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P . T FACLORS IN BLOODWAY SELECTION
By Thomas M. Lee,® A.M, ASCE

INTRODUCTION

Tha increeses in annual flood damages in spite of millions of dollars

apent each year for flood control projects has resulted in a national effort

to encourage management practices (zoning, subdivision, sanitary ordinances,
etcg) to guide new developments away from f£lood prene ;reaﬂ. in essentlal

pazt of flood plain managamﬂnt is the preservatlicn of the floodway (the chennel
‘land those portionﬂ of the pdjoining flood plain that aﬁe needed to effectively
Jconvey flood fiows) as open epace use, such as parks and agriculture. Accord=
ingly, floodway regulations are more restrictive than flood proofing requirements
appliczble to bulldings proposed in flood pwone areas outside the floodway.
Unlegs the delineation of the floodway is based on sound engineexing princiyles

and properly related to existing and proposed developments, floodway zoning

districts could be construed to be a teking without due compensation,

Increases in flood stages due to encroachments on the floodway are one of

fifteen (15) hydraulic and planning factors involved in the selection of the
floodway that are disuussed, On the basis of floodway encroachment gstudies

done on variousd slze streams, primarily in Iowa and Wisconsin, the writer
conasidars one~half foot a reasonable upper limit for permitted increases in flood

stages. Although the paper is based essentially on the experience gained in

1, Presented at the August 18-20, 1971, ASCE, 19th Annual Specialty Conference
of the Hydraullics Division, Iowa City, Lowa.

2. Chief, Flood Platn and Shoreland Management Section, Wisconsin Department of
Natural Resources, Madlison, Wisconsin,



floocdway selections for over 50 Wisconsin communities, the paper also reflects
the response to e guestionnaire directed to an engineering firm representing
four Northeastern states; Paplo Wotershed Board, Omaha, Nebraske; and the

states of Nebraska, Iowa, Michigan and Minnesota.

* The purpose of this is not to discuss technical engineering aspec£é of flood-
way selection, but to acquaint the interested engineer with the planning,
social, and politicel aspects involved in the selection of a floodway. Without
the nonengineering considerations, it is unlikely that flood plain regulations
ean be succ&ﬁsfully implemented, enforced or meet the necessery constitutional

restreints.

The purpose of this paper elso is to briefly convey the types of problems
that have been experienced by the most states or orgenizatimns having active

flood plain management progrems.,



NATURE AND OBJECTIVES OF FLOOD PLAIN MANAGEMENT

Flood plain manageﬁent includes a full range of tools, programs and policles
all working harmonlously toéether toward a common goal - = = flood damage
prevention, These tools, programs, and policies include guch things as

(1) land use controls, (2) land acquisition or easement programs, (3) urban
yenewal, (4) @ax adjustments, (5) financing controls for buildings by lending
institutions where mortgage guarentees or funds to developers are not made
available in flood prone areas or where flood protection measures are omitted
fyrom building proposals, (6) public poliéy guiding the construction and
location of public facillities and services out of fldod-prone ares, (7) flood
control measures and flood proofing of existing struc;urea, (8) evacuatlon,

(9) flood insurance and (10) flood warning systems.

Speclfic flood:damage sbatement objectives of fleood plain management include
thet

1) Prohibitlon of flood plain uses such as fill, dumping, storage of materials,
structures, buildings and any other wérks which, acting slone or in combination
with other existing or future uses, will increaae potential flood heights and
velocities by obstruction to flows and loss éf valley sﬁorage. |
2) Protection to human life and health, o

3) Minimization of public and private property damage.

4) Minimizatlion of surface and gfoundaater pollution which will affect human,

animal ox plant life,



5) Control of development which, acting alone or in combination with similar
developments, will create an additional demand for public investment in flood

control works,

6) Control of development which, acting alone oélin combination_wifﬂ similar
development, will create én additional burdenvéo the public to pay the costs of
rescue, rellef, emergency preparedness measures, sandbagping, pﬁmping, and
temporaty dikeq or levees, |

7) Control of development whitich acting alone or in combination with similar
development, will create an additional burden to public for business inter—
ruptions, factory closing, disruption of transportation route, interference
with utility gervices and other factors that result in loss of wages, sales,
production and result in tax write-offs,

8) Proviaions for public awareness of the flooding potential and to dlscourage
the victimization of unw&ry land and homelbuyefs.

g) Maintenance of a stable tax base through the preservation or enhancement

of property values for future flood plain development, In addition, development
of future flood blight areas on flood plains will be ninimized and property

values and the tax bageadjacent to the flood plain will be preserved.

Flood plain management atandardaapplicable‘to the delineated flood plains are
simply related to two objectives «=~ the needs of nature and the needs of man.
The first need is accommodated by retaining the channel of the stream and as

much of the flood plain adjacent to the stream as 18 needed to convey the design



"flcod. This area i3 bommbnly called the "floodway" (see Figura 1). In some
_ptates the limits of the floodway are called encroachment lines, The standard
2perm1tted uses in these areas are "open space' uses that have a lew flood
damage potential. They include uses associated with agriculture, recreation,
parking, sand and gravel operations and other related areas, Filling and
structures not associate& with open space use are not permitted in the fléodway

or between encroachment lines.

Fulfilling the needs of man and the community 18 achieved by requiring areas

for flood protéction outside the floodway, subject to inﬁndation by flood waters.
Such areas are generally contlguous to high groun&. In times of flooding these'
arees are gssoclated with legser flooding depths and slew flood water movement.
New buildings or additions to existing bulldings, end areas used for storing
materials that ave buoyant, flammable, explosiﬁe or toxlc must be elevated or

floodprooféd to the design flood elevation, in addition to appropriate amount

of freeboard.



T——FLOOD PLAIN \ul

*That portion of the flood plain required to carry and discharge
flood waters. The limits of the floodway are smooth lines that
exclude areas associated with stagnant flood waters, intensive
urban development and other areas not effective in conveying
flood waters.
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*%Increases in flood heights result from filling and development on the flood vnlain.

FIGURE |



Importance of and Need for Floodway:

'‘Any £111ing or building on the floodplein will tend to increase flood heights.
Although the effect on increasing flood heights of a single £ill or building
may be insignificant, the combined effect of & number of such projects over a

long period of time could drasticelly increase the flood hazard, Idesal

approaches to prevent obstructions onrflood p}einsquggg pe ggquiaition of

the flood plein for open space use or esteblishment of land use controls to
completely prohibit any filling, obstruction or structure on the flood plain.
The first spproach Would generelly be econcmicselly unfeasible for most
comunities to aécomplish under present state end federal assistance progrems,

end the second approach undoubtedly would be adjudged unconstitutional.

Accondingly, land use controls reflecting the flood hazard must be developed
- in such & véy thet some reasonsble uses are permitted on the flood plain
without significantly increasing flood steges. This is usually accomplisheq
by delineating a line (floodway) on each side of a stf;am which separates the
effective hydraulic conveyance areas from the flood fringe areas or areas of
intense urban development which are not greatly effective in conveying flood
waters. TFloodway lines must be established in such s manner that the loss of
valley storege and hydraulic conveyance attributable to guiding future
devélopmmnt outside the floodwsy will not increese flood heights more than

applicable regulatory standards,

Talloring Floodway to Local Needs:

Proper floodway selection, in addition to the hydraulic engineering considerations,
reflect existing development and public facilities on or in the flood plainj

local comprehensive land use plans; and local social and political concerns.



The following are some of the engineering and planning factors associated with
floodway selection, These factors are portrayed in Figure 2. The
englneering factors assoclated with the text herein have "E" prefixes and the

planning factors are prefixed by the letter "P',

'Obviéualyrthe character of flood plain develépment, types of flooding problems
local concerns are unique for each community; therefore, factors: controlling
the pelection of the floodway will necessarily vary for each community--even
for adjoining oommunities along the same water course, Talloring floodway
selection to local cbnditiona undoub tedly will result in many compromises, how-
ever, the increase in flood heights assoclated with any selection generally is

inflexible under wogt state laws or ruledg,,

ENGINEERING FACTORS OF FLOODWAY -SELECTION

E=1. Design Discharge and Hydraullc Capacity:

The same discharge used for the dalineation.of the reg;latory flood plain should
be used as the baais to determine the hydraulic capacity or waterway area needed
for a particulér flcodwéy. 1f, for example, the regulatory flood plain is
delineated by the 100-year recurreﬁée interval flood ana the intent 1s to provide
floqd protection to thé same flood, then the floodway muét be of significant

size to convey the 100=-year flood discharge.

Federal gnd most state standards for the detérmination of the floodway and the
delineation of the flood plain are based on the 100-year recurrence interval

flood., Federal guidelineB(S)—(T)BV&na gtate laws in some sﬁatés (Neb;gska, Minnesota,
Michigan and Wisconsin, for example) require that the flood frequency be determined

6
by the statiatical technique endorsed by the Federal Water Resources Counecil, (62

3. Numerals in parenthesis refer to corresponding items in Appendix I - References.
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‘The natural floodway for a 100-year or any particular size flood 1s the by-
‘product of the engineering judgementa exercised in the calculation of the vater
dhrface profile for the 1l00-year flood or another selected flood under flood

jlﬂin conditions at the time field surveys were done for valley cross sections.

Most egencies with the ald of & computer program (1) end other date and Judge-~
ments use the standard step method for computing weter surface profiles. The
velley sections uged for the computation are usuelly cut off nesr the flood
plain limits to exclude the effects of arees not effective in conducting flow
such as beys or lnlets vhere expected water would be quigscent or eddying.

The natural floodway is, therefore, determined by drawing smooth lines
(deplicting uniform hydraulic flow patterns) connecting the cut-off points of
the valley cross sectlons used for the original flood plain delineation. This
procedure is représentaﬁive of floodway delineation services provided for

many years by the Tennessee Valley Authority;

Several of the Northesstern states use & mu;tiple of the mean annual flood
for the flood plain delineation and a lower multiple of the mean annual f£lood
for tﬁe floodway delineation, The Southeastern,Wisconsin Regionsal Planning
Commigsion (SEWRPC), whose piloneering flood plain manageﬁent efforts pre-date
state flood plain management standards, have been used -on the Root and Fox
River Watersheds, the 100-year flood to delineate the flood plain and the
10-year flood plain for the floodway. Since the irregular 10-year flood plain
limits never coinecide with the smooth 100-year floﬁdway lines,'fypes of

implementation problems frequently occur such as those showm in Figures 3 and k.,
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‘Fit;;ure 3. i.ndﬂ:aﬁes tha.t_;: laré;;=~.1_);>;'c-tion of. the l0-yeor fiooﬁ plain lies

outside the 100-year floodway. Under the terms of the SEWRPC ordiﬁance, fill

and structures are prohibited in this area.on‘the basis that this arean is.needed
to convey flood flows. If, for example, a building permit was denied for a
vacant lot in this area, the legality of such regulation would be questionable
pince the legal test of restricting development (the means) to preserve the
"carfy capacity (the objective) is not valid outside the 100;year floodway.
Although this area may serve as valley storage, courts have not sustained

(8)

regulations solely for the preservation of valley storage

" Under the terms of the SEWRPC ordinances, fill and structures are permitted
as conditinnal uses outside the 10-year flood plain. pigure L {llustrates

another potential conflict where such projects could be ﬁermitted in aﬂ area
which would be within the 100 year flood floodway and tend to increase flood

heights.

E-2. Increase in Flood Heights:

 As previously stated, any filling or building on the flood plain will increase
flood heights. However, if such development is limited to areas outside the

natural floodway the increases in flood heights are generally incalculable.

Exceptions to this rule are areas where potential loss of valley storage will
be significant. The State of Michigan's flood plain, management program limits
development to the natural floodway limit. The practice in the states of

Wisconsin and Minnesota is in as much as possible to initially guide development

outside the natural floodway.

When existing development, comprehensive land use plans, and social and political
considerations requirve use of the flood plaing within the natural floodway,
it 19 necessary to determine the changes in flood heights which will be attributable

to the planned encroachment.
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Increases in flood heights resulting from the adjustment of the floodway(en-
‘ .
croachment) line riverward of the natural floodway are reflected in most

) ' (s5) ‘

gtate standards or federal guidelines . These standards limit theoretical

increases between 0.5 and 1.0 foot and vary in different states.

Towa and Nebraska both have maximum backwater amounts of 1.0 feet. In Towa's
program, backwater is the contfoliing factor in fioodway selection. On more
or less a trial and error basis the floodway lines are adjusted until the in-

creases for a hydraulic reach of a stream are uniformly one foot.

In the states of Minnesota and Wisconsin increase in flood heights in urban
areas generally should not exéeed 0.5 foot in any one reach or for the cumu-
lative effect of several reaches of a stream. Heights greater than 0.5 foot
may be permitted if existing uses and the community's comprehensive plan in-
dicate that the affected érea ig and wilL remain under open space use. However,
in areas where the flood plain is intensively developed; no increase in flood
heights may be permitted. Where thelfulfillment of community land use needs
_'would increase f%ood heights above permitted levels, it may be nebessary

to consider channel enlargements or other factors to lower flood heights.

fiéu?e 5, a drawing from thequblic Works Magazine,(z? jllustrates how

the increases in flood stages are implemented in land use controls., In this
drawing the horizontal bng-dashed line between points A and B represents a
flood level at elevation 645.0 in a valley cross-sectional ﬁiéw. In studying
the effect of encroachments (a community development plan) on the flood plain,
it is assumed that the channel and the portion of the flood plaing between

the encroachment line points C and D convey the selected flood. It is further
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asgumed that the entire area outside the encroachment limits (but within the

limits of flood inundation)will be filled,

By confining the same flood between encroachment limits C and D, the effective
waterway area or floodway i1s reduced and the water surface elevation in-
creases 1.0 foot in this example, or to eleﬁation 646.0. This new elevation
reflects the flood stage that would be created by the same flood under future

flood plain developments,

Although the engineering studiés agsume that all of the land outside of the
floodway encroachment line will be lost for hydraulic conveyance, it is un-
likely in practice that all of this area would be lost for valley storage
purposes unless the area was protected by a temporary or permanent levee.

Most state programs, including Wisconsin, do not as‘a general practice

gtudy the loss of valley storage due to potential development outside the
gelected floodway. Exceptions are made where particula£ circumstances indicate
that existing development patterns and land use plans will have a significant
-effect on valley storage. Some of the practical and éconOmical reasons why
valley storage is not calculated routinely in.floodway gelections in Wisconsin's
program are-as follows:

1. 1In practice, restrictive floodway encroachments are generally only applicable
to short reaches of a water course in developed urban areas. The increased |
discharges associated with loss of valley storage for such enéroachment generally
result with a negligible increase in flood stages for the 100-year flood. In

a typical stage-discharge rating curve for a stream, a significant increase

in diséharée will generally result with an insignificant increase in flood

stages (the primary factor in land use controls) for large discharges in the

range of the 100-year flood.
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Where wetlands and other natural storage areas upstream from a community appear
gignificant, these areas if adjoining the natural hydraulic floodway are re-

flected in the selected floodway as described planning congsideration P-§,

2. Present open-channel flood routing methodology and computer application
thereof have not developed to a stage for economical application for a state
level program. It is unlikely the costs for additionalfield data and engineering
gtudies could be justified since under present practice as previously des-
.cribed increases_in flood stages attributed to loss of vélley storage are

minor.

3. Present case law makes the legality of regulations for the purpose of pre-

( 8)

servation of valley storage questionable

4. State standards for flood plain regulations rgquire one to two feet of
freeboard above the 100-year flood level for flood proofing meagures.
Freeboard is a factor of safety that, among other things, tends to com-

pensate for loss of valley storage.
o

1 i :
8

7 5. Increase in flood heights due to,valley storage is somewhat theoretical
and unpredictable. The 1053 of valley storage under characteristics of some
flooding events could lower flood heights by eliminating normai coincident
peak flows from one or more tributaries., Additionaly, filling along smooth
hydraulic flow lines représented by floodway 1imits eould, particularly

near bridge approaches, improve the hydraulic efficiency and lower flood

heights by eliminating eddy losses from floodway fringe areas.

In most statea, the calculation of backwater for floodway selections is done

by modifying the field survey cross sections used for the initial flood plain
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delipeation. The calculation of the water surface profiles are based on
confining the flow between the cross sections modified to reflect the flood-
way encroachment limits by the standard-steprmethod (1) utilizing digital
cbmputers. Most states indicate the Corps of Engineers is the principal
gource of technical assistance in flood plain-floodihg asgistance. The
U. S. Geological Survey, U,S. Soil Conservation Service and private con-
sultants have also assisted gsome states in these studies. The states of
-Wiaconsin, Minnesota and Iowa undertake’state level flood plain-floodway
delineation studies in addition to floodway studies using data derived

from federal flood plain information reports.

The types and magnitude of problems increase with greatef floodway encroach-
ments, Because of varying topography it is difficult to generalize particular
problems. However, of the studies done by the writer.and information ob-
tained from states previéusly described, it appears that the depths of

water for the 100-year'flood-one foot encroachment vary from 5 to 9 feet just
outaide of the floodﬁay encroachment line. This élso has the effect of
leaving 50-75% of the flood plain outside the floodway for future develop-
ment. Considerable lower 'depths of water are associated with the 100-year
floéd - 0.5 foot encroachment apd accordingly less flood plain land is avail-
able for development. The floodway encroachment causing a one foot increase
"in the water surface profile tends to maximize and encouragé the use of flood
plaing. This in turn creates implementation problems and advérsé environmental
effects such as the following:

1. The hlgh flood depths for the 100- year flood near the selected floodway

make flood proofing of structures impractical or unreallstic. This %



' could result with corresponding regulations being adjudged as unreasonable

...16.-

?r & basis for varlance in standards resulting with inadequate flood protection.
Planning factor P-4 herein further discusses this problem,

2. In broad flood plains under different ognershipé, new structures and develop-
ment patterns built on f£ill above the flood level initially near the floodway
before the land near high ground is developed create "island" type of
development, This results in.uncontrolled interior drainage ﬁroblems.

In addition, there are difficultlies in the extension of public roeds, sewer

and other facilities at proper elevations when such fucilitiés must'extend

from high ground across undeveloped land for a sizeable distance of the flood
plain. Generally, this problem results with improper protection to these
facilities, thus a primary objective of flood plain management is not achieved.
Potentially large depths of water surrounding the "island" type of development
could endangér life and cause public burdens for fescue and relief measures =—-
another cobjective of management.

3. Flood velocities inerease near the floodway limits with greater degrees

of floodway encroachment, Therefore, fill materisl placed outside the flood-

way is susceptable to erosion and a potential for water pollution. Initial

development could also cause an. alteration of flow distribution resulting in

local scouring end deposition of stream sediment load.

The above problems can be minimized if the initial floodway selection is
based on smaller increases in the water surface profile. Deve;OPment can be
easler guided from high ground toward the floodway limit. Since flood plain
zoning regulations, like any type of land use controls, must be flexible to
meet changing conditions and needs, future adjustments of the floodway line
riverward consistent within the limits of'applicable backwater criteria are

poasible.
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E-3. Equal Degree of Encroachment:

Wth adjustments of the natural floodway lines a?e made riverward, legally sound .
flood plain regulationg require, in as much as possible,‘the floodway lines

be established such that the development rights Qn_both sides of a stream are
reflected. This is nop determined by equal distance measured from the channel
of both sides of the stream, but is determined by the loss of hydraulic con-
veyance due to planned development outgide the selected floodway line on each

side of the stream.

Through & water surface profile computer program designed for floodway en-
croachment (%) used by Towa and Wisconsin equal hydraulic conveyance on

both sides of the stream is determined. The computer prints out hydraulic
characteristics for each valley cross section. At_each gubgection (determined
by a change iﬁ Manning's roughness value) along a given.valley cross section
the incremental hydraulic conveyance ig given. Thus, thé limits of the floodway
for a particular valley cross section can easily be set such that the total
_incremental hydraulic conveyance loss on one aidé of the selected‘floodway
limit on the cross section equéls the same total on the other side. This pro-
cedure is done for each cross section. The floodway is drawn by plotting on
plan view the calculated floodway intercepts on each valley cross section and

drawing a smooth line deplicting hydraulic behavior between similar intercepts.

Equal degree of encroachment is often not possible where other floodway
gelection factors govern such as the existing development, unusual topography

or meandering stream conditions,

E-4., Hydraulic Transition:

Obviously flood flows ignore property lines and political boundaries. Therefore,
the floodway lines should follow proper hydraulic‘ flow configuration from one
type of development pattern to another. Abrupt changes in the floodway line

should be avoided.
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E - 5. Effects Trangportation Systems (3):

The iocation of the floodwéy lines are influenced’by the location of &
trangportation system paralleling a stream aﬁd the amount of flow through
bridge openings over the approach grades for the regulatory flood., Figure 6
{1lugtrates, among other things, a railroad paralleling a stream. The rail-
road acts as the floodway limit or the dividing ;ine between moving and
gtagnant water. Transportation systems paralleling the stream that en-

croach on the natural floodway have an appreciab}e effect on incréasing flood
heights. In general, this reach restriction of the floodway will have a
greater effect on increasing flood heights than a point restriction associated

with a bridge crogsing.

Where the regulatory flood passes through the_bridge opening without any
overtopping of the overgrade, the floodway lines-are transitioned into and
out of the bridge opening as also illustratéd in Figufg 6. If the
regulatory flood overtops the roadway, the floodway lines are positioned so
the portion of the roadway that is overtopped by floods will be included iﬁ
the floodway as shown in Figure 6.. Under these conditinné flood plain
management would prohibit any filling and building that would make the over-

flow area ineffective.

E -~ 6. Location of Permanent or Temporary Flood Control Measures :

Fléod plain regulations such as zoning, do not solve existing flood problems.
Structural or flood control measures are effective in protecting ‘existing
developments on the flood plain if such measures are properly related to a
flood plain management plan., Where applicable, the location of permanent or

teMporary flood control measures should influence the location of the floodway.
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" E - T. Interior Drainage Considerations:

Frequently, the effects of'tributaries, ditches and other lateral water
courses are ignored in the delineation of the floodway for the main river
or gtream. When the floodway line cuts across tributaries this generally
implies to the non-technician that fill or development is permitted outside
"the floodway of the main stream, Therefore, this could result with
obstructions on watcrcoursés that contribute run;off to the mein streanm.
Lateral drainage patterns or watercourses should be reflected in the
delineation of the floodway on the main stream aé substantiel damage can
occur along these btributary streans.

PLANNING, SOCIAL, POLITICAL ASPECTS

OF FLOODWAY SELECTION

P-1, DIxisting Development:

Floodwsy lines should generally fallow the riveréard side of existing
building patferns. The character of existing development and plans for
permanent evacﬁation and urban renewsal are also considered in the location
of the floodway line in developed areas, Ih conventional zoning, the

' establishment of a residential district does nop bisect areas presently used
for industrial purposes. The flooéway, characterized by open space use,
likewise should exclude areas of intense development to minimize the

extreme hardships associated with non-conforming structures in the floodway.’

In'designing a levee system to protect an urban area, it is not always

possible to protect all developments due to such things as topography, physical
location of a particuler development with respect to the main area to be

. protected and economics. Because of these and other engineering and planning
factors for floodway selection, it is not alﬁayﬂ possible to exclude all

dwellings from the selected floodway. In these cases, to prevent unnecessary
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legel attack and individual hardships, these properties should be given first
‘priority for land acquisition. Additionally, fhese areas are assoclated
with large depths of water and velocities where the greatest danger to life

and property is expected.

The availability of existing streets, rail transportation, ports or harbors,

water, sewer and other public services or facilities must also be considered

in floodway selections. It is unlikely that zoning, for example; prohibiting
residential buildings where there has been prior investment of public funds

for these services would be upheld as reasonable.

P-2. Community Comprehensive Plans:

Flood plain regulations as well as any land use controls must be related to
and made part of applicable regional and local cpmprehensive lend use plans.
The floodway selection should reflect planned erees for residential,
comnercial, industrial, park, and other areas including plans for extension
of streets, water and sewer. Recently approved sﬁbdivision plats or similar
decisions governing land use made 5y the community are also important

elenents in flobdway selection.

In some communities steep bluffs or unique topographic features and political
boundaries preclude future community growth outside the flood plain.
Therefore, the floodway must be selected to proﬁide.for some reasonable
community growth, such as establishing a floodway line that represents the
extension of existing development paralleling the watercourse, The actual
set-back of the floodway line in this example would be governed by the
permissable increases in the water surface prdﬁlé as discussed in

Engineering Factor E-2 of this paper,
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' P-3, Incresse in Flood Heights:

The engineering factors (E-é) assoclated with incfeases in the water surface
profile have been previously discussed, Also-discussed were the uncontrolled
development and environmental problems associated with severe floodway
encroachments, particularly in undeveloped flood plain areas. However, to
‘ucéommodate existing develoﬁment factors discussgd in P=1, large increases
(around 1.0 feet) in the water surface profile can be expected. Generally,
these increases can be telerated where the affectgd area is in opeﬁ gpace
use (for example, a golf course or municipal park) and vhere there are
essurences that local land use plans and controls will be implemented in
guch a way that the land will remain open space. On the other hand, where
the affected areas are highly urbanized, no increasses in flocod heights
should be permitted. This is of particular importance in broad flood plains
vhere any increase in flood heights could affect iarge_areas of existing
urbsn development and where the expected increase in flood heights is
attributable to future or planned developments downstream from the urban

. development.

P-l, Flood Depths and Velocities:

Flood depths end velocities in flood prone areas excluded from the floodway
should be small and reasonably compatible with the regulations end degree of
safety for permitted uses outside of the floodway. For example, if the
depth of ghe regulatory flood level was 10 to 12 feet for a sigeable area,

‘ regulations requiring residential bﬁildings to be placed on fill ebove the
flood level or structurally flood proofed to the flood level could be
construed to be unreasonable and may not provide the requiréd safety to the
building or to human life. Under this example, such potential problems
could be eliminated by shifting the floodway line away from the river until
the depths and velocities outside of the floodway are consistent with the

permitted zoning uses much as residential, commercial and industrial.
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A;though there is no rule of thumb on practical £ill heightS‘(especially
where proposed fill will be done by and for a grading contrector or where a
vaste site 1is needed for a nearby construction project);the economical or
practical upper limits to structurally flbodproof o residentisl dwelling to
withstand hydrostatic pressureé is sbout four to five feet. Commercial areas
can generally be floodproofed to greater éepths (5 to 6 feet) except where
denger to life and inadequate flood warningltime, for exampie, would require
lower flood depths such as for s large shépping center., Because of the many
floodproofing structural elternatives for indistrial areas, flood depths

in excess of 10 feet may be exceptable for certain industrisel areas. A
warehouse for storage of steel beams, for example, cou;d be placed at natural
ground level and designed in such a way to provide for passﬁge of floodwaters.
through the structure without dincreasing the fiood demege potentisl and not

conflicting with other flood plain management objectives.

Flood velocities for the regulatory flood should not éxceed'Q or 3 feet in
residential areas or areas designed predominately fo? human occupancy. A
rule of thumb frequently used in practice is that the product of the depth
of water and the velocity should not exceed T for areas associated with
human occupancy or habitation. Higher velocities may be permitted in other

areas.,

The most frequent problem of floodway selections encountered in the adminis-
tration of adopted flood plain regulations in Wisconsin is the unreasonably
large regulatory depths attributed to the manner in which the initial

floodway was delineated.

»
P-5, Plans of Adjoining Communities:

As previously mentioned (E-L), floods ignore politicel boundaries or abrupt

changes in direction. Therefore, there must be proper hydraulic transitions

between the floodway snd flood plain development plans established by adjoining
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comnunities., In addition, any increases in flood heights attributable to a
floodway selection of one.community should have ﬁealigible affects on
adjoining communities or, in any case, not ﬁore then 0.5 feet. For acceptable
floodwey aelection affecting more than one community, it is essential that

representatives from these communities actively participate in the selection,

P-6, Wetlends, Existing Bodies of Water, Uniqueé Environmental Features:

As stated previously, the estdblishment of a floodway line implies to non-
technicians that areas outside the floodway cen be filled or developed. In
meny cases, adjoining but outside the "hydraulic" floodway there will be areas
where non-hydrsulic principles will dictate an adjustment of the floodway
lines so that the floodway will include such things as wetlands; existing
bodies of water and unique environmental features in order to minimize the
following types of common problems:

1) The development of land unsuitable for ﬁuilding sites as delineated on |
detailed soil maps. This concern is é¢mpecially imporéant for areas not
served by public sewers., On site waste disposal systems (for example,
septic tank soll sbsorption systems) can cause pollution problems in soils
thet are too dense or tight to allow adequate percolation of effluent. (ThB
s0il becomes clogged and the system ceases to operate.) Other soils are too
povéus and allow the effluent to percolate too quickly. In addition, it is
obvous that effluent cannot be adequately tfeated vhere there is high ground
water. Under Wisconsin law, there must be at least three feet of soil
betveen the bottom of the soil ubsérption system and high gréund water or
bedrock. Anbther three feet above the system is also required. The
percolation rate must not exceed 60 minutes for the water to fall one inch

in a prescribed test hole.

Also under Wisconsin law, no geptic tank-solil absorption systems are permitted

in the flood plain. Therefore, in rural areas where there are no public sewer
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facilities, no floodway is initially delineated to avoid conflicts with

other applicable health laws,

2) PFilling of wetlands. Wetlands are areas where groundwater is at or near
the surface much of the year.' Tamaracks, sphagnum moss, sedges, cattails,
reed and bulrushes are typlcal wetland veéetation types. Wetlands are seldom
suitable for building for the following ressons:

a) as stated above, septic tank systems ﬁill not function because of high
groundwater.,

b) private watér supplies are often polluted by septic tank wastes that have
not been adequately gbsorbed by the soil. |

e¢) transported fill may not have the sbsorption qualities needed to treat
septic tank wastes. | |

d) foundations of buildings and roads develop structural problems due £o
frost sction and the settling or stabilization of thelground over & period
of years.

T

Preservation of wetlénds are necessary for many ecoiogical, water pollution,
and environmentel reasons. Wetlands act a&s a natural filter for sedimentation
and nutrients that contribute to water pollution. Wetlands provide for storage
of flood waters. Although the storage areas may be of less importance for
floods in the magnitude of the 100-year discharge, these storage aresas
generally have a signiftcant effect on reducing adverse flooding for the

more frequently occurring floods., In addition, wetlands provide prime

spawvning grounds for fish and necessary nesting sites for waterfowl. The
natural ﬁlant and animal communities found here provide ecologlcal balance

A
to a watercourse.

' To minimize possible legal attack on land use controls reilecting the

foregoing in that the means (preservation of fish spawning grounds for
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exemple) do not accomplish the oﬁjective (flood damage prevention) the
following considerations are suggested where there is a significant deviation
from the "hydraulic" fiobdway:

a) The areas previously deacr;bed as unaﬁifable for building sites must be

contiguous to the "hydraulic" floodway.

b) The ﬁurpose of the floodway district in the text of e zoning ordinance

for example, must clearly state that in addition to preserving the hydraulic
cepacity of the stream, the floodway has been delineated to protect prime
wvetland areas, vglley storage, etc., for specific objectives applicable to
the particular srea, It may also be necessary to name the zoning districtr
to coincide more specifically with the objective of the floodway selection

such as "Floodway-Storsge District".

P-T. General Legal Considerations (8):

Because floodway regulations stringently restrict devélopment, it is
particularlj essential that they be carefully conceived and delineated to

meet constitutionsl arguments such as:

(a) Equal degree of protection - so far as possible, the floodway lines

should be located to provide for the same degree of hydraulic conveyance on
each side of the stream. As described in E-3, this does not mean that lines
should be located at equal distance from the outer of the stream since

ebility to pass a proportional amount of flows depends upon many other factors.

(b} Permit reasonsble uses - Arguments that floodway regulations "take"
property are likely since most uses are ﬁrohibited in this area., Courts
have sustained severe restrictions for development which, like floodwsy
development, will have nuisance-like effects upon other lands. Likewis;,

Bonstitutionsl attacks may also be averted if some consideration is made in

location of the lines not to prevent all economic uses for individual
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| properties, In some instances, it mey be sound from a hydraulic standpoint
to include one vhole propefty in the floodway or to shift the area slightly.
to inclu@e only portion of that property end a portion of another, The

latter approach to permit some limited development on both properties would

be more likely to meet the equal protection argument.

P-8. Identifisble Land Features:

Although the hydraulic flow limits of the floodway ignore property lines,
‘political boundaries, and sbrupt changes in direction, there are times when
it may be possible to select the floodway to coincide or parallel some
identifiable land feature such es e street or railroad, fence or power line,
0ld levees and property lines. Where the floodway parallels such features
for a significant distance,it is desirable to dimension on the floodway map
the eppropriate separating distance., The inability of officials and affected
landowners to accurately locate the floodway on the ground is & major problem

in implementation and administration of flood plain regulations.
TYPICAL PROBLEMS IN FLOODWAY SELECTION

The following is a summary of typical problems described by the states and
organizations that responded to the questionnaire, excluding Wisconsin:
The comments are listed in their entirety without listing the source or

without regard to duplication.

1. (a) It is difficult to limit the increase in flood stage to exactly 1.0
feet for the length of a study reach.
(b) Several computer runs have to be made before a final degree of

encroachment can be accepted.
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(¢) It is often difficult to locate precisely the encroachment limits
such that they can readily be identified in legal documents needed for

appropriate locel flood plain regulations.
(d) The encroachment studies are often quite time consuming.

2. (a) Our major problem associated with floodway delineations is obtaining

adequate velley cross sections from the consulting engineers.

3. (a) Lack of current mapping of sufficient detail to adequately delineate
the flood plain.

ﬁb) Lack of gauge records and length of records to preperly develop
ffequency curves.,

(¢) Lack of fundinngf the progrem by the State Legislature.

(d) Shortage of qualified technical staff,

(e) Lack of public understanding of flood plain regulation as a

worthwhile supplement or alternative to flood control.

4, One of the main problems which we have encountered in the use of floodway
delineation materials both for flood plain delineation and floodwsy delineation
is the accuracy which the public assumes in connection with these studies.

The location of lines are based on either the measured distances from a known
landmerk or centerline of the streem or from photo interpretations of aerial
photography. Particularly, the location of a line at the edge of the flood
plain is very hard to delineati# and can only be accurately determined after

a close interval topographic map has been obtained.

In general, we have found the delineations have been accurate but that problems
b}

do exist when they are not checked against field surveys for particular

individual locations. In general, the information contained in our Selected

Floodwsy Studies has been well accepted and well received by developers, and
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the regulatory sgencies., The néed for a local agency with personnel trained
in the interpretation of this type of information and who can work with
developers and landowners in the floodwey is of great need to make any flood
plain management prégram successful, Itlis'generally Impossible for State
agencles to adequately providelthis information to all who seek it. I say

this because of the numerous daily inquiries which are fielded by this office.

5. (a) Inadequate documentation of engineering judgments used in developing
floodrplain information study. |
(b) Use of different ¢omputer program by sgency doing floodwey analysis.
(¢) Lack of field survey data at "key" locations in study reach where
the effects of various development patterns should be studied. Often this
may be avoided by pre-planning for flood analysis before the delineation study
is ever started.
(d) To what extenfi would "gqual degree of encroachment" concept be used

in selecting floodway.

6. (a) Costs per mile.

(b) Difficulty in relating allowable increase in water surface profile
to length of reach (i.e., 1'/mile, etc.)

"(¢) Estimating extent of tgpographic coverage required before design

vater surface profile is camputed.

(d) Number and spacing of cross-sections.

(e) Effective communication with the public.

(f) Incompatability of techniques and methodologies beﬁween state and
federal agencies.- (C of E, USGS, S.C.S. & HUD).

(g) Underfunding of State programs which limits application of  =»

delineation studies to comprehensive flood plain management.
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CONCLUSIONS

Successful floodway selection goes beyond the QcoPe of the single purpose
factor-open channel h&draulics. The selection not only‘involves the assistance
of engineers familiar with the hydraulic characteristics of flood flows, but
equally important, local officials, attorneys, planners, engineers, private
developers and real'éstate interests that are familiar with present and

future community needs for parks; residential; commercial and industrial areas;

public utilities and land acquisition progrems.,

Since any decision for planned flood plain development will influence flood
,flows, it is essential that the hydraulic engineer act as a leader in
coordinating the team approach to floodway selections. He should guide local
decisions properly where, in his judgment, their selections would cause
adverse flow.conditions. When the selection of the floodwayrcan be initially
worked out within the séope of governing criteria for increases in the water
surface profile, duplication and costs for engineering studies will be

mininized.

Floodway studies.can also be done more economically if at the time of selecting
valley cross sections for basic.flood plain delineation, survey data is
obtained for anticipated floodway Qtudies. In most cases, this can be
accomplished et no additional expense.

Many problems in the implementation of floodway regulations cgh be avoided
if the selected floodvay in as much as possible conforms to the natural
floodway for the regulatory flood or where backwater amounts are under 0.5
feet. Vhen adjustments are made to accommodate eiisting and proposed
developments, the flood depths outside should be in agreement with practical
floodproofing limitation for the affected land use districts such as

residential, commercial, industrial and parks. When both the engineer and
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the community gain experience implementing floodway regulations or when
political or development pressures arise, the floodway lines can be amended

to provide for greater flood plain use within governing backwater criteria.

v
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