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Guidelines for

Reducing Flood Damages

Since the arrival of the pioneer settlers, man has

been building on and occupying the flood plains of

natural rivers and streams. The streams first pro·

vided transportation and water supply. Loter, mi II

dams were bui It in the streams, and highways and

railroads were constructed along the valleys. The

continuing growth of cities today results in ever·

increasing encroachment upon the flood plain.

In flood, streams may corry thousands of times

more water than during low-flow periods. These

floods caused very little damage until the works of

man invaded the flood plains. Through bitter ex­

perience, mon has learned that floods quite often

cover portions of the flood plains, damaging or

sweeping away roods, buildings, and homes, and

often pose a severe threat to human life and health.

Over the years, reservoirs, channel improve­

ments, levees, and other flood~protection works

have been constructed to protect the works of man

against the force of nature's floods. But encroach­

ment on the flood plains has taken place foster

than flood-protection works have been constructed

with the result that flood damages have been stead iIy

increasing across the nation.
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Historically, man has tried to reduce flood dam­

ages through the exercise of control over the river

in time of flood. Many different methods have been

used for this purpose:

Storing water in reservoirs for gradual release•
after the threat of flooding has passed,

Improving flow conditions by channel improve~•
ment so that flood stages can be reduced,

Reduc ing the rate of runoff from lands by water­•
shed treatment,

Confining the river to a definite course by bu'i1d­•
ing levees.

These methods are costly and are more often used

in areas where delineation has already allowed

heavy encroachment on the flood plain, or where fu­

ture plans call for extensive use of the flood plain.

Despite the expenditure of tax funds running

into billions of dollars for flood-control works, the

increase in flood damages has led to a new ap­

proach for reducing these damages. This approach

is the application of control over the use of land

lying adjacent to the river through the planned de­

velopment and management of flood-hazard areas.

While flood-plain areas can probably never be con­

sidered floodfree, planning will allow selection of

a flood risk according to the type of development

desired. This will assure a reasonable level of

protection during initial construction of a project.



Regulation of the flood plain can be carried out

by a variety of means, such as encroachment lines,

zoning ordinances, subdivision regulations, and

building codes. Some details of these methods will

be described later; however, no recommendations

wi II be made for the use of a specific technique.

Flood-plain regulations are the responsibil ity of

State and local governments.

The chart, FLOOD DAMAGE PREVENTION

(page 6), shows various measures for reducing or

preventing flood damages. These measures can be

divided into three groups:

• Control over the river,

• Control over the land,

• Other measures.

• • •

With reliance mainly on physical alterations to

th~ channel, flood plain, or watershed to control

the river, the ultimate goal is to reduce the extent

of overflow in the flood plain so as to insure a rel~

atively harmless flow of floodwaters post an area.

Types of flood-control works include but are not

limited to the following:

Dams and reservoirs

Flood protection can be achieved by providing

reservoirs to retard or delay excessive runoff for

the purpose of reducing heights of floods. The

function of reservoirs is to store water when stream­

flow i5 excessive and to release it gradually after

~he threat of flooding has passed. This can be ac-
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complished by building dams on the main stream

and/or on the tributaries.

Levees or floodwolls

Levees or floodwalls protect the populace and

exposed property by acting as a barrier and confjn~

ing floodwaters to a floodway area where they would

couse Iitt Ie or no damage. Levees are earth embank­

ments, whereas floodwalls ore generally concrete

walls. They ore built in the flood ploin neor the

normal stream and should be located to provide

maximum protection while encroaching as little as

pos sib Ie on the no turo I flood way .

Channel improvements

Flood stages can be reduced by improving flow

conditions within the channel and by increasing

the stream's carrying capacity. Methods generally

used to obtain improvements of channels are as

follows:

• Straightening to remove undesirable bendways,

• Deepening or widening to increase size of

waterway,

• Clearing to remove brush, trees, and other

obstructions,

• Lining with concrete to increase efficiency.

Watershed treatment

Watershed treatment, generally applied to small

areas, involves the treatment of lands to render the

soi I more capable of absorbing and retaining some

of the excessive rainfall until flood heights in

swollen streams have receded. Treatment includes

such measures as:

• Crop rotatian,



• Construction of terraces,

• Contour strip cropping,

• Selective planting or reforestation.

CONTROL OVER THE LAND

Land-use controls, most often known as "Flood

Plain Regulations," do not attempt to reduce or

eliminate flooding but are designed to mold the

flood.plain development in such a manner as to

lessen the domoging effects of floods. Flood-ploin

regulotions imply the adoption and use of legal tools,

by communities, with which to control the extent

ond type of future development which will be per­

mitted in the valleys. For these controls to be ef·

fective, it is necessary that the public understand

the generol flood problem, the degree of risk, ond

the methods that can be used to control use of the

land. There are various means of effecting such

flood·plain manogement.

Designated f100dways and encroachment lines

A designoted floodwoy is the oreo of chonnel ond

those portions of the flood plains adjoining the

channel which are reasonably required to carry

floodwaters. Encroachment lines are the lateral

boundaries of the floodway, one on each side of the

river. No construction or land filling should be

permitted between these lines if these works will

interfere with the floodwaters.

Zoning

Zoning is the legal tool that is used to implement

and enforce the detailed plans resulting from the
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planning program. It is used by towns, cities,

counties, and agencies of the States to control and

direct the use and development of land and prop­

erty within their jurisdiction. Zoning insures the

sofekeeping of property for the public heolth ond

welfore ond the best use of avai lable land. Di-

vision of communities into various zones should

be the result of a comprehensive planning pro·

gram for the entire area. Designated f100dways

may be zoned for the purpose of passing flood.

waters and for other limited uses that do not con­

flict with that primary purpose. The ordinance may

also establish regulations for the flood.plain areas

outside the floodwoy. These include designating

elevotions below which certain types of devel­

opment cannot be constructed. The drawing on

page 7 illustrates how a flood plain can be prop­

erly regulated.

Subdivision regulations

A subdivision can be defined in a brood sense

as a tract of land divided into lots for the purpose

of sale or building development. Subdivision regu­

lations are used by local governments to specify

the monner in which land moy be divided. They

may state the required width of streets, require·

ments for curbs and gutters, size of lots, elevation

of land, freedom from flooding, size of floodways,

and other points pertinent to the welfare of the

community. Not only con public health ond wei·

fare benefit, but various municipal costs such as

maintenance of streets and utilities can be reduced

during flood periods. Subdivision regulations pro­

vide an efficient means of controlling construction

in presently undeveloped flood-ploin oreos. The



following typicol provisions which could be odded

to regulations would be helpful to flood damage

prevent ion:

• Show extent of the flood plain on subdivision

maps,

• Show floadway limits or encrooc'hment lines,

• Prohibit fill in channel and floodway that would

restrict flow,

• Require that subdivision roads be above the ele·

vat ion of a selected flood level,

• Require that each lot contoin 0 building site

with an elevation above a selected flood

level.

Builcling cocles

A building code is a set of regulations adopted

by a local governing body. It sets forth standards

for the construction of hui Idings and other struc·

tures for the purpose of protecting the health, safety,

and general welfare of the public. A well-written

and properly enforced building code can effectively

reduce damages to buildings in the flood plain. A

few of the requirements which should be specified

in a building code to reduce flood damages ore:

• Prevent flotation of buildings from their founda-

tions by requiring proper anchorage,

• E stabl i sh basement elevations and minimum first

floor elevations consistent with potential floods,

• Require structural strength to withstand water

pressure or high velocity of flowing water,

• Restrict the use of materials which deteriorate

rapidly when exposed to water,

• Prohibit equipment that might be hazardous to

life when submerged, such as chemical storage,

boilers, or electrical equipment.
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Development policies

Wise day-to-day policy and action decisions to

prevent construction of streets and utility systems

in undesirableareas will deter development inflood

plains. Street improvements, schools, and other pub­

lic facil ities located elsewhere wield a "soft-sell,"

negative influence on flood-plain exploitation and

a positive leadership toward the higher ground.

Flood damages can also be reduced by other

measures. A few of these, flood proofing, flood

forecasting, warning signs, and others, are de­

scribed in the following paragraphs.

Floocl proofing

Flood proofing is a combination of structural

changes and adiustments to properties subiect to

flooding primarily for the reduction or elimination

of flood damages. Although it is more simply and

economically applied to new construction, flood

proofing is also applicable to existing facilities.

It has promise in one or more of the following

situations:

• Where moderate flooding with low stage, low

velocity, and short duration is experienced,

• Where the traditional type of flood protection is

not feasible,

• Where individuals desire to solve their flood

problems without collective action, or where

collective action is not possible,

• Where activities dependent on riverine locations

need some degree of protection,



• Where a resource manager desires a higher de..

gree of protection than that which is provided

by a flood-control project.

Many different flood-proofing measures have been

recognized and studied. The names given most of

them are self-explanatory. Included in those mea­

sures are the following items:

system. The Environmental Science Services Ad­

ministration (U. S. Weather Bureau) has the primary

responsibility, although others, such as the Corps

of Engi neers, Bureau of Reclamation, and Tennessee

Valley Authority, cooperate in providing services

in selected areas.

Seepage control
Sewer adjustment
Permanent closure

Open ings protected
Interiors protected
Protective coverings

Fire protection

Appl iance protection
Utility adjustments
Roadbed protection
Elevation or raising

Temporary remova I
Rescheduling
Proper salvage

There are many areas for which forecasts are

not now avai lable; and too few cities and com-

munities have adequate plans to effectively dis­

seminate the information, help with evacuation, and

provide help to those temporarily displaced and

distressed.

Watertight caps
Proper anchorage

Underpin" ing
Timber treatment

Deliberate flooding
Structural design
Reorganized use

A useful guide, "Introduction to Flood Proofing,"

prepared by the Center For Studies, University of

Chicago, under the sponsorship of the Corps of

Engineers and the Tennessee Valley Authority, is

available. It presents many helpful suggestions

and briefly outlines and illustrates the possibilities

of this approach.

Communities should consider the possible ben­

efits of having a forecasting service and should in­

quire into the availability of or plans for this ser­

vice. Should forecasting service be available, they

should prepare local plans for effectively using the

information. Pamphlets and limited guides are

available from the Environmental Science Services

Administration (U. S. Weather Bureau).

Temporary evacuation

Temporary evacuation of persons and property

from the path of floodwaters is another important

part in redvcing flood losses. After it is known

Buildings can be evacvated,

Flood fighting and relief agencies can be

activated.

Materials can be raised above floodwaters or

removed to higher ground,

Emergency protective measures can be

undertaken,

•

•

that a flood can be expected,

•

•

Rei iable, accurate, and timely forecasts of floods

and flood stages can be coupled with timely evac­

uation to save I ives and reduce property losses.

Because of the highly technical nature of the work

and the interstate factors that must be cons idered,

the Federal Government has provided leadership in

developing and operating the major forecast ing

Flood forecasting
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Flood plain
regulations

t TO ENCOURAGE WISE USE AND AVOID FLOOD DAMAGE
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Permanent evacuation

Permanent evacuation of developed areas sub~

ject to inundation involves the acquisition of lands

by purchase (through the exercise of the powers of

eminent domain, if necessary), the removal of im~

provements, and the relocation of the population

from such areas. Lands acquired in this manner

could be used for agriculture, parks, or other pur~

poses that would not interfere with f1aodflows or

result in material damage from floods.

Open spaces

Great emphasis is being placed on the growing

need for vastly increased areas for recreational and

other open-space uses. Areas adjacent to streams

and other bodies of water have a natural attraction

and are readi Iy adaptable to recreation and open

areas. Parks, playgrounds, and picnic areas can

utilize lands which would nat be suitable lor facil­

ities requiring permanent structures. A number of

localities throughout the country are using flood

plains for such purposes and are reaping secondary

benefits from the flood damage prevention. Federal

grants are made to assist communities in acquiring

such open spaces when linked with a program of

comprehensive planning.

Urban redevelopment (renewal)

Urban renewal can be used in flood-blighted

areas that are a drain on the economic life and wel~

fare of the community and do not lend themselves

to other methods of regulation and control. The

Federa I Urban Renewa I Program provides substan~

tial assistance to municipalities burdened with such

conditions.
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A redevelopment program should include flood­

control works where appropriate and necessary as

well as setting aside the lower flood-plain areas

for parks, open spaces, and other uses not subject

to substantiailiood damages. Public parking areas

may be designated, provided adequate regulations

or precautions are established. To minimize flood

damages, the upper areas can be utilized for new

structures.

Warning signs

A method which may be used to discourage de­

velopment is the erection of flood warning signs in

the flood-plain area or the prominent posting of

previous high-water levels. These signs carry no

enforcement but simply serve to inform prospective

buyers that a flood hazard exists.

Tax adiustment

Tax adjustments lor land dedicated to agricul­

ture, recreation, conservation, or other open~space

uses may be effective in preserving existing flood~

ways along streams. Unless such concessions are

made, farmlandadiacent to communities will become

more valuable each year as residential or commer­

cial developments move into parts of it, which will

couse tax evaluation of all adjacent farmland to

rise to the point where the land no longer can be

used profitably for farming or other open uses.

Building financing

Very little building is carried on without fi­

nancing. Therefore, lending institutions, both Fed~

eral and private, are in a position to exercise some

control over flood-plain development by denying



mortgage guarantees or funds to subdivision or in-

dividuol builders.

Flood insurance

Flood insurance, ifestoblishedon 0 soundandeq­

uitable bas i5, could provide sti II another supplement

to many programs for reducing flood damage. How­

ever, insurance rates should realistically reflect the

flood ri sk in order to ovoid encouragement of improper

development 01 Ilood plains. Such risk would be re­

duced by regulation 01 use 01 the Ilood plain.

Bridges

Community expansion brings about the desire for

more stream crossings. From a construction stond-
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point, perhaps the most economical method of pro­

viding crossings consists of roadways on earth em­

bankments, with a small bridge or culvert to pass

streamflows. However, this is often the least de­

sirable from a flood damage point of view. If the

structure is kept at a low elevation, it is frequently

flooded and foils to serve its intended purpose. If

the roadway i5 kept high, above the flood plain, it

willoctas a dam and increase flood stages upstream

unless the waterway opening is adequate. There­

fore, all future stream crossings should be designed

to provide:

• Adequate waterway opening,

• Adequate bridge clearance above floodflows,

• Adequate roadway height above Iloodilows.
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A FLOOD PROOFED
STRUCTURE

COMMERCIAL BUILDING

NOH:
Inus NO.1&. 8 TO BE

STORED IN A CONVENIENT
LOCATION NEAR OPENINGS.

EXPLANATION
I. SUMP PUMP AND DRAIN TO EJECT SEEPAGE

2 PROPERLY ANCHORED TANK.

3. PERMANENT CLOSURE or OPENINGS WITH MASONRY.

4. VALVE ON SEWER LINt.

5 PLASTIC COVERING.

S elEVATED CONTROL PANEl
7. SCR[[NS TO PREVENT BREAKAGE OF GL.lSS FROM flOATING DURIS.

8. STE.El BULKHeAD fOR ENTRANCE.

9. CRACKS SEALED WITH HYDRAULIC C(MENT.
10. THOROS[Al CCIATING TO REDUCE S([PAGL

II ANCHORAGE.


