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IWfROOUCTION

Minnesota's flood-plain mana~ement standards and the provisions

of~ flood-plain zoning ordinamces tejl~ adopted by counties, cities

and vllls6es require definition or the flood-plain boundary and deter­

mination of the effects of flood-plain encroachment. He~ulatlons per-

tainln~ to t~e mana6ement &ld use of flood-prone areas are contained

in -Statewide Standards an~ Criteria for Mana~ement of Flood-Plain

Areas of ~innesota·. -!J
Areas subject to regulatory controls are those that would be

in~lcated upon occurrence of the re5 ional (lOO-ye3r) flood. These

areas are defl:'led by the water surface profile resultinb fl",)r.l the

re5ional flood discharGe. The allowable extent of flood-plain develop-
,t-~

ment depends upon the degree of encroachment introduced and~ effect

ef~e=eftCN>8eflfftentupon the regional flood profile.

Planning and implementation or a flood-plain manasement pr00ram

requires reliable technical data to (I) define flood-plain limits,

(2) determine flood protection elp.vations, and (3) evaluate the increases

in the regional flood profile that will result from proposed development

of flood-plain areas.

-lJ Available from Documents Section, Department of Administration,

140 Centennial Building, St. Paul, Minnesota 55101.
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The llest method it determine l'e~lonal flood ele\'atio!s :::.nd to

evaluate the effects of encroachment on the flood plain is to conduct

an en~lneerlng study wherein a mathematical computer model is developed

to calculate water-surface profiles for the riverine area ~der study.

Usin5 such a model the dilital computer can calculate flood elevations

for ~atural valley conditionJ. rte ~odel can tten be adjus~ed to re­

flect various de~rees of encroac~~ent and will compute the i~crease in

the lOO-year flood elevations that may result from such prc;osed con-

strict ions of the flood plain. A detailed enbineerin~ study requires

a hydrolobic analysis to provide the lOO-ye3r flood dischar~es for the

river reach under study and det3iled sur~eys tr.at define v311ey flow

areas and obstructions affectins flow conditions.

~here detailed enslneerin5 studies r.ave not been completed. techn1-

cal approximations may be employed to assure that flood plain uses are

reasonably compatible with flood plain management standards. It is not
pr:!.rlct"'M

always practical or possible to p~fg~detailedwater surface profile

calculations for evaluation of flood plain development proposals. In

many cases the cost of such a detailed engineering 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 studies.



Purpose and S~~

This report is desi6ned to present 6eneral ~uldeline8 for hydro­

log1c analysis, to provide information relating to input data re­

quirements and It~ acquisition for various types of flood plain

studies, and to establish st~ldardized criteria for floodway analysis.

These guidelines are based upon the necessity of precisely defining

flood hazard areas and accurately evaluating the effects of future

flood plain development in urbanized 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 studies will be performed by

adequately trained technical personnel; however, there are certain

Judgmental factors involved and it is the intent to establish 6uide­

lines to ensure study results in accord with the standards established

by the Minnesota Department of Natural Resources.

Erevious H~ports

Although previous documents released by the Department of .

Natural Resources have dealt with much or the information contained

in this report, experience has indicated a need for additions, revisions,

expansion of some items, and consolidation of the material into one

report.

Previous informational releases are as follows:

(1) Technical Report I-Field Surveys for Flood Haz~rd Evaluation, 1971.

(2) Technical Report 2-Normal Depth Analysis, 1971.

() Informal release-Proceedures for Flood Plain Delineation, 1972.

(4) Informal release-Technical Proceedures for Ploodway Analysis, 197&.

Documents listed above are superseded by this report.



HYDROLOGY

The hydrologic analysis (determination of flow estimates for the

requ1red flood frequencl~s) is one of the more significant steps or

any flood-plain study. Exertion of considerable effort in an en~1neer­

in~ study by performln5 detailed field surveys for stream cross

sections, making careful evaluation or retardance factors, ~ld con­

ducting sophistocated step-backwater calculations will not produce

acceptable results if the hydrolo6Y is subject to si~nirlcant change.

Since hydrology 1s of paramount importance, proper emphasis should

be placed on this aspect of any flood hazard evaluation.

The determination of flow esti~ates for the re~ional (lOO-year)

flood have probably been subject to 5reater variation, owin5 to

different methods of analysis, than dischar5e estimates for the more

frequent floods as the lO-year or 25-year floods. Unfortunately the

IOO-year flood, being the regulatory flood, 1s the most crltical.

In the statistical analysis of eXisting streamflow records, the great­

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 IOO-year flood owing to different

statistical methods of analysis and the handling of unusual annual
~ev~~~

flood events, such as those caused byAdrought or extreme floods.

In more recent years, through efforts or the U.S. Water Resources



Council, gUldelines have been developed to provide a greater degree

or standardization for statistical analysis of existing streamflow

recorda tor natural flow streams. -!J This should result in more

uniformity between frequency analyses ~~de by various governmental

a~encies and private consultants. Increasing length of available

streamfloM records should also contrIbute to a better d.etermination

of streamflow characteristics.

Unfortunately, no uniform methods have yet been developed for

flOW-frequency analysis where streamflow records are unavailable at

or reasonably near the site under~oin~ study. As a result, the

hydrolo~ist still must make Jud~mental decisions in derlvlnJ reglon-

al rlood-dlschar6e estimates for ~any flood hazard studies.

Consistency of regional flood dischar5es between adjoining

reaches ot a stream is ot prime importance. Many flood-plain studies

have already been completed in Minnesota, particularly along the
~

major strea~s. Consequently, lOO-year flood discharges are already

available for those areas. In commencing a new flood-plain study,

the Department of Natural Resources should be consulted as to the

availability of such data to ensure the flood-flow estImates for the

new study· will be compatible with those used in existing studies
~

for adJo1ning areas.

~ Guidelines for Determining Flood Flow Frequency, Bulletin l7A,

U.S. Water Resources Council, 1917. .
r
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Pload-frequency estimates for new studies should be submitted

to the Department of Natural Resources Cor approval. ineludin~

documentatlon or methodology and slgn1tlcant parameters used in the

analysis. Under an Inter-agency agreement. the hydrolo~ic a~alysl8

w1ll be reviewed by the U.S. Army Oorps or En~lneers. u.s. Geolo5i­

cal Survey t 5011 Conservation Service and the l:>epartrtent of ~;atural

Resources. The contractor perrormln~ the flood-plain study will

then be not1fied of approval or ot recommended revisions if the dis­

charge estimates are found unacceptable.
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~a~ed Areas

Water Resources Council Bulletin 17A documents the recommended

procedures ror flow-frequency analysis based on systematic streamflow

records. The method involves fitting a Jog-pearson Type III frequency

distribution to ooserved annual peak dlschar~es. Log-Pearson Type III

frequency analysi9 have been in use tor some time; however. as noted

~&.~ 10uslYJ statistical interpretatIons have 1n the past orten varied

cO~9iderab11, particularly in the case of short term records. This

~as pri~arily due to the fact that the skew coefficient (one of the

three parameters invol~ed in a Jog-Pearson analysis) 1s sensitive to

extreme events. The shorter the record, the more pronounced is the

effect and the arbitrary deletion or extreme values or the application

or non-uniform adjustments could lead to considerable var1ation in

flow estimates depending on the hydrolog1sujudgment. Research con­

ducted by the U.S. Water Resources Counc1l resulted 1n the conclusion

t~At genera11zed values of the skew coefficient, derived from studies

of long-term records, would be more reliable for the analysis of short

term records than the computed station skew. Bulletin l7A gUl~eline8

therefore recommend that regionalized values for the skew coefr1cient

should be used in the Jog-Pearson analys1s where less than 25 years of

record are available. a we1ghted skew should be used when the length

or record 18 between 2S and 100 years, and the computed station skew

used when the station record is 100 years or longer. The gUidelines



31so ide for the ell~in~tlon of lo~ outliers ~3J0d on a ~tand~rd
0-. ~((c-..~~~

test and the treatment of historic floods (docurr;ented f100:1s of l.:lr,;e

magnitude) which occured durin,~ or outside the period of systel:latic

record collection.

The 3eneralized skew coefficients of lo~arithms furnished with

3ulletln l7A were derived trom a nationwide study and may not reflect

the best interpretation of locallz~d re~ional conditions. Local studies

to de':elope ~eneralized skew 'coefficit"):~ts on a re-:.~iof1al or statewide

basis are encourased by the Hater 2esource Council Juidelir.es. This

would be desirable for Minnesota in that ~reater refinement of general­

ized skew values may be possible by more detailed analysis of local

factors influencing the computed skew coefficients. A preliminary study

of data ~enerated by the U.S. CeoloJical Survey for a statewide flood-

frequency report indicates several basin parameters that should be

evalua~ed in the derIvation of seneralized skew coefficients. Conslder-

ing o~ly those systematic records having 25 or more years of available

dats, ~t would appear that natural storage in upstream lakes. ponds

~~rl sw~mps tends to generate larger negative values of the skewness

C(leff ~c1<ent. Downstream storage areas located immediately above the

data c~l~~ctlon 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 1n the low lands where the valleys become very broad.

In such instances, generalized values of the skew coefficient based on

statist1cal &lalys1s of gaging station records collected 1n the low­

land areas ma~ not be representative ot the skew parameters app11cable

to upland regions 1n the same basin.
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""1. ~ Jr ow rrcquency analyses cased on the c;ul'Xelines recoril!:1ended 1n

Bulletin l1A. or any sUbsequent revision thereof, should provide a

greater de6ree or uniformity and more acceptance as to reliability

for the situations where systematic records of streamflow are avail­

able. Log-Pearson Type III frequency analJsls, conducted according

to 3ulletin l1A gUidelines, are available for most streamflow data

collection sites in Minnesota trom the U.S. Geological Survey,

St. Paul, Mi~~esota.
A
~~alyses at many selected sites are also a~ail-

able from the U.S. Army Corps of En6 ineers, St. Paul, Minnesota.

It should be emphasized that the procedures outlined in Bulletin

l7A apply only to natural flow conditions (streams unaffected by

artificial regulation). If a streamflow record reflects partIr

natural flow conditions a~d partly re~ulated conditions, special treat-

ment would be required for the hydrolo6ic study. Either the observed

record would have to be adjusted to a common flow condition or an

entirely different methodology would have to be employed for the

hydrologic analysis. There may be situations wherp 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 insta~ces, reservoir routing and

operating plans should normally be available for use in the flow­

frequency study. Some reservlors, 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 sisnificant effect

on major events as the regional flood. Under these circumsta~ces, a

Jog-Pearson analysis might be valid for determination of the IOO-year

flood with adjustments based on reservoir operations being made tor

the more frequent floods.
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Fro~ressive urbanization is another factor tr:at should be care-

fully considered in the statistical analysis of existin5 streamflow
r"rrecords, particularly~basins having drair.a5e areas of less than

100 Square miles. There ~ay be instances where streamflow records

have,been collected in the past under rural or natural conditions,

Howeyer. urbanization during more recent years could have caused

substantial Ch&lges in the flood characteristics of the basin. Under

these conditions a cha..''1ge in methodolod;Y from that outlined in

Bulletin l7A ~ould 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-
Roy

fined by hydrologic analysis ~ a 6aged site (where streamflow records

are available) for some distance in either an upstream or downstream

direction. Such transfers are made on the basis of drainage area

ratios raised to an exponp,ntial power. The method os outlined in the
:r",r-vc-.!I

U.S. GeologicalAReport, "Techniques. for Estimating Magnitude and

Frequency of Floods in Mirulesota·.~ It is suggested that use of

the transfer relation be limited to sites differing in drainage area

size by no more than 40 percent from the gaged site. There are except-

ions p 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 •

...J1 Techniques for Estimating Magnitude and Frequency of ltloods in

Minnesota, Water Resources Investigat10ns 11-31, u.s. Geological

Survey, St. Paul, Minnesota. May 1977.
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In thlS instance flovd flows upstream from the stora~e areas are

Jreater than those recorded downstream at the ba~ed site. Under such

conditions the lOO··year flood estimates would decrease at ~ordin5 to

the transfer relation in an upstream direction only to the lower

lim.t or the stroage area. Upstream or the storage area. the 100­

year flow estimate would ShO~ increase and then gradually decrease

a~ain upstream in relation to draina~e area size. In the example

~lteQ above, IOO-year flood estimates in ~central Isanti County

(above 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

ing the transfer relation or a dlffel·ent methodolo6y would have to be

employed for the hydrologic analysis. If the situation is reversed
~/(,,'- p / .. ,."

so that the unusually largeAstora5e areas exist downstream of the ~aged

s~te and upstream from area under study, a statistical analysis of

the streamflow records 8afl ee made according to the Bulletin 17A
~

guidelines. lf~i6A can then be adjusted by routing procedures so as to

apply to the site under consideration.

Ungaged Areas

Flood-plain studies conducted 1n ungaged water sheds pose_8

special problem in hydrologic analysis. Flow-frequency estimates for

these areas may be subject to wide variation depending on the analylcal

methods employed and thu interpretation of judgmental faotors involved

in the application of some theoretical methods.

-11-



In ~lmlesota, ~ajor flo~is in the lar~er river ~asins u$~ally

result from snowmelt or from a combination of rainfall and S1'lc~...:;}e1t.

Severe rainstorms capable of producing hi~h rates of runoff are not

likely to have sufficient areal covers5e to produce floods of 6reat

magnitude 1n the bi5~er basins; however, a winter's accumulation of

snow having a high amount of water content over a large area, which

if tri5~ered by rapid melting and/or rainfall, can produce disasterous

floods in these basins.

In the ~>~aller watersheds, particula~ly in the ran6e below about

50 square miles, the situation is reversed. Intense rainstorms are

more likely to produce the more severe floods in these small ~sins

where the storm may cover all or most of the draina;e area. Snow­

~elt, on the other ha~d, may produce si~nifica~t volumes of r~~off

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 with snowmelt variations,

are frequently used for the hydrologic analysis of ungaged areas. In

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

jud8mental decisions. For example, a lOO-year rainstorm, occurlng

over a given period of time, (itself subject to interpretation) could

produce peak flood flows having a wide ra~ge in recurrence interval

depending on antecedent conditions or the pattern or storm intensity.

Rainfall DD frozen or saturated ground will produce substantially

higher peak flows than the same precipitation occurlng on unfrozen

dry so11. Also storms having a high degree of intensity in the

-12-



earlier sta~es of the storm will produce different peak flows than

those having the 6reater intensity durln6 the later part of the

storm. Therefore, a IOO-year rainstorm does not necessarily equate

with a IOO-year flood. Obviously the use cf runoff models requires

careful evaluation of basin and storm parameters by experienced

hydrolo5 ists •

Runoff models are most useful for flow-frequency analysis in

small watersheds having drainage areas or less than 20 square miles

where homogeneity of basin parameters is more likely. They can be

adapted to reflect either urban or rural basin conditions. With in­

creasing size of drainage 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 Minnesota. Government agencies having such

computer programs are:

St. Paul District, U.S. Army Corps of Engineers,

St. Paul, Minnesota

Soil Conservation Service, U.S. Department of AGric~llture.

St. Paul, Minnesota.
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Another method for defining the flood characteristics in an

ungaged watershed 1s by use of regionalized flood-frequency equations

developed by the U.S. Geological Survey and presented in the report,

-Techniques for Estimating ~a5nitude and Frequency of Floods in

Minnesota- (See footnote-1l)e Flow-frequency equations are given

for eight distinct hydrolo5ic regions which define frequency re­

lations up to the lOO-year recurrence interval. 7hese equations

were derived by multiple regression analysis of calculated frequency

relations at 201 gaging stations havins drainage areas ranging in

size from less than 0.1 to5,280 square miles. Variables required

for solution of the equations are combinations of draina5e area,

stream slope and/or basin storage, all of which can be measured from

topographic maps. ~le method applies to all natural flow streams

which are not significantly affected by man-~e regulations,

diversion or urbanization. For main-stem streams crossing re510nal

divide~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, Mississippi River, 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 ot

smaller watersheds having draina6e areas or less than a few hundred

square mile8~ Many gf the larger river basins have systematic
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FLOOD-PLAIN DELINEA'rION

In accordance with Minnesota Regulations NR 86(c), the Com­

missioner or Natural Resources hereby sets forth guidelines to pro­

vide uniformity in the technical analysis of flood hazards and the

effects of various artificial and ~at'lral obstructions on flood

flows within flood plain areas of ~:ln~esota. These ~Jideli!1es are

to remain in effect until such time as other standards of nationwide

scope and acceptance are developed. Flood hazard evaluation studies

currently bein~ performed by various state and federal a 5encies

senerally conform to these guidelines.

En~ineering Studies

The most reliable method for the definition of flood hazard

areas and evaluating the effects of flood-plain encroachment is by

development of a diGital computer model that expresses in mathe­

matical terms the geometry of the river valley and the rougnness

coefficients (retardance factors) that control the slope of the

water-surface profile. The term "Engineering Study" implies such

a procedure.

A. Water-Surface Profile Calculations

Through the use of a d13ital cumputer, water-surface profiles

can be calculated for any desired flood flow ~a~nitude using

Bernoul11' s equation.~

!J For a techn1cal discussion of this equation rerer to a text book

on the hydraulics or open-channel flow.
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B. Surveys and Data RegulrementA

1. Selection of Cross Sectlpn~

There are many engineering Jud6ments and field considerations

that enter into the selection of~ locations where survey data

should be acquired. The location of the eross··sectlon should be at

those polr.ts where: (1) there are chan~es in the cross-sectional area

of the flood plain, (2) the retardance to flood flows chan~e (l.e •.

changes in vegetation cover, natural and man-made obstructions, et.c.)

(J) chan~es in the slope of the stream bed or water surface occur,

(4) at man-made restrictions such as bridses, roadgrades, filling, or

other flood plaL'1 encroachments, and (S) at re3ular intervals along
+,,~ S' ,.,e4",,-
r~aC~Q5 0' itr8a~. where none of the above factors occur.

Since the surveyed cross~section indicates the area through

which flood waters will flow, the cross >sections ~hould 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 8S bay~ or 1nl~ts where

the water 1s not flowing but is in 8tor~ge during the flood peak.

See figure J for an illustration ot some considerations in selection

of cross section locations.

-19-





2. ~I:~~ in:) or cross 3e t tons

The spactn~ between cross sections, which determines reach

len~ths In comJ=~ter calculations, wlll vary in accorance with the

abo~e crlt~rla ~d whether the study is for a rural or urban area.

In urban ~~eas or in any area where flood-plain development is

occ~rrin,;, it ~3 desiracle to achieve 5reater accuracy in the cal­

culated profile to allo~ tor a more precise flood-plain delineatlon,

and to provlde ~ oore accurate means for evaluating the effects of

future flood-plain encroachments. Distances between consecutlve

cro~s sections for uniform valley conditions generally s~ould not

exceed 11 ti~es the avera~e width of the cross sectio~s. but should

fall withln tt.e following limits:

a. Stream slope less than) feet per rnile'- maximum spacing

1,800 feet

b. Stream slope greater than ) teet per mile - maximum

spacing 1,200 feet. •

Where the cross sectional width exceeds one mile with a

stre~~ slope ot less than 2 feet per mlle. the maximum

spacl~g for uniform conditions should not exceed one-halt

mlle.

NOTE: All measurements a~e vally miles.

It there are unusual conditions that are not covered by these

guidelines or which require deviations therefrom, the contractor

performing the study should consult With the Department of Natural

Resources.
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In rural areas not under-going development, equivalent accuracy

is not needed ~ld greater spacing of cross sections is reasonable.

Distance between cross-section locations for uniform valley con­

ditions generally should not exceed twice the average width of the

cross sections but should fall within the following limits:

a. Stream slopes less than J feet per mile - maximum

spacing ),000 feet.

b. Stream slopes greater than J feet per mlle - maximum

spacing 1,800 teet.

Where the cross-sectional width exceeds one mile with a

stream slope of less than 2 feet per mile the maximum

sy~~inG for uniform conditio~s should not exceed

4,000 feet.

NOTE: All measurements are valley miles.

Unusual situations requiring deviation from these gu1deliues
..

should be called to the attention of the Department of Natural

Resources.

). Brid~es and Other Controls

Structures such as roa~rades, brid5es, CUlverts, levees and
""-P-S \~W¥'\.

V'
dams which restrict flood flow and control water-surface elevations

ups~ream have to be surveyed in the field to determine certain,
ge~~etric factors which are then entercd~nto the digital computer

model. The following information 1s needed (01- each bridge or cul­

vert and roadway:

&. Cross sections about 50 feet downstream and 50 feet
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upstream of the roadway and parallel to it. Care

should be taken during the actual field survey that

the cross section reflects natural ground conditions

and not the fill material for the roadway.

b. A cross section of the waterway opening under the

bridge or culvert showing the low portion of the

superstructure, bridge abutments, piers and other

factors whl,ch affect the area and the manner in which

flow occurs through the opening.

c. A profile of the top of the roadway together with

elevations and descriptions of the brid~e railings

(e.g. can water pass through the railing)

d. An indication of the type of roadway (two lane,

. divided, single or dual railroad tracks, etc.)

. Figure 4 illustrates some of the above concepts •

•
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Similar information 1s required for any dams located in the

study area which should include the following:

a. Cross sections located upstream and downstream of dam.

b. Long1tud1nal prof1le of fixed crest dams or spillway

section of regulatory dams.

c. Cross section of spillway O~ fixed d;~ crest.

d. Size and elevation of ~ate openin3s a~d description

of gates.

4. Field Survey of Cross Sections

The location of the cross sections should first be designated

on accurate topo;raphic maps and/or aeri3l photo~raphs to define

the longitudinal direction of the field surveys. It should be

emphasized that the distance between cross sections, wh1ch is a

critical 1nput value to the digital computer model, will normally

be determined from the section layout on the topographic map or

aerial photographs. Therefore, it is essential that accurate scaling

is possible on whichever medium is used.

An excellent method is to make a preliminary layout of the cross

sectionron a topographic map and then transfer the locations to large
A.r;.'

scale~~ photographs if they are available. The topographic map
4-

provides~good perspective of the 3eneral valley alignment which

materially aids in properly orienting the sections at riBht angles

to the flow. In many cases, the configuration or the valley flood

plain 1s muc~.~~ss meandering than the stream channe~necessitatlng

broken cross sect10n alignment to maintain the right angle orlenta-
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t lon to flow r ~reetiOJl aOPGS-a-t-ne onti're fl:~ Such (fondi t ions

are less obvious from gr~und 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 photo6raphs permit refine­

~ent of cross section lines based en vesetativ~ 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 6eo,:i;raphic location on the map or aerial photo-

6raph. Minimum elevations ca~ be designated in terms of mean sea

level, distance above stream bed, or distance above existing water

surface. Particularly in the case of cross sectional layout on

aerial photographs, a prescribed minimum elevation to define the

lateral extent of the cross sections 1s the most re11able~ Extreme..
care should br taken to assure that the lateral survey limits cover

all the area that could be inundated by flood waters.

Field inspection may on occasion require re-orientation of cross­

section alignment, however, such cases are rare in that the 6round

perspective 1s severly limited when considerln6 the broad expanse

of the total flood plain.

In the field, the location where the cross-section 1s to be

surveyed can be determined by visual observation through reference

to identifiable points on the map or arelal photograph. Wnere

acourate maps are not available the location of ~wpve~ cross- sections
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may have 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 based 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 half~ay cetween two consecutive sections. Therefore,

local irregularities in the 5ro~~d surface, such as depre~sions or

rises that are not representative of the reach should be eliminated

in the field survey. This is also true of embayments or inlets to

the flood plain which may be ln~~dated by the lOO-year flood but

are not effective in carrying flood flows.

The survey chief should exercise Jud;ment in acquiring the sur­

vey data. Where site distances would be considerably improved by

slightly shifting 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 more accurately .reflec~ 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 field surveys for obtaining cross section

data is the use or photcgrammetrlc compilation. The method 1s 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 toot. lDngltudlnal

distances ot the cross sections defined b~ f1eld sur~x should be
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compared to those scaled from topographio maps or aerial photo­

graphs to eliminate gross errors.

Field surveys should be made in mean sea level datum whenever
~Jtic.k

posslble,~ should be carefully documentd as to origin. In

Minnesota, two different sea level datums have been in general use:

(1) ~e~eral adjustment of 1912, and (2) datum of 1929. Of the two,

the dattw 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

pendln6 upon the area of consideration, therefore, explicit

documentation of the dat~~ used is required.

If mean sea level datum cannot be established, which is a rare

occurrence in Minnesota, a common datum must be utilized which can

later be translated into sea level datum by a uniform conversion

factor.

Bench marks of a semi-permanent nature should be established

at intervals thr0ughout the flood-plain area in connection with the

field surveys. Bel \, marks should have accuracy standards associated

with ordinary differel1tial. leveling requirements. (Elevations fur­

nished to accuracl~s of 0.01 foot). A descriptio~.Of the location

and the elevation or all bench mark~.:should be made part or the final

flood-plain study.

s. Use or Available Detailed Topographic Maps

Where detailed topographic maps are available (usually 2 foot

contour lnterviils and map scale ot up to 1 inch ~ 200 feet tor urban
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areas; 5 foot ~GntGur intervals and up to 1 inch = 500 feet for rural areas) the

the overbank rortion of the cross 5ection 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 )0 percen~ of the total regional flood flow

occurs in the :verbank areas.

Since tC:-·:~:-3.rhic ma~,s usually do not provide sufficient detail on the channel

portion of tr.e section and do not show stream bed elevations, the channel portion

of the cross ==ction normally requires field surveys. If the percentage of flow

carried by tr:e channel is very small compa.red to the ~rcentage of flow carried

by the overba~~3,a hand level may be used to obtain the channel portion of the

cross secti~n. This is illustrated in Figure 5.

"" FLOOD lEVEL~ V ..'/

~~-~
\X:CHANNEL

Figure 5. View of Cross Section

C.~()'5S - 58:-\ \o~

It 1s important to properly tie theVdata acquired from detailed
Or ~o-to~V"O. """,e--\rt <- C01""'p·,\~t~ 0""..:\

\Itopographic map~ to the surveyed channel.data. Therefore, the

channel information obtained in the field should include a p?lnt at

least SO teet on each side ot the channel as shown in Figure'. \" ~e
OUc:'" kAt> o..ye..c:ts 0'" ec...c..h 'oc..Y'\~ w\\\ f>C"'ov,at:. t.h.e ~eCl."S -P-oV"'.
~c:..c..LA-V"'e.--te:.\\.( ~i-\-\'Y'\.~ -t~e. e-h..~,one:\ (A~ ove.:.y-bQ.1\~ povii.On.S

0+ ~e se.c..-taCM. -\-De.le.-tt\~V'. -29-
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..
Figure 6. Channel section survey tie to overbank section.

6. Plot tin g 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

fodt horizontally. en 10 xlO division to the inch graph paper the

smallest scale that should be used to meet the above criteria 1s:

vert1cally linch: S feet; horizontally 1 inch =50 feet.

However, for very long survey lines, such 8S 1,000 feet or more,

a smaller horizontal scal&'may be practical.
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7. Selection of Retardance Factors

Retardance factors ("n' values in the Manning formula) are very

critical to the computation of cross section conveyance (flow-carry­

ing capab1lity). For this reason, "n" values should be carefully

selected in the field, preferably by on-site inspection conducted by

two experienced hydroloJists. ~otations made durin~ the field sur-

vey of cross sections as to the stationing where ve5atative cover

chanses occu~or ether obstructions exis~are extremely help~ul in

determining the lateral limits for assigned "n l values. It is ex­

tre~ely difficult to define the areal extent of different ann values

in broad flood plains where 6round observation is limited to a small

percenta~e of the total area. Aerial photo;raphs showing the cross

section locations 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 should be de­

lineated upon either detailed topographic maps havin~ 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

maps not exceeding this horizontal scale.

In rural areas, delineation of the flood plain may be based

upon either detailed topographic maps having a 5 - foot or lesser

contour interval and a horizontal scale not exceeding 1,000 feet per

inch, or by a~rial mosaic. or orthophotos not exceeding this hori­

zontal scale.

Flood-pla~ delineation on aerial mosaics or existing street
... ~ " , ..
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naps will require field surveys to su~stantiate the outline.

Accurate flood-plain outlines can be obtained by photosrammetrio

compilation. This 1s most practical when the cross section data are

obtained byphotogrammetrlc methods. A section devoted to photo­

;rammetrio compilation contained in a later section of this report

will provide ~ore details.

Auproximate Methods for Flood-Plain Definition

In rural areas not presently undergoing development, less pre­

cise methods may be used to Qerlne~rloo~-hazardareas. These in-

volve the use of historic flood data, soil maps, or aerial photo­

~raphs of experienced floods, which may be utilized either sin~ly

or in combination, dependin3 on the availability and applicability

of the data. When u9i~g f11~torlc f1.oqd data or aerial photos of ex-. '_-J _ .

perienced rioods, a liYd.rOl~~lc fUlllly~ i:~ _,t~ determine the regional

flood elevation at some point 1~ ~~~~~ar~ the study area would be re­

quired to provide a basis for adJust~ng the available data~to

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

A. Historical Flood Data

Hlgh-wat~r marks, defining a profile of an expel'lanced flood,

can be used to establish regional flood elevations by' an adjustment

based on the difference between the esti~ated lOO-year flood eleua­

tion (determined by hydrolo~lc analysis) and the observed high-water

mark at a site in or near the study area.

Where flat (2-) feet per mile >x. uniform slopes occulj rlO~ marks

should be available at approximately 2-3 mile intervals along the
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strea~. 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 sr.ould Generally ~ot be more than 2 o~ J feet from the

estic3ted elevation of the regional 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 ~En6ineerin6 Studies" whenever possible. In the event that the

~ore ~etailed topo~raphic maps referred to above are not available,

flood-plain outlines should be made on U. S. Geological Survey

topoiraphlc maps having no greater contour interval than 10 feet

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

B. 5011 Maps

D~tailed soil maps may be used to define flood hazard areas tor

mature landscapes with streams well 1ncised 1n deep valleys. Such

cond1tions generally occur in the southeastern area of Minnesota.

Use of soil maps in other areas of the state w1ll be accepted only

after investigations are made to determine the correlation between

soil 7.apping and engineering studies. All flood-pla1n delineations

using soil maps must be reviewed and approved by the State 5011

Scient1st, 5011 Conservation Servlce, U. S. Department of Agriculture.

before acceptance by the Department or Natural Besources.
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C. Aerial Photot!raphs

Aerial photographs suitable for defining the horizontal extent

of experienced floods are very rare. Seldom 1s the aerial photo­

graphy obtained at the time of the flood peak so that the maximum

de~ree of inundation is not pictured. It 1s 31so necessary for the

peak sta~e of the experienced flood to ce clc~~ to tr.e ele~ation

associated with the re6ional flood if the aer:31 pr.oto~raphy 1s to

be used for delineation of the flood plain. ~1is required combina­

tion of circumst~~ces seldom occurs. Aerial ~~oto~raphy obtained

under less tha~ the idealized conditions noted above way still be

~ery useful in conjuction with other methods of flood-plain de­

lineation.
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ENCROACHXENT EVALUATION

As outlined in Minnesota Regulations NR 87 (d). "Statewide

Stan.dards and Criteria for Management of Flood Plain Areas of

Minnesota-, floodway limit (for maximum encroachment) shall be de-

ter~ined by usin~ an equal (uniform) degree of encroach~ent ~ethod

(also called "equal degree of conveyance reduction W or "e~~ineered

floodway· in this report). The regulations also state-the following:

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

missible encroachments on the flood plain will not cause a~

increase in sta~e of the re610nal flood (IOO-year) of more th~~

0.5 feet in anyone reach or for the c~~ulative effect of sever-

al reaches of a watercourse."

The principle of equal encroachment ensures that lost flow

carry1ng capacity on one side of the flood plai~owing to maximum

permitted developmen~cannot exceed possible lost capacity 4n the
~

other bank where such capacity is available. This applies whether

the option to allow development is exercised or not, by one community,

when different comm~~itles are situated on opposite sides of the

stream. ~overnmental units having zoning jurisdiction (cities or

counties) may be more restrictive in the development of flood-plain

areas by desl~natin6 wider floodways than the minimum prescribed by

State Regulations, in which case the degree or encroachment need not
fhQ

be equal on both sides ofAstream.

The regulatlons_NR 81 (e) also provide tor estab11shing flood

protection elevations which shall correspond to a point not less than

-35-
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one foot above the water-surface profile associated with the regional !lood plus

any increases in flood stages attributable to permitted encroachments on the

flood plain. The one foot increase should be measured from the~ floodway

profile as determined by the guidlines which follow.

Technical Pro~~dures for FloodwaY_Analyses

Development of flcodways based on equal degree of encroacr~ent, or analysis

of designated floo,i...~ays 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 ccr.~ur.ities on opposite sides of the river, protection of a comrnun-

ities rights for future revision of designated floodways, and the cumulative

effects of flood-plain encroacr~ent which must be co~sidered 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

standdrds in the eval~ation of floodways as requireC by the 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 floadways which

develop less than the. prescribed maxL~um increase. The regulations also empower

the Commissioner to limit the increase in the regional flood elevation to less

A cCIJ\I'1\~~LI- ...
than 0.5 foot where substantial amounts of damage could occur. ~Ri8 lQUe R. J

is' Kef. ,r~v~llhJ
~"'¥8~\ t QQGItiL:iNJr 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 regional flood elevat10ns 1s always

measured from the existing conditions found in the initial engineer­

ing study, not from the adjusted elevations defined from previously

desl~nated floodways. Adherence to the 6uidlines will protect a

cOillmunlties future rights for thcoe situations.

The following basic rules will provide assistance in understa~d­

InG and using the floodway analytical procedures which follow.

1. Check for adopted flood~ays 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 gUldlines. Transitions between

flo~way alignment for adjacent communities upstream and

downstream should be as smooth as is practical under exls1ng

conditions.

2. The natural tloodway elevation 1s the same as the lOO-year

(regional)" flood elevation for existing conditions. The

natural floodway is determined by eliminating an~ ineff~ct1ve
,

flow areas at the ends of each cross section•.. It is this

elevation from which increases in the reg10nal flood caused

by encroachments on the flood plain are measured. Surcharge

as used herein means the increase in elevation above the re-

gional flood level associated with the effect ot floodways.
f

J. Deviations slightly above a 0.5 toot (or 0.2 toot it appll--
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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 suust not be exceeded at the upstream corporate limit

of each community.

4. 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 allowable

increase attributable to either city's individual encroach-

f oe+-.
ment must not exceed 0.20 A This will assure that tte com-

bl~ed effect or both cities encroachments will not ca~se

incre3.ses ~;reater tr:an O.5f..;oJ-.

5. The procedures have been developed in such a manner t~at a

ci ty. can exercise the following options:

a. Less than maximum encroachment may be designated at

present, but in the future the city can requ~st its

maximum allowable encroachment (with one exception as

stated in (b) below).

b. E::cessive encroachment (beyond the limits of an engineer­

ed floodway) that would otherwise exceed state sta~dards

may be found to be acceptable (i.e. all total increases

will still remain less than or equal to 0.5 1 ) it a

sufficient ·compensating effect- 1s realized upstream

and/or downstream. This can be done by designating

tloodway limits upstream and/or downstream that are
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sufficiently less restrictive to flood flows than the

limits determined by the equal de~ree 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 areas1 '•...r- -+""-Q. c.."",.~ ~\~-t·,v~ e t..fe.e-t
w~\" V\o\~-\~ S-tt\,..te: s-tCA.'t'\.ACl.....cl~.

A. Main-Stem Stu~~es

This section deals with floodway analyses for a single river

reach which ~ay involve adjacent upstream and/or downstream con~un-

1ties, and situations where different communitites occupy opposite

sides of the river flood plain as illustrated in Fi5ure 7. Tr1bu-

tary streams entering the main stem in a study reach require spec1al

treatment which will be dealt with in a subsequent section.

In the fcllowing examples, starting elevations ~~c presc~ibed

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 cited.

Note: Whenever a startin5 elevation based on the natural

floodway profile plus 0.5 foot is prescribed, the followln6

exceptions apply: If complete encroachment (to the river bank)

1n the area downstream from the community under study results
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in an increase less than 0.5 foot, then this actual computed

~ increase is to be used to determine the starting elevation

(in lieu of the specified 0.5 foot surcharge). The surcharge

used to determine the starting elevation should be based on

realistic probabilities a~d should not exceed the maximum pro­

file increase attainable for e~istlng conditions. If the data

necessary fo~ this type of evaluation are not available, then

the 0.5 foot surchar~e is used, with the following exception.

Where it 1s 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 permissible to use

a starting elevation equal to the lOO-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 qua11fy for the exemption.

Procedures for floodway analysis are defined by four sample

cases listed below. The examples should provide guidance Cor virtu­

ally all situations to be encountered; however. it some unique con­

dition should occur to whlc~ the examples are not applicable, the

Department or Natural Resources should be consulted.

Case A

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

Pigure 8).
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CasELJL

City W selecting floodway, neither cities X or Y have

a floodway (refer to Figure 8).

Case C

City X select!n, floadway, w has adopted acceptable

floodway (refer to Fi~ure 8).

Case D

Cities Wand X selecti~ floodway. City Y mayor may not

have a floodway (refer to F1~ure 8).

~nenever 0.5 foot surcharge is to be added to natural IOO-year

profile fo~ starting elevations in the followin6 examples, refer to

preceding "Note l for possible exceptions.

C~se A - Community V only (re:~r to Figure 8)

Step 1, Evaluate engineered floodway or deslgn~ted f~ood­

way using a starting elevation derived by adding

0.5 foot surchage to natural (IOO-year) floodway

elevation at downstream corporate limits. If per­

missible 0.5 foot surcharge is not exceeded through

V, floodway is acceptable. If excessive increases in

elevation are found, the floodway will have to be

adjusted.

In th1s situation, where a single community has

Jurisdiction on both sides of the river, small sur-
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charge inez'eases In excess of 0.; foot may be accept­

able, upon appl·oval of the Commlssiofler. pro\'\ded the

0.5 foot is not exceeded at the upstream corporate

limits.

Step 2. Final flooJway profile to be plotted should oe

derived by using a startin~ elevation for the appro-

priate conditions described below:

a. If floodways have not been designated downstream

from community V. use lOO-year natural elevalon

plus 0.5 foot (see exceptions u!'lder ·~~ote·) •

b. When floodways have been desi:;nated for the down-

stream area. use lOO-year natural elevation plus

actual computed surcharge applicable at down-

stream cor~orate limits of V.

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

(refer to Figure 8 )

3"
Step 1. If desired floodway 1s an en~lneered rloodway~to

Step J below.

th~~ J.~~ dej'/~t:4+eJ
Step 2. If inspection indicates tA&-t~i& communitYAflood-

way probably provides for less than allowable encroach­

ment (i.e. surcharge increase of less than 0.20 foot

can be expected, then analysls should be made &s

follows. Otherwise go to Step ),
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a. Set croal-.ectton It_it. tor V .1o~ d.signated

tloo4*'1 11ne. Cro.s-.flctlon Ii-It,s :or the

other .14. ot the at..... reN1n at the natural

f1004"&1 llm1t.

b. Utting a startlnti elevation tor V equal to 100­

,ear natural elevatton plus 0.2S toot, co.put.

profile.

c. It increase. (other than at t.he first two crosa·

sectlonj resulting froll W'. d.uJl~ate4 tlood""

are les8 than 0.20 too~then the designated rlood­

war 1s acceptable.

d. It surcharg. exce~d. 0.20 root, go to Step J.

Step J. It the desl:--ed t'!' .. ~..., 18 tc be 1\11 englneereel

tloodway, or It Step 2. la Dot satlstled, then the

anaqat. should be tUde as tallow••

a. Uaing a starting elevation equal to the 100-1ear

natural flood level plWl 0.5 toot, compute an

engineered (equal degr•• ot COnvelaDc. reduction)

tloodway tor Wand the opposite bank ar~a. 1n X

and I. The resulting tloodwA, should be te.ted

tor exce.dance ot the 0.5 toot maximum surcharge.

If the englne.red flood• ., Ie to be used, it can be

accepted It it .et. :;h. abo". teet standard••



"~. proc_durea ltelllae4 1n (b). (0) and (d) below

can then be .1l.lnated.

b. It a designated tloodwa, 1s to be evaluated. set

the crosa-I.ctlon Ii.lta for Wat the selected

floodvay lin. while the cross-section limits for the

other slde or the stream (cities X and Y) remain at

the equal conv.,ane. reduction limits as determined

1n (). a.) above.

c. Compute the tloodv81 profile usln~ a startlns eleva­

tion equal to the IOO-lear ~atural le\iel plHs 0.5

root.

d. It the 8urchar~e at any point 1n the reach 1s

greater thaD 0.5 too • then adJustments must be

made 1n V's designated tloodway and a new protile

COIJputed.

~t,p 4, Starting elevationa tor computation or the tlnal

floodwa, protile should be determined as tollows:

a. It colDUftlt~ V haa no dea1glated tloOOw8ys. start­

ing .l.vata n shou1d b. lOO-year natural elevation

plus 0.5 toot.

b. When adopted tlOOGw81S are available tor community

V, U•• cOIIputecl surcharge at upstream limits ot V

plu. lOO-le.r natural tlood level tor atartlng



elevation.

Step 5L Final floodway profile should be computed, using

startin6 elevations as determined in Step 4., ~ollow­

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 lOO-year natural flood eleva­

tion to 0.5 foot. Table 1 illustrates the pro­

cedure •.
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Table 1. Profile Elevations in ?eet

Cross IOO-year Desi§;nated Added for Final
Section Natural ?loodway Cities F100dway
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 0.2) 981.·g5

4 981.75 981.94 0.25 982.19

5 982.20 982.)5 0.25 982.60

6 982.75 982.92 0.25 98).17

7 98).18 98).41 0.25 98) .6/'

... From profile computed accordin~ to ~:eo 5. a.

~ ::a..<: imum ",,"alue is 0.25 foot •

..... At downstream corporate limits of Ci ty W.T

The procedure outlined above will allow tor future

desienation of floodways in Cities X and Y without

any substantive change in the floodway profile.
c> "'v dO' c. ---0' '''c> ''''0 -~ • r- - ::>.... "ir:c:::> d"c::> au ~., .-, .....; ..... be -p T....... D (ft;+

"~e
Case C - City X selecting floodway, W has adopted floodway

(refer to Figure 8).

Step 1. An engineered floodway for cities Wand X should

be computed (if one is not available trom the previous

analysis of W's designated floodway), using a start­

ing elevation equal to the 100-year natural floodway

level plus 0.; foot applicable at downstream limits

or x (Corporate boundar1es may or ~y not coincide
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at river).

Step 2, Set XiS cross-section limits along the designated

floodway. was limits remain at equal degree of con­

veyance reduction limits as determined in Step 1.

Usin3 these limits and the same startins elevation as

in Step I, determine floodway prof1le.

Step 3, If profile increases exceed 0.5 foo~ then adjust­

ment is necessary in XiS designated floodway.

Step 4~ Startlns elevation for computation of ~he final

floodway profile should be determlrled as follows:

a. If community V has no designated floodways, start­

ing elevation should be lOO-yea~ hatural flood

level plus 0.5 foot.

b. It floodways have been adopted in City V, deter­

mine starting elevation by us1n6 computed sur-

char~e at upstream 11~lts ot City V plus lOO-yearfJocJ

elevation~

Step 5. Compute final floodway profile, using startin6

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 toot resulting from this combination should

be amall and will be acceptaple••.
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* fhe reasons for goinS through Steps 1 through 4

may not be readily obvious; however, if each step

1s carefully studied, it will be seen that this

procedure 1s the only way to protect the rights of

both communities.

Case DL - Cities Wand X selecting floodways simultaneously,

City Y mayor may not have adopted floodway. (refer to

Figure 8)

Step 1, Starting elevation should be equal to IOO-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., foot. If designated tloodway

limits do not exceed engineered tloodway alignment,

Steps J and 4 below can be eliminated.

Step J. Using the same starting elevation, compute flood­

way profile ~ith cross-section limits defined by W's

designated floodway line on one side and X and yls

engineered floodway line on the other side. All pro­

file elevation increases must be within the prescrib­

ed 0.5 foot limit, if not, modify W's desl5J18ted

floodway.
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Step 4. AGain using the same startin6 elevation, co~pute

floodway profile using cross-section limits defined

by X·s designated floodway line on one side a~d W·s

equal degree of conveyance.reduction line on the

other side. Increases in the IOO-year flood profile

cannot exceed 0.5 foot, otherwise, desi~nated flood­

way for Cit) X must be modified.

Step 5. Startln~ elevation for computation of the final

floodway profile should be determined as follows:

a. If comrnun i ty V r:as no des i;nated f lood',;ay s. start­

in~ ele~ation s~ould be eq~31 to IOO-year natural

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 lOO-year

elevation.

Step'. Final floodway profile should be derived by using

the appropriate starting elevation from Step~ above,

and then proceeding as follows:

a. Compute floodway profile usin5 designated flood­

way lines for terminating cross sections in Cities

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 designated floodways, final floodway

profile shall be the computed values from Stepb a.

above.

c. If City Y has no designated floodways, the final

floodway profile should be determined by using the

computed values from Steo~. a. for the reach coin­

cident to Cities W. and X. Upstream fro~ the cor­

porate limits of City X, the co~puted profile from

Steo£ a. must be adjusted by adding 0.25 foot (or

less if required), but limiting total increase

above the lOO-year natural eleva~lon to 0.5 foot.

See sample calculations for Case B in Table 1.

Bt Tributary Streams

Floodway evaluation for small tributary streams poses special

problems with respect to starting elevations. The probability of

major flood peaks (such as the regional flood) occurr1ng simultaneous­

ly at the confluence of a minor tributary a~d a lar:e main-stem

stream is considerably less than one percent. It too high a start­

in5 elevation 1s used, the floodway evaluation would permit excess­

ive encroachment through the backwater reach of the tributary ow1ng

to the artificially 1ncreased cross-sectional area tor the higher

water-surrace level. For th1s reason, the following procedures have
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been developed. Refer to Figure 9 for an illustration of the pro­

cess outlined in the gUldlines.

Step 1. Determine the floodway on the main stem using the

applicable situation as outliI~ed in "Section A. ~a1n-Stem

Studies·,

Step 2, The tributary start1ng elevation for the lOO-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 between 1:50 and 1:15, starting

elevation equals 10-year flood eleva~ion of ma1n stem

at confluence,

c. Drainage area ratio 1s 1:15 or smaller, starting eleva­

tion equals lOO-year flood elevation at 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 available frequency elevations.

Step 3. Compute IOO-year natural floodway profile for tribu­

tary using appropriate starting elevation from above.

Step 4. From point a, horizontally extend the ma1n stem
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lOO-year natural elevation throU6~ the tackwater reach on..
the tributary to intersect the tributary profile computed

in Step 3 above (from point B to somewhere near point C).

With a smooth transition this new profile is the IOO-year

natural floodway profile for the tributary strea~.

Step 5. Following the guldllnes outlined in "Section A. ~aln­

Stem Studies" evaluate designated floodway, or compute

enGineered floodway as required, for tributary stream using
4..+

starting elevation ~determinedApointe by addins 0.5 foot

to ele~ation determined in Step 2. If complete encroach-

~ent on the ~ain stem causes less than a 0.5 foot increase

in the lOO-year flood level at point a. for the condition

set forth in Step 2. c. only, use the computed surcharge

from complete encroachment in lieu of the 0.5 foot.

Steph. 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. Pinal floodway profile for tributary stream should be

determined by horizontally extending main-stem floodway

elevation from point B until it intersects protile com­

puted in Step ~ in vicinity of point C. Make a smooth

transition at point or 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 1s 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 estiillatin6 flood levels in ~~developed

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 en5ineering studies, local flood-plain wana5e-

ment ordinances can be based upon experienced flood data or soil
dmaps, where appropriate, by providing a conditio~use permit

procedure for engineering review of proposed developments. With

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

adopt1on ot 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 requirements when flood plain regulations are adopted consistent

with ·Statewide Standards and Criteria for Management of Flood Plain

Areas in Minnesota· (See footnote Y.).
Normal depth analysis 1s the application of Manning's equation

Q = 1.~9AR~S,~ to determine the-tlo~characteristlcsfor flows of

a given magnitude in natural or manmade channe1s. Strictly speaking,

Manning's equation is applicable only to the uniform flow condition

wherein the discharge, waterway cross sect1on, mean velocity, and
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depth remain constant throu£~out the study reach. For flow in

natural streams and rivers, these conditions exist rarely, if ever.

ijowever, normal depth analysis 1s still a useful technical tool 1n

that it will give a good approximation of elevations associated with

a specified ma6nitude of flc~ and will, in most pr~ctical applications,

define the minimum cross-se~:io~al ~r~a required to ~3SS a given dis­

char6e without exceedin5 tte ~axt~um prescribed surchar5e.

Normal depth analyses for proposed flood-plain encroachments

should be submitted to the :epartment of Natural Resources for review.

A. Data ReaulrB~ents

T~e data required for a normal depth analysis consists of a~

estimate of the regional flcod magnitude, selected retardance factors

(ManninG ~ roughness coefficient: "n") map of area under cons idera­

tion, cross section of stream channel and overbank areas, stream

slope. photographs of study area, details of any stream obstructions,

description of proposed development, and land use of the property

across the stream from the development site. The following ~ldline8

provide additional details pertaining to the acquisition of the re­

quired data.

1. Regional (100- year) flow estimates should be determined

according to the gUidlines contained in the RHrDHOLOJY· section

of this report. Assistance can be obtained from the Department

of Natural Resources if local expertise is not available for

the hydrolog1c analysis, or it questions arise as to th,



analytical process in estlmatinJ the re~ional flood dlschar~e.

2. Selection of roughness coefficients (Manning's "n a ) requires

considerable hydrologic experience. These coeffiOients will

usually have to be determined by Department of Natural

Resources personnel based on photo~raphs (supplied ~y the

applicant) or by on-site investi;ations. Rou~hness 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 dischar~e for the experienced flood is

known. with these data available, the area and hydraulic

radius can be determined by acquisition of a cross section, ar.d

the ~annln~ equation can then be used to solve for the value of

anft. 'rhe 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 great de6ree. For this reason, the calcula­

tion of usable ·n- values by this approach is sever~ly limited.

~ote: Items listed above are quite technical in nature and

may require complete input from the Department of Natural

Resources, or assistance in the analysis as the case may

be. Items listed below, however, represent minimal data

requirements which must be furnished by the local 6overn­

mental unit with the application for approval.

3. A planimetric or topographic map having a designated scale
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should be provided showing the 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 1s shown in Fi6ure 10.

4.A representative cross section, defining the main channel a~d

overbank areas up to an elevation not to ~e exceeded by the 100-

year flood, is required. The cross section should be determined

by dlf{rential levelln6' using an established datum, and stould

be oriented so as to be at risht an~les to t~e direction of

flow. Tne surveyed section should define existin~ ground

elevations typical of the area, pot holes and embayments which

do not carry flow should be eliminated.

A graphical plot of the cross section, with designated

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 range of 1:10 (i.e.

vertical scale versus hori2.cntal scale). Larber scale dis­

tortions ~ake 1t more difficult to analyze rou~hness co­

efficient distribution and to determine equal conveyance

reduction. The cross section plot should also show changes,

and extent of vegetative cover to a~d in the selection and

distribut10n ot roughness coeff1cleLts. It 1s extremely im­

portant that left and right bank- of the cross section are
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identified on the plot. Left and rl~ht banks are determined

by facing downstream. See Figure 11 for an example of a

typical cross-section plot.
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5.?he 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 high-water marks (providin5 such

marks are reli~ble) by running a line of dif{rential levels and

measurln3 the distance between marks. Distances should be

measured alon~ the valley alignment so as to parallel the flow

lines. Lacking historic profile data, the slope should be com­

puted from elevations of the existinb water surfac~ determined

at the development site and 500 to 1,000 feet upstream and down­

stream. Distances between water-surface ele\ation points should

be measured along the stream chav~el. The difference in eleva-

tion divided by the dist~~ce will equal the slope. If the up-

stream and downstream slopes differ, use an average of the two

values. Extreme care should be exercised in determ'~in5 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 probably not be indicati~e of the

slope prevailing during a flood. Under these conditions it

would be necessary to wait 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 or a localized break in water surface.
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6. Photographs of the topography looking both upstream and down­

stream from the development site should be provided to permit

estimation of "n· values. Sufficient pictures, properly labeled
c,·lln h1h'~lI\.,

as to view 1gea~~ should be obtained so as to clearly de-

pict the main channel and 5round cover conditions on both sides

of the flood plain.

7. Any wate~~ay obstruction existing in the vicinity of the

project area should be described and photo5raphed. The location

of any such obstruction should also be shown on the map speci-

fied in item J above.

8. A description of the land use in the flood plain on both

sides of the river at the proposed develop~ent site is required.

Ownership of the property across the river from the area to be

developed should be specified.
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B. ~~ethodolo·.;y:

As previously mentioned, the Manning equation is:

(1)

where Q = Discharge, in cubic feet per second

n = ~annin~ts rou~hness coefficient

A = Cress sectional area throu6h which flow occurs,

in square feet

H = Hydraulic radius, in feet

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

WP =Wetted perimeter, linear distance measured

4long bottom confi6uration of in~ndated cro~s-

sectional area of river valle~ in feet

H =A-
WP

The ~1ng equat10n is often written in the following

alternat1ve forms:

Q - KS
Y'"-

where K - l.49AH*- n

and Q • ~ZS ~t-
n

where Z =AH
2h

• K =~z• • n

(2)

()

(4)

(6)

·K· in the above equations 1s called the conveyance and ·Z· 18



called the section factor. With any given 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 () or (5), because both the area and

hydraulic radius are dependent on the depth. Also. the required

con\'eyance or section factor for the ;1 ven dischar·;e and slope

call be calculated with equation (2) or (4)8

A trial and error solution is necessary for the normal lrre~ular

waterway cross sections. The problem is solved when the conveyance

or se~tlon factor. whichever is bein5 used, for an estimated depth

of flow is equal to the required conveyance or section factor for a

given slope and dischar6e.

The concept of the section factor is utilized to simplify the

calculations in the following example problem.

Examnle Problem

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

second (ers).

Slope (5) • O.OOJ~ (from a field survey durinJ a low
~flow period. S. O.Ob.

Roughness coefficients (n) ~ 0.07. left overbank;

0.OJ5. channel; and 0.09, r1 5ht overbank (from

field estimates).

The waterway cross section (from field survey data)

and location or the proposed encroachment are

shown in Fl~ure 12.
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Problem: termine the increase in the lOO-year flood sta~e

resulting from the proposed encroachment, considering an equnl

degree of encroachment on the opposite bank.

~ethod or Solution: The waterway cross section 1s divided into

a number of increments or se6ments, w~~lng certain that one

division is located at the proposed encroachment line. ~nere

convenient, the divisions can be made at 10 or 100 - foot

intervals. Several water surface elevations are assumed. The

total discharge under existing condit10ns for each elevation

ot flow is then calculated as the sum of the flows throU6h the

various sectors, which are composed of se~ments having llke

-n 8 values. The actual water surface elevation for the region­

al flood discharge is determined by interpolation between the

computed tlows at the two assumed elevations. If the computed

discharges for the two assumed water-surface elevations do not

bracket the lOO-year flood dlschar~e, an additional discharge

com~utation for another assumed elevation will be required.

To determine the effects of encroachment, the conveyance

or each overbank must be reduced by an equal amount because

under the ·equal protect1on ot 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

1s reasonable assurance that the opposite bank will remain in

open-space use, such as city-owned park land, etc. The eleva­

tion ot the water surtace after encroachment 18 then calculated
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in 3 r ~i~i13r to that outlined above.

In these and sim11ar calculations, it is well to remember

followlns:

1. The area within each segment ot a c ~~s section can be

detE~;nined by countin~~ squares J calculation using

sea: di~e~sio~s or pl~nimetry.

2. The :,~tt~d perir:leter or an overbank area whose width

is :~r;e relative to its depth can be assumed to be

the top width of the increment.

:3. 'i'te ·, ..~tted peri:-::eter of a stream channel whose width

is ·~23t l~ relation to its depth can be assu~ed to be

t\."IO :op width plus t\'llce the channel depth.

4. 'rhe ':::i t:raul1c radius is the wate! lay area di vided by

the ~etted perimeter.

Su~rnarY at Calculations: Table 2 summarizes the determination

of the section factors for two selected elevations of flow

thro~gh the ~lven cross sect1on. Substituting these "Z·

values into equation (4) and recognizing that the total dis­

char~e 1s the sum
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• 8,250 cfs

(1.h9)(0.06) [1u50 10uO 2340]. 6,8)0 cfsQ121 :I o:or + 0-:-0)') + ?J:Otj

[
1900 1150 2920]

Q122 • (1.49) (0.06) 0::07 + o.'f.R + 0.09

E • 121. 0 + [7 000 - 68 J 0 ]. 121. 1
8250 - 6830

The proposed encroachment will reduce the section factor or

Elevation 121:

The wat~r surr~ce elevation eorres~ondin~ to Q • 7,000 efs i~

de~~rmined by internol~tion:

T~g sub5cri~tg 121 and 122 refer to the ~5~umfld w~ter surr~ee elpv~tion~.

are calculated as follows (see Table 1):

the left overbank for each of the two assumed de~ths or flow
c Y"C.rf- .fec+/IYla I c h"" t'!1t!

bee ause of the r educ t ion in"~e "w. are a
J

and the -,"DC ••• t' e in t,.h.e.

Por-
vetted perimeter~ the remaining area. The new 5ection fActors

The subserlnts L, C and R rerer to the lett overb9nk, channel and

right o~erbank, res~ective1y.

rr.t./f'f

of the individual disch~r6es through th~Achanne1 and both cverb~n~s~

it is found that:

A • u, + 120 + 237 • h02

wP a 18 + 20 + 2, • 63

R • 002 • 63 • 6.)8
'1/..

3. hllR •

ZL •
ARz~ • C!J02)().uu) • 1380

4ZL • 1450 - 1380 • 10
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Zlevation 122:

A • 60 + 1~0 + 262 • h62

(7 )

( El e v. 121. 0 )

(£lev. 122.0)

Again, the water surfAce e1ev~tion necessary to convey 7,000

Q
121

• (1.49)(0.06) [13~O + 10hO +(2JhO-9))1. 6,650 cra
1J:lfr 0.035 0.09 J

Q
122

• (1.49)(0.06) [17~0 + 11')0 .(2920-220)7 • 7,820 cfs
0.07 0.035 0.09 J

Ah ~qual degree or enero~chment on the right overb-nk will

E • 121 0 + (7000 - 66S0) • 121.3
• 7820 - 66S0

-72.­
1Q

ZL • (462)(3.73) • 1730

~ ZL • 1900 - 1730 • 170

'(I p • 19 + 20 + 25 • 64

R • ~6? T 64 • 1.22
~h

R • 3.13

n
L1 Z.~. R.1 Z;,. rr;-. L

L

Therefore,llZa .(g:g~) (70) • 90

~ Za ·(g:gO (170) • 220

cts is determined by inter~olation:

C"'l. pr.LI··'
With equal encroachment on both overbanks, the V&~pw.Jb

.:1/'sc ,t,:~ r , :2 :;
•• ~•• 141•• at elevations 121.0 and 122.0 are:

those calculated above. This is proven by equ~tinl the reductions

1n conveyance or the tvo over~anks using e~uption (6):

likewise reduce section r~cto~s, but by 8n amount gre~ter th.n



· .,1 ·.'~·I,

Accordingly, the incr~~se 1n the 100-ye~r flood st.lig6A ~~ounts

to only about 0.2 feet, which 1s acceptable. The statewide flood-

plain m~nagement standards generally orovide that incre~~es in the

regional (100-ye~r) flood stage due to rlood ~lain develoPAent sh~ll

not exceed O.s teet in anyone reach or tor the cUMul8tive effect

or several reaches.

EstRb1ishing the location or the equ~l encro8chment line on

the right bank ~equires a trial and error solution. At e1ev~tion

121.0, tlie:J..1~~~;eY8nCe to be removed rrolll the lett overbJtnk 6, ~1-4 .. fl·J;o (?)

(see Table 1) is:

x- (1.49) (60 + 13) (60 + l3_,z/, • 2,880
O.O? 20 + 9 ~

Estio~ting that the l1ne or equal encro~chment on the right

bank is located as shown 1n Figure l~~nd c~lcu18tin6 the conveyance

thus removed:

A • 72

WP • 19

R • 72/19 • 3.18

R1J~. 2.43

K • (1.U9) (72)(2.43) • 2,900 ~ 2,880
0.09

h.:.J",/c.
Theretore, the rightA~ncroJtchment line Is correctly 10cate~

&s shown.

A normal depth analysis rroduces only an .~nroxi•• tlon or

tlood heights. Experience haa shown that the denth or flow or the

stale ot • given discharge will nor.ally be understatedby this

-7J­
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M~thod, som~ttfflos by ~ foot or more 1n severe cases. Al~oJ this

method usually over~tate8 the backwater effect of a given encroach-

ment on the order ~t & traction ot • footw Due to the difference in

ma6nitude, these errors may not be compensatory. Thus, flood

protection elev~tions comDuted by this method ~ometimes f~il to

nrovide the intended degree of ~rotection for flood ~l~in devplor-

ments without the gddition of sufficient freebo~rd.

~here the ~ta6e cr the region~l flood ~nd the effects or

develor~ent on flood flows can be ev.lu~ted frcn dOC~Mented flood

events or calculated tram controls ~uch ~s dams, such shoulrl be done

that tlood stages are influenced by conditions such 8S r~~d gr~dc9,

bridges or oth~r waterw~y restric~ion~, Addition~l eros~ ~ections

should be obtained and water surface ~rofile c21cul~tions should

. \\ - '. ".J" 1/normally be Made4.! 1)'4/I,.::J w..;j~" L ./I';::''''''I~ .JI:";:' ># •

Esn~ci~lly in areas subject to intense deYelo~ment ~reS3ure~.

J ~.,.-..,·I.J. 4 r",/;t I.','.:J
efforts should be made to initiate a '*.~ Dl.'6 'Rt~~~ study

rather than relyin6 on the normal derth a~~roxi.~tion.
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PrtOTOG~A~METnIC COMPlLATIO~ OF SUR\~Y DATA

Fhoto5rammetry is defined as the science of makin~ accurate an~

reliable measurements cr to~ography from p.erial photo5raphs. It pro­

vides an alternative to field surveying for acquisition of cross

sections for overbank areas and, in addition, can be used to produce

r.1aps for delineation of flood-plain ar'-'lS required for detailed

en:11neer~6 studies. I.ackin~ adequate topoe;raphic maps or the study

area, phot05 rarnmetric compilation, utilizin~ the combination of cross­

section data acquisition and delineation or flood hazard areas on

compiled Gaps, is usually more economical than extensive field

3Ur".eys to ~:eet; the ::scc'Aracy r~q'.'i~e:r.ents for en.slneerln5 studies.

'~h~ouJh s~eclrlc3tlon of rll~ht altltule for the aerial photoJr3phy

and stereoplotter accuracy limits, the photo~ra~~etric compilation

of data can be controlled so as to meet all normal standards for a

flood-plain study.

It snould be emphasized that use of photo6rammetric procedures

can supply only the cross-sectional data for overbank areas of the

flood plain, underwater portions of the cross sect10n must stlll be

obtained by oround survey.

'fhere are three basic types of output that can be obtained froa

photo~rammetrlc compilatlon as follows:

(1) Complete cross-sectional data for ~he overbank areas.

This can be obtained in a punch card format suitable
"tor direct use in the digital computer.

(2) Accurate planlmetric mapa to a designated scale.

After the regional flood prottle has been calculated,
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the outlines of the flooded area can be super-imposed

on these ~aps by the photo~rammetric process.

(J) Topo~raphlc maps to a specified s~~le and contour
For de. ';)1.~~ t;~rl 0.(:

inter'o:alA If iNS fRelH, ape \8 teJeti 9Aly 69 deflA8

~ flood. hazard areas. tAQ 99fi:t'9tepiR; eaR '99 11rll~9.

Aerial Pho-t.Q&r;~n~l:

?or i.'.appin ~ purposes, 3crial photos ar~ obtalred by an aircraft

carrying a precis10n cacera at a predetermined altitude to yield a

l=:10~O scale 5U1.~aole for the accuracy requirer:ents of the ~roJect.

::y expoci!13 the photo~~raphs at successive inter'lt"sIs with approJCi­

:nately '0:' overlap between one another, it is possible to later re­

construct the earth's surface by stereoscopic (three-dimensional)

viewing ot these overlaplng photos. Fif~re 1) illustrates tour

exposures or photo~raph8 and the three stereo-models ~he1 will (orm.

-76-



Acquisition ot aerial photography su1table for flood-plain

mapping purposes in Minnesota 1~ limited to two short periods during

the year. These perlods are: (1) in spring after the snow has

melted, before the trees leaf out and wh1le there is no overbank

flooding along the streams, and (2) in fall after lear drop has

occurred and betore the groun~ 1s obscured by snow. The most desir­

able photography 1s obtained in spr1n8. 58t8•• • le. "at•• 88RliIa.,a.8Ra

888'1_, at a tl118 when the solar an~le i. at the highest polnt during

an acceptaole tI1in.~ season.

It photogrammetr1c compilation 1s to be ut1lized, it is most

desirable to have the photography and compilation done by the same

contractor; however, with uncertain time schedulea, and the limited
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flying season, it 1s some times expedient to obtain the aerIal

photography under a se~arate contract and then negotiate a sub­

sequent contract for the compilation.

Experience has shown that optimum conditions for aerial photo­

~raphy are at a prescribpd f113ht alti tude of 4,800 feet usin~ 6-!.!lCh
. rc ",Jf?

focal len~th precislon C3mera (photo~raphy ~~ :4111 be 1- = 500 1 ).

Ne~atives for such photoJraphy will measure 9 inches square. Each

stereo-model (comprising two photos having 60 percent overlap) will

provide coverage sui table for mapping an area equi':!11ent to about

~880 feet in length as measured along the fli:;!lt 11!':e, and 5,600

feet wide as :rieasured perpendicular to the line of :'ll.:ht. If dual

flight lines are necessary to cover the study aI'~a, ~llo·"a~.ce ..v:ould

be made for a 30 percent overlap between photos fro~ :lfijacent fl i ~hts.

For multlpl~ fli6ht lines, the coverage length ffieasured along the

flight line will remain the same, but the usable width (measured

perpendicular to the flight line) of the stereo-~odels tor each

flight will be reduced by apprOXimately 10 percent trom the single

flight coverage noted above.
p«.,..",it

The 1· =800 1 scale photography will P.... compilation of 4 1

contour intervals under Natlonal ~ap Accuracy Standards, which im­

pIles an accuracy ot ! 2 1 • Contouring is more ot an avera~ing pro­

cess and the accuracy level is less than can be obtained from spot

reading of elevations. Spot readln6 ot elevations, which is the

process required for obtaining cross sections and, to a certain

degree, the delineation ot tlood outlines, can achieve an accuracy

or t l' trom the same photograph)'. Use ot a high-order stereo-

-78-



plotter can increase the accuracy level to t 0.5' for ideal con­

ditions.

Aerial photography is a relatively small part o'--.~he coat in­

volved in the use of photo3rammetric compilation for a flood-plain

study. The ~ajor expense is for setting the stereo-models, illus­

trated in Fi~ure 13, and obtalnin~ the 3round control needed to

establish accurate horizontal and vertical scales in the model.

Considering the relative cost aspect, it is desirable to obtain

ample phototraphic rraterial from the photogrammetric contractor for

use in the study. Photo6raphic items to be supplied should include

a photo index, complete se~ of contact prints, an~ a set of 2-tlme

enlar.;ements of alternate photos. Alternate photos will provide

c0r.1p1ete CO\'era,se of the area owing to the required '-0 percent over­

lap. The a tl~~ enlargements are particularly useful for the layout

of cross-sections! field identification of section alignment, and

evaluation of rou6nness coefficients.

It the initiai contract is for acquisition ot aerial photo­

graphy only (compilation ot cross-section data and maps not in­

cluded) the contractor must be required to furnish the film nega­

tives and a calibration certificate tor the camera and lens.

GroUl.1. Control

Reference points are selected on the aerial photos and a
i~

ground survey party"sent to the field to obtaIn elevations and

horizontal measurements tor the selected points. The survey 1.

usually tied to mean sea level and state plane coordinate datums.
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Each stero-model must have a basic number of survey points needed

to orient the model in a plotting instrument.

Horizontal control should be obtained by the photo5rammetrlc

contractor a, they normally have access to existing data available

from the National ~eodetic Service or the U. S. Geological Survey.

3rld~lng techniques between established horizontal control points

are usually permissible to establish uniform ffiap scale throughout

the study area.

Each stereo-model should have at least 4 to 6 vertical control

points. There are analo6 brid~ln~ and ~erotria~6ulation tec~~iques

a~allable to determine ~ertlcal control for the rroJel from widely

sraced points of kno',ffl ,~rGuJld ele'.atlon. ~~owe\'er, x:31o~ Lrid:;ln~

can introduce vertical errors totally ~acceptable u~der the stand­

ards established for an engineering study; and areotriangulation

methods, although having a higher level ot vertical accuracy than

analog bridging, still may introduce errors 6reater than allowed ~y

the standards. Therefore, it is recommended that full vertical con­

trol (4 to 6 identifiable control po1nts for each stereo-model with

elevations determined by sround 3urvey) be required for all photo­

grammetric compilation.

Surveys tor ~ertical control should be closely coordinated with

the photo~ramrnetric contracotr to avoid duplication of effort. If

the contractor is to perform the tield surveys for vertical control,

it should be stipulated that semi-permanent benchmarks be
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established throughout the flood-plain area as required for a de­

tailed engineering study, and supplementary points of known eleva­

tion sho~ld be defined along the stream channel \CAieR eaR ~& w.eQ to

establish sea level datum for the survey of the ~~derwater portions

of the cross sections.

In many instances, the consultant performinb the flood-plain

study may find it expedient to acquire the underwater portion of the

cross sections before the photo3rammetric 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 photo.~ra~~etric conpl1a­

tlon 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 rrain consideration

is to plan the project so that duplication of effort in performing

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

minimum.
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Cross-Section Reading

? aerial photo images are reproduced on ~lass plates for

dimensional stability and set up as models consisting of successive

overlapping pairs, in a precision instrument called a stereo-plotter.

A Pho~raphlc three-dimensional model of the earth's surface formed

in the plotter is used to interpret a~d plot t~e topo;rapni: ~3t3.

The plotter orientatlon 1s made to correct for tip and tilt of tte

aerial camera, variation in altitude at time of the individual ex­

posures, and to level and scale the model to the ground suriey con­

trol. fhe pre-selected location of the cross sectlo~s are plotted

on map manuscripts and placed on th~ plotter table. ~he plotter

o~erator reads cross section ele\-ations and distances for tr.at po~-

tion of the section which lies above the existin~ water surface.

3eginning at a point above the estimated level of the lOO-year tlood,

elevations are read at re5ular intervals and at changes in slope

down to water level, then up the opposite bank to a po1nt above the

lOO-year flood elevation thereby completing the cross section. As

the ele~ation points are read by the operator, vert1cal and horizon­

tal position data are automatically transferred to punched cards for

direct use in a digital computer. The consultant must orient the

underwater sector (which he has procured in the field) with the

photo~rammetrically compiled overbank portions of the section, and

then splice the p~ched data cards tor the underwater area into the

card deck furnished tor the overbank area. Orientation is easily

accomplished by matching overlapping portions or the section at the

edges ot the stream channel. ThUS, a punched card data set represent-
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ing a complete continuous cross sect10n is created.

Ease maps showln5 planimetric detall can be compiled at the same

time cross sections are being read. The base maps may also be made

by a photographic process known as orthophotography wherein detall

ia shown on the final map by the actual photo~raph1c 1ma~e. however

this method is more costly. Compilation of topographic maps ca~ also

be accomplished in conJ~~ction with the cross-section readout.

Usually. contouring of the entire study area ls economically un­

feas.ible. however, if the rraps are pri:nar1ly for delineation of the

flood plain. contourin€ can be limited to a ba~d enco~passlnG the

re~lonal fleod level alonG each side of the flood plain. It should

be emphasized that establishment of the stereo-models 1s 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 lOO-year flood profiles, the photo-
Q n 4ll J..-h~ 1=/41"J- plq.l~tf' li"".,ih j'JoH-~d

grammetric models can be reset in the stereo-plotterAon the orIgInal

planimetric base ~ap (previously comilled in conjunction with the

cross-sect1on readout). Although this process requires another set­

up of the stereo-models. orientation data for the model are already

available and the cost of resettin5 is relatively low. ~ormally a

two-phase operation comprised ot (1) readout ot the overbank cross

sections and compilatIon ot planImetric maps. and (2) delIneation ot

flood-plain limit. in a second set-up or stereo-models, i8 more

economlcal than a slngle phase operation involving compilation or
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topographic maps for outlinin6 the flood plain.

Accuracy Check

Photoirammetrlcally compiled 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 along a

roadway or 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 other 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 t~e vertical accuracy is questionable. Cross sections

of the natural valley can undergo substantial change through minor

undefined horizontal displacement; and therefore, are not reliable
,.~J/c4.+crs·
~lga'l&~ tor a check on vertical accuracy.

The most serious inaccuracies occur when the stereo-model 1s

not properly oriented, thereby introducing cons1stant vertical

errors throughout the model area. This can have a substantial

effect on calculated profiles and, sUbsequently, on the flood-plain

delineation. Errors introduced trom erroneous readings made by

the plotter operator are usually not serious as they are localized,

are random in nature. and may even be compensating. The random

vertical control checks recommended above are primarily aimed at

eliminating the more serious potential tor error 1n the improper

orientation ot the stereo-models.
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reqUire submission by April 15, 1979.
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Dear 1-'. i.ke:

quested co~~ent or modification of the draft are discussed below.

Enclosed are the final draft copy of the report. IIProcedures and Requirements

the guidlines issued by F.I.A. who provide the major input for flood-

Plain Delineation ll under section I. 2. This policy is contradictory to

my belief. The only reasor for it1s inclusion was that it was cited as

D.N.R. policy in the ffilmeographed handout titled IIFrocedures for Flood

plain stu lies. I presume from your inquiry that this may not be actual

Page 6. The last paragrapn on pdge 6 referring to the consideration of

10 years future development in the hydrologic analysis is unreasonable in

lhe v·:ater ~ecollrces Council will nrobably df~al with the problem of in-

the paragraph from the final draft copy; however, the decision must be

Apri 1 2, 1919

~
.~."

')......~j;>.,';;::..':t'e.

t"af;e 13. The comparative reliabilit) uf TR-20, HEC-l and multiple re­

a..
gressio!l techniques for hydrologic analyses iSJ\judmental decision which

has never bpen resolved among sponsoring agencies. Future guidlines from

D.N.R. policy, and if so, the paragraph should be deleted. I have deleted

that !:EC-l and TR-20 produce more reliable r'2sults (this premi.se is

Multiple regression is suitable for nonr,a1 j~rth anaJysis or hydraulic

questionable) and should be used for detai1ed engineering studies, while

consistency betwE'en various methons of analysis for ungaged watersheds.

There s~ems to be some incons:stency even in your inquiry. You intimate

Jrours if it reflects established D.N.R. policy.

for Flood Hazard Evaluation" and J copies of my bill. The items for which y.ou re-

Mike Robinson
Division of Waters, D.N.R•.
444 Lafayette Road
st. Paul, Mn. 55101

Item 1.

Item 2.



analysis of bridges. Many brid£es are constructed in develo~td or developing

areas and the b:ick~'ater resulting from such structures is just as critical

as the backwater effect frvm 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 developnent

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 IOO-year rainstorm.

The conception noted in your letter is probably predjcated on opinions

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

recorr~endation of one method versus another; therefore, I 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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which prob..'ibly would be compet i live with HEC-2 in te nns of ac-curacy. How-

ever, these are not readily available to consultants, so I t.hink the refpr'-

ence to the computer model furnished by your office should remain unch~nged. V"

I took the number of the D.N.R. digital comlmter program from one of your

e~rlier publications - check to see if the reference is still valid.

Item 4. Page 29. The use of 5' contour maps for deriving cross-section data was

taken from "Technical Report l", p.1.ge 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 )0 percent of the

total flow for the reg:-,nal flood. Five-foot contour intervals by National

Map Accuracy Standa:ds are subject to a plus or minus 2t foot accuracy

limitation <t 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.

Item 5. Page )6. Insertion of the Co~nissioners ootion to reouire less than ~~

foo~urcharge has been made on final draft copy.

Item 6. 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 tha' where complete



encr~'\(::,l~"!'lant would gen~rate l~ss than 0.5 foot 5urehal'f'e, the h~.!Ii5t~r ~\cno,~nt

should be used.

Political or economic restraints sce~ to be a very un~ertain factor.

One ~~litical entity can exercise very stringent controls for flood-plain

d~Yelo~nent while a subsequent political group can change the policy coa­

pletely. Economic restraints would see. 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 underst~~ding 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 bave

a ~omewhat ~ompensdting 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 :nay justify

waiving the 0.5 foot starting surcharge, and if such action reflects D.N.R.

policy, refereuce to these situations should certainly be made in the report.

If this is to be done, the report should li~t those conditions that would

allow waiving the 0.5 foot surcharge requir~ments. 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 tinle.

You may have my permission to 1ist 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
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