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INTRGDUCTION

Minnesota's flood-plain management standards and the provisions
of &ke- flood-plain zoning ordlnamces-ﬁiiﬂgk-adopted by counties, cities
and villages require definition of the flood-plain boundary and deter-
mination of the effects of flood-plain encroachment, Hesulatlions per-
taining to the management and use of flood-prone areas are contained
in "Statewide Standards and Criteria for Management of Flood-Plain
Areas of Minnesota®. _1|

Areas subject to regulatory controls are those that would be
inundated upon occurrence of the regional (100-year) flood. These
arcas are defined by the water surface proflile resulting fronm the
resioral flood discrarge. The allowable extent of flood-plain develop-
ment depends upon the degree of encroachment introduced and igg effect
of—the=encroaeckment upon the regional flood profile,

Planning and implementation of a flood-plain management program
requires reliable technical data to (1) define flocod-plain limits,
(2) determine flood protection elevations, and (3) evaluate the increases
in the reglional flood profile that will result from proposed development

of flood-plain areas.

ll Available from Documents Section, Department of Administration,
140 Centennial Building, St. Paul, Minnesota 55101,



The best method éﬁdetermlne regional flood elevatiorsznd to
evaluate the effects of encroachment on the flood plain is to conduct
an engineering study wherein a mathematical computer model is developed
to calculate water-surface profiles for the riverine area urder study.
Usinz such a model the digital computer can calculate flood elevations
for natural valley conditions, The model can then te adjusted to re-
flect various dezrees of encroachment and will compute the increase in
the 100-year flood elevations that may result from such prcposed con-
strictlions of the flood plain, A detailed engineerinz study requires
a hydrologic analysis to provide trhe 100-year flood discharses for the
river reach under study and detailed surveys that define valley flow
areas and obstructions affectinzg flow conditions,

Where detalled enzineerinz studles have not veen completed, techni-
cal approximations may be employed to assure that flood plain uses are
reasonably compatible with flood plain management standards. It is not
always practical or possible tomdetalled water surface profile
calculations for evaluation of flood plain development proposals. 1In
many cases the cost of such a detalled enéineering study could exceed
the cost of the propsed development.

A normal depth or unifo.:m flow analysis provides an approximate
determination of flood stages and the effects of a proposed encroach-
mant utilizing a minimal amount of data. Such analysis are normally

acceptable only for isolated case by case studles.

-2_



Purpose and Scope

This report 1s designed to present general zuldelines for hydro-
lozic analysis, to provide information relating to input data re-
quirements and 1t$ acquisition for various types of flood plain
studles, and to establish standardized criteria for floodway analysis,
These guidelines are tased upon the necessity of precisely defining
flood hazard areas and accurately evaluating the effects of future
flood plain development in urbvanized or developing areas., No attempt
is made to discuss all the technical aspects of a detailed engineer-
ing study as it is presumed that such studles will ve performed by
adequately tralned technical personnel; however, there are certain
Judgmental factors involved and it is the intent to establish zuide-
lines to ensure study results in accord with the standards established

by the Minnesota Department of Natural Resources.

Previous Reports

Although previous documents released by the Department of
Natural Resources have dealt with much of the information contained
in this report, experience has indicated a need for additlions, revisions,
expansion of some items, and consolidation of the material into one
report.

Previous informational releases are as follows:
(1) Technical Beport 1-Field Surveys for Flood Hazard Evaluation, 1971,
(2) Technical Report 2-Normal Depth Analysis, 1971,
(3) Informal release-Proceedures for Flood Plain Delineation, 1972,
(4) Informal release-Technical Proceedures for Floodway Analysis, 197§,

Documents listed avove are superseded by this report.
-J=



HYDROLOGY

The hydrologic analysis (determination of flow estimates for the
required flood frequencies) is one of the more significant steps of
any flood-plain study. Exertion of considerable effort in an enzineer=-
inz study by performing detailed field surveys for stream cross
sectlons, making careful evaluation of retardance factors, and con-
ducting sophistocated step-backwater calculations will not produce
acceptable results if the hydrolozy is subject to siznificant change.
Since hydrolozy 1s of paramount importance, proper emphasis should

be placed on this aspect of any flood hazard evaluation.

The determination of flow estimates for the resional (100-year)
flood have probably veen subject to sreater variation, owing to
different methods of analysis, than discharge estimates for the more
frequent floods as the l0-year or 25-year floods. Unfortunately the
100-year flood, being the regulatory flood, iIs the most critical.
in the statistical analysis of existing streamflow records, the greag¢-
est variation between analysts was generally associated with fre-
quency interpretations of short term systematic records, particular-
ly those affected by unusual climactic conditions. Analyses requir-
ing extension of frequency estimates to recurrence intervals several
times beyond the documented period of record, could result in widely
divergent flow estimates of the 100-year flood owing to different
statistical methods of analysis and the handling of unusual annual
flood events, such as those causedrg;jﬁﬁzught or extreme floods,

In more recent years, through efforts of the U.S._Water Resources
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Council, guldelines have been developed to provide a zZreater degrée
of standardization for statistical analysis of existing streamflow
records for natural flow streams, _gJ This should result in more
uniformity between frequency analyses made by various governmental
azencies and private consultants., Increasing lenzth of avallable
streamflow records should also contribute to a better determination
of streamflow characteristics,

Unfortunately, no uniform methcds have yet teen developed for
flow-frequency analysis where streamflow records are unavailable at
or reasonably near the site underzoinzy study. As a result, the
hydrolozist still must make Jjudzmental decisions in deriving region-
al flood-discharge estimates for nany flood nazard studies.

Consistency of regional flood discharzes between adjoining
reaches of a stream i1s of prime importance. Many flood-plain studies
have already been completed in Minnesota, particu}arly along the
major streams. Consequently, 100-year flood disc;arges are already
avallable for tnose areas, In commencing a new flood-plain study,
the Department of Natural Besources should be consulted as to the
availability of such data to ensure the flood-flow estimates for the
new studylwi}; be compatible with those used in e;isting studies

for ad joining areas,

2 l Guidelines for Determining Flood Flow Frequency, Bulletin 17A,

U.S, Water Resources founcil, 1977.



Flood-frequency estimates for new studies should be submitted
to the Department of Natural Resources for approval, including
documentation of methodology and siynificant parameters used in the
analysis, Under an inter-azency azreement, the hydrolozic analysis
will be reviewed by the U.S. Army Corps of Enzineers, U,S. Geolozi-
cal Survey, Soll Conservation Service and the Department of latural
Resources, The contractor performing the flood-plain study will
then be notified of approval or of recommended revisions if the dis-

charge estimates are found unacceptable,



cazed Areas

Water Resources Council Bulletin 17A documents the recommended
procedures for flow-frequency analysis based on systematic streamflow
records. The method involves fitting a fog-Pearson Type II1I frequency
distribution to observed annual peak discharges. Log-Pearson Type 11l
frequency analysis have been in use for socme time; however, as noted
puev&ously, statistical interpretations have in the past often varied
considerably, particularly in the case of short term records, This
was primarily Jue to the fact that the skew coefficient (one of the
three parameters involved in a Jog-Pearson analysis) 1s sensitive to
extreme events, The shorter the record, the more pronounced is the
effect and the arbitrary deletion of extreme values or the application
of non-uniform adJustments could lead to considerable variation in
flow estimates depending on the hydrologists judzment. BResearch con-
ducted by the U.S. Water Resources Council resulted in the conclusion
that generalized values of the skew coefficient, derived from studles
of long-term records, would be more reliable for the analysis of short
term records than the computed station skew., Bulletin 17A guidelines
therefore recommend that regionalized values for the skew coefficlent
should be used in the iog-Pearson analysis where less than 25 years of
record are available, a weighted skew should be used when the length
of record 18 between 25 and 100 years, and the computed statiog skew

used when the station record 18 100 years or longer. The guidelines



also provide for the elimination of low outliers tased on a standard

A vEOmaend e
test and phe treatment of historic floods (documented floods of lar:ze
magnitude) which occured durinz or outside the period of systematlec
record collection,

The 3zeneralized skew coefficients of logarithms furnished with
3ulletin 17A were derived from a nationwide study and may not reflect
trhe test interpretation of localized re:ional conditions, Local studies
to develope zeneralized skew coefficients on a regional or statewide
tasis are encouraged by the Water Resource Council Zuidelires., This
would be desirable for Minnesota in trat greater refinement of general-
ized skew values may be possible by more detailed analysis of local
factors influencinzg the computed skew coefficlents, A preliminary study
of data generated by the U.S. Teolozical Survey for a statewide tlood-
frequency report indicates several tasin parameters that should be
evaluated in the derlivation of generalized skew coefficients. Consider-
ing o0aly those systematic records having 25 or more years of available
data, it would appear that natural storage in upstream lakes, ponds
ant sw2mps tends to generate larger negative values of the skewness
coeff.cient. Downstream storage areas located immediately above the
data coliz2ction site, evidenced by abnormally wide flood plains in
relation to the stream channel, generally tend to have the same effect.
Such conditions are most prevalent in southeastern Minnesota where
streams in the upland areas are deeply incised and have steep slopes
tending to flatten in the low lands where the valleys become very broad,
In such instances, zeneralized values of the skew coefficient based on
statistical analysis of gaging station records collected in the low-
land areas may not be representative of the skew parameters applicable

to upland regions in the same basin,



Flow Prequency analyses tased on the suiXelines recommended in
Bulletin 17A, or any subsequent revision thereof, should provide a
greater degree of uniformity and more acceptance as to reliability'
for the situations where systematic records of streamflow are avail-
able, Log-Pearson Type III frequency analysis, conducted according
to 3ulletin 17A guidelines, are avallable for most streamflow data
collection sites in Minnesota from the U,S, Geological Survey,

St. Paul, Minnesota. inalyses at many selected sites are also avail-
able from the U,S. Army Corps of Engineers, St. Faul, Minnesota,

It should be emphasized that the procedures outlined in 3ulletin
17A apply only to natural flow conditions (streams unaffected by
artificial regulation). If a streamflow record reflects partly
natural flow conditions and partly rezulated conditions, special treat-
ment would be required for the nydrologic study., Either tne observed
record would have to be adjusted to a common flow condition or an
entirely different methodology would have to ve employed for the
hydrologic analysis. There may be situations where all the available
streamflow records were collected under natural flow conditions, but
recently constructed or planned reservoirs could have significant im-
pact on the flow regimen, In such instances, reservoir routing and
operating plans should normally be available for use in the flow-
frequency study. Somz reserviors, even those constructed for flood
control, may have relatively small storage capacities that will dimin-
ish the more frequent flood flows but may have no siznificant effect

on major events as the regional flood. Under these circumstances, a
Jog-Pearson analysis might be valid for determination of the 100-year
flood with adjustments based on reservolr operations being made for

the more frequent floods.



Frogressive urbanization is another factor that should be care-
fully considered in the statistical analysis of existinz streamflow
records, partlcularly-éig basins having drairaze areas of less thén
100 Square miles, There may be instances where streamflow records
have been collected in the past under rural or natural conditions,
However, urbanization during more recent years could have caused
substantial changes in the flood characteristics of the basin. Under
these conditions a change in methodology from that outlined in
Bulletin 17A Would be required,

Flood-plain studies for which streamflow records are available
at the site under consideration are the exception rather than the
rule, However, it is possible to transfer flood characteristics de-
fined by hydrologic analysis‘ggra zazed site (where streamflow records
are available) for some distance in either an upstream or downstream
direction. Such transfers are made on the basis of drainaze area
ratios raised to an exponential power. The method os outlined in the
U.S. Geologic;irgggbrt, "Techniques. for Estimating Magnitude and
Frequency of Floods in Minnesota"._ 73] It is sugzested that use of
the transfer relation bve limited to sites differing in drainage area
size by no more than 40 percent from the gazed site., There are except-
ions, to the normally approved range for application of the transfer
relation. These are situations exemplified by the Bum River Basin
where large flood-plain storage areas (large in comparison to the rest

of the basin) exist upstream from the streamflow data collection site.
3! Techniques for Estimating Magnitude and Frequency of Floods in

Minnesota, Water Resources Investigations 77-31, U.S. Geological

Survey, St. Paul, Minnesota. May 1977.

~10-



In this iInstance flood flows upstream from the storase areas are
3reater than those recorded downstream at the jayed site, Under such
conditions the 100-year flood estimates would decrease aczording to
the transfer relation in an upstream direction only to the lower

lim.t of the stroage area, Upstream of the storage area, the 100-
year flow estimate would shovég increase and then gradually decrease
azain upstream in relation to drainaze area size. In the example
oited- above, 100-year flood estimates in tke central Isanti County
(avove the storage areas cited) would be greater than those computed
downstream at the gaging station site in central Anoka County. Under
these conditions, a correction for storage would be required in apply-
inz the transfer relation or a different methodoloczy would have to be
employed for the hydrologzic ana%ysis. If the sltuation is reversed

so that the unusually 1SZ§Z:'§§}25e areas exist downstream of the gaged
sjte and upstream from area under study, a statistical analysils of

the streamflow records -eana—ve made according to the Bulletin 17A
guidelines,w§£;: can then be adjusted by routing procedures so as to

apply to the site under consideration,

Ungzagzed Areas

Flood-plain studles conducted in ungazed water sheds pose.a
special problem in hydrologic analysis. Flow-frequency estimates for
these areas may be subject to wide variation depending on the analyical
methods employed and thc interpretation of judgmental factors involved

in the application of some theoretical methods,



In Minnesota, major floods in the lar:er river tasins us.ally
result from snowmelt or from a combination of rainfall and sncwaelt.
Severe rainstorms capable of producing hi:zh rates of runoff are ndt
likely to have sufficient areal coverage to produce floods of gsreat
maznitude in the bigser basins; however, a winter's accumulation of
snow having a high amount of water content over a large area, which
if triggered by rapid melting and/or rainfall, can produce disasterous
floods in these basins.,

In the .maller watersheds, particularly in the ranze telow about
50 square miles, the situation 1s reversed., Intense rainstorms are
more likely to produce the more severe floods in these small tasins
where the storm may cover all or most of the drainaze area., 3Snow-
melt, on the other hand, may produce siznificant volumes of rmmoff
but the runoff rate is slower and local obstructions may cause
temporary ponding tending to extend the runoff period and diminish
peak flows..

Rainfall runoff models, sometimes coupled witﬁ snowmelt variations,
are frequently used for the hydrolozic analysis of ungaged areas, 1In
addition to the complications pertaining to snowmelt and/or rainfall
noted previously, there are other factors such as soil types, ante-
cedent conditions, rainfall interception, storage, overland flow rates,
storm intensity, and possibly other factors.requiring evaluation and
judgmental decisions, For example, a 100-yeaf railnstorm, occuring
over a given period of time, (itself subject to interpretation) could
produce peak flood flows having a wide range in recurrence interval
depending on antecedent conditions or the pattern of storm intensity.
Rainfall on frozen or saturated ground will produce substantially
hizher peak flows than the same precipitation occuring on unfrozen

dry soll, Also storms having a high degree of intensity in the

-12=~




earlier stages of the storm will produce different peak flows than
those having the zreater intensity during the later part of the
storm. Therefore, a 100-year rainstorm does not necessarily equate
with a 100-year flood, Obviously the use cf runoff models requires
careful evaluation of basin and storm parameters by experienced
hydrologzists,

Runoff models are most useful for flow-frequency analysis in
small watersheds having dralnage areas of less than 20 square mlles
where homogeneity of btasin parameters 1s more likely., They can be
adapted to reflect either urban or rural btasin conditions. With in-
creasing size of drainaze area, the complexity of variables increases
and the reliability of flow estimates tend to decrease, It is re-
commended that flow-frequency estimates derived from synthetic model
studies be compared with those obtained by the use of other methods
whenever possible,

Several computerized runoff models developed by governmental
agencies or private consulting firms have been used for flood-plain
studies conducted in Minnescota, Government agencies having such
computer programs are:

St. Paul District, U.S. Army Corps of Engineers,
St. Paul, Minnesota ‘
Soil Conservatlon Service, U.S. Department of Agriculture,

St. Paul, Minnesota.

-13-



Another method for defining the flood characteristics in an
ungaged watershed 1s by use of reglonalized flood-frequency equations
developed by the U.S. Geolozical Survey and presented in the report,
*Techniques for Estimating Maznitude and Frequency of Floods in
Minnesota® (See footnote_}J ). Flow-frequency equations are given
for eight distinct hydrologic regions which define frequency re-
lations up to the 1CO0-year recurrence interval. These equations
were derived by multiple regression analysis of calculated frequency
relations at 201 gaging stations havingz drainage areas ranzing in
size from less than 0.1 t05,280 square miles, Variables required
for solution of the egquations are combinations of drainaze area,
stream slope and/or basin storage, all of whlich can be measured from
topozraphic maps. The method applies to all natural flow streams
which are not significantly affected by man-made regulations,
diversion or urbanization, For main-stem streams crossing regional
divides, and which may be affected by regulation, graphs are pro-
vided showing floods of selected frequency plotted against drainage
area., Flow-frequency estimates for intervening sites along the
Minnesota River, Mississippiwﬁiver, and the Red River of the North
can be obtained from these graphs,

Although the regional flow-frequency equations apply to any
size river basin, with the exception of main stem streams noted
above, they are particularly useful in the hydrologic analysis of
smaller watersheds having drainage areas of less than a few hundred

square miles, Many of the larger river basins have systematic

-14-



records of streamflow avallable for which frequency relations can‘
be defined and then transferred to the study site according to the
transfer relation given in the report. Thils is the recommended
procedure to be followed whenever possible within the imposed
limitations.

As in any method of deriving flood characteristics, the pro-
cedures recommended in the above report are subject to error, how-
ever, they do have the advantage of providing uniformity along with
relative ease in application, It should‘%;:aigé-recognized that the
relations expressed therein were derived from observed flood data
whicn are usually considered a viable basis for predicting future
events,

Flood-frequency estimates for ungaged sites can also be ob-
talned from "General Relations® curves based on frequency studles
made at two or more gaged sites in the basin, Cugves relating
floods of selected recurrence intervals to drainage areas for the
gaged sites, can be drawn from which flow estimates for intervening
ungaged sites can be obtained, Curves should be drawn on

logarithmic paper., Figure 1 illustrates the methdd.

-15-
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Extrapolation of the curves should be limited to a 40 percent

change in dralnage area size from the extreze values. This conforms

to the 1limitation imposed to the transfer of flocod frequency

characteristics in the U, S. Geological Survey frequency report.

The method should be limited to those watersheds which have relative-

ly uniform basin parameters. Significant parameters would be strean

slope, storage, and soil type.
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FLOOD-PLAIN DELINEATION

In accordance with Minnesota Regulations NR 86(c), the Com-
missioner of Natural Resources hereby sets forth guldelines to pro-
vide uniformity in the technical analysis of flood hazards and the
effects of various artificial and natiral odbstructions on flood
flows within flood plain areas of Finrnesota, These zuidelines are
to remain in effect until such time as otner standards of nationwide
scope and acceptance are developed, Flood hazard evaluatlion studies
currently oeinz performed by various state and federal agencies

senerally conform to these zuidelines.

Enrineering Studles

The most reliable method for the definition of flood hazard
areas and evaluating the effects of flood-plain encroachment is by
development of a dizital computer model that expresses in mathe-
matical terms the zeometry of the river valley and‘the roughness
coefficlients (retardance factors) that control the slope of the
water-surface profile., The term "Engineering Study" implies such
a procedure.

A. Water-Surface Profile Calculations

Throuzh the use of a dizital cumputer, water-surface proflles
can be calculated for any desired flood flow maznitude using
Bernculli's equation, 4 |
4 | For a technical discussion of this equation refer to a text book

on the hydraullcs of open-channel flow,
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Water-surface profiles for the regional flood are calculated by
standard step-backwater methods utilizing accepted engineering
principles of open channel hydraulics. The Dep?:égigf of Natural
Resources has adopted a dizital computer program”(number 22-J2-1232)
developed by the U. S. Army Corps of Engineers, Hydrologic Enzineer
Center, for this purpose, This program is available for use Dby
acgencies or consultants performing flood plain delinatlion studles

in Minnesota,

The calculations start at a given lccation along a stream and
proceed upstream in segments determined by the location of cross-
sectional data. Each segment or reach of a stream 1s represented by
a cross section. The assumption ls made that the cross section is
typical of flield conditions half way between the previous section
and the next section upstream. The water—surrace»elevation at each
cross-section location is then calculated. A profile of the water

surface may be developed by plotting and connecting the computed

points. Pigure 2 illustrates some of the above concepts.

CALCULATED
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Figure 2., Sample profile.
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B, Surveys and Data Reguirements

1, Selection of Cross Sections

There are many engineering Judgments and field consideratlions
that enter into the selection of 4he locations where survey data
should be acquired., The lccation of the cross--section shouvld be at
those points where: (1) there are changes in the cross-sectional area
of the flood plain, (2) the retardancé to flood flows change (i.e,.
changes in vegetation cover, natural and man-mede obstructions, etc.)
(3) chanzes in the slope of the stream bed or water surface occur,
{4) at man-made restrictions such as bridges, roadgrades, filling, or
other flood plain encroachments, and (5) at rezular intervals along
fascrdd GETS » where none of the above factors occur,

Since the surveyed cross-section indicates the area throuszh
which flood waters will flow, the cross sections should be located
at approximately right angles to the direction of flow., Again, for
the same reasoning, cross sections should not be taken at areas which
are not effective in conveying flows such as bays or inlets where
the water 1s not flowing but is in stor;ge during the flood peak.

See figure 3 for an illustration of some considerations in selection

of cross section locations,
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2. Spacin: of cross Jetlons

The spacing tetween cross sections, which determines reach
lengths in coaputer calculations, will vary in accorance with the
above criteria and whether the study 1s for a rural or urban area,

In urban zreas or in any area where flood-plain development is
accurrin:, it :s desiracle to achieve sreater accuracy in the cal-
culated profile to allow for a more precise flood-plain delineation,
and to provide 3 more accurate means for evaluating the effects of
future flood-plain encroachments, Distances between consecutive
cross sectlons {or uniform valley conditions zenerally should not
exceed 1% times the averace width of the cross sections, but should
fall witnin the following limits:

a. Stream slope less than 3 feet per mile - maximum spacing
1,800 feet

b. Stream slope zreater than 3 feet per mile - maximum
spacing 1,200 feet, -

Where the cross sectional width exceeds one mile with a

strea: slope of less than 2 feet per mile, the maximum

spacing for uniform conditions should not exceed one-half

mile,

NOTE: All measurements are vally miles,

If there are unusual conditions that are not covered by these
Zuldelines or which require deviations therefrom, the contractor
performing the study should consult with the Department of Natural

Resources, . .



In rural areas not under-going development, equivalent accurécy
1s not needed and greater spacing of cross sections is reasonable,
Distance vetween cross-section locations for uniform valley con-
ditions generally should not exceed twice the averaze width of the
cross sections but should fall within the following limits:

é. Stream slopes less trnan 3 feet per mile - maximum
spacinz 3,000 feet,

b. Stream slopes greater trnan 3 feet per mlle - maximum
spacing 1,800 feet.

where the cross-sectional width exceeds one mile with a

stream slope of less than 2 feet per mile the maximum

spazing for uniform conditions should not exceed o

4,000 feet,

NOTE: All measurements are valley miles.

Unusual situations requiring deviation from these guideliunes
should be called to the attention of the Department of Natural

Resources,

3. Bridzes and Other Controls

Structures such as roa?érades, bridges, culverts, levees and
UpSArenr
dams which restrict flood flow and control water-surface elevations
upstream have to be surveyed in the field to determine certain
gev.netric factors which are then entered‘ﬁnto the digzital computer
model, The following information is needed for each bridge or cul-
vert and roadway:

a, Cross sections about 50 feet downstream and 50 feet

22



d.

upstream of the roadway and parallel to it, Care
should be taken during the actual field survey that
tne cross section reflects natural ground conditions
and not the fill material for the roadway.

A cross section of the waterway opening under the
bridge or culvert showing the low portion of thne
superstructure, bridge abutments, plers and other
factors which affect the area and the manner in which
flow occurs through the opening.

A profile of the top of the roadway together with
elevations and descriptions of the bridse railings
(e.z. can water pass through the railing)

An indication of the type of roadway (two lane,
divided, single or dual ratlroad tracks, etc.)

" Pigure 4 1llustrates some of the above concepts.
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Similar information is required for any dams located in the
study area which should include the following:
a, Cross sections located upstream and downstream of dam,
b, Longitudinal profile of fixed crest dams or spillway
section of regulatory dams,
c. Cross section of spillway or fixed dam crest,
d. Size and elevation of zate oreninzs and description

of zates,

4, Field Survey of Cross Sections

The location of the cross sections should first te desiznated
on accurate toposraphic maps and/or aerizl pnotosraphs to define
the longitudinal direction of the fleld surveys, It should be
empnasized tnat the distance between cross sections, which 1s a
critical input value to the digital computer model, will normally
be determined from the section layout on the topographic map or
aerial photcgraphs. Therefore, it 1s essential that accurate scaling
is possible on whichever mediup is used.

An excellent method is to make a preliminary layout of the cross
sections on a topographic map and then transfer the locations to larze

aeriel
scale -areal photographs if they are avalilable, The topographic map

provldes;good perspective of the zeneral valley aliznment which
materially aids in properly orlenting the sections at right angles
to the flow. In many cases, the configuration of the valley flood
plain is much‘lgss meandering than the stream channel, necessitating

broken cross section alignment to malntain the right angle orienta-
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tion to flow, éireetion-aorose-the—entire-flow—anrea, Such conditions
are less obvious from ground inspection at the field survey site,
The cross section locations should then be transferred to large
scale aerial photographs, whenever available, for use in the field
to identify sections locations. Aerial photozraphs permit refine-
ment of cross section lines vased ¢(n vezetative cover or other ob=-
structions not apparent on the topographic maps and provide more
positive identification of the section alignment in the field,

Outer extremities of the cross sections can be designated by
establishment of a minimum elevation for the terminating point of
each section or by zseosraphic location on the map or aerial pnoto-
sraph, ilinimum elevations can ve designated in terms of mean sea
level, distance abcve stream bded, or distance above existing water
surface. ?articularly in the case of cross sectional layout on
aerial photographs, a prescribed minimum elevation to define the
lateral extent of the cross sections is the most reliable.' Extreme
care should br taken to assure that the lateral survey limits cover
all the area that could be inundated by flood waters,

rield inspection may on occasion require re-orientation of cross-
section alignment, however, such cases are rare in that the ground
perspective is severly limited when considerinz the broad expanse
of the total flood plain.

In the field, the location where the cross-section is to be
surveyed can be determined by visual observation through reference
to identifiable points on the map or areial photograph, Wwnere

accurate maps are not available the location of swsvey cross- sections
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may nhave to be determined by surveys.

The elevation of ground points should be determined along the
survey line at all major breaks in gound slope and at reasonable
intervals baseq on the length of the survey line. It is important
to remember that a cross section should represent or be typical of
the flow area halfway ctetween two consecutive sections. Therefore,
local irregularities in the ground surface, such as depressions or
rises that are not representative of the reach should be eliminated
in the fleld survey., This 1s also true of embayments or inlets to
the flood plain which may be inundated by the 1l00-year flood but
are not effective in carrying flood flows,

The survey chief should exercise judzment in acquiring the sur-
vey data, Where site distances would be considerably improved by
slizghtly sﬁifting the survey line, such practice is encouraged to
reduce survey costs, Then too, the survey line may need to be
changed under unusual situations to mére accurately reflect field
conditions., Whenever the location or alignment of the survey line
is changed it should be indicated on the map or photo and submitted
with the survey data. '

An Alternative to fieldwsﬁrveys for obtaining cross section
data is the use of photogrammetric compilation, The method is dis-
cussed in a later section of this report.

Stadia accuracy is adequate for all cross section surveys with
horizontal distances being read to the nearest foot and vertical
elevations being read to the nearest one-tenth foot. Longitudinal

distances of the cross sections derined,by field survey should be
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compared to those scaled from topographic maps or aerial photo-
graphs to eliminate gross errors,

Field surveys should be made in mean sea level datum whenever
possible,tg;é§shou1d be carefully documentd as te origin, 1In
Minnesota, two different sea level datums have been in general use:
(1) seneral adjustment of 1912, and (2) datum of 1929, Of the two,
the datum of 1929 is now the most generally accepted and is used in
the preparation of topographic maps published by the U, S, Geological
Survey. Variations betweed the two datums can exceed one foot, de-
rending upon the area of consideration, therefore, explicit
documentation of the datum used is required.

If mean sea level datum cannot be established, which 1s a rare
occurrence in Minnesota, a common datum must be utilized which can
later be translated into sea lzvel datum by a uniform conversion
factor, '
| Bench marks of a semi-permanent nature should be estgPlished
at intervals thrnughout the flood-plain area in connectlion with the
field surveys, Be: “ marks should have accuracy standards assoclated
with ordinary differeatial leveling requirements. (Elevations fur-
nished to accuracies of 0.0l foot). A description of the location
and the elevation of all bench marksg:should be madé part of the final

flood-plain study.

5. Use of Avallable Detalled Topographic Maps

wWhere detailed topographic maps are avallable (_usually 2 foot

contour intervals and map scale of up to 1 inch a 200 feet for urban
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areas; 5 foot ccnicur intervals and up to 1 inch = 500 feet for rural areas) tﬁe
the overbank rortion of the cross section can be obtained by scaling the distances
to the contour lines. Use of 5 - foot contour interval maps should be limited to
those situaticns where no more than 30 percent of the total regional flood flow
occurs in the cverbank areas.

Since tc¢rozrarhic maps usually do not provide sufficient detail on the channel
oortion of the szection and do not show stream bed elevations, the channel portion
of the cross z2ction normally requires field surveys. If the percentage of flow
carried by thre channel is very small compared to the percentage of flow carried
by the overbarxs,a hand level may be used to obtain the channel portion of the

T.

cross section., his is i1llustrated in Figure S,

FLOOD LEVEL . ‘

I ——

‘—-_—/-M:/

HANNEL

- Figure 5, View of Cross Section

CresS -S&* \on

It is important to properly tie theYdata acquired from detailed
N PotD YOt ric compilation,

topographic maps)vto the surveyed channel .data. Therefore, the
channel information obtained in the field should include a point at

least 50 feet on each side of the channel as shown in Figure 6. The ‘
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L 4

Figureﬁ. Channel section survey tie to overbank section,

. 6. Plottinz of Su.vey Data

The survey information should be plotted so that it may be
interpolated to the nearest 0.1 foot vertically and to the nearest
foot horizontally. Cn 10 x10 division to the inch zraph paper the
smallest scale that should be used to meet the above criteria is:
vertically 1 inch = 5 feet; horizontally 1 inch = 50 feet,
However, for very lonz survey lines, such as 1,000 feet or more,

a smaller horlzontai scale’ may be practical,

> -
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7. Selection of Retardance Factors

Retardance factcrs ("n" values in the Manning formula) are very
critical to the computation of cross section conveyance (flow-carry-
ing capability), For this reason, "n* values should be carefully
selected in the field, preferably by cn-site inspection conducted by
two experienced hydrolozists. Notations made during the field sur-
vey of cross sections as to the stationing where vegetative cover
changes occur, or cther obstructions exist, are extremely helpful 1in
determining the lateral limits for assigned "n®" values, It is ex-
tremely difficult to define the areal extent of different "n" values
in broad flood plains where zround observation is limited to a small
percentaze of the total area. Aerial photocraphs showlnz the cross
section locatlions are probably the best method to locate where "n"

values should change under these conditions,

C. Delineation of Flood-=Plain Outlines

_ Flood-plain outlines in urban or developing areas shé&ld be de-
lineated upon either detailed topographic maps having a 2-foot or
lesser contour interval and a horizontal scale of no more than 500
feet per inch; or on aerial mosaics, orthophotos, or suitable street
haps not exceeding this horizontal scale,

In rural areas, delineation of the flood plain may be based
upon either detalled topographic maps having a 5 - foot or lesser
contour interval and a horizontal scale not exceeding 1,000 feet per
inch, or by aerial mosalcs or orthophotos not exceeding this hori-
zontal scale,

Flood-plain delineation on aerial mosaics or existing street
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maps will require field surveys to substantiate the outline,
Accurate flood-plain outlines can be obtained by photozrammetric
compilation, This is most practical when the cross section data are
obtained by photogrammetric methods, A section devoted to photo-
zrammetric compilation coatained in a later section of this report

will provide nore details,

Aoproximate Methods for Flood-Plain Definition

In rural areas not presently undergoing development, less pre-
clse methods may be used to define flood-hazard areas., These in-
volve the use of historic flocod data, soil maps, or aerial pnoto-
zraphs of experienced floods, wnich may be utilized either sinzly
or in combination, dependinz on the availability and applicapbility
of the data. When usiﬁg nistoric flggd data or aerial photos of ex-
perienced floods, a hyarolozic anﬁlysigjtq determine the regional
flood elevation at some point in ngggar:the study area would be re-
quired to provide a baéié for adjusting the avallable data’ to

regional flood conditions, (See "Hydrology" section of this report),

A. Historical Flood Data

High-water marks, defining a profile of an experienced flood,
can be used to establish regional flood elevations by an adjustment
vased on the difference between the estimated 100-year flood eleva=-
tion (determined by hydrolozic analysis) and the observed hizh-water
mark at a site in or near the study area,

Where flat (2-3 feet per mne)x uniform slopes occur, rloog marks
should be avallable at approximately 2-3 mile intervals along the
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stream, For other stream slopes the spacing of available flood
marks will be evaluated consistent with the slope. Where man-made
or natural constrictions occur, high water mark spacing should not
exceed one-half mile, When historic flood data are used to develop
a regional flood profile, the elevation of the historic flood at any
location srnould generally not be more than 2 or 3 feet from the
estirated elevation of the rezional flood at that location, Delinea-
tion of the flood-plain areas using historic flood data should con-
form to the requirements for rural areas outlined above in Section C
under "Engineering Studies” whenever possible. In the event that the
more Zstailed topozraphic maps referred to above are not available,
flood-plain cutlines should be made on U. S. Geolozical Survey
toposraphic maps having no greater contour interval than 10 feet

and a horizontal scale of no more than 2,000 feet per inch.

B. Soil Maps
Detalled soll maps may be used to define flood hazard areas for

mature landscapes with streams well incised in deep valleys. Such
conditions zenerally occur in the southgastern area of Minnesota,

Use of so0il maps in other areas of the state will be accepted only
after investigations are made to determine the correlation between
soil mapping and engineering studies, All flood-plain delineations
using soil maps must be reviewed and approved by the State Soil
Scientist, Soil Conservation Se}vice, U, S. Department of Agriculture,

before acceptance by the Department of Natural Resources,



C. Aerial Photo:.::rapns

Aerial ph9tographs suitable for defining the horizontal extent
of experienced floods are very rare. Seldom is the aerial photo-
Zraphy obtained at the time of the flood peak so that the maximum
dezree of inundation is not plctured. It 1is z21so necessary for the
peak stase of tne experienced flooed to te clc:z2 to tne elevation
assocliated witn the regional flood if tne aerial protozraphy 1is to
be used for delineatlion of tne flood plain. Ihis required combina-
tion of circumstances seldom occurs. Aerial pnotozraphy obtained
under less tnan the idealized conditions noted avove may still be
very useful in conjhction with other methods of flood-plain de-

lineation,
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ENCRCACHMENT EVALUATION

As outlined in iMinnesota Regulations NR 87 (4), "Statewide
Standards and Criteria for Management of Flood Plain Areas of
Minnesota¥, floodway limit (for maximum encroachment) shall be de-
termined by usinz an equal (uniform) degree of encroacament method
{also called "equal dezree of conveyance reduction® or "erzineered
floodway® in this report). The regulations also state the following:

"The limits of the floodway shall be designated so that per-

missible encroachments on tne fiood plain will not cause an

increase in stase of tne re:sional flood (100-year) of more than

0.5 feet in any one reacn or for tne cumnulative effect of sever-

al reaches of a watercourse.,®

The principle of equal encroachment ensures that lost flow
carrying cabacity on one side of the flood plaiq,owlng to maximum
permitted development, cannot exceed possible lost capacity dn the
other bank where such capacity is avallable, This applie§ whether
the option to allow development 1s exercised or not, by one community,
when different communities are situated on opposite sides of the
stream, Jovernmental units having zoning jurisdiction (cities or
counties) may be more restrictive in the development of flood-plain
areas by desi:nating wider floodways than the minimum prescrited by
State Regulations, in which case the degree of encroachment need not
be equal on both sides o;xgtream.

The regulations. NR 87 (e) also provide for estaplishing flood

protection elevations which shall correspond to a point not less than
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one foot abcve the water-surface profile associated with the regional flood plus
any increases in flood stages attributable to permitted encroachments on the
flood plainm. The one foot increase should be measured from the final floodway

profile as determined by the guidlines which follow.

Technical Procedures for Flocdway Analyses

Development of flcodways based on equal degree of encroachment, or analysis
of designated floodways for compliance with State Standards, may sound simple
enough; however, many complex situations may arise. Some examples are starting
elevations for the floodway analysis, split jurisdiction of the floodway between
two different ccmmurities on opposite sides of the river, protection of a commun-
ities rights for future revision of designated flocdways, and the cumulative
effects of flood-plain encroachment which must be cornsidered in subsequent studies
of upstream areas. The following guidlines give detailed analytical procedures
for the more complex situations, and provide for the application of uniform
standards in the evaluation of floodways as requirec by tihe Minnesota regulations
for flood-plain management. »

Regulations permit a 0.5 foot increase in the regional flood elevation (0.2
foot if the community occupies only one side of the flood plain) owing to encroach-
ment, but frequently communities opt to designate more restrictive flocdways which
develop less than the prescribed maximum increase. The regulations also empower
the Commissioner to limit the increase in the regional flood elevation to less
than 0.5 foot where substantial amounts of damage could occur., éigé:iZQE:SELfﬁf

ix not prevented ,
gnauona—szz-eenuaniby-from revising it's floodways at some future date providing

that the
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standards for maximum increases in the regional flood elevation are
not exceeded, The increase in the reglional flood elevations is always
measured from the existing conditions found in the initial engineer-
ing study, not from the adjusted elevations defined from previously
desiznated floodways. Adherence to the guidlines will protect a
connunities future rights for these situations,

The following vasic rules will provide assistance in understand-

ing and using the floodway analytical procedures which follow.

1. Check for adopted floodways upstream, downstream, and across
the stream from the area to be studied, Available data from ’
existing floodway analyses for adjacent areas is essential
to implementation of these guidlines., Transitions between
floodway alignment for adjacent communities upstream and
downstream should be as smooth as is prac?ical under exising

conditions,

2. The natural floodway elevation is the same as the 100-year
(regional) flood elevation for existing conditions. The
natural floodway is determined by ellminating any ineffective
flow areas at the ends of each cross sectlon.” It 18 this
elevation from which increases in the regional flood caused
by encroachments on the flood plain are measured. Surcharge
as used herein means the 1lncrease in elevation above the re-

gional flood level associated with the effect of floodways.
- t

3. Deviations slightly above a 0.5 foot (or 0.2 foot if app}i~
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cable) increase may be allowable on a case by case tasis if

approved by the Commissioner, However, the 0,5 foot in-

crease wmust not be exceeded at the upstream corporate limit

of each community,

In the case of two cities across the river from each other,

the total allowable increase, as in all cases, is 0.5 foot.

However, due to various methods of calculation, the zllowable

increase attrivutable to either clity's individual encrcache

+’
ment must not exceed 0.20{:C This will assure that tre com-

bined effect of votn cities encroachments will not cause

increases greater tnan 0.5fs0f.

The procedures have teen developed in such a manner tnat a

city can exercise the following options:

a,

Less than maximum encroachment may be desizgnated at
present, but in the future the city can request its
maximum allowable encroachment (with one exception as

stated in (b) below).

E:zcessive encroachment (beyond the limits of an enzineer-
ed floodway) that would otherwise exceed state standards
may be found to be acceptable (i.e. all total increases
will still remain less than or equal to 0.5') if a
sufficient "compensating effect®" is realized upstream
and/or downstream, This can be done by designating

floodway limits upstream and/or downstream that are
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sufficiently less restrictive to flood flows than the
limits determined by the equal deziree of conveyance
reduction (engineered) method, However, once this
option is exercised, the city cannot at a later date
request that option (a) be applied to these upstream

and/or downstream areasg i+ the cumwletive e ffect
wold  Uid\al@ Stute standavds.

-

A, Main-Stem Stuaies

This section deals with floodway analyses for a sinzle river
reach which may involve adjacent upstream and/or downstream commun-
ities, and situations where different communitites occupy opposite
sides of the river flood plain as illustrated in rizure 7. Triocu-
tary streams entering the main stem in a study reach require special
treatment which will be dealt with in a subsequent section,

In the fcllowing examples, starting elevations 2rc prescribed
at the downstream corporate limits of the community under study for
designing engineered floodways or evaluating the validity of desig-
nated floodways according to State standards; however, a different
starting elevation may be required “or computing the final floodway
profile, depending on the conditions clted.

Note: Whenever a starting elevatlon based on the natural
floodway profile plus 0.5 foot is prescribed, tne following
exceptions apply: If complete encroacnhment (to the river bank)

in the area downstream from the community under study results
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in an lIncrease less than 0.5 foot, then this actual computed

increase is to be used to determine the starting elevation

(1ﬁ lieu of the specified 0.5 foot surcharze)., The surcharge

used to determine the starting elevation should be based on

rcalistic probabilities and should not exceed the maximum pro-
file increase attainable for existing conditions. If the data
necessary for this type of evaluation are not évallable, then
the 0.5 foot surcharge is used, with the following exception,

Where it is obvious from field inspection and study of topo-

graphic maps that there would be no significant increase result-

ing from complete encroachment, it would be permlssible to use

a starting elevation equal to the 100-year natural elevation

with no surcharge added. High vertical banks on both sides of

the river would be an example of this condition. These situa=-
tions are relatively rare and should be carefully documented

in order to qualify for the exemption.

Procedures for floodway analysis are defined by four sample
cases listed 6elow. The examples should provide zuldance for virtu-
ally all situations to be encountered; however, if some unique con-
dition should occur to which the examples are not applicable, the

Department of Natural Hesources should be consulted,

Case A

——— ———

City V occupies area on both banks of river (refer to

Figure 8).
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Pigure 8,

Illustrated community layout for following examples.
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Case B

City W selecting floodway, neither cities X or Y have

a floodway (refer to Figure 8).

Case C
City X selecting floodway, W has adopted acceptable

floodway (refer to Fi-ure 8),

Case D
Cities W and X selectigg floodway. City Y may or may no£

have a floodway (refer to Fizure 8).

Wnenever 0,5 foot surcharze is to te added to natural 100-year
profile for starting elevations in the following examples, refer to

preceding "Note" for possible exceptions,
Case A - Community V only (refeir to Figure 8)

Step 1, Evaluate engineered floodway or designated flood-
way using a starting elevation derived by adding
0,5 foot surchaze to natural (100-year) floodway
elevation at downstream corporate limits, If per?
missible 0.5 foot surcharge is not exceeded through
V, floodway 1s acceptable. If excessive increases in
elevation are found, the floodway will have to be
ad justed.
In this situation, where a sinzle community has

Jurisdiction on both sides of the river, small sur-
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charge increases In excess of 0.5 foot may te accept-
able, upon approval of the Commissioner, provided the
0.5 foot 1s not exceeded at the upstream corporate

limitS.

Step 2. Final floodway profile to be plotted should de
derived by using a starting elevation for the appro-

priate conditions described below:

a. If floodways have not been desizrated downstreanm
from comnunity V, use 100-year natural elevalon

plus 0.5 foot (see exceptions under "lNote").

b. When floodways have bteen desizpated for the down-
stream area, use l100-year natural elevation plus
actual computed surcharge applicable at down-

stream corporate limits of V.,

Case B - City W selecting floodway, X and Y have no floodway.

(refer to Figure 8 )

go
Step 1, If desired floodway is an engineered floodwaxdto

Step 3 below.

that ke desigrated
Step 2, 1If inspection indicates the-btate communitxA lood-

way probably provides for less than allowable encroach-
ment (i.e. surcharge increase of less than 0.20 foot
can be expected, then analysis should be made as
follows. Otherwise go to Step 3,

I



a. Set cross-section limits for W aleong designated
floodway line, Cross-section limits Tor the
other side of the streaz remain at the natur;l
floodway lirit.

b. Usinz a starting elevation rbr W equal to 100~
year natural elevation plus 0.25 foot, compute

profile.

¢. If increases (other than at the first two cross.
sectiornd resulting from W's deslcnated floodway
are less than 0.20 foot, then the desisnaled flood-

way is acceptable,
d. If surcharge exceeds 0.20 foot, go to Step 3,

Step 3, If the desired r!_udway is tc be an engineercd
floodway, or if Step 2, 1s not satisfied, then the
analysis should be made as follows,

a, Using a starting elevation equal to the 100-year
natural flood level plus 0.5 foot, compute an
engineered (equal degree of conveyance reduction)
floodway for W and the opposite bank ar=as in X
and ¥, The resulting floodway should be tested
for exceedance of the 0.5 foot maximum surcharge,
I1f the engineered floodway is to be used, it can be
accepted if it meets “he above test standards,
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The procedures itemzized in (), (c¢) and (d) below

can then be elininated,

b. If a deslignated floodway is to be evaluated, set
the cross-section limits for W at the selected
floodway line while the cross-section limits for the
other side of the stream (cities X and Y) remain at
the equal conveyance reduction limits as determined

in (3. a.) above.

c. Compute the floodway profile usinz a startin; eleva-
tion equal to the 100-year ratural level plns 0.5

foot.

d. If the surcharge at any point in the reach is
greater than 0.5 foc , then adjustments must be
made in W's desigznated floodway and a new profile
computed.

Step 4, Starting elevations for computation of the final
floodway profile should be determined as follows:

a. 1f community V has no desinated floodways, start-

ing eleval:-n shou'd te 100-year natural elevation

plus 0.5 foot.

b, Whern adopted floouways are available for comnunity
V, use computed surcharge at upstream limits of V
plus 100-year natural flood level for starting
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elevation,

Step 5, Final floodway profile should be computed, using
starting elevations as determined in Step 4., follow-

ing the procedures outlined below:

a. Set the cross-section limits for W at the designated
(or engineered as applicable) floodway line and the
cross-section limits in X and Y at the natural

floodway line, Compute profile,

b. Final floodway profile should be determined by add-
ing 0.25 foot (or less if required) to computed
elevations. from Step 5, a. above, but limiting
total increase above 100-year natural flood eleva-
tion to 0.5 foot, Table 1 illustrates the pro-

cedure, -
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Table 1, Profile Elevations in Feet

o MMmEl Mgt MLt mmb
No, Elevation @ _ Elevations * X¢ ¥y + __Profile
1 # 980.40 980.90 0 980.90
2 980.80 - 981.15 0.15 981.30
3 981.35 981.62 0.23 981.35
L 981.75 981.94 0.25 982,19
5 982.20 982.35 0.25 982,60
6 982,75 982.92 0.25 983.17
7 983.18 983,41 0.25 983.66

]

4+

rom profile computed accordinzy to =:ep 5. a.
raximum value is 0.25 foot.

At downstream corporate limits of City W,

The procedure outlined above will allow for future
desiznation of floodways in Cities X and Y without

any suostantive change in the floodway profile.

AN o

o Sy o~ ‘i o ~ +
V"V —— uvvvvwfvr -r‘a;rvr am'
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Case C - City X selecting floodway, W has adopted floodway

(refer to Figure 8),

Step 1., An engineered floodway for cities W and X should

be computed (if one is not available from the previous
analysis of W's desiznated floodway), using a start-
inz elevation equal to the 100-year natural floodway
level plus 0.5 foot applicable at downstream limits

of X (Corpnrate boundaries may or may not coincide
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Step 2, Set X's cross-section limits along the designated
floodway. W's limits remain at equal degree of con-
veyance reduction limits as determined in Step 1.
Using these limits and the same starting elevation as

in Step 1, determine floodway profile.

Step 3, If profile increases exceed 0.5 foot, then adjust-

ment is necessary in X's desiznated floodway.

Step 4. Starting elevation for computation of the firal

flocdway profile should ve determirted as follows:

a, If community V nas no desiznated floodways, start-
ing elevation should be 100-year natural flood
level plus 0.5 foot.

b. If floodways nave been adopted in City V, deter-
mine starting elevation by usinz computed sur-

charge at upstream limits of City V plus 100-year flocd

elevation,

Step 5. Conpute final floodway profile, using starting

elevation from Step 4., by setting cross-section
limits at the designated floodway line in City X and
the adopted floodway line in City W. Any increases

above 0,5 foot resulting from this combination should
be amall and will be acceptabple. *-
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* The reasons for going through Steps 1 through 4
may not be readily obvious; however, if each step
is carefully studied, it will be seen that this
procedure is the only way to protect the rizhts of

both communitlies.

Case D,- Cities W and X selecting floodways simultaneously,
City Y may or may not have adopted floodway. (refer to
Fizure 8)

Step 1, Starting elevation should be equal to 100-year

natural elevation plus 0.5 foot.

Step 2, Compute equal degree conveyance reduction
(engineered) floodway through study reach, Make com-
puter run with model adjusted for engineered flood-
way to ensure that increases in 100-year flood eleva-
tion do not exceed 0.5 foot. If designated floodway
limits do not exceed engineered floodway alignment,

Steps 3 and 4 below can be eliminated,

Step 3. Using the same starting elevation, compute flood-
way proflile with cross-section limits defined by W's
designated floodway line on one side and X and Y's
enzineered floodway line on the other side, All pro-
file elevation increases must be within the prescrib-
ed 0,5 foot 1limit, if not, modify W's designated
floodway.



Step 4, Agzain using the same starting elevation, compute
floodway profile using cross-section limits defined
by X's designated floodway line on one side and W's
equal degree of conveyance reduction line on the
other side. Increases in the 100-year flood profile
cannot exceed 0.5 foot, otherwise, desiznated flood-

way for City X must be modified.

Step 5. Startinz elevation ror computation of the final

floocdway profile snould ve determined as follows:

a., If community V ras no desi:nated floodways, start-
inz elevation snould te equal to 100-year rnatural

level plus 0.5 foot,

b. If City V has adopted floodways, starting eleva-
tion should be determined by using computed sur-
charge at upstream limits of City V plus 100-year

elevation,

Ste;gé. Final floodway profile should be derived by using
the appropriate starting elevation from Step S above,

and then proceedinz as follows:

a, Compute floodway profile using designated flood-
way lines for terminating cross sections in Citles
W and X, If City Y has designated a floodway, it

should be used to define cross-section limits;
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otherwise, use natural floodway limits for term-

inating cross sections in Y,

b, If City Y has desizgnated floodways, final floodway
profile shall be the computed values from Steph a.

above,

c. If City Y has no designated floodways, the final
floodway profile should be determined by using the
computed values from Stepb. a. for the reach coin-
cident to Cities W, and X, Upstream from tnre cor-
corate limits of City X, tre computed profile from
Stepfp a. must be adjusted by adding 0.25 foot (or
less if required), but limiting total increase
above the 100-year natural elevé@ion to 0.5 foot,

See sample calculations for Case B in Table 1.

B, Tributary Streams

FPloodway evaluation for small tributary streams poses special
problems with respect to starting elevations, The probability of
major flood peaks (such as the regional flood) occurring simultaneous-
ly at the confluence of a minor tributary arnd a lar-e main-stem
stream is considerably less than one percent. If too high a start-
ing elevation 1s used, the floodway evaluation would permit excess-
ive encroacnment thrcuzh the backwater reach of the tributary owing
to the artificially increased cross-sectional area for the higher
water-surface level. FPor this reason, the following procedures have
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been developed., Refer to Figure 9 for an illustration of the pro-A

cess outlined in the gulidlines,

Step 1, Determine the floodway on the main stem using the
applicable situation as outlined in "Section A, Main-Stem

Studies®.

Step 2, The tributary starting elevation for the 100-year

natural profile at Point B is determined as follows:-

a. Drainage area ratio of tributary to main stem is 1:50
or greater, starting elevation equals 5-year flood

elevation of main stem at confluence,

b. Drainage area ratio is bvetween 1:50 and 1:15, starting
. elevation equals 1l0-year :lood elevation of main stem

at confluence,

¢. Dralnage area ratio is 1:15 or smaller, starting eleva=-
tion equals 100-year flood elevation of main stem at

confluence,

Note: The 5-year>flood elevation on the main stem at
point B can be determined from a stage-frequency

curve based on avallable frequency elevations,

Step 3, Compute 100-year natural floodway profile for tribu-

tary using appropriate starting elevation from above,

Step 4. From point B, horizontally extend the main stem
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IOO;year natural elevation througv the tackwater reach én
the tributary to intersect the tributary profile computed
in Step 3 above (from point B to scmewhere near point C),
With a smooth transition this new profile is the 100-year

natural floodway profile for the tributary strean.

Step 5. Following the guidlines outlined in "Section A. fain-
Stem Studies" evaluate designated floodway, or compute
engineered floodway as required, for tributary stream using
startinz elevation mb-determinedzznint B by addinz 0.5 foot
to elevation determined in Step 2., If complete encroach-
ment on the main stem causes less tnan a 0.5 foot increase
in the 100-year flood level at point B, for the condition
set forth in Step 2. ¢. only, use the computed surcharge

from complete encroachment in lieu of the 0.5 foot.

Stegé. Compute initial floodway profile for tributary stream,
‘using same starting elevation at point B as prescribed in
Step 5, by following procedures for final floodway profile

calculations outlined in "Section A*.

Step 7. rinal floodway profile for tributary stream should be‘
determined by horizontally extending main-stem floodway
elevation from point B until it intersects profile com-
puted in Step é, in vicinity of point C. Make a smooth

transition at point of intersection,
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Normal Depth Analysis

The normal depth, or uniform flow analysis, provides an approx-
imate determination of flood stages utilizing a minimal amount of
data., It is generally used on a case by case basis for an approx-
imate evaluation of the effect of encroachment on flood flows, The
method 1s usually limited to estimating flood levels in undeveloped
rural areas where the stream characteristics are reasonably uniform.
over a considerable reach and no downstream obstruction, such as a
bridge or dam, affects the flow pattern,

In the absence of engineering studies, local flood-plain manage-

ment ordinances can be based upon experienced flood data or soil

maps, where appropriate, by providing a conditioﬁ:use permit

procedure for engineering review of proposed developments, Wlth

this approach, a minimum amount of data 1s necessary for both

adoption of local ordinances and evaluation of proposed developments,
Under these conditions, normal depth analysis can be used to

assure that proposed flood plain- uses are compatible with the ulti-

mate requi;ements when flood plain regulations are adopted consistent

with *Statewide Standards and Criteria for Manacement of Flood Plain

Areas in Minnesota" (See footnote 1/).

Normal depth analysis is the application of Manning's equation
Q= l;%QAR¥§;$ to determine the. flood characteristics for flows of
a given magnitude in natural or manmade channels, Strictly speaking,
Manning's equation is applicable only to the uniform flow condition

wherein the discharge, waterway cross section, mean velocity, and
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depth remain constant throu:snout the study reach. For flow in
natural streams and rivers, these conditions exist rarely, if ever,
H owever, normal depth analysis is still a useful technical tool in
that it will zive a zood approximation of elevations associated with
a specified magnitude of flcw and will, in most practical applications,
define tne minimum cross-cectional area required to pass a ziven dis-
charzge wlthout exceedinz tre zaximum prescrived surcharge.

Normal depth analyses for proposed flood-plain encroachments

should be submitted to the Cepartment of Natural Hesources for review,

A, Data Reagulr=ments

Tre data required for a normal depth arnalysis consists of an
estimate of the regzional flcod magnitude, selected retardance factors
(Manning's roughness coefficient - "n") map of area under considera-
tion, cross section of stream channel and overbank areas, stream
slope, photographs of study area, detalils of any stream obstructions,
description of proposed development, and land use of the property
across the stream from the development site. The following zuldlines
provide additional detatls pertaining to the acquisition of the re-

quired data.

1. Regional (100- year) flow estimates should be determined
according to tne guidlines contained in the "HYDROLOJY®" section
of this report. Assistance can be obtained from the Department
of Natural Resources if local expertise is not available for

the hydrologic analysis, or if questions arise as to the
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analytical process in estimating the reziornal flood discharze,

2, Selection of rouzhness coéfficients (Manning's "n") requires
considerable hydrologic experience. These coefficients will
usually have to be determined by Department of Natural
Aesources personnel based on photosrapns (supplied by the
applicant) or by on-site investizations, Rouzhness coefficients
can be calculated from experienced flood events where the slope
of the water surface is recorded, or defined by high-water
marks, and the peak discharze for the experienced flood 1is
known, With these data availavle, the area and nydraulic
radius can te determined oy acquisition of a cross section, ard
the Yannins equation can then te used to solve for tne value of
"n*, The problem with this approach is that the calculated "n*
value is a composite figure reflecting the combined roughness
coefficients for the main channel and the overbank areas, which
normally vary to a zreat degree., For this reason, the calcula-

tion of usable "n" values by this approach is severely limited.

Jote: Items listed above are quite technical in nature and
may require complete input from the Department of Natural
Resources, or assistance in the analyslis as the case may
be., Items listed velow, however, represent minimal data
requirements which must be furnished by the local zovern-

mental unit with the application for approval,
3. A planimetric or topozraphic map having a designated scale
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should be provided showing tne proposed development and the
entire flood plain for a distance of at least 500 feet, and
preferably 1,000 feet, upstream and downstream, It is important
that the direction of streamflow is indicated on the map. An

illustration of a typical map layout is shown in Fijure 10,

L4,A representative cross section, defining the main channel and
overbank areas up to an elevation not to be exceeded by the 100-
year flood, 1s required. The cross section should be determined
by difﬁ%ential leveling, using an established datum, and srould
be oriented so as to be at rizht ansles to the direction of
flow. Tne surveyed sectlon should define existins ground
elevations typical of the area, pot noles and embayments whicn

do not carry flow should be eliminated,

A graphical plot of the cross section, with desiznated
scales, should be furnished showing the lateral extent and
elevation of the proposed encroachment (flow area to be elimin-
ated by proposed development)., It is desirable to keep the
distortion of the graphical plot within a ranse of 1:10 (i.e.
vertical scale versus horizeontal scale). larger scale dis-
tortions nake it more difficult to analyze roushness co-
efficient distribution and to determine equal conveyance
reduction. The cross section plot should also show changes,
and extent of vegetative cover to ald in the selection and
distribution of roughness coefficlierts, It is extremely im-

portant that left and rizht bank of the cross section are
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identified on the plot. Left and risht btanks are determined
by facing downstream, See Figure 11 for an example of a

typical cross-sectlon plot.
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S-The'stream slope should preferably be obtained from a profile
of an experienced flood at the project site, Such a profile

can be developed from existing hizh-water marks (providing such
marks are reliable) by running a line of difi?ential levels and
measuring the distance between marks. Distances should be
measured alonz the valley alignment so as to parallel the flow
lines., Lacking historic profile data, tne slope should be com-
puted from elevations of the existing water surface determined
at the development site and 500 to 1,000 feet upstream and down-
stream, Distances between water-surface elevation points should
be measured along the stream crannel, The difference in eleva-
tion divided by the distance will equal the slope, If the up-
stream and downstream slopes differ, use an average of the two
values, Extreme care should be exerclised in determ’'ninz the
slope from the existing water surface, particularly during
periods of low flow. During low-flow periods, small riffles
representing breaks in the smooth water-surface profile may
appear. The slope determined from elevations having a riffle

in the intervening reach will prooably not te indicative of the
slope prevailing during a flood. Under these conditions it
would be necessary to walt for an increase in flow, sufficient
to eliminate the riffle effect; or to extend the reach for slope
determination by a considerable distance thereby minimizing

the potential error of a localized break in water surface,

-63..



é. Photozraphs of the topography looking both upstream and dan-

stream from the development site should be provided to permit

estimation of "n" values. Sufficient pictures, properly labeled
crientation,

as to view leeatabien, should be obtained so as to clearly de-

pict the main channel and zround cover conditions on both sides

of the flood plain.

7. Any waterway obtstruction existing in the vicinity of the
project area should be described and photographed, The location
of any such obstruction should also be shown on the map speci-

fied in item 3 above,

8. A description of the land use in the flood plain on both
sides of the river at tne proposed development site is required.
Ownership of the property across the river from the area to be

developed should be specified.
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B, Methodolo.:y

As previously mentioned, the Manning equation 1is:

where Q = Discharge, in cublc feet per second

Yanninz's roushness coefficlent

n

A = Cross sectional area throuzh which flow occurs,
in square feet

R = Hydraulic radius, in feet

S = Slope of the water surface profile in feet/foot

WP = Wetted perimeter, linear distance measured
along pottom configuration of isundated cross-

sectional area of river valle* in feet

A
WP

=
"

The Manning equation is often written in the following

alternative forms:

Q= ks (2)
where K = lx—%%az/’ | (3)
and Q= —l—z-gﬁzs e (&)
where 2= aR7? (5)
K =1t g (6)

"K* in the above equations is called the conveyance and "Z" 1is
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called the section factor, With any ziven waterway cross section,
the conveyance or section factor, whichever is the most convenient
under the particular circumstances, can be calculated for any depth
of flow using equation (3) or (5), because both the area and
hydraullic radius are dependent on the depth, Also, the required
conveyance or section factor for tne siven discrharse and slore
can be calculated witn equation (2) or (4). |

A trial and error solution is necessary for the normal irregular
waterway cross sections, The problem is solved when the conveyance
ar section factor, wnichever is being used, for an estimated depth
of flow 1s equal to the required conveyance or section factor for a
given slope and discnharze,

The concept of the section factor is utilized to simplify the

calculations in the following example problem,

Example Problem

Given: The 100-year flood flow (Q) = 7,000 cubic feet per

second (cfs).

Slope (S) = 0.003p6 (from a field survey during a low
flow period. S}% 0.06.

Rouzhness coefficients (n) = 0.07, left overbank;
0,035, channel; and 0,09, rizht overbank (frcm
field estimates).

The waterway cross section (from field survey data)

and location of the proposed encroachment are

shown in Figure 12,
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Froblem: Determine the increase in the 100-year flood sta;e
resulting from the proposed encroachment, considering an equal

degree of encroachment on the opposite bank,

Fethod of Solution: The waterway cross section 1s divided into

a number of increments or sezments, making certain that one
division 1s located at the proposed encroachment line. Where
convenient, the divisions can be made at 10 or 100 - foot
intervals, Several water surface elevations are assumed. The
total discharge under existing conditions for each elevation
of flow is then calculated as the sum of the flows throuzh the
various sectors, which are compﬁsed of sezments havinz like
*n®* values. The actual water surface elevation for the rezion-
al flood discharge 1s determined by interpolation between the
computed flows at the two assumed elevatiéns. If the computed
discharges for the two assumed water-surface elevations do not
bracket the 100-year flood dischar;e, an additional discharze
computation for another assumcd elevation will be required.

To determine the effects of encroachment, the conveyance
of each overbank must be reduced by an equal amount because
under the "equal protection of the law" clause, those located
in a like manner have a right to equal use of their respective
lands, This does not apply, however, in instances where there
is reasonable assurance that the opposite bank will remain in
open-space use, such as city-owned park land, etc. The eleva-

tion of the water surface after encroachment is then calculated
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in a ranzer sinilar to that outlined abvove,

In these and similar calculations, it is well to remember

the following:

1, The area wlthin each sezgment of a ¢ ~ss section can be
deternined vy countinz squares, calculation using
sca.z4 dimensions or planimetry.

2. The .=tted perimeter of an overbank area whose width
is Zzr:e relative to its depth can be assumed to be
the top width of the increment.

3. ‘the etted perimeter of a stream channel whose width
is '~zat in relation to its depth can te assumed to be
the <op width plus twice the channel depth,

L, The nyiraulic radius is the wate:r /ay area divided by

the wetted perimeter.

Sumnimary of Calculations: Table 2 summarizes the determination

of the secticn factors for two selected elevations of flow
throush the ziven cross section. Substituting these "2*
values into equation (4) and recognizing that the total dis-

char:e 1s the sum
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n—,.‘ll'l‘l
of the individual discharges through theAchannel and both cverbanks,

it is found that:

1.
Q - 1.4z 5% h5’25‘!», 149 2 2gS*

z v/
and Q = 1.49 s!![__l; 2 , ;R_]
ng, ng R

The subscrints L, C and R refer to the left overbank, channel and

right overbank, respectively.

1450  10LO 2340
U,y * (1.49)(0.06) [6“67 +0.033* 5.09] = 6,830 cfs

Q12 = (1.49)(0.08) [é?gg Y0538 * 5o69] - 8,250 efs

Trhe subscrints 121 and 122 refer to the s2scumed woter surface elevations.
The watar surface elevation corresnonding to Q = 7,000 cfs is

det2rmined by interpnolation:

E = 121.0 + [7000 - 6330]- 121.1

8250 - 6330

The proposed encroachment will reduce the section factor of

the left overbank for each of the two assumed derths of flow

Crosr- sectional change
because of the reduction in Yo-tad area, and the 4acpesee in the-

wetted perimeterf;f'the remaining area. The new section factors
are calculated as follows (see Table 2):
Elevation 121:
A = 15 + 120 + 237 = LO2
WP = 18 + 20 + 25 = 63
'R = LO2 & 63 = 6.38
Ryé- 3.uk
z; - AR™ = (402)(3.LL) = 1380
AZp = 1450 - 1380 = 70

o



Zlevation 122:
A = 60 + 1LO + 262 = L62
WP = 19 ¢+ 20 ¢+ 25 = 6}
R = 462 3 64 = 7.22
p¥. 3.73
z, = (L62)(3.73) = 1730

AZI.. 1900 - 1730 = 170

An :qual degree of encroachment on the right overbsnk will
likewise reduce section factors, but by an amount greater than
those calculated above. This is proven by equating the reductions

in conveyance of the two overbanks using equation (6):

AK = 1'f1‘9..azL - 1_'.%2.42:1.
L R
n
Az, = ﬂ"%’AZL | (7)
Therefore, A2, -(g-%?r (19) = 90 (Slev. 121.0)
(O 99 (170) = 220 (Slev. 122.0)

With equal encroachment on both overbanks, the wobe;woyb

J/ scnutf [ A=V

4ies at elevations 121.0 and 122.0 are:

. 1380 , 1040 ,(2340-9))].
Q2 = (1.49)(0.08) [ * 6-035 * ‘—D"Ur’] 6,650 cfs

1730 , 1150 , (2920-220)7 _
(1.!;9)(0.06)[(}.07 * o .05 | 7,820 cfs

Ql??

Again, the water surface elevation necessary to convey 7,000

cfs is determined by intermnolation:

. 7000 - 6650 _
E = 121.0 + (Imne2e ) - 121.3

G
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Accordingly, the increase in the 100-year flood stag%4amounts
to only about 0.2 feet, which is acceptable. The statewide flood-
plain management standards generally vprovide that increases in the
regional (100-year) flood stage due to flood plain develorment shsll
not exceed 0.5 feet in any one reach or fo; the cumulative effect
of several reaches.

Establishing the location of the equal encroachment line on

the right bank requires a trial and error solution. At elevation
Fion (2D

121.0, the coﬂveyance to be removed from the left overbank 47 “p-

(see Table 2) is:

1.h9 60 + 13
R 0,) (60 + 13)(20 ; 9) = 2,880

Estimating that the line of equal encroachment on the rizht
bank is located as shown in Figure 1lland calculating the conveyance
thus removed:

A =72
WP = 19

R = 72/19 = 3,78
Ys

R bd 20h3
K <676‘9‘) (72)(2.43) = 2,900 R« 2,880

bark
Therefore, the righqnencroachment line is correctly located

as shown.

c.__L,'mhLava'onJ‘

A normal defth analysis rroduces only an arnroximation of

flood heights. Experience has shown that the denth of flow or the

stage of a given discharge will normally be understatedby this
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meathod, sometimas by a foot or more in severe cases. Also, this
method usually overstates the backwater effect of a given encroach-
ment on the order of a fraction of & foot. Due to the difference-in
magnitude, these errors may not be comrensatory. Thus, flood
protection elevations computed by this method sometimes fail to
provide the intended degree of nrrotection for flood vl2in develor-
ments without the sddition of sufficient freeboard.

Where the stage of the regicnal flood and the effects of
develorment on flood flows can be evaluated frcm documented flood
events or calculated from controls such as dams, such should be done
in lieu of a normal 4enth analysis. In areas where it is armarent
that flood stages are influenced by conditions such as road grades,
bridges or othar waterwiy restrictions, additicnal cross =ections
should be obtained and water surface rrofile calculations should

) W\
normally be madeas cutl.cd u-dzrs

[,.//z:'_‘.'n,fj Ifudie s Y,

Especially in areas subject to intense develorment rressures,
dete/od @avq/neerss.
efforts should be made to initiate a Slood_alaiz-&nCQnthbow study

rather than relying on the normal derth anrroximation.
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PHAOTOGRAMMETRIC CCMPILATION CF SURVEY DATA

Fhotozrammetry is defined as the science of makinz accurate and
reliable measurements cf topography from merial photozraphs., It pro-
vides an alternative to ficzld surveying for acquisition of cross
sections for overbank areas and, in addition, can be used to produce
maps for delirneation of flood-plain ar-1s required for detailed
enzineering studies, Iackings adequate topographic maps of tre study
area, pnotosrammetric compilation, utilizing the combination of cross-
section data acquisition and delineation of flood nazard areas on
compiled maps, is usually more economical than extensive field
sur.eys to meet thne accuracy reqrirerents for en:ineering studies,
Throu:n specification of fli-ht altitule for the aerial photo:zraghy
and stereoplotter accuracy limits, the photosrammetric compilation
of data can be controlled so as to meet all normal standards for a
flood-plain study.

It snould te emphasized that use of photogrammetric procedures
can supply only the cross-sectional data for overbank areas of the
flood plain, underwater portions of the cross section must still be
obtained by ground survey.,

There are three tasic types of output that can te obtained from
photorrammetric compilation as follows:

(1) Complete cross-sectional data for "he overbank areas.
This can he obtained in a punch card format suitable
for direct use in the digital computer. )

(2) Accurate planimetric maps to a designated scale,

After the regional flood profile has been calculated,
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the outlines of the flooded area can te super-imposed
on these maps by the photogrammetric process,
(3) Toposraphic maps to a specified s~1le and contour

° d 'l -
interﬂ:all\; r delincatien on

“wa- flood azard areas, $66—06itowPii-i-0aa—bo—tinttad

Aerial Photogranhy.

Jor mappin- purposes, aerial protos are obtaired by an aircraft
carrying a precision carera at a predetermired altitude to yield a
£i0to scale sultatle for the accuracy requirerents of the »nrojlect,
iy expocinz tne photorsraphs at successive intervals with approxi-
mately 605 overlap between one another, it is possible to later re-
construct the earth's surface by stereoscopic (tnree-dimensional)
viewing of these overlapirnz pnotos. Fijure 13 illustrates four

exposures or photosraphs and the three stereo-models tney will form,



F{Jur:’ 12, SYerce-medel yWustration.

Acquisition of aerial photography suitable for flood-plain
mapping purposes in Minnesota i. limited to two short periods during
the year, These periods are: (1) in spring after the snow has
melted, before the trees leal out and while there 1s no overbank
floodinz along the streams, and (2) in fall after leaf drop has
occurred and before the ground i1s obscured oy snow, The most desir-
able photozraphy 1is obtained in spring, defere-tiigh-water—eorndiiions
S0yp—dt—d-tiae when the solar anzle ig at the hizhest point during

an acceptaole flyin:r season,
If photogrammetric compilation is to be utilized, it 1is most

desirable to have the photography and complilation done by the same
contractor; however, with uncertain time schedules, and the limited
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flying season, it is some times expedient to obtain the aerial
pnotography under a separate contract and then negotiate a sub-
sequent contract for the compilation,

Experience has shown that optimum conditions for aerial photo-
grapny are at a prescribed flizht altitude of 4,800 feet usin- é-inch

focal lenstn precision camera (photography'iiiﬁg will Te 1" = £00'),
Nezatives for such photoiraphy will measure 9 incnes square, Each
stereo-model (comprising two protos having 0 percent overlap) will
provide coveraze suitable for mapping an area equi~alent to about
2,880 feet in length as measured along the fli:-ht lire, and 5,600
feet wide as measured perpendicular to the line of fii-ht, If dual
flizht lines are necessary to cover tne study arcea, allowa.ce s-ould
be made for a 30 percent overlap between photos frcm adjacent fli:hts,
For multiple flizht lines, the coverage length measured along the
flight line will remain the same, but the usable width (measured
perpendicular to the flizht line) of the stereo-models for each
flicht will be reduced by approximately 10 percent from the single
flizht coveraze noted above. .

The 1" = 800' scale photography willMcompilatlon of 4'
contour intervals under National Map Accuracy Standards, which im-
plies an accuracy of t’Z'. Contouring is more of an avera:inz pro-
cess and the accuracy level is less than can be ottained from spot
reading of elevations. Spot readinz of elevations, which is the
process required for odbtaining cross sectlons and{ to a certain

degree, the delineation of flood outlines, can achieve an accuracy

of t 1' from the same photography. Use of a high-order stereo-
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plotter can increase tne accuracy level to'f 0.5' for ideal con-
ditions,

Aerial photography is a relatively small part of .the cost in-
volved in the use of photogrammetric compilation for a flood-plain
study. The major expense is for setting the stereo-models, illus-
trated in Fisure 13, and obtaining the zround control needed to
establish accurate horizontal and vertical scales in the model,
Considering the relative cost aspect, it is desirable to obtain
ample photorraphic material from the photogrammetric contractor for
use in the study. Photozraphic items to be supplied snould include
a pnoto index, complete se® of contact prints, and a set of 2-time
enlarements of alternate photos, Alternate photos will provide
conplete coveraze of tne area owinz to the required 60 percent over-
lap. The <-$%ise. enlargements are particularly useful for the layout
of cross-sections, field identification of section alignment, and
evaluation of roughness coefficients,

If the initial contract is for acquisition of aerial photo-
zraphy only (compilation of cross-section data and maps not in-
cluded) the contractor must be required to furnish the film nega-

tives and a calibration certificate for the camera and lens.

Grouw:.4 Control

Reference points are selected on the acrial photos and a
[}
ground survey party sent to the field to obtain elevations and

horizontal measurements for the selected points. The survey is

usually tied to mean sea level and state plane coordinate datums.
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Each stero-model must have a tasic number of survey points needed .
to orient the model in a plotting instrument,

Horizontal control should be obtained by the photogrammetric
contractor asthey normally have access to\existing data avalilable
from the National Ceodetic Service or the U. S, Ceological Survey,
>ridzing techniques tetween established horizontal control points
are usually permissible to establish uniform map scale throughout
tne study area,

Each stereo-model should have at least 4 to & vertical control
points. There are analoz brid:sins and =zerotrianzulation techniques
avallable to determine vertical control for tne rclel from widely
sraced points of known .rcund ele-ation. lowever, analor itrid:ing
can introduce vertical errors totally unacceptable uander the stand-
ards establ;shed for an engineering study, and areotriangulation
methods, although having a higher level of vertical accuracy than
analoz oridzing, still may introduce errors sreater than allowed by
the standards. Therefore, it is recommended that full vertical con-
trol (4 to & 1identifiable control points for each stereo-model with
elevations determined by -round survey) ue required for all photo-
grammetric compilation,

Surveys for vertical control should be closely coordinated with
the photosrammetric contracotr to avoid duplication of effort. If
the contractor is to perform the field surveys for vertical control,

it should be stipulated that semi-permanent venchmarks be
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established throughout the flood-plain area as required for a de-l
tailed engineering study, and supplementary points of known eleva-
tion should be defined alonz the stream channel whieh—oah—be—wsed to
establish sea level datum for the survey of the underwater portions
of the cross sections,

In many instances, the consultant performin; the flocod-plain
study may find it expedient to acquire the underwater portion of the
cross sections before the photozrammetric compilation is started.
This requires establishment of sea level datum along the stream
channel on which the underwater section surveys are based, Under
such conditions, the consultant can reduce photorrammetric compila-
tion costs by supplying the vertical control network already
established, to serve as a base for acquisition of the vertical con-
trol required for the stereo-models, It may even be adventageous
for the consultant to furnish elevations for the stereo-model con-
trol points identified by the contractor. The main consideration
is to plan the project so that duplication of effort in performing

required ground surveys 1s eliminated, or at leaset kept to a bare

minimun,
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Cross-Section Readine

» aerial photo images are reproduced on glass plates for
dimensional stability and set up as models consisting of successive
overlapping palrs, in a precision instrument called a stereo-plotter,
A phogéraphic three-dimensional model of tne earth's surface formed
in the plotter is used to interpret and plot tne toro;rapniz da:a,
The plotter orientation is made to correct for tip and tilt of thre
aerial camera, variation in altitude at time of the individual ex-
posures, and to level and scale the model to the zround survey con-
trol., The pre-selected location of the cross sections are plotted
on map manuscripts and placed on the plotter tadble. The plotter
orerator reads cross section elevations and distances for trat por-
tion of the section which lies abtove thne existing water surface,
Segzinning at a point above the estimated level of the 100-year flood,
elevations are read at regular intervals and at changes in slope
down to water level, then up the opposite tank to a point acove the
100-year flood elevation thereby completing the cross section, As
the elevation points are read by the operator, vertical and horizon-
tal position data are automatically transferred to puncned cards for
direct use in a digital computer. The consultant must orient the
underwater sector (which he has procured in the field) with the
pnoto-rammetrically compiled overbank portions of the section, and
then splice tne puncned data cards for the underwater area into the
card deck furnished for the overbank area. Orientation is easily
accomplished by matching overlapping portions of the section at the

edges of the stream channel. Thus, a punched card data set represent-
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ing a complete continuous cross section is created.

Base maps showing planimetric detail can be compiled at the same
time cross sectlons are being read. The base maps may also be made
by a photographic process known as orthophotography wherein detail
ia shown on the final map by tne actual photozraphic image, however
this method is more costly. Compilation of topozrapnic maps can also
be accomplished in conjunction with the cross-section readout.
Usually, contouring of the entire study area is economically un-
feasible, however, if the maps are primarily for delineation of the
flood plain, contouring can be limited to a band encompassing the
recional flcod level alon; each side of tne flood plain. It should
be emphasized that establisnment of tre stereo-models 1is the major
cost item, additional data can be obtained at relatively low cost

once the models have been set up,

Flood-Plain Delineation

After calculation of the 100-year flood profiles, the photo-
and the Flood-plain linats floﬂ'cd.

zgrammetric models can be reset in the stereo-plotte51on the orizinal
planimetric base map (previously com, iled in conjunction with the
cross-section readout). Althouzh this process requires another set-
up of the stereo-models, orientation data for the model are already
avallable and the cost of resetting is relatively low. iormally a
two-phase operation comprised of (1) readout of the overcvank cross
sections and compilation of planimetric maps, and (2) delineation of
flood-plain limits in a second set-up of stereo-models, is more

economical than a single phase operation involving compilation of
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topograpnic maps for outlining the flood plain,

Accuracy Check

Photogrammetrically compiied data for a flood-plain study
should be authenticated by random checks on the vertical datum,
This can best be done by comparing a compiled cross section alonz a
roadway cor railroad fill with a section obtained by ground survey.
Spot. elevation checks can also be made where the overbank section
crosses a street, railroad, or otner identifiable location.
Accuracy checks must be confined to areas which can be clearly
identified on the aerial photgraphy so as to avoid dispute regarding
location if the vertical accuracy is questionable, Cross sections
of the natural valley can undergo substantial change through minor
undefined horizontal displacement; and therefore, are not rellable
‘ndicators-

&nd&oa%&eno for a check on vertical accuracy.

The most serious 1lnaccuraclies occur when the stereo-model 1is
not properly oriented, thereby introducing consistant vertical
errors throuzhout the model area, This can have a substantial
effect on calculated profiles and, subsequently, on the flood-plain
delineation, Errors introduced from erroneous readings made by
the plotier operatéé are usually not serious as they are localized,
are random in ﬁéihre, and may even be compensating, The random
vertical control checks recommended above are primarily aimed at
eliminating the more serious potential for error in the improper

orientation of the stereo-models,
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ADMIN 1000 (Rev. 1/78} STATE OF MINNESQTA
DEPARTMENT.___OF NATURAL RESOURCES Off ice MemOI’ andum
TO : Zona DeWitt DATE: April 24, 1979

Assistant for State Documents
Legislative Reference Library

Ve

FROM : Larry Seymour, Director PHONE: 296-4810

Division of Waters /Mbjki

SUBJECT: SUBMISSION OF COPY OF CONSULTANTS REPORT - LOWELL C. GUETZKOW

Enclosed is a photo copy of a consultant's report prepared for
the Division of Waters by Lowell C. Guetzkow. The contract was
originally due June 30, 1978, but was subsequently amended to
require submission by April 15, 1979,

LS/mfr:1ls

Enclosure
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April 2, 1979

Mike Robinson

Division of Waters, D.N.R..
LIy Lafayette Road

St. Paul, Mn. 55101

Dear M ike:
Enclosed are the final draft copy of the report, "Procedures and Requirements
for Flood Hazard Evaluation" and 3 copies of my bill. The items for which you re-

quested comment or modification of the draft are discussed below.

Item 1, Page 6. The last paragrapn on page 6 referring to the consideration of
10 years future development in the hydrologic analysis is unreasonable in
my belief, The only reasor for it's inclusion was that it was cited as
D.N.R. policy in the mimeographed handout titled "Frocedures for Flocd
Plain Delineation" under section I. 2. This policy is contradictory to
the guidlines issued by F.I.A. who provide the major input for flood-
plain stv'ies. I presume from your inquiry that this may not be actual
D.N.R. policy, and if so, the paragraph should be deleted. 1 hiave deleted
the paragraph from the fingl draft copy; however, the decision must be

yours if it reflects established U.N.R. policy.

Item 2. ‘trage 13. The comparative reliability of TR~-20, HEC-1 and multiple re-
gressicn techniques for hydrologic analyses i%:judmental decision which
has never been resolved among sponsoring agencies. Future guidlines from
the water Zecources Council will probably deal with the problem of in-
consistercy between various methods of analysis for ungaged watersheds.
There seems to be some inconsistency even in your inquiry. You intimate
that FRC-1 and TR-20 produce more reliable recsults (this premise is
questicnable) and should be used for detailed engineering studies, while

rultiple regression is suitable for normal d2pth analysis or hydraulic



analysis of bridges. Many bridges are constructed in developed or developing
areas and the biackwater resulting from such structures is just as critical

as the backwater effect from other flood-plain development. Therefore, it
would seem that hydraulic analyses of bridges should have the same accuracy
requirements as a detailed engineering study.

It should be pointed out, that sophisticated engineering practices do
not necessarily equate with quality. One of the reasons for development
of a multiple regression analysis method for Minnesota was to improve on
existing techniques for hydrologic analysis of ungaged watersheds. Your
agency participated in financing this project. As noted in the report,
these data reflect actual observed conditions (whether the flood was caused
by snow melt or excess precipitation) and are more encompassing than hydrol-
ogy derived solely from a 100.year rainstorm.

The conception noted in your letter is probably predicated on opiniocns
formed by Jim Wright during his tenure with the Wisconsin D.N.R. This sort
of hand-me-down attitude has no basis in fact to my knowledge, and there-
fore was not considered in the preparation of this report.

My personal belief is that the multiple regression analysis method is
suitable for any detailed engineering studies within the prescribed limit-
ations. It is extremely difficult to be objective in making a definite
recommendation of one method versus another; therefore, 1 attempted to
point out the pluses and minuses of all methods discussed in the report.

If you have personal preferences of one method over another, such prefer-
ance would have to be dictated by D.N.R, policy as I don't think such a
decision can be substantiated by technical analysis at this time. I pro-
pose no change in the report unless you have over-riding reasons for a
revision, The fact remains that competent hydrologists who can sub-

stantiate their analyses are still required for a good flood-plain study.
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Item 3,

Item 4.

Item 5.

Jtem 60

Page 18, T hiave no knowledge of other computer models which would improve
on the accuracy of H¥C-2, There are moiels developed by other agencies
which probably would be competitive with HEC-2 in terms of accuracy. How-
ever, these are not readily available to consuitants, so I think the refer-
ence to the computer model furnished by your office should remain unchanged.
I took the number of the D.N.R, digital computer program from one of your

earlier publications - check to see if the reference is still valid.

Page 29. The use of 5' contour maps for deriving cross-section data was
taken from "Technical Report 1", page 8, which I presumed was a reflection
of D.N.R. policy. The availability of such maps for rural areas would be

a rare occurence,

In my opinion, use of such maps should be limited to situations where
the overflow areas would generally carry no more than 30 percent of the
total flow for the reg!-nal flood. Five-foot contour intervals by National
Map Accuracy Standards are subject to a plus or minus 2% foot accuracy
limitation ($ the contour interval). Therefore, a detailed engineering
study predicated on such accuracy standards, with substantial flow in the
overbank areas, could be subject to considerable error.

I am proposing to limit the use of such 5' contour interval maps
according to the general flow distribution criteria outlined above. Final

draft copy has so been amended,

Page 36. Insertion of the Commissioners ootion to reauire less than a 0.5

foot surcharge has been made on final draft copy.

Page 41. You refer to physical, political or economic restraints which
might preclude the use of a 0.5 foot increase in starting elevation for
floodway analysis. In my opinion, physical constraints are amply provided

for in the report guidlines. The report specifies thabé where complete

...-3—
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encroachment would generate less than 0,5 foot surcharge, the lesser amaint
should be used,

Political or economic restraints scem to be a very uncertain factor,
One political entity can exercise very stringent controls for fleod-plain
development while a subsequent political group can change the policy com-
pletely, Economic restraints would seem to reflect a current situation,

When that situation changes, past economic restraints may no longer be valid,

Use of the 0.5 foot increase has generated some opposition owing mostly
to the lack of understanding of the upstream effects. Introduction of the
0.5 foot‘surcharge for starting elevation is normally reduced to a minimal
factor within a short distance upstream for most situations and tends to have
a somewhat ~ompensating effect, resulting from the artificially increased
flow area at the higher water-surface elevation.

There may be other situations of which I am unaware that may justify
waiving the 0,5 foot starting surcharge, and if such action reflects D.N.R.
policy, reference to these situations should certainly be made in the report.
If this is to be done, the report should list those conditions that would
allow waiving the 0.5 foot surcharge requirements. A simple statement not-
ing that the surcharge requirement can be waived would not be very helpful
and would invite illegitimate requests,

In my opinion, we should discuss this item further when I return to

Minnesota and any amendments to the report can easily be made at that time,

You may have my permission to list my name as author of the report if you so

desire,

We plan to be back in Minnesota by April 16. I will call you then and we




Can Arrange a meeting Lo discuss &3;3 unresclve ) issaes,

Sincerely,

;zée: G.“é("}l../

lowell C, Guetzkow





