just above the damage 

threshold. The values of benefits from reduced flood 

damages in thousands of March 1985 dollars are 539, 441, 

334, 247, 186, 105, and 54.3, respectively. 

8.2.2 Estimating the Project Costs 

Estimating the costs of the hypothetical project devised 

for proposes of this analysis is less direct than estimating 

project benefits. The process of estimating costs begins by 

finding the types of land uses and the numbers of endangered 

structures within these uses. Then the property's location 

in a floodplain and elevation required for protection is 

determined. Finally the unit cost data is applied in order 

to produce the costs of implementation. 

Residential and commercial were the only land uses in the 

floodplain. The nonstructural measure applied to the 

residential property, as a presumption of this study, was 

raising the houses' first floor elevations above the design 

elevation. For the commercial buildings, ring walls were 
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installed around damageable property. Access ramps were 

added if needed. Generating annualized benefits and 

annualized costs for this case study requirE~d that the use 

of unit costs be developed from outside the Geneseo report. 

8.2.2.1 Unit Cost Technique 

A number of publications are available to assist in 

evaluating the cost of installing flood loss reduction 

projects. This case study uses three sources. Raising 

residential structures is described in Augustine and Hecker 

(1). This measure is well suited when the protection 

required is less than eight feet. Above this height the 

structure suffers aesthetically. 

In this case study the residential structures are assumed 

to be single story 1600 square foot frame houses with 

basements and block foundations since the report give no 

indication of their composition. Augustine and Hecker 

include within their unit cost functions the following 

assumptions: 

a. The storage capacity of the floodplain permits 
additional exterior backfilling without 
significant changes in the water surfacE~ profile. 

b. All damageable property is removed from the 
basement; any property remaining is unaffected by 
inundation. 

c. The original block foundations can support 
additional courses of block to raise the house. 
The new floors have drains with check valves. Old 
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basements are backfilled to maintain new basement 
height of eight feet. The new basements remain as 
unfinished rooms. 

d. The yards and out-buildings in residential 
areas are unprotected since the property is 
considered to be evacuated or is neither 
indemnified against nor damaged by flo()d waters 
( 1: 28). 

Augustine and Hecker supply a nomograph giving the unit cost 

data for raising a 1600 square foot house and. relates cost 

of raising to height. 

Commercial buildings are surrounded by walls or levees. 

Johnson estimates the cost for protecting a :structure with 

either a wall or a levee (13). He relates the cost to the 

height of required protection. This technique, known as 

ringing, is preferable to raising because it does not depend 

on the size or type of what can be very heavy structures 

with complicated appurtenant systems. A building is walled 

when space is limited or surrounded with less costly levees 

when space is available. The ring is built as close to the 

structures as practicable. 

The interior flooding is reduced with a system of sump 

pumps (13:35). The discharge level for the pump is located 

outside the ring and above the design flood elevation. With 

the exception of an automobile dealership or other 

commercial site where the entire lot contains damageable 

property, parking areas are assumed to be undamageable and 

thus are left unprotected. 



107 

The use of detailed contour information permitted the 

ground slope to be determined around individual structures. 

On sites that slope toward the water, the ring may be 

limited to the lower side if the upper side is above the 

design elevation. This is an important cost saving aspect 

about ringing. The height of the ring reduces as it ties 

into the high ground, reducing the amount of material needed 

and foundation costs. To approximate the savings on 

material, the maximum height of inundation is reduced by a 

third and then applied uniformly over the length of the 

ring. 

Access across the ring is accomplished either by walkways 

designed for pedestrian/handicapped access or by ramps 

designed for vehicular traffic. Data for computing the 

costs of these access devices are presented by the 

R. S. Means Company (19:35). Devices such as these permit 

access without breaching the ring and do not require 

temporary closure during a flood situation. Vehicular ramps 

are sloped at eight percent. Pedestrian/handicapped 

walkways have slopes of five percent. When the rise is 

three inches or less, a so-called curb-cut is used, which is 

an inexpensive design that, because of its short run, has a 

slope of eight percent. The design rise of the access 

devices is two-thirds of the design depth because, like the 
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taper of the rings, they have a reduced volume of material 

but full foundations. 

8.2.2.2 Assessing Property and Design Elevations 

Quantifying the damageable property begins with 

determining the elevations of the design flood events. This 

process of estimating the flood elevation begins by 

analyzing those profiles synthesized by the Rock Island 

District. In Damage Area One, the water surface profiles 

are nearly parallel for the entire stream. Therefore, 

uniform flow can be assumed, and Manning's relationship for 

a wide channel, ql/q2 = yl/y2, will hold. 

The flows for each design exceedance interval is drawn 

from the frequency versus flow curve given for mile 3.45 

(27:Plate C-9). Since the flood flows at mile 3.45 are 

approximately equal to those at mile 4.07, they are applied 

to the tailwater rating curve at mile 4.07 (27:Plate E-B) 

which produces water surface elevations. These elevations 

(levels of protection) then were projected across the 

streambed elevation in the entire damage arE!a as tabulated 

in Table B.l 

Damage below the first floor is assumed to be negligible. 

The flood loss reduction benefits are proportional to the 

elevation of the protective rings surrounding the commercial 

buildings and the raising of the residential structures. 
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The number of commercial structures remaining in the 

selected floodplains is indicated by applying the water 

surface profile elevations above to the contour lines of the 

floodplain map (27:Plate D-l). Applying the profiles to the 

contours indicates not only the depth of inundation (y) but 

also the percentage of a structure's perimeter not needing 

protection. This becomes a factor in cost savings that is 

discussed above. Locations and elevations for each 

commercial building is obtained from the floodplain map. 

Table 8.2 lists the damage threshold elevations of the 

commercial buildings. 

The report tabulated the number of houses to be raised 

(27:Plate l-C-4) and relates them to the floodplain in which 

they were located. By extrapolating these data to the 

damage threshold at the 5-yr event, a nearly linear curve 

results. The total number of houses within the 100, 50, 25, 

15, 10, 7, and 6 hazard areas are, respectively, 23, 10, 4, 

2, 1, 1, and 1. 

The assumption is made that the first floor elevations of 

all houses within a specific hazard area are originally 

located at the elevation of the next lower hazard area. 

Thus, the distance required for protection against the 

design flood is the difference in elevations between the 

design elevation and the next lower hazard elevation. This 
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difference in elevation is 

lists the heights required 

grouping. 

the design height. Table 8.3 

to protect each residential 

8.2.2.3 Calculating the Costs 

To complete the estimation of annualized costs, the unit 

cost and the elevation data presented above are used to 

calculate installation costs for each commercial structure 

and for each group of houses. 

The cost of a protective ring, as mentioned above, is 

based on a height that is 2/3 of the depth of maximum 

inundation (y) which is the elevation of the flood profile 

minus the elevation of the building's damage threshold. The 

"2/3 y" factor is applied to Johnson's unit cost function 

(13:33) which relates the cost of installing a wall or levee 

to its height. The value that results is the unit cost for 

the given height and is multiplied by the ring's length to 

find the cost of building the wall. To this is added the 

cost of access devices (19:35). Table 8.4 lists the rings' 

heights, lengths, and costs along with the costs of access 

devices. 

The cost of raising one house is calculated from the unit 

cost data above (1:36). To figure the cost of protecting 

all the houses within a floodplain, the number of houses 
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within a group is multiplied by the cost of raising one 

house to the design elevation. This cost is added with the 

other groups to yield an aggregated cost. Table 8.5 lists 

the costs of raising a single house, the additional number 

of houses per floodplain, and the aggregate costs. The 

costs of ringing the commercial buildings per floodplain is 

added to those of raising the residential structures to 

produce a value for the total costs of protection against 

the given flood event. Table 8.6 lists by level of 

protection these total costs and their associated benefits. 

The final step in the economic analysis requires the 

comparison of the benefit and cost data. Table 8.7 lists 

these total costs and associated benefits for the various 

levels of protection. It also lists the net benefits. 

The total costs are the sums of protecting the 

residential and commercial structures. The annualized 

amounts were calculated from the total amounts using an 

analysis period of 40 years at an annual discount rate of 

8-3/8 percent, that produces a capital recovery factor of 

0.08725. The marginal annualized costs as given in the 

following column result from subtracting a value from the 

next highest and, thus, indicate the incremental rate of 

change for the annualized costs. No marginal value exists 

for the lowest level of protection. The marginal net 
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benefits equal to zero corresponds to the size of maximum 

net benefit and, thus, the economically efficient level of 

protection. The raising/ringing alternative is economically 

feasible through the entire range of selected project sizes 

as shown by the positive net annualized benefits. The 

maximum positive value shown is at the 25-yr level of 

protection. 

8.3 SIGNIFICANCE AND LIMITATIONS 

The marginal values, being the first derivative, indicate 

a maximum when equal to zero. The marginal annualized net 

benefit data in Table 8.7 indicates that the efficient 

project scale lies between the 25-yr and 50-yr levels. 

Interpolation shows a zero value at the 49-yr level. It 

lies below the 50-yr event and thus is consistent with the 

District Engineer's report. The cost of the plan 

recommended by the District, which called for a channel 

diversion with a system of levees, is economically efficient 

near the same level as the nonstructural alternative 

performed for this study. This indicates similar production 

and cost curves. 

The Geneseo Report presents an example of how planners 

use non-economic goals to raise the level of protection 

above the optimum project size. Designing for these goals 
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pushes the project above the level of economic efficient, 

though still within the economically justified, range. The 

contemporary guidance facilitated such expansive projects. 

Currently this is less likely as planners are encouraged to 

design for economic efficiency (62). 

Another important aspect is the relationship with respect 

to economic efficient between the structural measures 

presented by the Rock Island District and the nonstructura1 

alternatives of this case study. The report mentions the 

efficient level for its alternative as being the 50-yr 

level; here it is interpolated to be the 49-yr level. The 

Geneseo area poses the unique situation of two dissimilar 

flood damage reduction measures possessing similar benefit 

and cost functions. 
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TABLE 8.1 

I Elevations in Feet above Mean Sea Level of Various Flood 
I Events in Damage Area 1 (27:P1ate E-8). 
1 
I 
1-------------------------------------------------
IL-PIMile 4.071 No.Bridge IMi1e 4.311 So.Bridge IMile 4.56 
1 1 lout in I lout in I 
1-1----1 I I 1----
11001 629.9 1631.9 632.41 632.9 1634.9 636.01 
1501 629.2 1631.5 631.71 632.5 1634.5 635.31 
1251 628.6 1630.9631.21 631.7 1633.7634.71 
I 151 628. 2 1630.4 630.91 631. 1 1633.2 634.21 
I 10 I 627.9 1630.1 630.61 630.7 1632. 8 633.91 
I 71 627.6 1629.8 630.31 630.4 1632.5633.61 
1 61 627.4 1629.6630.11 630.2 1632.3633.41 
IBedl 615.9 1616.4 616.41 616.7 1617.2 617.21 
1 1 1 1 1 1 
I 

637.3 
636.4 
635.6 
635.1 
634.7 
634.4 
634.2 
620.0 
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TABLE 8.2 

Damage Threshold Elevations of the Commercial Structures 
in Damage Area 1 (27:Plate D-l). 

Building Building 
Number Type 

1 Auto Dealer 
2 Shopping Center 
3 Dairy Queen 
4 Veterinary 
5 Service Station 
6 Radio Station 
7 Bowling Alley 
8 Moose Lodge 

Damage Threshold Elevation 
in feet AMSL 

631.0 
628.6 
630.8 
634.0 
632.0 
631.0 
631.0 
628.3 
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I TABLE 8.3 
I 
1 The Heights Required to Protect the Housing Groups in 
I Geneseo~ IL's Damage Area 1 (27:Plate E-8). 
1 
I 1-----------------------------------------------------
I L-P 
I 
1---
I 
I 
I 
I 
I 
I 
I 
I 

100 
50 
25 
15 
10 

7 
6 
5 

Elev, 
ft. 

633.0 136.01 
632.5 130.01 
631.7 120.41 
631.2. 114.4\ 
630. 7 1 8.41 
630.4 I 4.81 
630.1 ( 1.21 
630.0 I * I 

Design Heights, 
in. 

127.61 121.61 115.61 6.01 
121.61 115.61 I 9.61 * 1 
112.01 I 6.01 , * I 
I 6.01 1 * I 
I * I 

1-----------------------------------------------------
1 * The damage thresholds of the residential groups are 
I assumed to be originally the previous floodplain's 
I elevation; The design heights are calculated from 
I this elevation. 
I 
I 
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I I 
I I 
I TABLE 8.4 I 
I I 
I Costs of Ringing and Installing Access Devices I 
I (27:Plate D-1 and Plate E-8, 13:33). I 
I I 
I I 
I , 
IBlg' Elev, y, I 2/3 y, I Length I Costs, Mar 85 dollarsl 
I 11 I ft. ft. 1 in. I ft. 1----------------------1 
I I I I I Ring IAccess ITotal I 
1 I 
I Six-year Flood Event I 
I I 
I 2 630.2 1. 6 12.8 100 1 1850 none 1850 I 
I 8 629.1 0.8 6.4 220 I 3025 430 3455 I 
I I 
I Seven-year Flood Event I 
I , 
I 2 630.4 1.8 14.4 240 I 4800 1230 6030 I 
I 8 629.3 1.0 8.0 280 , 3990 640 4630 I 
r I 
I Ten-year Flood Event I 
I I 
I 2 630.7 2.1 16.8 370 I 8048 1400 9448 I 
I 8 629.6 1. 3 10.4 340 I 5695 850 6545 , 
I I 
I Fifteen-year Flood Event I 
I I 
1 1*1 631.2 0.2 1.6 200 I 200 350 I 550 I 
I 2 I 631.1 2.5 20.0 590 114308 3540 117848 I 
1 3*1 631.1 0.3 2.4 100 I 1025 21 I 1046 I 
I 8 I 629.9 1. 6 12.8 380 I 7030 1200 I 8230 I 
I I 
I Twenty-five-year Flood Event I 
I I 
I 1*1 631.8 0.8 6.4 440 I 880 1050 I 1930 I 
I 2 I 631.7 3. 1 24.8 690 119148 4540 123688 I 
I 3 I 631.6 0.8 6.4 200 I 2050 500 I 2550 I 
I 6*1 631.2 0.2 1. 6 90 I 878 12 1 890 I 
f 7 I 631.2 0.3 2.4 30 1 308 none , 308 I 
I 8 I 629.9 1. 6 12.8 380 I 7030 1200 1 8230 I 
I I 
I * Levees surround building 1 and a vehicular ramp I 
1 provides access. For 15-yr, building 3 and 25-yr, I , building 6, curb-cuts provide access. I 
I I 
I Continued , 
I I 
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I I 
I I 
I I 
I I 
I I 
I Table 8.4 Continued I 
I I 
IBlgl Elev, y, I 2/3 y, ILength I Costs, Mar 85 dollars I 
I 11 I ft. ft. I in. I ft. ------------------------
I I , I Ring IAccess ITota1 
I 
I Fifty-year Flood Event 
I 
I 1*1 632.6 1.6 12.8 550 I 1650 2350 I 4000 
I 2 I 632.4 3.8 30.4 690 122080 5860 127940 
I 3 I 632.3 1.5 12.0 200 I 3600 990 I 4590 
I 5 1 632.0 0.1 0.8 150 I 1200 7 I 1207 
I 6 I 631.9 0.9 7.2 180 I 2565 850 I 3415 
I 7 I 631.8 0.9 7.2 70 I 998 850 1 1848 
I 8 I 631.0 2. 7 21.6 380 I 9595 1950 111545 
I 
I Hundred-year Flood Event 
I 
I 1*1 633.0 2.0 16.0 570 1 2137 2980 I 5117 
I 2 I 632.9 4.3 34.4 690 124150 6800 130950 
I 3 I 632.8 2.0 16.0 200 I 4250 1370 I 5620 
I 4 I 632. 7 0.2 1. 6 70 I 683 380 I 2218 
I 5 I 632.6 0.6 4.8 150 I 1838 380 I 2218 
I 6 I 632.5 1.5 12.0 180 I 3240 990 I 4230 
I 7 I 632.4 1.5 12.0 100 1 1800 990 I 2790 
I 8 I 631.4 3. 1 24.8 380 110545 2300 112845 
I 
I * Levees surround building 1 and a vehicular ramp 
I provides access. For 15-yr, building 3 and 25-yr, 
I building 6, curb-cuts provide access. 
1 
I 
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I I 
I I 
I TABLE 8.5 I 
I I 
I The Costs of Protection for the Houses in Geneseo, IL's I 
I Damage Area 1 (27:1-C-2). I 
I I 
I I 
I I 
J I Additional Number of Houses per L-P I 
I 1----------------------------------------- I 
I I 1* 1 2 6 13 I 
I I I 
I I I 
I L-P I Cost of Raising One House within a Group ITotal No. I 
I I in March 1985 Dollars of Res. I 
I I I 
I 100 I 21.1 18.2 16. 1 13.9 10.4 23 1 
I 50 I 19.0 16. 1 13.9 11.8 10 I 
I 25 I 15.6 12.6 10.4 4 I 
I 15 I 13.3 10.4 2 I 
I 10 I 11.3 1* I 
I 7 I 10.0 1* I 
I 6 I 8.8 1* I 
I I I 
I L-P I Aggregate Cost of Raising a Housing Group I Total I 
I I in March 1985 Dollars I Costs I 
I I I 
I 100 I 21.1 18.2 32.2 83.4 135.2 290.1 I 
I 50 I 19.0 16.1 27.8 69.6 132.5 I 
I 25 I 15.6 12.6 20.8 49.0 I 
I 15 I 13.3 10.4 23.7 I 
I 10 I 11.3 11.3 I 
I 7 I 10.0 10.0 I 
I 6 I 8.8 8.8 I 
I I 
I * The one house in floodplains 6, 7 , and 10 is I 
I considered to be the same structure. I 
I I 
I I 
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I 
1 

TABLE 8.6 I 
I 

The Total Costs, Geneseo, Illinios I 
I 
I ---------------------------------------------------/ 

L-P I Total Cost of Protection in March 1985 Dollars I 
1----------------------------------------------------1 
I Commercial I Residential I Total I 

----I I 
100 I 72.6 290.1 362.7 I 

50 / 63.1 132.7 195.8 I 
25 I 38.8 49.0 87.8, 
15 I 27. 7 23. 7 51. 4 I 
10 I 16.0 11.3 27.3 I 

7 I 10.7 10.0 20.7 I 
6 I 5. 3 8. 8 14. 1 I 

I I 
I 
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I I 
I J 

I TABLE 8. 7 I 
I I 
IThe Economic Data by Floodplain for the Geneseo Case Study I 
I in $1000 March 1985, capital recovery factor = 0.08375. I 
I I 
I I 
I I 
IL-PI Benefits I Costs I Net-benefit I 

1----------------\----------------1--------------------I 
ITotal AnnualizediTota1 AnnualizedlAnnualized Marginal I 

I I I I Annualized I 
I-I I I I 
11001 539 47.0 1363 31.7 I 15.3 -6.1 I 
1 501 441 38.5 1196 17.1 I 21.4 -0.1 I 
I 251 334 29.1 I 87.8 7.66 I 21.5 4.4 I 
I 151247 21.5 151.4 4.48 i 17.1 3.2 I 
I 101 186 16.2 I 27.3 2.38 I 13.9 6.5 I 
I 71 105 9.16 120.7 1.81 I 7.4 3.6 I 
I 61 58 5.05 114.1 1.23 I 3.8 I 
I I I I I 
I I 



Chapter 9 

VILLAGE CREEK, BIRMINGHAM, ALABAMA. MOBILE 
DISTRICT. JUNE, 1981 

9. 1 REPORT DESCRIPTION 

Following a major flood in March 1970, the city of 

Birmingham requested Federal help in mitigating future flood 

damage. The next year a feasibility study was authorized by 

a Senate Public Works Committee resolution dated 

March 16, 1971. 

9. 1. 1 The Study Area 

The study area is 21.5 miles of Village Creek and 

consists of the relatively undeveloped rural land above the 

City of Birmingham, the City itself, and the undeveloped 

land below the City. Damages occur along the 12.6 mile 

stretch that flows through industrial property or through 

high and medium density residential neighborhoods. The 

district planners divided the study area into seven reaches. 

A description of the reaches is as follows: 

1. The first reach is lowermost and primarily composed 

of undeveloped land with negligible amounts of 

damages due to flooding. 
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2. The second reach is also composed of undeveloped land 

with negligible amounts of flood damages. 

3. The third reach is the first encountered where there 

is sufficient property to justify further planning. 

It is composed of primarily residential 

neighborhoods. 

4. The fourth reach is also a residential neighborhood. 

5. The fifth reach includes most of the study area's 

highly valued land use such as industrial tracts and 

the municipal airport. 

6. The sixth reach consists of residential 

neighborhoods. 

7. The seventh reach is undeveloped and is not included 

in the planning. 

9.1.2 The Alternative Plans 

The plan recommended by the Mobile District office 

combines both structural and nonstructural measures. 

It is recommended that the plan for flood 
damage reduction on Village Creek, Birmingham, 
Alabama, consisting of evacuating approximately 
574 structure from the floodplain; enlarging 
2.2 miles of channel, installing emergency flood 
warning devices; creating open space recreation 
opportunities; and providing floodplain regulation 
be authorized for implementation and construction 
with such modification as in the discretion of the 
Chief of Engineers may be advisable not to exceed 
evacuating the number of structures in the 
"Selected Plan" which is the maximum feasible 
Federal project (31:199). 
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The recommended plan enlarges the stream through the 

dense industrial area and installs a floodwall. This wall 

would connect a similarly shaped concrete channel that had 

been installed earlier by the city to underground culverts 

near the airport. It would protect against the 100-yr 

event. The evacuation of residences protects to the 25-yr 

level in Reach 6 and to the l5-yr level in the lower two 

reaches. The 25-yr flood results in 4.5 feet of overbank 

flooding, and the l5-yr flood produces 3.5 feet of overbank 

flooding. 

9.2 ECONOMIC ANALYSIS 

The discount rate used is 7-3/8 percent, and the period 

of analysis is 100 years. The capital recovery factor is 

0.07132. As mentioned above, Reach 5 is composed of highly 

valued property. Both the district planners and the present 

study found nonstructural measures to be an impractical 

means for solving the flood problems in this reach due to 

the nature of its development. Since the only practicable 

method for this reach is a structural one of extending an 

existing floodwall, it was not subjected to further analysis 

in the Village Creek Case Study. 
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9. 2. 1 Estimating the Project Benefits 

The total annualized benefits for Reaches 3, 4, and 

6 were determined with a unit benefit approach from total 

annualized benefits given in the district's report. A unit 

benefit is a technique used in this case that develops the 

total annualized benefit for a single house within the 

respective floodplain. 

To find the unit total annualized benefit at any level of 

protection in these residential areas, the three given 

levels of protection (31:7-A-28) are fitted to a linear 

regression with their corresponding unit benefit factor 

(3l:7-A-30 to 7-A-32). This regression permitted the 

estimation of unit benefit factors for each level of 

protection within a reach. These benefit factors were then 

multiplied by the numbers of houses in the associated levels 

of protection (3l:7-A-25) to determine the total annualized 

benefit. The benefits are listed in Table 9.1 in 

1979 dollars. 

9.2.2 Estimating the Proiect Costs 

The report lists the annualized unit cost to acquire, 

demolish, and dispose of floodplain houses at a 1978 price 

level (31:4-D-2). At the 1979 price level, the cost is 

$950.28. These houses are assumed to have 1000 square foot 



126 

floor areas. The total annualized cost for each level of 

protection is the product of this unit cost and the number 

of houses acquired. The total annualized cost values for 

Reaches 3, 4, and 6 are listed in Table 9.1. 

9.3 SIGNIFICANCE AND LIMITATIONS 

The economic analysis in Table 9.1 lists the net benefit 

(NB) and their respective marginal values. The marginal 

value is zero for the maximum net project and is estimated 

in this case study by interpolating between a positive and 

its next negative value. 

The residential reaches indicated their economically 

efficient scales to be at lower levels of protection as 

shown in Table 9.2. As shown in Table 9.2, the selected 

levels of protection are quite low, the 8-yr, the 4-yr and 

the 6-yr levels for Reach 3, Reach 4, and Reach 6, 

respectively. 

These selected 

the report because 

scales differ from those recommended in 

the project planners were avoiding the 

"checkerboarding" of residential areas, preferring instead 

to acquire blocks of houses and produce tracts of open 

space. Choosing a group of structures necessitates taking 

s~me houses with first floors above the elevation prescribed 

by economic efficiency. Houses were individually acquired 
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in this case study so that the economically efficient 

project could be determined. 

The actual Village Creek plan is unique both in its use 

of multiple levels of protection and the combining of 

different measures. Of the reports reviewed as part of the 

present study, only the Village Creek study used this 

approach. 
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TABLE 9. 1 

The Benefits, Costs, and Economic Analyses by Reach and 
Level of Protection. i = 7-3/8, n = 100. 

I 
I 
I 
I 
I 
I 
I 
I 

---------------------------------------------------------1 
Reach L-P Houses Ann.Unit-bnft TAB TAe NB IH9 1 

===================================================================================================1 
3 500 1120 0.043 48.2 1101.1 -1053.0 -269.5 I 
3 100 960 0.167 160.3 943.8 -783.5 -273.8 1 

3 50 771 0.322 248.3 758.0 -509.7 -305.0 I 
3 25 583 O.b32 36S.S 573.2 -204.7 -391.1 I 
3 10 322 1.562 503.0 31h.6 186.4 -98.9 I 
3 5 134 3.112 411.0 131.7 285.3 224.3 I 
3 2 9 7.762 69.9 S.B 61.0 0.0 I 

4 
4 
4 
4 
4 
4 
4 

6 
6 
6 
6 
6 
6 
6 

50 
25 
10 
S 
2 

SOO 
100 
50 
25 
10 
5 
2 

1287 
697 
596 
408 
229 
194 
64 

448 
33'1 
293 
241 
182 
127 
SS 

0.613 
0.654 
0.706 
0.809 
1.117 
1.631 
3.173 

1.741 
1.967 
2.024 
2.338 
3.280 
4.850 
9.560 

789.3 
456.1 
420.7 
329.9 
255.8 
316.4 
203.1 

780.1 
632.9 
593.0 
563.5 
597.0 
616.0 
525.8 

1265.3 
6aS.3 
586.0 
401.1 
225.1 
190.7 
62.9 

440.5 
333.3 
288.1 
236.9 
178.9 
124.9 
54.1 

-476.0 -246.9 
-229.1 -63. B 
-165.3 -94.1 
-71.2 -101.9 
30.7 -95.0 

125.7 
140.2 

339.7 
299.6 
305.0 
326.5 
418.0 
491.1 
471.7 

-14.5 
0.0 

40.1 
-5.3 

-21.5 
-91.5 
-73.1 
19.4 
i). 0 

I 
I 
I 
I 
I 
I 
I 
1 
I 
r 
f 
I 
I 
I 
I 
I 
I 
I 
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I I 
, J 

I TABLE 9.2 I 
, I 
I The Recommended Scales by Reach for Village Creek, I 
, Birmingham, Alabama. i = 7-3/8, n = 100. I 
I I 
I I 
1---------------------------------------------------1 
I Reach ,Level of Protectionl NB mNB , 
, 1-------------------1-------------------------1 
I I EE Data I $1000 I 
I I I I 
I 3 , 8 10 I 186 -99 I 
I 4 I 4 5 I 126 -14 I 
I 6 I 6 5 1 491 19 I 
I I 
I NOTE: The economically efficient scale (EE) is the best I 
, interpolation indicating the economically desired I 
I level of protection for that reach. The scales I 
I used in the case (Data) are those that could be , 
1 developed with reasonable assurance. This I 
I parallels the actual situation facing the planner; I 
I only certain sizes can be implemented. , 
I I 
I I 



Chapter 10 

HAIKEY CREEK, TULSA COUNTY, OKLAHOMA, TULSA 
DISTRICT. SEPTEMBER, 1980. 

10.1 REPORT DESCRIPTION 

The Haikey Creek Report (30) was performed at the request 

of the Board of Tulsa County Commissioners and conducted 

under the Continuing Authority Program. It complies with 

Section 205 of the FCA of 1948 as ammended by the Water 

Resources Development Acts of 1974 and 1976. 

10. 1. 1 The Study Area 

The study area is largely rural beyond suburban Tulsa, 

Oklahoma and lies at the lower end of Haikey Creek, a stream 

that flows to the Arkansas River. Its 37 square mile 

watershed, which is prone to flash flooding, is currently 

25 percent developed with tract-housing. Full development 

is expected within 50 years. Flood damage occurs at the 

lower end of this small watershed and spills on to both 

sides of the stream. 

Flood damage is divided between two reaches. The single 

family residences in the Hickory Hills subdivision are the 

source of damage in Reach 1. This subdivision is confined 

to one bank near the creek's confluence with the Arkansas 
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River. Immediately above is the second reach which is an 

area that mixes commercial greenhouses, cropping, and 

pasturing along with isolated farm houses and mobile homes. 

With development continuing, the flood hazard is certain to 

increase. 

10.1.2 The Alternatiye Plans 

Several alternatives, both structural and nonstructural, 

were examined by the planners. These alternatives include 

the nonstructural alternatives of raising all structures 

located at or below the 100-yr event, acquiring all these 

same structures and converting the area into a park, or 

acquiring flood flow easements. Structural measures 

considered include "dry reservoirs", channel modification, 

diversion, levees as well as a variety of combinations 

(30: 19-21). 

Since the flood hazard in Reach 1 presents a worsening 

problem with a high potential for loss of life, the Standard 

Project Flood was selected as the level of protection in 

this reach. The plan recommended by the project designers 

is composed of a large scale levee sized to protect the 

subdivision in Reach 1 and either evacuating or raising of 

structures in the more lightly developed Reach 2 (30:32-35). 

With the levee inducing higher flood elevations in the upper 
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reach, and the level of protection in Reach 2 will protect 

against the 100-yr event at its with-project level. 

10.2 ECONOMIC ANALYSIS 

10.2.1 Estimating the Project Benefits. 

The Haikey Creek project's economic analysis was 

performed using the given discount rate of 7-1/8 percent and 

a 50 year planning period. The levels of protection tested 

in this case study are 500-yr (the Standard Project Flood), 

100-yr, 50-yr, 25-yr, 10-yr, and 2-yr frequency intervals. 

The report presents the economic data for the above levels 

of protection for its levee plan (30:III-18). 

The data is sufficient to permit this case study's 

estimation of the total benefit of acquiring structures at 

high risk in both reaches. The benefit for the 

nonstructural alternative in this case study are equivalent 

to those for the report's recommended plan. These benefits 

appear in Table 10.1. 

10.2.2 Estimating the Project Costs 

By combining the elevations contained in the flood 

profiles (30:Plate A-12) with the contours and floodplain 

cross sections (30:Plate A-11), it becomes apparent that all 

the structures in Reach 2 are flooded by the 2-yr flood 
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event. Therefore, the benefit of flood damage reduction 

against this minor event is composed of the reach's entire 

value. Similarly, the annualized cost for this case study 

includes the cost of acquiring all such property. As a 

consequence, the cost as well as benefit of protecting 

Reach 2 is constant for floods of greater magnitude. 

The cost of acquiring the structures in Reach 2 is 

$98 thousand. It is determined using the unit cost method 

described below. This constant is added to the annualized 

costs from Reach 1 in order to evaluate each alternative. 

The unit cost for acquiring each lot in Reach 1, which 

includes land and structures plus supervision and 

administrative costs, is estimated to be $10.03 thousand 

(30:27). Multiplying the unit cost by the number of houses 

acquired gives the total cost. Subsequent multiplying by 

the capital recovery factor, 0.07361, annualizes the cost. 

These costs are listed in Table 10. 1 with the annualized 

benefits and other results of the economic analyses. 

10.3 SIGNIFICANCE AND LIMITATIONS 

This case study presents another set of anomalous 

marginal net benefits as seen in the marginal net benefit 

c~lumn. There appears to be dual maxima. A similar 

situation occurred earlier, and the means of protection 
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explained the anomalous results. In the Belmont Park case, 

two technologies were combined to solve the flooding 

problem. The data indicated a substantive shift in the 

relative numbers of houses acquired to basements flooded as 

the project scale increased. This was tantamount to two 

projects in one study area. The present case study involves 

one method only, acquisition of the threatened property and 

relocation of the occupants. No shift in the relative 

importance of technologies can explain the anomaly. 

Instead, an examination of the benefits and costs may solve 

this puzzle. 

A marginal analysis of the total annualized costs as 

presented in Table 10.2 shows lumpiness that results from 

the stepwise acquisition which Reach 1 requires. On the 

other hand, the benefits loosely follow the generalized 

function shown earlier in this study. Figure 1.1 displayed 

general cost and benefit curves. The former rose in a 

sigmoid fashion with project scale while the latter 

increases at a decreasing rate. When taken together, the 

costs and benefits produce a marginal net benefit function 

that does not decrease continuously as does the ideal. 

In deciding on the reasonable estimate for the most 

efficient size, it is helpful to recall that the objective 

of marginal analysis is an indication of the "x-intercept" 
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or when the marginal net benefit equals zero as the curve 

decreases. This eliminates the zero point between the lO-yr 

and the 25-yr alternatives which occurs on an increasing 

portion of the curve. The zero point between the 50-yr and 

the 100-yr alternatives will satisfy the decreasing 

requisite of the economically optimum scale. Interpolating 

a zero value for the marginal net benefit is as follows: 

50 + [(63-0) (100-50) / (63-(-7)] = 95 

As the above calculation shows, the best estimate of the 

optimum project size is at the 95-yr level of protection 

which is close to the scale recommended by the district 

planners and a fairly large project. The data do support 

the hypothesis of the study in that the nonstructural method 

did produce viable alternatives at low project scales. 
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I I 
I I 
I TABLE 10. 1 I 
I I 
IMarginal Analyses of Total Benefits and Costs, $1000 1980,1 
1 Haikey Creek, Tulsa, Oklahoma. I 

I I 
I I 1-------------------------------------------------\ 
I L-P TAC TAB mTAC mTAB I 
\--------------------------------------------------------- I 
I I 
I 500 391 469 9 I 
I 100 391 460 23 16 I 
I 50 368 469 63 I 
I 25 368 381 37 169 \ 
I 10 331 212 75 53 I 
I 2 256 159 I 
I----------------------~---------------------------------- I 
I NOTE: Analyses show an uneven pattern as the I 
I total costs and benefits rise. This I 
I pattern may explain the anomalous I 
I results found in Table 10. 1. I 
I I 
I I 
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I I 
1 I 
I TABLE 10.2 I 
I I 
IMarginal Analyses of Total Benefits and Costs, $1000 1980,/ 
I Haikey Creek, Tulsa, Oklahoma. I 
I I 
I I 1--------------------------------------------------1 
I L-P TAC TAB mTAC mTAB I 
1--------------------------------------------------------- I 
I I 
I 500 391 469 9 I 
/ 100 391 460 23 16 I 
I 50 368 469 63 I 
I 25 368 381 37 169 I 
I 10 331 212 75 53 I 
I 2 256 159 I 
1--------------------------------------------------------- I 
I NOTE: Analyses show an uneven pattern as the I 
I total costs and benefits rise. This I 
I pattern may explain the anomalous 1 
I results found in Table 10.1. I 
I 1 
t I 
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CONCLUSIONS 
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Chapter 11 

CONCLUSIONS 

The U.s. Army Corps of Engineers' planners are faced with 

designing flood loss reduction projects large enough to 

minimize hazards without overburdening future taxpayers. 

Current guidance directs planners to emphasize the 

contribution to national economic development in their 

designs. Toward this end, the marginal analysis of net 

benefits determines the project scale for a given method 

that most efficiently addresses a given flooding problem. 

Planners have numerous ways of solving flood problems. 

The literature loosely divides these measures into 

structural and nonstructural categories. Structural 

measures have a longer tradition of federal use, stemming 

from the Corps of Engineers' navigation projects of the 

previous century. From that experience of rapidly expanding 

waterborne transportation grew an extensive body of 

knowledge on the use of structural measures in designs of 

considerable magnitude. Similarly, nonstructural measures 

have a long history of use but by non-federal governments 

and at smaller project scales. 

One generality that the case studies performed for this 

study show is that nonstructural flood loss reduction 
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measures can be economically efficient according to standard 

economic evaluation measures at relatively low levels of 

protection. The Wilson Branch study is a Corps of 

Engineers' planning effort that resulted in a small project 

providing protection against the IO-yr event and has been 

implemented. The case study developed here demonstrates 

economic efficiency at between the 8-yr and IO-yr levels and 

therefore parallels the Charleston District's 

recommendation. The Belmont Park study recommends a project 

that protects against the lOO-yr event in accordance with 

local preference, and at this writing it is near completion. 

The recommended level of protection for Belmont Park is 

economically feasible, yet the efficient scale as determined 

by the present study is the 9-yr level. 

For the Geneseo Creek case study, the economically 

efficient scale is at the 49-yr level of protection. This 

level coincided with the efficient level for the structural 

alternative used in the report though a larger project is 

recommended. Like the Belmont Park report, the Geneseo 

Creek case study demonstrates that nonstructural measures 

can be built at larger levels of protection and still be 

economically efficient. 

The Village Creek study area has a heterogeneous land use 

and requires that the area be broken into smaller units to 
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facilitate analysis. . The Corps of Engineers' planning 

process recommends non-uniform levels of protection. In two 

residential reaches, protection against the l5-yr event is 

recommended. In a third reach, protection from the 25-yr 

flood is recommended. The district report illustrates how 

structural and nonstructural measures can be combined into 

cohesive projects. Projects for all reaches can be sized to 

their economically efficient levels, resulting in a plan 

that has overall efficiency. 

A large set of reports examined as part of this research 

but not developed into case studies supports the idea that 

Corps' planners tend to design above the economically 

efficient point. Out of the 67 reports received from the 

District and Division offices, 42 reports (63 percent) 

recommended the Standard Project Flood alternative or no 

project due to a lack of feasibility at that high level. 

This 63 percent demonstrates a propensity to design projects 

to be as large as permissible. 

The Geneseo report provides specific evidence of the 

tendency to design above the optimum level of protection. 

The economically efficient size was determined, but the 

final design was raised to the upper feasible limit at the 

lOO-yr level of protection for the expressed reason of 

further reducing the threat to human life. The lOO-yr level 
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of protection is not only above the efficient level but also 

is above the range of economic feasibility for the 

nonstructural measure considered. This case study therefore 

provides a clear example of the impact of scaling decisions 

on implementation of nonstructural flood loss reduction 

alternatives. 

The importance of recognizing that nonstructural measures 

can be justified is better appreciated in view of the 

current flood problems confronting the nation. Future 

action to solve the nation's flood problems requires the use 

of the traditional protection measures available but also 

requires use of nonstructural measures. In this regard, the 

case studies developed in this research suggest the 

following conclusions: 

1. Nonstructural flood loss reduction measures possess 

economic feasibility and efficiency at relatively 

small project scales. 

2. Nonstructural measures may tend to be economically 

feasible and efficient at levels of protection 

smaller than the Standard Project Flood. 
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