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FOREWORD

This stu&y was conducted for the U. S. Army Engineer District,

St. Louis ( SLD),  from January to August 1973. It was performed under the

general supervision of Messrs. W. G. Shockley, Chief, Mobility and

Environmental Systems Laboratory , W. E. Grabau, Chief, Environmental

Systems Division, and J. K. Stoll, Chief, Environmental Simulation Branch

(ESB) , and MAJ W. P. Hinge, Office for Environmental Studies. Dr. V. F.

LaGarde, Project Manager, ESB, was responsible for design of the project,

development of calculational procedures, and development of a portion of

• the com~iter software. Mr. S. J. Winfrey, ESB , was responsible for the

development of the remaining computer software and the operation of all

stage~ of the calculational procedures. This report was prepared by

Dr. LaGarde and Mr. Winfrey.
Directors of WES during the study and pr eparation of the report

were BG E . D. Piexotto , CE , and COL G. H. Hilt , CE. Technical Director

was Mr. F. R .  Brown .
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CON VERSION FACTORS, BRITISH TO METRIC AND METRIC TO
BRITISH UNITS OF MEASUREMENT

Units of measurement used in this report can be converted as follows:

Multiply By To Obtain

British to Metric

feet 0.30148 meters

miles (U. S. statute) 1.6093 kilometers

acres 0.140147 hectares

acre—feet 1232.75 cubic meters

Metric to British

meters 3.2808 feet
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SU1~MARY

Several geometric characteristics of water—basin regimes, includ-
ing basin size and. shape , area underwater at specific water depth , and
cross—sectional area, are commonly associated with benthic , plankton,
and fish community population structures, although little quantitative
data are available to support the association. This two—volume report
describes a general procedure that was developed to calculate values of
selected parameters used to define the above—mentioned geometric char—
aeteristics of any water—basin regime. The procedure was successfully

• applied to yield quantitative information for those parameters for i8
side channels of the Middle Mississippi River . Which of the parameters
selected as quantitative descriptors of the characteristics are best
indicators of animal community population structures is expected to be
determined as a result of other projects currently under way at the
U. S. Army Engineer Waterways Experiment Station.

Volume I contains a descri pt ion of the procedure and the results =
of implementing i t .  Volume II contains a set of computer—plotted con—
tour maps for the 18 side channels.
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COMPUTER—CALCULA TED GEOMETRIC CHARA CTERISTICS OF

MIDDLE MISSISSIPPI RIV ER SI DE CHANNELS

VOLUME I : PROCEDURES AND RESULTS

PART I : INTRODUCTION

Background

1. The continued implementation of engineering structures, such

as wi ng dams , is under study as an aid in maintaining the 9_ft*_deep

by 300—ft—wide channel between St. Louis, Missouri, and Cairo , Illinois.
Dams constrict the r iver flow to midchannel , so that the scouring action
of the swifter midstream flow helps maintain the desired channel depth .

The materials scoured from the main river channel and other solids
already in suspension are transported downstream , and portions are

deposited in slack—water areas. The deposit of those materials along

the riverbanks has an effect upon the aquatic regimes along the river ,
particularly side channels that are open to the river and have flow

through them at normal river stages. Sinc e the side channels are impor—
tant as fish and wildlife habitats, particularly as sport and commercial

fish spawning areas , there is a need to examine the scouring action and
transport within the main channel and the probable effects on geometric ,

chemical , and biological characteristics of the side channels. An

analysis of the relation between those characteristics and animal popu— =
lations can be used as a basis for predicting possible changes in an imal
populations caused by changes in side—channel characteristics and,

indirectly, the changes in animal populations caused by maintaining the
9—ft—deep channel.

* A table of factors for converting British units of measurement to
metric units , and metric units to British units , is presented on
page ix.

1 

-~~ -—- - - - 

--~ ~~~~~~~
----—

~~~~~
-
~ 

•— -- - 
~~
------—.- -

~~ ~~~~~~~~

-

~~~~~~~~~~~
- -—-----—-.--

~
- •- - --

~
- - — - —  

~
-

~~

-- 

- -~~
-------- -

~~~~~~



a

Purpose

L~. The purpose of the research program under which this study was

performed was to provide reference material to the U. S. Army Engineer

Dist r ict , ~~t .  L~ u i s  (SLD) .  f~~ i’ ~r -~ ~rat i - n  of an ~nv ironm~ntal  Irn~ ac t.

Statement relative to the development and maintenance of a 9—ft—deep

navigation channel in the Middle Mississippi River.* The primary

purpose of the study reported herein , which is one of several conducted

by the U. S. Army Engineer Waterways Experiment Station (WES ) in support

~f the program, was to provide a portion of the environmental inventory

informat.ion needed to analyze relations between an imal populations and

the geometric , chemical , and biological elements of the project side—

channel areas. A secondary purpose was to establish a comprehensive

computer—accessible data base containing Middle Mississippi River side—

channel data for use by analysts to calculate parameter values for

‘i~ a it i c ~r-J sid~-channe1 geometric characteristics.

Scope

3. This study encompassed the definition , development , and use of

a general procedure to quantify geometric characteristics of 18 Middle

~.iisS15S1PPi River side channels from St. Louis, Missouri, to Cairo,

Illinois.

Approach

14. Several geometric characteristics of water—basin regimes ,

including basin size and shape, area underwater at specific water depth ,

and cross—sectional area, have been associated with benthic , plankton,

* The results of the program will be published by the Waterways Experi-
ment Station in a report entitled “Environmental Analysis and Assess—
ment of the Mississippi River 9—ft Channel Project Between St. Louis,
Mo., and Cairo, Ill.,” by W. P. Emge, and others.
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-~~ i f i sh  - a ~~i i n i t y  -ola ’~~,n c tr  ~ctures ,* t~~ ically thro ugh the food

~ Lo a.  ~‘O~ oxanp~~- , ~)enetrat . - ) n  of sunlight to the basin bottom has a

major inf1oer -~- • r .  ~~ :T~)e -~ r iu mass of aquatic vegetation , wh ich , in
provides t~idin g  p~aces t a r  some f i sh  species and a major link

~n t~ a ~ oc i  chain of all fishes .

= 5. The following parameters were selected to describe quanti-

t a ti v~~ y t ae  ~~umetric characteristics of side channels.

a .  -~erLter—line length.

i.. Average width between high banks .

~
- . Water volume as a function of water elevation .

I. Shoreline length as a function of water elevation .

e. Water surface area as a funct ion of water elevation .

Shoreline development as a function of water elevation.

~~~ . Rate of change of wat er surface area with respect to water
elevation (derivative of water surface area with respect
to water elevation) as a function of water elevation .

I. Ratio of water surface area to vol um e as a function of
water elevation.

i .  Rat io of shoreline length to water surface area as a
function of water elevation .

~~~ . Bottom surface area underwater as a function of water
elevation and water depth .

I. Water cross—sectional area as a function of water elevation
at selected sampling locations (stations).

Since values of side—channel characteristics change as a function of

water elevation within the side channel (and therefore as a function of

season), the appropriate parameters were calculated as a function of

water elevation as indicated above. The calculation of parameters as a

function of water elevation makes possible the analysis of the data

during the major phases of animal life cycles; for example, fish

* C. E. Warren and P. Doudoroff, Biolo~ r and Water Pollution Control~ - •

Saunders, Philadelphia, Pa., 1971.
G. E. Hall, ed., “Reservoir Fisheries and Lirnnology,” Special Publi—
cation No. 8, 1971, American Fisheries Society, Washington, D. C.
C. D. Sculthorpe, The Biolo~~r of Aquatic Vascular Plants~ Edward
Arnold , London , 1967.
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s: wair ~~, juvenile , and mature phases , which occur during dif ferent
searoris c-S the year and , thus , usually at different water levels .

6. The Middle Mississippi River side channels identified during

the research program are indicated in fig. 1 and listed in table 1 in

decreasing order of river mile location . (Side channels are identified

and numbered identically with those described in the report to be

published containing the research program results.) River mile locations

of the extremities of each side channel and sampling locations (stations)

within each also are noted in table 1. The parameters listed in para—

graph 5 were calculated in this study for all side channels except side

channels 5, 7, 13, l~4, 15, 214, and 25.

14

-~~~ -~~~~~~~~~~~~
-- -~~~



~ —‘~ -- - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

I 1 L P~ON BARRACKS

~~~~ND

T H~r ,A ~ INT ERSTA T E C~HW~~

I —- H

$ T A T t  -~~(‘~-~W A Y

~~~~ \ 6 SID( ~~~~~~~~ OC~~T

• - ~“ ~~~~~ CAUCO

.Th-~~ 3 OSBORNE I L L. N O t  S

- • 

4 ~~~~~~~~~~~~~~~~~ 
SALT LAKE

FORT CHARTRES

~ ESTABLISHMENT~~~~~~
Z
~ /S

~~~~~~ ~ —8 MORO
St Geneven 3~ ~~_ -- - -

9 IcAS <AtIc A

(I 3 GRAND TOWER

M I SS O U R I

4 CRAWFORD

IS SCHENIMANN

6 PICAYUNE

Ca pe C,Irardeau
I? CAPE BEND

8 SANTA FE

9:
~~
:Lo L$

23
:
~~~

2
~
T:LO

Fi g. 1. Index map of Middle Mississippi River side channels

_ _ _  -~~~~~~~ 

~
-
~~:~:::: .:: :::L:I:~~ :L- -: -



--  ~~r~~7~~
-_ -~~---——- • ---— -,-—_ - _• - ~~~~ ------- -— -

PART II: DATA PROCESSING AND TOF-OGRAPHY SIMULATION

7. It was necessary to know the topography of a side channel

before parameter values could be calculated for it. Since a direct

investigation of the topography of a water—filled side channel was

impractical, a procedure was developed to simulate the side—channel

topography mathematically using assorted available data. However, the

data had to be processed prior to use in the topography simulation. The

• simulation procedure described below was used for the 18 side channels
studied.

Processing of Available Data

8. The available data for the side channels consisted of complete

aerial photography coverage, limited fathometer data, and sparse field

survey data.

Preparation of data

9. Aerial photographs. Aerial photography coverage, made avail-

able by the SLD and used in this study, consisted of the following :

Type Date Scale Coverage

Black—and—white Jan 70 1:12,000 Main river channel and
infrared floodplain in immediate

vicinity of main channel

False—color Aug 71 1:12,000 Main river channel and
infrared floodplain in immediate

vicinity of main channel

Panchromatic Jun 69 1:214 ,000 Floodplain
(black and white)

The original intent of the SLD in having the black—and—white infrared

photo coverage flown did not include specific coverage of river side

channels. Since most side channels are adjacent to the main channel,

however, the majority of side channels included in this study were

contained in totality in those photos. Where they were not, the

panchromatic photography was used to supplement the black—and—\rhite

infrared coverage. The supplementary panchromatic coverage was enlarged

• 6
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by a camera process to the scale of the black—and—white infrared

coverage.

10. Only one of the 18 side channels was totally contained on a
single black—and—white infrared aerial photo. A complete picture of the

remaining side channels was produced by constructing photomosaics with

the black—and—white infrared photos, supplemented by the panchromatic

photos where necessary. According to SLD, the photos were rectified and

were at a scale of 1:12,000, and these statements were taken as the

basis for assuming nondistortion of the side channels’ spatial config—

urations on the photos and for calculating the side channels’ horizontal
dimensions from the photos, respectively. No control points were avail—

able on the photos to validate these statements. Fig. 2 is a repro—

duct ion of that portion of the photomosaic containing side channel

Osborne and a portion of the main channel. The photomosaic was made up

of two black—and—white infrared photos, and is approximately nine—tenths

• the scale of the original. In fig. 2 the notations in the area of the

side channel include locations where fathometer and survey data were

taken (paragraphs 16—19) and water levels at the times of the aerial

photo coverage and the fathometer runs.

11. The black-and—white infrared coverage was used as the basis

for side—channel horizontal dimensions data for several reasons. It

contained the most complete coverage, with a late flyover date, at the

largest scale available. In addition, the coverage was flown during the
time when deciduous tree foliage was at a minimum and the water stage

was low. Also, the black—and—white infrared film energy response func-

tions are such that the water—land interface is most easily interpreted

on that type of film.

12. The false-color photography was examined in a limited number

of situations to resolve ambiguities on the black—and—white photography.

It was not found useful for supplementing the data to any extent because

the foliage was in full bloom in that photography, making interpretation
of high bank difficult, and the water level was higher than in the

black—and—white coverage. In addition, false—color photography does

not always show the land—water interface distinctly; it is frequently

7
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difficult to determine whether a flat sand structure is above or imme-

diately below the water surface.

13. The river stage in the immediate locale of each side channel

was calculated jointly by SLD and WES for the time of photo coverage.

Most side channels contained water at the ~,ame level as the main river

channel, providing a ready source of elevation data within the side

channels at the land—water interface locations. Procedures described in

paragraph 28 were used to deduce the elevation of pools not connected to
the main river channel.

114. The spatial extent of each side channel was delineated on

transparent overlays from the aerial photos by photo interpreters. The

high-bank position , as indicated by mature willow growth , was used to

define the side—channel edges . The water entrance and egress locations

(ends of the side channel) were defined at their junctures with the main

river channel, or preferably at the location of water—flow control

structures within the side channel close to that juncture . An example
of such a transparent overlay is shown in fig. 3, which is a reproduction
of the overlay for side-channel Osborne at the same scale as fig. 2. It

shows the total outline of that side channel , the locat ions where

fathometer data were obtained , the locations of dikes , the waterline

within the side channel, arid stations where the cross—sectional area of

the side channel was to be calculated.
15. Since the data on the transparent overlays were at an incon-

veniently small scale for subsequent operations , the overlays were digi—
tized and input to the WES computer, and expanded overlays were computer—

plotted at a much larger scale to yield working base maps . Digitizing

was performed through the use of a manually operated device , which
recorded the two—dimensional Cartesian coordinates of points and lines

at positions dictated by the equipment user. Information other than j
Cartesian coordinates, e.g. the elevation of a specific point , was

recorded through a keyboard. All recorded data were automatically placed

on magnetic tape during the digitizing process , and were immediately

available for input to computer software at completion of the digitizing

process. A computer graphics rather than camera expansion procedure was

9
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used because of the overall time and funds savings and the fact that

perfect linearity and scale control were assured in the computerized

expansion process.

16. Fathometer and survey data. During May 1972, personnel of

the SLD operated the SLD’s fathometer equipment to obtain bottom

profiles within the side channels . Bottom profiles for any side channel

consisted of both selected profiles across (cross profiles numbered 1—12

in f ig .  3) and a single profile down the estimated position of the

thaiweg. Attempts were made to locate the cross profiles at the side —

channel ends (often at or near control structures), on both sides of

any known underwater control structures, and at one position between

control structures. Since the operation occurred during high water, the

fathometer was carried over the maximum possible extent of the side—

channel width on cross profiles and over all dikes along the thalweg
profile. Because of the high water , the boat carrying the fathometer

was able to reach the high—bank positions and, in a few cases, to

actually pass over the high banks on cross profiles. The distances of

the starting and ending points for a cross profile from local reference

points (e.g. willow line) were noted on the fathometer strip charts.

The inability to measure cross profiles over the entire distance from

high bank to high bank for most of the profiles was primarily due to

trees protruding from the water over the high banks and, in a few cases ,

to bluffs forming the high banks .

17. A survey team, operating in August 1972 during a period of

relatively low water , supplemented the data. The team located the

fathometer—profile positions and took profile data over the ends of the

profiles up to the high—bank position , and measured the horizont al

distance from high bank to high bank along the profiles , the distances
along the side channel between cross profiles , and dike elevations. All

measurements were performed with rod and transit .
18. Figs. 14 and 5 are examples of the profile data available for

this study after the fathometer and survey data were spliced. The fig—

ures consist of one of the cross profiles and the thaiweg profile ,
respectively , for side channel Osborne. The location of the cross

11

hL. ~~~~~~~~~~ - ‘ - - - - _______ 

—-~~~~~~—-~~~~~~~~~~~~~~ - — — - — —_  -~~ -•—~~-—~ —• - , - - -  — - — . — —  ~~~~~~~~~ — —‘-  - -— - -~~~~~~~~~ ,—_ - ~~~~~~ - - - A . &  ~~~~~~~~~~~~~~~~~~~



‘T” F~-r ~~~~~~~~~~‘W ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

I.)

I- .. 770’

Q
RIGHT LEFT~~~

a WAT ER S UR F A CE - 386.2 FT MSL

I-
U-

UI
0

U. -20

U)

UI
I-

a
0

—30
UI a
>
I-

— I
UI

z
0
I- —40

>
UI
J
UI

LEGEND

-50 SMOOTHED FA T H O ME T E R —
P R O F I L E
FIELD SURV&Y PROFILE

0 HIGH-BANK POSITION

NOTE: RI GHT AND LEFT ARE
DES IGNATED WHILE —

FA CING DOWNSTREAM.

-60 c
• Fig . 14 .  Profile 3 of side channel Osborne •

12

— 
-_ -_----- - 

~~~T’ .- :-
- -4~~~

H
___________________________ — —~~~~—~~~ —~~— — —



—-‘—--‘—-‘-~ - - - - ‘--
~

‘-.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-~~- - - -‘-- —‘--—--“

-.. ~ --‘-

H

_ ___-

_ 

N !

= —. — 

~~~

l.

bO5. - (1)
0

C .~9
_ _  _ _  _ _  _ _  

4J
in- -

V - S
0 0

/ H
/ —

_ _  _  

8)

!~ . ~~~~~~ _ _  _ _  _ _

_ _  _ _  _ _  __ - -  

F

_ _  _ _  _ _  _ _  

I

C _ _
~ o ~~~~~~~~~~~ ~~~~~~

-

L~ ~~~V~~8r ~S UI3IVM 04. 3AI1V13eI

_____ 
4 -

- —-

~

-——•.---

~

--———

~

--—-•- _.  _-——--— _- —-•.—.—-——-
~~

-- •--- --‘-— •—--.---- :~~~
—

~
--
~

—-- - - - ~~~~ ~~~~~~~ ~~~~~~~~~~~~ g~~~~~



- ~~~ F~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ -_

prof ile in the ci de channel corresponds to the location of the line in

fig. 2 where the notation 3—3 appears , and in fig. 3 where the line

labeled 3 appears . The location of the thalweg is not shown in

figs . 2 and 3; the procedure for locating it is describeu in para-

graph 214. The orientation of fig. 5 is opposite to that of figs . 2
and 3 because the fathometer—survey team traveled downstream to obtain

the thaiweg prcfile.

19. Submerged vegetation and debris , bubbles, and equipment noise

frequently cause high—frequency signals to be imposed on the true bottom

signal. The portions of the profiles derived from the fathometer data

(e.g. solid line in fig. 14 and all of fig. 5) were smoothed to remove
these effects.

Integration of data

20. The data prepared as described in paragraphs 9—19 , except

fathometer—profile elevations , were integrated for each side channel in
an identical fashion , resulting in a working bas e map of the side
channel. This map , together with the fathometer—survey profile eleva-

tions was used to cal culat e the topography data for the side channel.
21. The base map was formed by superimposing all available data ,

except the fathometer—survey profile elevations , on the computer—plotted
expanded overlay of the side channel (see paragraph 15). The locations
az-id elevations of all dikes were noted , as well as the locations of all

fathometer-s urvey profiles anc3 land—w ater interfaces , particularly where
the water within the cide channel was connected to the main channel.

22. The po—i~ ions ~f the dikes were checked by comparison with

the dike s~ ructure.3 visible in the aerial photography . The survey eleva-
tion dat a for the likes we re checked by comparing water elevations in

the side channels with the dike elevations to determine whether dikes

that shoul d have been above water level actually were.

23. The positions of the cross profiles were checked by measuring
the distances from high banks to high banks from the expanded computer

plot and comparing those distances with the distances measured by the
survey team for the cross profiles (see fig. 14). In addition , the

height of one portion of the profile relative to another (the profile

114

- ~~~~~~~~~ 
—. —— . — —

~~~~~~~ -i.— ~— -—-- —-—---——---‘- -



-~~~ ‘- ~~~~~~~~~~~~~~~~~~~~~ F~~~~~~~~~~~~~~~~~~~~~~~~~~ ___~~~~ ~~~~~~~ ,~~~ - _

shape ) could be deduced by examining the positions of land and water

along the profile on the aerial photo. Deduced features included the

general position of the thalweg relative to the center of the side

channel and the locations where the profile should be high (e.g. above

water) or low (e.g. below water). The deduced shape of a profile from

the base map was checked against the fathometer—survey profiles as a

second check to ensure that the fathometer—survey profile was properly
located and. oriented. Various dat a errors were encountered in this data

editing procedure. In several instances , the orientations of profiles

were opposite to what they should have been ; the confusion in alignment

was easily detected and corrected. In a few instances , the survey—

measured bank—to—bank distance on a fathometer—survey profile did not

agree with the scaled—off aerial photo distance . Since the boat crew
pe rforming the fathometer measurements attempted to keep the boat speed
constant during a profile measurement and at the same speed from one
profile to the next , the length of the profile in question was estimated

a roughly from the horizont al length of the fathometer chart of the profile
relative to that of neighboring profiles for which the horizontal ground
distance was kn own . In a few cases where errors were detected, the
survey—measured distance was found to be in obvious error (e.g. factor
of two incorrect). In all situations where data corrections were

performed , the photo—interpreted distance was given preference , since

the chance of gross error was less than for the field measurement .

24 . The thaiweg profile data (see fig. 5) contained notation as
to where it passed over cross profiles. Locations ifl the profile where

the fathometer had passed over dikes were obvious. The dike elevation

survey data were checked against the profile depth data converted to

elevation as one consistency check , and no problems were encountered.
The water depth on the thalweg profile was checked against the water

depth on the cross profile for each cross profile where they intersected.

The position of the intersection of the two was chosen so that the

thalveg profile was toward the center of the side channel, since the

boat crew had attempted to keep to the center , and the water depth at the

point of intersection of cross and thalweg profiles was the same . Where

15
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possible , the structure of the side—channel bottom , as seen on the aerial

pr~oto , wu i  correlated with the shape of the thaiweg profile as a counter—

check of the data (in particui— r , a check on the correct horizontal

p-~s~ ticardr~g of the thaiweg profile). ~o extensive checking of this type

coulu be performed, however , as the thalweg profile was typically

measured along the deepest region of the side channel , and , therefore ,
the majority of the profile position was underwater even in the aerial

~h~tus taken during low water. i~o part icular problems were encountered

where correlations could be made.

25. There was a time lapse of 28 months between the aerial
photography and toe fathometer measurements . As a result of the data

• edi t ing process , it was discovered that , insofar as it could be deter—
mined , the two data sources were in close agreement as to the side—

channel bott~tm structure. Any differences in shoaling patterns between

the two measurements were not extensive . Channels did not move from one

side to the other in the side channels , nor did the shoaling patterns

appear to change extensively.

26. In addition to including on the base map the locations az-id

elevations of all land—water interfaces where the water within the side

channel was connected to the main channel , so that the water elevation

was known , various elevation data were interpolated onto the map using

a combination of the measured and interpreted data as a basis. This

step was necessary to make the full informational content of the measured

and interpreted data available to the computerized topography calcula—

tion . The interpolated data consisted of high—bank elevations and

elevations of the land—water interface for pools within the side channel

not connected to the main channel.

27. Measured data on the high banks consisted of field survey

measurements on the cross profiles at the high—bank positions . Photo

interpreters interpolated elevations along the high banks between those

data points with the aerial photos as an aid. An attempt to use avail-

able contour maps was unsuccessful, since their data, when available ,

were much coarser than those which the photo interpreters could

reasonably interpret. Most side channels exhibited a smooth change in

16
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ele’/atLcrI along the high banks, typically changing a few feet per mile ,

thus na~ing interpolation simple. Since the parameter values were

ea.lcuiated as a function of water elevation up to a maximum elevation

t~-~iual to that at which ~0 percent of the high banks we’re overtopped

(see Part III), the results of this study are independent of elevations

along a high—bank bluff.

28. The water elevations of standing pools were interpolated by

— studying the shapes of the pools and attempting to locate the inter—

section of the water surface with cross profiles. The distances of the

!and—water interfaces from the high banks , as well as the pool widt h ,

Were measured from the aerial photography and scaled onto the cross

profiles to provide the approximate intersection points. Locating a

pool’s elevation was not difficult in most c~ses , since the side—channel

shapes did not change radically in the time between aerial photo

coverage and measurement of profiles.

Topography Simulation

29. The production of topographic data that describe the

geometry of each side channel reqoired five operations and resulted in

three products. The five operations were the manual digitizing of the

data on the base maps and profile plots in a for at suitable for computer

operations , production of a set of (xYz ) data from the base map and
profile data, computer calcuiRtion of an elevation grid array over the

side channel , computer calculation of a contour map of the side channel,

and the manual digitizing of that contour map to produce a file contain-

ing the (XYZ ) coordinates of the contour lines .

30. The three products resulting from this sequence of operations

were the elevation grid array , the contour map , and the computer file of
(xYZ) coordinates of the contours . The elevation grid array and the —

computer file of (xYZ ) coordinates were produced to provide topographic

data in a form necessary for calculation of the parameter values. The

contour map was an intermediate product in producing the contour (XYz)
coordinates .

17
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Data retrieval

31. The data ~n the base map and fathometer—survey plots were

-iig it iscu using the sume ei- s lpr r i ent  described in paragraph 15. The infer—

nat ion  re t r ieve-s  from the base map included the ( X i )  coordinates fo r  the

boun dary of the side channel , the base map scale , the i den t i f i ca t i on

numbers and (X i ) coordinates for the end points of each cross profi le ,

the identificat i on numbers and (xi) coordinates for each section of the
thaiweg pro-tile where it intersected the cross profi les , and the (xiz )
coordinates of’ all elevation dat a , such as waterlines , high banks , and

l I K e S .  The information retrieved from each of the cross—profi le  plots

included the elevation scale , the mean sea level elevation of the water

surface , the ident i f i ca t ion  number , the nigh—bank positions , the orienta-

tion of the profi le  relative to direction of water flow , and the (x i)

coordinates  of the profile in suf f ic ien t  detai l to describe the profile

with straight  lines between dat a poin ts .  The information retrieved

from each thaiweg profile included the elevation scale , the mean sea

level elevation of the water surface , the (Xi) coordinates of the profile

in suf f ic ien t  detail to describe the profile with straight lines between

dat a points , and the location of each position on the profile where it

in tersec ted  a cross profile .

32. Because of the differences in side—channel sizes and com-

pl ex i ty  of data , d ig i t iz ing  time varied from 2 to 6 hr/per side channel .

Typ ically, a relatively unskilled equipment operator could digit ize all

the  necessary dat a for one side channel in an average of about 14 hr .

At the conclusion of the d ig i t iz ing  process , the dig i t i zed  dat a were

on magnetic tape and ready for use in the next operation .

(XiZ ) data preparat i on

33. The dat a for a side channel contained on a magnetic tape from

the digi t izer  were used as input to a computer program that produced a

second data file containing (xi) coordinates of the boundary (high b anks

and ends ) of the side channel and (xYz ) coordinates of the elevations

within the side channel .

314. The coordinates of the boundary and the (xYz ) coordinates of

tne e3evat ion dat a derived from the base map were simply repeated in the

18 
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- atp- ut P i ta  i~~1e by that progr am. The program then “recognized ” each
• 

~ro1
’ile by its iden t i f i ca t ion  number and superimposed it on the other

ba~~- map data in the form of (xYz ) coordinates between the positions of
the hi€:h-bani--. coordinates for that profile . Each profile was positioned

~-x’ uper1y across the side channel relative to the direction of water
flow a:u scaled linearly so that the high—bank positions on the profile

were made to coincide wi th  the high—bank end positions for that profile

Jfl the base map . Finally , each digi t ized point along the profile was

tr a ns i-~rmed into an (xiz ) coordinate on the base map .

c5. The same operation was performed with the sections of the

thaiweg profile , except the sections were scaled linearly so that the

end points  of each section were made to coincide with the points of

intersection between the thalweg and the cross prof i les .

-irid process

36. The set of (xi) points defining a side—channel boundary and
the set of (xiz) coordinates within that boundary were input to a corn—
puter program that calculated elevations on a grid across that side

channel . “ Calculated elevations on a grid ” me ans that an elevation was

calculated at each intersection of equally spaced horizontal and vertical

lines ( 20—rn spacing ) superimposed ove r the side channel.  The (Xi )

coordinates def ining the side-channel boundary were used by the program

to  res t r ic t  its calculations to the reg ion within the side—channel high

bank s and ends .

37. The elevation grid was calculated because dat a in that format

make many analysis procedures straightforward, including calculations of

values of some of the parameters of this study and the calculation of the

contour maps. (The calculations of parameter values and the contour maps

are discussed in Part I I I . )  Also , the maximum amount of informational

content  can be compressed into the computer dat a file compared with the

space required by other ( than grid) formats , since only the uniform

grid spacing and the elevations of the grid point s are required to

describe the geometry rather than a set of (xYz ) coordinates . The eleva—

tion at any (xi ) position can be found by retrieving the elevat ion

from the proper row and column position .

19
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38. The procedure used for calculating the elevation at each grid

position is one that has been sucessfully applied at the WES in many
prior studies involving reconstruction of topographic surfaces from
sparse data. The calculational procedure is as follows: A local coordi—

nate system is f i rs t  centered at the grid position for which an eleva-
tion is to be calculated, and the space about the grid position is
divided into quadrants. The data point in each quadrant closest to the

grid position ( nearest neighbor ) is selected out of the total available
data set . The elevations and positions of those four data points are

used to calculate the elevation at the grid position , using the inverse—

distance—square weighted elevations of the four data points.  The

algortihm used is

z = ~~~~~~~~
1

where

Z = the elevation at the grid posit ion

i = the index over the four nearest neighbors

Z~ = the elevation of the ~th nearest neighbor

R.  = the distance of the 1th nearest neighbor from the grid
1 position

If a nearest neighbor cannot be found in all quadrants , as frequently

occurs when a grid position is close to the boundary of the site, as

many nearest neighbors as are found are used . If a data p oint  is
located witI-~ n the immediate vicinity of the grid position (wi th in  a
radius less then one—tenth the space between grid positions), the eleva-

tion of that data point is used for the grid position elevation .

39. A topographic surface produced with the algorithm above has

the qualities of being smoothly varying with no discontinuties and of’

providing an exact f i t  in the locale of all data points . Other

20
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-I-SvaKtages ci the grid representation are that the interpolative-

5~ ce lures br ing  out surface details not immediately apparent an’s

:‘re pse-nt~ y overlooked when the data are handled by other procedures.

~.O. 
‘the informational content of a grid array representation of a

t o j I u ~~raph1c sur face  is a funct ion of the grid spacing. Since the grid

array representation is achieved by an interpolative procedure , it can

contain no more information about the surface than the set of (xYz ) coor-

dinates used a~ input . Based on past experience , a grid spacing tf 20 m
— was chosen for the grid arrays of a l  side channels based on the esti-

mated accuracy and distribution of the dat a, the resolution required for

the calculation of parameter values, the desire to make any errors in the

finaL results due to the grid spacing both systematic and in the same

direction for results for all side channels , and computer time and
• memory space limitations.

Contour maps

141. Computer—calculated and -plotted contour maps were produced

for each of the 18 side channels . Reproductions of these maps are con-

tained in Volume II. The contour maps were produced to yield a simple

and rapid means of checking the contents of the grid array file for
errors in the data input to the grid array calculation , and to provide

the topographic data in a form needed for a subsequent operation . Some

input data errors were discovered using this process and subsequently

corrected.

142. The computer procedure used for calculating the profiles was

as follows: The topographic surface of a side channel was broken into

a series of grid squares , where each grid square was defined by the

elevations of the grid positions at its four corners . Each grid square

was further subdivi ded by cutting it diagonally into two tr iangles , and

then planes were uniquely fit to the two sets of triangularly arranged

points in each grid square. A series of equally separated horizontal

planes was constructed starting at mean sea level with a separation

equal to the contour interval (5 ft). Whenever a “triangular”

topographic surface plane intersected a horizontal plane, the coordinates

of the line of intersection were calculated and computer plotted. Since

21
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the surface representation as a grid array was smoothly varying with no

discontinuities , the total series of lines of intersection calculated

and computer plotted formed closed contour lines on completion of the

process over the entire grid array.

143. Since the contour lines were calculated as intersections of

planes with planes, each contour line was a series of short, straight—
line se~ nents as seen in the maps in Volume II. The contour maps were

plotted with straight—line se~~ients between calculated positions on

the contour lines rather than with smoothed lines , because smoothi ng

techniques ordinarily introduce errors into the contour map in the
form of contour line dislocation .

144. A series of contour maps was plotted for selected side
channels at several contour intervals to determine the smallest interval

that was consistent with the data content of the grid array. It was

originally intended to produce maps with 2—ft contour intervals; however,

such maps showed distinctive effects of interpolating between larger

• intervals, i.e. there was a high occurrence of parallel contour lines

over most substructures of a bottom surface. Therefore, 5—ft intervals

were chosen, since maps plotted at that and larger intervals did not

show the above—mentioned effect to any appreciable degree.

Contour (XY Z) coordinates

145. Contour data calculated from the grid array were used to plot

contour maps automatically . The maps (shown in Volume II) were then

digitized manually with the same equipsent previously described to pro-

vide the topographic data in a form suitable for calculating parameters

d and e, paragraph 5. While manual digitizing was laborious and t ime-

consuming, the total project time and funds did not permit the develop-
ment of a more versatile automated procedure .* The manual procedure for

all maps was the same and consisted of digitizing each contour line as

a closed loop , thereby providing the elevation and coordinates of each

line in a computer file for use in calculating some of the parameters.

* A new procedure for performing this step with increased accuracy and
a drastic reduction in time and cost per side channel was developed
shortly after project completion .
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PART III: CALCULATIONS AND RESULTS

146. The parameters for which values were calculated are listed
in paragraph 5, but are repeated below for convenience .

a. Center—line length.

• b .  Average width between high banks.

c. Water volume as a function of water elevation .

d. Shoreline length as a function of water elevation .

e.  Water surface area as a function of water elevation .

1’. Shoreline development as a function of water elevation.

~~~
. Rate of change of water surface area with respect to water

elevation (derivative of water surface area with respect
to water elevation ) as a function of water elevation .

1. Ratio of water surface area to volume as a function of
water elevation.

i. Ratio of sho;el’ine length to water surface area as a
function of water elevation.

~~~ . Bottom surface area underwater as a function of water
elevation and water depth . —

k .  Water cross—sectional area as a function of water eleva—
t ion at selected sampling locations (stations).

Water Elevation

147.  “Water elevation” is defined as the elevation of the water

within the side channel . It is important to recognize certain problems

associated with specifying water elevation, the errors that can arise in

the calculational results because of those problems, arid the error
correction procedures built into the procedures for evaluat ing the

parameters.

148. Three conditions associated with water surface slope and

impoundment affect the meaning and assignment of water elevation:

a. There is a difference between the water elevation in the
side channel and that in the main channel .

b. There is a change in water elevation in the side channel
relative to mean sea level due to the surface slope of
moving water in the side channel. 
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c. Any impounded water within a side channel is typically not
at the same elevation as that in the main channel or other
parts of the side channel.

Each of these conditions is discussed below .

149. Since only the main channel water elevation was available at

the time the fathometer profiles were measured and at the time of aerial

photo coverage , and no data were available to specify the difference

between main— and side—channel water elevations, the elevation of the

latter was accept ed as equal to the former when they were connected .

In add it ion , the difference in water levels is not constant , but varies

uniquely in each side channel with river stage, so that the difference

at the time of photo coverage was not the same as that at the time of

fathometer measurements, nor the same from one side channel to the next.-

This problem does not affect the shape of the parameters (how the values

of the parameters , which are a function of water elevation , change with

changes in water elevation), but rather introduces errors into the
absolute values of those parameters. Since the difference in water

elevation referred to is considered small (typically less than 1 ft for

any side channel at any t ime) ,  the introduced error is considered negli—

gible compared with errors due to sparseness of data .

50. Because of the slope of the water surface in a side channel ,
the water elevat ion relative to a fixed datum varies along the side

channel when water is flowing through it, but is almost constant when

flow is stopped. The fathometer profiles were measured at a time of

maximum flow— —when the water surface slope within the side channel most
closely approximated that within the main channel. The fathorneter

profiles contain the elevations affected by water surface slope at that

time, since all elevations in those data are relative to the water

surface. The values of the parameters are, therefore, already partially

adjusted for that effect for the water elevations when water is flowing

through the side channels. The end—to—end difference in water elevation
is typically no more than 1.5 ft for any side channel, which is small

compared with errors introduced i.n interpretation of the fathometer and
aerial photo data. —
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51. All parameters in paragraph 146, except a and b , were calcu—
lated as a function of water elevation at a single location , recognizing

the effects of water surface slope as noted above. That location was

the approximate lengthwise center of the side channel. The water eleva—

tion in the main channel opposite that location was found (rounded off to

the nearest foot) from interpolating between the mean sea level eleva-

tions available on the aerial photography and the elevation assigned to

water in the side channel connected with the main channel . The results
presented in this report as a function of water elevation are relative

to that center point . The single exception is parameter k , for which
value s were referenced to the water elevation at the location of the
cross—sectional calculation (see paragraphs 76 and 77).

52. As the water level drops in a side channel, various struc-

tures , particularly sandbars at the ends of the side channels and dikes
within or at the side-channel ends, restrict water flow. As the water

level continues to drop, pools are formed with different water eleva—

tions. The water level within a pool does not normally remain constant ,
however. The local climatic conditions, the hydraulic head, the

composition of the dike or other control structures , and the compos ition
of the base material affect  the percolation , evaporation , and seepage
rates in lowering the pool level . Local rainfall , runoff , and fluctu—
ations of the main channel above the elevat ions of control structures
work to raise the pool level . Finally, a time comes when the eleva—

tion of the main river rises above the elevation of one of the control

structures, and the pool is again connected to the main channel . The

locations and elevations of the major control structures are known , but

there is no general theoretical relation developed that takes all

environmental controll ing conditions into account , nor are empirical data

generally available to describe the elevations of the impounded water

relative to the elevation of the main river channel .

53. If that information were available, each of the parameters

evaluated in this study would be double—valued over the water elevation
range, from that elevation at which water was impounded anywhere in the

side channel down to the minimum water elevation in that side channel .
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lacki ng those data , the parameters were calculated for the entire side

channel , ignoring the impoundment effects. The values of the parameters

calculated in th i s  study for water elevations lower than an “ impo undment

elevat ion ” for a side channel are between the double values. There is

no assurance that a single—valued funct ion is at the mean of the double—

valued function for any of the parameters.

514. The state—of—the—art incapability to provide a means of cal-

culating the double— rather than single—valued functions over the range

of impoundment is not particularly distressing , considering the purpose

of this study. The purpose is to provide geometric characteristics (as

one part of the physical characteristics) for correlation with wildlife

population structures. The accuracy of such a correlation depends on the

appropriateness of the parameters chosen to quantitatively describe the

characteristics and the accuracy with which the values of those param-

eters are calculated . It is well known mathematically that the accuracy

of the results of a correlation is a function of the accuracy of the

parameters used in the correlation , and that the correlation accuracy

cannot be greater than the worst accuracy of any of the set of parameters

used in the correlation . The accuracy of the parameters calculated in

this study is much greater than that of other than geometric parameters

or of the biological data and is , therefore , more than sufficient for

the intended purpose. The reason for the difference in accuracy is

primarily one of sample size. Expressed simply, the geometric parameter

values are typically based on several thousand “samples” per side

channel , while such sample sizes are not normally obtainable , for
• example , for animal populations.

Pool Parameters

55. In addition to calculation of the parameters over the entire

range of water elevations of all side channels, side channels Osborne ,

Fort Chartres, and Liberty were selected for more detailed calculations.

The levels and locat ion s of the water—control structures were identified ,

and all parameters were evaluated for each separate “pool ” formed by the
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control s t ructureo as the water elevation decreased . Pool 1 of all three

side - -h:tr~rie1i~ consisted of the ent i re  side channel for the range of water

elevations between the maximum (see paragraph 56) and the elevation at
wh~ch any impoundment caused by a control structure f irst  took place ,
forming pools 2 and 3. W1-ien a second control structure was located in

p~’ols 1 or 2, the parameters were calculated between the upper water

elevation level at which the pool was formed and the lower elevation at

whi-~n it separated into pools 14 arid 5. When a pool did not contain any

additional control structures as the water elevation decreased , the
parameters were calculated between the upper water elevation level at

which the pool was formed and the water elevation at which negligible

water remained in the pool . The three selected side channels con—

tam ed 5, 3, and 5 pools , respectively. The 2.ocations of the pools

within the side channels are shown in fig. 6. Fig. 6 can be understood
btT viewing it in c~njunction with the contour maps for the above-

mentioned side channels in Volume II. The dike s , which were the con-

trol structures f a r  those side channels , are also shown on the contour
maps in Volume II. A review of fi g. 2 would also be helpful, since it
shows Osborne at low water , revealing the dike s that formed the pools .

Range of calculations

56. Calculat ions were performed at 2—ft water elevation intervals

for those parameters that were functions of water elevation , starting
at the water elevation at which the side channel was dry or nearly dry

and continuing up to the elevation at which 50 percent of the high banks

was overtopped .

57. Parameters c , j ,  and k (paragraph 146) were calculated directly
from the grid array data at each 2—ft interval . Parameters d and a were

calculated using the digitized contour data, which were at 5—ft

intervals. The 2—ft—interval data for the parameters were interpolated

from the 5—ft data. The total calculational procedure for all parameters

is described in paragraphs 61-77.

58. The upper and lower water—level extremes used in the calcula—

tions for a specific side channel were chosen by inspection of the base

map and the contour map, respectively . Since the side—channel high banks

27
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SCALE ~N FEET
000 0 000 20 00

a. Five pools of side channel Osborne

POOL I

SCALE N FEET
,000 0 1000 2000

b. Three pools of side channel Fort Chartres

Fig. 6. Locations of pools in selected side
channels ( sheet 1 of 2) 
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were typically smoothly varying, it was possible t~~ choo:~e the upper

water—level  extreme easily and unamb iguously . ie~ ection of the lower

extrem e was mor e subjec t ive . The general rule was that the extreme be

picked at that elevation at which separated standing pools of no s~~~r i i f —

icant size (compared with the to4 al side—channel extent) remained .

59. When calculations were performed for those levels at whieh a

po rt jO l i  of the high bank was overtopped , a vert ical wall was assumec~ at

the locations of the overflow , so that the parameters could be eval .otted

up to the elevation of 50 percent overtop.

Water—elevation reference

60. The water levels at which the parameter values were calculated

were the mean sea levels of the water at the center of each side channel

(see paragraph 51). For ease in interpretation , all water el evat ions

reported in the results were also converced to the St. Louis (Market

Street) equivalent gage.*

Calculational Procedures

61. The procedures for computer calculation of each parameter

listed in paragraph 146 were identical for all side channels and are
described below.

Parameter a: Center—line length

62. The center—line length was calculated from the base map. A

center line midway between high bank s of the side channel was placed on
the photo—interpreted representation of the side channel on the base map .

* The water elevation at any position along the Mississippi River is
normally expressed relative to the scale of the gage closest to that
position , or relative to mean sea level . It is d i f f i cu l t  fo r a person
to interpret the significance of a gage reading unless he has experi-
ence with that gage . A somewhat artificial gage system , the St. Louis
(Market Street ) equivalent gage , was devised and is used by the
St. Louis District to help District personnel better relate to river
stage readings at locations where they do not have experience. Using
that system, the water elevation at any location on the river between
St. Louis , Missouri, and Cairo , Illinois , is converted to the equiv—
alent elevation that would be read on the St. Louis Market Street
gage if the river was in a steady-state condition . 
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:cr~~t:i woo a~ asurt--i ~~~~ Jig it . iz i ::g ttie 5cr/er line as a series of very

t , o~~ra b t se~~eoto , ar . 1 cal- - -~~atisg the total center—line  length

as the  c~~ -of t he  s~-gmen~ ~~-agtro; w it h  the fol lowing equation:

L = - + (y . ,  -

ur iO r e

L = the cen te r—l ine  length

= the total number of se~~ients

• X .,Y . = the Cartesian euord ~ nates of the 1th d ig i t i ze r  point on the
-est e r  l ine

(: ;+~~) the number of digi t ized poin ts  defining the center l ine

The s t r a i g h t — l i n e  segments were made smal l enough so that the total

Ji g i t i z e d  center line was essentially continuous .

63. When a side channel had branches ( see contour map 11—5 in

Volaa e I I )  so that more than one center line coulu be defined , the

ie np~~h of the  longest center line was calculated .

CL . The “or~-Js” of a side channel on the base map were not neces-

sarily at the juncture of that side channel vith the main channel , but

were generally fixed at the first structure that controlled water flow

withis the side channel from that juncture .

~ara::oter b: Average
w -

~t~ :etween high banks

65. The average width  between high bank s was calculated from the

base map . On the average , 10 l ines were constructed perpendicular to

the  center l ine , and the  dis tan ces  between high banks on those  lines

were calculated and avera ed wi th  the fol lowing equat ion :

= ~~~~ 

..J (x — x1i
2 

+ (Y2i —
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where

W = the average side—channel width

= the  total number of l ines

= the coordinates of one high—bank position on the ~~~ j~~~ •

(x 1 0 Y1~) = the coordinates of the  other high—bank position on the i ”
- l ine

Parameter c:  Water volum e
as a function of water elevation

66. The water volume as a func t ion  of water elevation was calcu-

lated using the elevation grid array as a data source. The volume for a

specific water elevation was calculated by summing the volumes of water

over all grid squares , where a grid square was that section of the s i d e —

channel bottom surface determined by four adjacent grid elevations . The

volume of water over any grid square was calculated in the following

manner : The grid square was f i r s t  cut into two triangles with a vertical

plane passing through a grid square diagonally. The vertical plane also

cut the rectangular column of water above that grid square into two
triangular columns. The volumes of both triangular columns bounded by

the plane of the water surface , the plane formed by the triangle on the

bottom , and vertical planes passing through the three sets of vertices

of the t r iangle were calculated and summed to yield the volume of water

over that grid square. A mathematical expression for the entire opera-

t ion is as follows :

V~, = ~~~ D~ 
(~~~~ 

- , for E
k 

>

R l  j=l 1=1

where

V
k 

= the volume of water iO the side channel when water elevation
is at the kth level

M = the number of grid squares in the Y direction

N = the number of grid squares in the X direction

D = the horizontal distance between elevation grid points
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El
k 

the elevation of water at the k
th 

level

= the average of the three grid elevations in the R th triangle

3
of the (i,j)

t
~ grid square = ~~ Z~~~ /3

p=1
R - th . . . th
Z. - = ~-~~ -v~~t i o n  of the p grid point in the R triangle of
i sp ( i ,j ) t h  grid square

aol vo - :-- the summation is completed only for those triangles of bottom

oar - f o e w i t h i n  the grid squares where the water elevation is above the

bottom surface (E  >
k ij

Par ameter d :  Shoreline length
as a funct ion of water elevation

67. The shoreline length as a function of water elevation was

calculated from the d ig i t i zed  contour—line data.  The shoreline length

at a specif ic  water elevation was calculated by summing the lengths of

all contour l ines (as  closed loops) at that elevation . Since the

contour lines were at 5—ft intervals , a table was formed of shoreline

A 
length at 5.-ft water—elevation intervals.  The mathematical procedure

used vas as follows

k
M N _______________________________ N+l , j  

— ~lj

b = ’T
~~~~ %J(x~ . _ x ~.)2 + ( ~ ~~~~~~~K i+l ,j ij i+l ,j  ij

j =i  i=l 
=

- fl+l,j lj

where

L
k 

= th e shoreline length when wate r is at the kth level

M = the number of contour i iso: wi th water at the  k~~ level

N = the number of d ig i t ised  data points on the~~~~
” contour

line with an elevation at the k th level

~~~~~~~ = the coordinates of the 1th 
point on t e  ~th 

~- - - s tou r  l ine
~ that has an elevation at tt e  k - - 1~ level

-tn - i  where the contour lines were “ci u~~~~J
” In  I t  calc il laI  ion b1; connec t—

iri g the coordinates of the f i r s t  poin t  in i}o ’ s t r ing  of’ numbers wi th  the
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coordinates of the 105’. point by specifying the condition

~b 
~~— “ ~

‘
~ 

~,k
Y i~~l ,j ’ 1N - l ,j  I — 

~ lj’ lj

Parameter e: Water surface area
as a function of water elevation

68. The water surface area as a function of water elevation was

calculated from the digi t ized contour—line data. The surface area at

any water elevation was calculated by summing the areas inclosed by all

contour lines with that elevation which were covered with water . The

area inclosed by a contour line was calculated using the trapezoidal
rule on the set of coordinates def ining that contour line as a closed

loop. The mathematical procedure was as follows :

= 
~~~~~ (x~~1~ - 

~~~) ~~~ 
+ 

N+l~J 
- 

lj

j=l i=l ~~~ =
N+l,~ lj

where

A
k 

= the water surface area when wat er is at the k th level

M = the number of contour lines at the kth level

N = the number of digitized dat a po ints on the ~th contour
line with an elevation at the kth level

= the coord inat es of the 1th poi nt on the ~th 
contour line

that has an elevation at the kth level

urol where the condition ~~~~~~~~~~~~~~~ = ~~~~~~ satisfies the condi—

ti - an of’ contour—line closure .

Parameter f :  Shoreline develop-
ment as a function of water elevation

69. Shoreline development is a parameter commonly used as a
measure of a water body ’ s ci rculari ty. It can be easily shown that the

minimum extremum circumferenc e of a two— dimensional geometric figure

inclo sing a reg ion must have a circular shape . The value of shoreline

development of a circular water body is unity, whereas that of all water

314

L 
-
~~~

-- 
- — ~~~~~~

-

-—~~ •~~~- — - —  -~~~~~~
------- .--- — -

~~~
----—



— -
~~~~~

- - -
~~
-- - ,—

~~~~~
- . - - -——---——-- —~~-,—-- - - • — -- -— - - - - --~~~ --

bodies with other geometric configurations is greater than unity . Thus,

the depar ture of a water body ’s shoreline development value from unity

is a measure of its “differentness” from a circle. The parameter values

were calculated using the following equation :

L
k

— 

2(rA,~)~~
2

where

D
k 

= the shorel ine development when water is at the kth level

L
k 

= the shorel ine length when water is at the kth level
= the water surface area when water is at the k

t
~ level

Parameter g: Rate of
change of water surface area
with respect to water elevation

70. The rate of change (derivative) of water surface area with
respect to water elevation was calculated using the previously calculated

surface area data . A smooth curve , a third—order polynomial ,* was

analytically f i t  to the surface area as a funct ion of water elevation

- iota in the jmjnediate locale of each water elevation for which a deriva-

tive would be calculated. First derivatives were then calculated at

the 2-ft-interval water elevations from the analytic expressions for the

data (one analytic expression per data point).

Parameter h: Ratio of water
surface area to volume as
a function of water elevation

71. The ratio of water surface area to volume as a function of

water elevation was calculated using the previously calculated shoreline—

length and water—surface—area data. Ratios were taken at each water

elevation as expressed by the following relation :

* A second—order polynomial was used for data points close to the low—
water and high—water ends of the data.
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k Ak
RAy -

where

the ratio of water surface area to water volume when water
is at the kth level

A
k 

= the water surface area when the water is at the kth level
= the water volume when water is at the k

th 
level

Parameter i: Ratio of shore-
line length to water surface
area as a function of water elevation

72. The ratio of shoreline length to water surface area as a
function of water elevation was calculated using the previously calcu-
lated shoreline-length and water— surface—area data. Ratios were taken

at each water elevation as expressed by the following equation :

k
RLA 

A
k

where

the ratio of water surface area to water volume when theLA .water is at the k level
k . . thL the shoreline length when the water is at the k level

A
k 

the water surface area when the water is at the kth level 
—

Parameter j :  Bottom surface
area underwater as a function
of water elevation and water depth

73. The relation between water depth and wildlife populations is

not completely understood. There is information (mostly qualitative),

however , regarding the “typical” water depths acceptable to d i f ferent
waterfowl and fish species , and acceptable to fish species during the

major phases of their life cycles. 
- 

~Us ing that informa tion , seven depth

class ranges were defined as follows .

a. Surface to 2 ft .
b. From 2 to 14 ft.
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c .  From 14 to 6 ft .

o d.  From 6 to 10 f t .

e. From 10 to 15 f t .

f. From 15 to 20 f t .

£• In excess of 20 ft.

An attempt was made to class the depths such that conditions that influ-

ence wildlife population densities (for this parameter) are uniform in

each depth class range, but differ from one class to another.

714. The data for the bottom surface area under water as a function

of water elevation and water depth were calculated from the grid array

data. The parameter results were calculated for a specific water ele-

vation by calculating the area of the bottom surface within each range

class for that water elevation. The computer calculation procedure

used for each water elevation was follows. A series of six horizontal

planes were constructed at 2, 14, 6, 10, 15, and 20 ft below the water
surface. Each grid square within the side channel was broken into two

triangles by placing a diagonal on the square, thus forming two trian-

gular planes. Each triangle was then further broken into 10 parallelo-

grams and each parallelogram was assigned an average elevation . The

average elevation of each parallelogram -was then examined to determine

whether it was above water level , and therefore ignored , or below water
level. If it was below water level , it was examined to dete~’m1ne which

depth-class range it belonged to, and the area of that parallelogram was

added to the accumulated total area for that class range. The operation

is expressed mathematically by the following equation :

B~~ =~~~~~~~~d
2A .~

where
kB~ = the bottom area in range class j  when the water elevation

is at the kth level
N = the number of triangles in the grid array
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d the grid spacing

A.~ the fraction of the ~~ triangle in the ~th class range

75. The volume of information produced by performing this calcu-

lation is large , and the parameter value trends are not immediately
apparent when viewing a table of values. To partially remedy that

situation , the data were also expressed in a normalized form in which the  - r

data for each water elevation were normalized to the total bottom surface

area underwater. The mathematical procudure followed is shown below,
and both the absolute and normalized forms of the data are presented in

the results.

l00.0B~
~k .1

where

= the percentage of the total bottom area underwater in the
class range j  when the water is at the k th level

Parameter k: Water cross—sectional
area as a function of water eleva—
tion at selected sampling locations

76. The water cross—sectional area as a function of water eleva—

t ion was calculated from the elevation grid array data. Calculations

were performed only at specific locations (stations). The river miles

of the locations are listed in table 1 and the stations are shown in the
contour maps in Volume II.

77. The calculational procedure was the same for all stations . A

vert ical plane was placed perpendicular to the side—channel center line
at the station, and the profile formed by the intersection of that plane

and the side—channel bottom was calculated. Horizontal planes were then

placed at 2—ft intervals through that profile and the area bounded by

each plane and the bottom of the profile was calculated. The trapezoidal
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rule woo used for the area calculation . The mathematical equation is as

fo ll iw :-:

M ~~
X
M+l~~~

X
N

Ck 
= 

~~~~~ 
(x .~1 — x i)( 2E

k 
— Z~41 

— z .)  
‘ 

~~~ 

N

i=N

~~~Z < E
! i+l — k

where

C = the cross—sectional area of the water in the side channel whenk ththe water is at the k level

M = the first point in the string of coordinates defining the pro-
file that is above water as the profile advances upward toward
the high bank from the side—channel bottom

N = the last point in the string of coordinates defining the pro-
file that is above water as the profile advances down toward
the water from the high bank

(x.,Z.) = the coordinates of profile in a plane that cuts the side
channel perpendicular to the center line

Closure of the curve during the areal calculation was satisfied by the

cond ition (x
~4÷l

,zM+l
) = (X

N
,Z
N
). The calculation of the water cross

section over only the water—covered region of the profile was satisfied

by applying the conditions Z~ < E ~ or Z.41 
< E

k 
during calculation .

Results

78. The results of all calculations are presented in tables 2—19

and plates 1—18. Each table contains the total results for a side

channel.  Each plate is a graphic presentation of a portion of the

tabular data for a side channel . The tabular data not represented in

plates 1—18 are the length along thalweg, the average width between high

banks, and the side—channel bottom—surface area underwater as a function -;
of water elevation and water depth . The former two parameters are one—
dimensional and cannot be represented graphically. The latterinost

parameter is three—dimensional and could have been represented
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graphically , but was not, since no advantage could be gained because of

the difficulty in interpreting such a graphic .

79. The tabular and graphic results are arranged by side channels

as shown below:

Table Plate
Side Channel No. No.

Jefferson Barracks 2 1

Calico 3 2
Osborne leA 3A

Osborne , Pool 1 14B 3B
Osborne , Pool 2 leC 3C
Osbor n e , Pool 3 leD 3D
Osborne , Pool 14 leE 3D
Osborne , Pool 5 14F 3E

Harlow 5 14
Fort Chartres 6A 5A
Fort Chartres, Pool 1 6B 5B
Fort Chartres , Pool 2 6c 5B
Fort Chartres, Pool 3 6D 5C

Moro 7 6
Kaskaskia 8 7
Cram s 9 8
Liberty lOA 9A
Liberty, Pool 1 lOB 9B
Liberty, Pool 2 lOC 9B
Liberty, Pool 3 lOD 9C
Liberty, Pool 14 lOE 9C
Liber ty,  Pool 5 1OF 9D

Jones 11 10
Picayune 12 11

Cape Bend 13 12

Sante Fe 114 13

Billings 15 114

Buffalo 16 15

Browns 17 16

Thompson 18 17

Sister 19 18

80. Values for all parameters are given in the tables for both the

leO 

— - -- - —-- 
~~~~~~~~~~~~~~~~~ - --~~~~~~~~~~ — ---~~



~1

total side channel and also for the pools (except parameter k) of three
selec ted (Osborne , Fort Char tres , and Libe r ty)  side channels. The
parameters that are functions of water elevation are tabulated both
according to mean sea level and according to St. Louis gage equivalent

water elevations at the side channel. Each table is formatted in an

identical manner. Results for parameters a and b (center—line length

and average width between high banks) appear at the top of the table,

those for parameters c through i (volume , shoreline length , water surface

area, shoreline development , rate of change of water surface area with

respect to water elevation , ratio of water surface area to volume, and

ratio of shoreline length to water surface area) appear in the upper

box , those for parameter ~ (bottom surface area underwater as a function

of water elevation and water depth) in the lower box , and those for

parameter I (water  cross—sectional area as a function of water elevation
at selecte-i sampling locations) in the boxes to the right in each table.

81. The graphic representations of the data, as seen in
n~ otes 1-18 , were produced to provide data for those parameters in a form
immediately useful in the first step required to correlate geometric

characteristics with wildlife populations , and to present them in a

particularly simple and readily interpretable form. The intention was

to provide the data so that trends in parameters as a function of water

elevation could be easily seen , and the trends for one side channel

could be compared with those of any other . Since each side channel had

a different size and shape, the absolute values of the parameters were

different for each. To provide a uniform means of displaying the

selected data that is consistent with the purpose , all selected data are

displayed with a normalized format . Normalization of data for each para-
meter of each side channel was performed relative to the maximum value for

that parameter for that side channel. The mathematical procedure was as

follows:

M
k 100

where
= any of the parameters expressed in a normalized form for the
water elevation at the kth level

U
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N = tro value of that parameter when the water level is at the
t• k~-° leve l

~k(MAx ) 
the maximum value of

The vertical scales in plates 1—18 are , therefore , expressed as percent

uf maximum .
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PAR T IV: CON CLU~ I-ONh AND RECOMMENDATIONS

Conclusions

82. A procedure for quantifying geometric characteristics of

waV er bodies was successfully developed and used in the study of 18

~-1i Idie Mississippi River side channels. Values for those parameters

selected to describe the geometric characterist ics quantitatively were

calo Llated us ing assorted available data. Since the statistical sample

size used to calculate the value of any of the parameters ranged from

3,000 to 10,000, the calculated values of the parameters can be con-

sidered more accurate than the values of parameters calculated for

chemical or biological characteristics (the sample sizes available for

those characteristics are simply much smaller). The primary purpose of

this study was to provide data for comparing the geometric , chemical,

aa~ biological elements of a side channel. The accuracy of the data

calc ulated in this study is sufficient for that purpose.

Recommendations

83. No further calculations , either of the same parameters in

additional side channels or more parameters for the 18 side channels ,

should be undertaken until the results of this study are used for the

intended purpose. The correlation of the calculated parameter data with

wildlife populations should be performed and studied to determine which

of the parameters are best indicators of, for example, total fish popula-

t ions and densities. The first and most basic step in that correlation

should be the grouping of side channels according to similarity of param-
eter function shapes using plates 1—18. Since more advanced classical

correlation coefficient calculations are neither straightforward nor
easily understood for two— and three—dimensional parameters , attempt s

should be made to show correlations on gross features (e.g. total fish
population density irrespective of species against shoreline development)
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‘ . aLl ir. on-1r-~r st anding the data and possibly to uncover simple , stron g

relations , i f there are any.
Ile . The data can also be rearranged to yield new insights. The

monthly river—stage records in the immediate locale of each side channel

can be used in conjunct ion with the elevations of controlling structures

to produce estimates for the parameters as a function of month rather

than water level . Parameter values at approximate fish spawning,

juvenile , and mature stages, and duck migration times could be used to

classify the side channels according to similarity.

85. Portions of the data could be used for other purposes . ~ew

fathometer and aerial photo data could be used. to p~rform calculations
for selected side channels to study the change in shape, particularly

changes possibly due to the 1972—73 flood . Contour maps for different

times could syrithc-size the changes for ease oi interpretation. Even

s ign if icant changes in a side—channel contour map would not necessarily
imply significant changes in the parameter values.
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T-~b1e 1

-b ‘L- ooolc f ncluded in Study

F !ver Mile River Mile ;:tat-ion Loca±i )fl~
Name ho . hxtrernes* 1 2 3

Jefferson b-orracks 1 l13.8-166 .5L 166.6 167.5

Calico 2 lL48.3-]5~7.14L 1147.5 1147.9 1)15.1

1146.3-1201.3L i14~.6 1145.3 1)45.5

Harlow 1)43.0-151.7k 1142.0 1)42.3 1142.7

.~tat Lake 5 l14l. 5- - 13 6.SL 137.8 135.8 135.9

Fo rt 2oortres 6 135.3-132.3L 132.8 133.1 1314.1

Fstai lishmE-ot 7 132.5-130.1k 130.9 131.5 132.3

hero 8 122.6-120.1L 120.0 121.7 122.3

F:ackaskia 9 118.0-115.8k 116.5 117.2 117.5

~r o ins 10 105.6-1 05 .14k 1014.5 105.1 105.14

Lihe r~~ 11 1O2.9-09.9L 100.14 101.3 102.0

12 98.3—95.OR 95.6 96. 14
Grand Tower 13 78.5-77.8R -- -- --
:raw~c-rd 11t 73.7-71.6L 72.2 72.6 73.6

15 62.5-57.1k 57.7 59.1 61.7

16 60.6-514.8L 514.9 53.0 60.1

Cape Bend 17 51 1) 4-14 7 .6L 148.0 53 .8 50.7

:anta Fe 1-9 I#O.14-35.14L 35.6 -- 37.3
billings 19 314.0-32.7k 33.0 33.5 33.9

Buf falo 20 26.0~ 5.7k 25.0 25.5 26.0

Browns 21 2le.7-~ 1.7i 22.1 22.8 214.2

Thompson 22 18.7-15.3k 15.9 17.7 18.6

Sister 23 114.14-ll.9R 12.5 13.0 114.0

Boston 214 1O.14-7.7L 8.3 8.8 10.1

Angelo 25 5.0-1.2L 2.6 14.0 14.8

‘~ R and L indicate that the side channel is on the right or left of
the river, respectively , when facing downstream.
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Several geometric characteristics o~ water—basin regimes, including basin size and
shape, area underwater at specific water depth, and cross-sectional area , are
commonly associated with benthic , plankton, and fish community population structures,
although little quantitative data are available to support the association . This
two—volume report describes a general procedure that was developed to calculate
values of selected parameters used to define the above—mentioned geometric charac-
teristics of any water—basin regime. The procedure was successfully applied to
yield quantitative information for those parameters for 18 side channels of the
Middle Mississippi River . Which of the parameters selected as quantitative
descriptors of the characteristics are best indicators of animal community pop-
ulation structures is expected to be determined as a result of other projects
currently under way at the U. S. Army Engineer Waterways Experiment Station.
Volume I contains a description of the procedure and the results of implementing it,
Volume II contains a set of computer—plotted contour maps for the 18 side channels.

DD ~~~~~ ~ ~~~~ NI~~~~ , CUI 00 00*61 *470. 1 JAIl ~ 4 , ONICIl SI

I NOV 40 I I 
~~

k00b0I.6b0 0091 691617 Unclassif ied
SecurIty Ciussl(Icatjon

-‘-7- — ~
‘) _ i~~~~

_
4•x~f) i ~~’

~~~

— ~~-
-

~~~—~~



- - “ :

~~~~~~ - . -r~~~- ‘ nr ~~-~~~~ rl’~~U’ 
~~l’’ ” ’ ’  

~

Unclassified
$.cuffly Cl.s.lfIc.t[..

II LINK A L INK I LINK C66’l 00910$ — — — —- — —001. 1 0? 001. 1 *1 001.1  NT

Computer analysis

Computerized simulation

Ecology

Hydraulic geometry

Mississippi River Basin

River basins

R iver channels

— — — — — —Unclassif’ iod
Spew-u i C~s..Iftcat *on

_________ ____ - -~ - -~ ~.-



rr.. 
--...—

~~

... 

~~~

- .“ 

~~

‘

~~~~

‘

~~~~~~

‘ ‘ ‘  

~~~~

‘

~~~~~~~

“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WI , ~~“.‘flIW Y’. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,~ ~~~~~~~~~~~~~~ 
—

~~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

I

-4

In accordance with ~~ 70-2-3, paragraph 6c(l)(b),dated 15 February 1973, a facsimile catalog card
in Library of Congress format is reproduced below.

LaGarde , Victor E
Coaputer-calculated geometric characteristics of Middle

Mississippi River side channels; v. 1: Procedures a~~ re-
sults , by V. E. LaGerde caM, S. J. Winfrey . Vicksburg,
U. S. Arii~y &igineer Waterways Experiment Station , 1974 .

1 v. (various pagings) illus. 27 cia. (u. S. Water-
ways Experiment Station. !IèchnicaJ. report M-74—5, vol . 1)

Sponsored by U. S. AruaJ ~hgineer District , St. Louis,
Office of ~ iviromnenta1 Resources, St. Louis , Missouri.

1. C~~~uter ana1~rsis. 2. Co~~uterized simulation.
3. Ecology . 4. ~ ‘drauhic geometry. 5. Mississippi River

* %~
. Basin. 6. River basins. 7. River channels. I. Winfrey,
• Samuze]. J., joint author. II. U. S. Ars~’ Ecgineer District ,

St. Louis. (Series: U. S. Waterways Experiment Station,
4. Vioksburg, Miss. ~~cbnical report M-74-5, vol. 1)

TPi7.W311 no.M-711-5 vol . 1

H:

__________ 

—: -i_ -~ — -- —-~ ~~~~~~~~~~~


