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FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL
SYSTEM UNITS (SI)

The following factors may be used to convert the inch-pound units
published herein to the International System of Units (SI)

Multiply inch-pound units By To obtain SI units
-Length-

inches (in) 25.4 millimeters (mm)

feet (ft) .3048 meters (m)

miles (mi) 1.609 kilometers (km)
-Area-

acres 4,047 square meters (m?)

square miles (mi?) 2.590 Square kilometers (km?)
-Volume -

cubic feet (ft3) ‘ 0.02832 cubic meters (m3)

cubic feet per second-day 2,447 cubic meters (m?)

(ft3/s-day) '

acre-feet (acre-ft) 1,233 cubic meters (m3)
-Flow-

cubic fcet per second cubic meters per

(ft3/s) 0.02832 second (m3/s)
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FLOODS IN SOUTH-CENTRAL IOWA

By Albert J. Heinitz

ABSTRACT

Flood profiles and discharges for the great floods of
1981 and 1982 in south-central Iowa are given in this report.
The profiles cover the South River, Squaw Creek, Otter Creek,
White Breast Creek, Cedar Creek, North Cedar Creek, Chariton
River and the South Fork Chariton River. The July 3, 1982,
flood-peak discharge at the Cedar Creek gaging station
(05489000) near Bussey was 4.4 times that of the regional
100-year flood to rank as one of the greatest floods ever
recorded in the state. Flood peak discharges determined on
other streams ranged up to 2.4 times that of the regional
100-year flood discharges.

Flood-frequency discharges for the Cedar Creek basin are
greater than 2 times those defined by regional relations.
These high flood peaks are probably caused from basin
Characteristics not yet defined.

INTRODUCTION

Purpose and Scope

Evaluation of flood hazards, and the planning, design,
and operation of various facilities on flood plains require
information on floods. This report provides information on
flood stages and discharges, flood magnitude and frequency,
bench mark data, and flood profiles of the great floods of
1981 and 1982 for streams in south-central Iowa. It covers
the South River, Squaw Creek, Otter Creek, White Breast
Creek, English Creek, Cedar Creek, North Cedar Creek, Coal
Creek, Chariton River and the South Fork Chariton River.
Profiles are not included for English Creek nor Coal Creek.
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STUDY AREA

The area covered by this report is in south-central Iowa
just to the southeast of Des Moines (fig. 1l). Stream basins
included are the South River, White Breast Creek, English
Creek, and Cedar Creek basins which are tributaries to the
Des Moines River and the Chariton River basin which flows
south into Missouri and is a tributary to the Grand River in
Missouri. The area covers Lucas County and parts of Warren,
Marion, Clarke, Monroe, Wayne and Appanoose counties.

Soil

South-central Iowa is in the southern 1Iowa 1loess soil
area and the soils are mostly of 1loess origin. Loess
consists of windblown silt that was deposited long after the
Kansas glacier covered Iowa. The loess deposits came chiefly
from the broad bottoms of the Missouri River, though some
came from central Iowa (Prill, 1956). There are, however, a
considerable amount of drift soils such as are found
throughout the Southern Iowa loess area. These drift soils
are derived from the Kansan till underlying the loess
deposits in southern Iowa. The streams, in their
development, have cut through successive layers of loess,
glacial till, shale and alluvium.
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- Topography

The topography of the area covered by this report is the
result of several glaciations, wind-blown loess accumulations
and subsequent erosion. The area may be divided
topographically into the flood plains and terraces, uplands,
and sideslopes. The flood plains and terraces occupy the
valleys of the principal streams and their tributaries and
are underlain by alluvial deposits. The uplands are for the
most part relatively rugged, moderately-to-highly dissected
areas composed of hills, knobs, and ridges, but at places the
uplands are gently rolling and only slightly dissected (Cagle
and Heinitz, 1978).

The local topographic relief, that between the stream
valleys and adjacent divides, generally is between 100 to 200
feet. Total topographic relief for the area is about 700
feet. The slopes of the streams profiled in this report are
a moderate 3- to 4-feet per mile. The smaller streams and
the upstream reaches of the larger streams have much higher
slopes than those shown on the profiles.

Climate

The climate of south-central Iowa is temperate. Average
yearly temperature (1941-70) of the area is about 50 degrees
F. Monthly mean temperatures throughout the area range from
about 22 to 75 degrees F. Average annual precipitation
(1941-70) for the area ranges from about 33 inches in the
northwest to 35 inches in the southeast from data of the
National Oceanic and Atmospheric Administration (NOAA).
Stream runoff from the area amounts to about 8 inches of
precipitation per year. A good portion of this runoff occurs
during times of flood or high streamflow shortly after a
rain.



FLOOD HISTORY

Floods in the area covered by this report have been well
documented since about 1940 in annual reports of the U.S.
Geological Survey (see references). The gaging station on
the South River near Ackworth (05487470) was established 1in
1940; the flood of 1930 was documented from information
supplied by local residents. Gaging station record on the
White Breast Creek near Knoxville (now near Dallas, 05487980)
began in 1946 and that on the Cedar Creek near Bussy
(05489000) in 1948. The Corps of Engineers documented the
1946 flood on Cedar Creek. Streamflow records on the
Chariton River began as early as 1938 at Centerville
(06904000, discontinued in 1959).

The gaging stations in the area giving the period of
flood record 1is contained in table 1; also shown is the
maximum flood for the period of record. Graphs of the annual
peak flood discharges for five gaging stations are shown in
figures 2-6. These graphs show the 1981 and 1982 flood peaks
to be some of the greatest of record.

A gaging station was established on the Des Moines River
near Tracy (05488500) in 1920. The flood stage for the 1903
flood was documented and the flood of 1947 was determined as
the greatest flood since at least 1851 (U.S. Geological
Survey annual reports). Many of the flood peaks recorded on
the Des Moines River near Tracy would not reflect runoff from
streams in the report area because the greater part of the
drainage area contributing flow to this gaging station comes
from upstream of the report area. However, we do know from
historical records of precipitation (NOAA) and streamflow
records beginning as early as 1903 at some gaging stations in
Iowa (U.S. Geological Survey, annual reports) that major
floods occurred throughout much of the State in 1851, 1881,
1903, 1918 and 1947. The very large flood that occurred on
the Cedar Creek on July 3, 1982, could very well be the
greatest since at least 1851.



Table 1.

Summary of selected

miscellaneous sites

flood data for gaging stations and flood peak discharges at
for floods of 1981 and 1982 in South-central Iowa.

Previous maximum flood Flood of July 1981 Flood of July 1982
Site Station Period Drainage Gage Dis- Gage Dis- Gage Dis-
no. number Stream Location of flood area Date height charge Date height charge RI Date height charge RI
record (sq mi) (feet) (cfs) (feet) (cfs) (+4) (feet) (cfs) (4)
1 (m) South R SW 1/4 Sec. 1 92 4 21700 1.8
nr New Virginia T.74N., R.25W.
2 (m) Squaw Cr NW 1/4 Sec. 32 9.9 3 5520 1.2
nr Osceola T.73N., R.26W.
3 (m) South Squaw Cr NW 1/4 Sec. 6 15.6 3 8460 1.5
nr Osceola T.72N., R.25W.
4 (m) Squaw Cr SW 1/4 Sec. 16 55 4 23600 2.4
nr New Virginia T.73N., R.25W.
5 05487470 South R SE 1/4 Sec. 34 1940- 460 6-05-47 24.6 34000 5 32.85 32700 1.4 16 32.00 26000 1.0
nr Ackworth T.76N., R.23W.
6 (m) White Breast Cr SW 1/4 Sec. 36 32 4 14700 1.9
nr Osceola T.72N., R.25W.
7 05487600 S. White Breast Cr SW 1/4 Sec. 12 1953-81 28.0 6-07-81 15.66 11800 4 14.88 9200 1.3
nr Osceola T.71N., R.25W.
8 05487800 White Breast Cr NE 1/4 Sec. 23 1953~ 128 10-11-73 17.51 11000 4 18.27 15300 1.1
at Lucas T.72N., R.23W.
9 05487980 White Breast Cr NW 1/4 Sec. 3 1946~ 342 6-06-47 19.60a 14000 5 26.61 12300 0.6 16 33.45 37300 1.8
nr Dallas T.74N., R.21W.
10 (m) English Cr SW 1/4 Sec. 16 46.3 16 16100 1.8
nr Melcher T.74N., R.20W.
11 (m English Cr NE 1/4 Sec. 16 91.0 16 28000 2.3
nr Knoxville T.75N., R.19W.
12 05488500 Des Moines R SE 1/4 Sec. 19 1920~ 12479 6-14-47 26.5 155000 16 19.62 35000 -
nr Tracy T.75N., R.17wW.
13 (m) Cedar Cr SE 1/4 Sec. 6 40.2 4 13400 1.6
nr Melrose T.71N., R.18W.
14 05488620 Coal Cr SW 1/4 Sec. 20 1966- 13.5 8-09-77 86.14 7000 3 88.51 12700 2.4
nr Albia T.72N., R.17W.
15 (m) Cedar Cr NE 1/4 Sec. 28 241 3 64700 3.6
nr Marysville T.74N., R.18W.
16  (m) North Cedar Cr NE 1/4 Sec. 20 123 3 35900 2.7
nr Marysville T.74N., R.18W.
17 05489000 Cedar Cr SW 1/4 Sec. 11 1948~ 374 6----46 28.05 31500 4 28.83 26600 1.2 3 34.61 96000 4.4
nr Bussey T.74N., R.18W.
18 (m) Chariton R NE 1/4 Sec. 18 79 4 10700 1.0
nr Derby T.71N., R.22W.
19 06903400 Chariton R NE 1/4 Sec. 15 1966- 182 3----60b 23.00 15000 4 23.14 16600 1.0
nr Chariton T.71W., R.21W.
20 (m) S. Fk. Chariton R SE 1/4 Sec. 5 80.2 4 20700 1.8
nr Corydon T.69N., R.21W.
21 06903700 S. Fk. Chariton R. SW 1/4 Sec. 5 1968~ 168 6-03-80 22.92 11200 4 29.95 28000 1.8

nr Promise City

T.69N., R.20W.

+ Ratio of flood

a Gaging station nr Knoxville (05488000) 1946-61.
b Outside period of gaging station record.

discharge to that of regional 100-year flood.
(m) Miscellaneous measurement site.
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DISCHARGE, IN CUBIC FEET PER SECOND

40,000

05488000 White Breast Creek near Knoxville (1946- 61)
Drainage area, 380 square miles
35,000
05487980 White Breast Creek near Dallas (1962-82)
Drainage area, 342 square miles
30,000
25,000
— — ——100-year flood — ———
Q0 — —— — 50-year flood ————
— — — — 25-year flood ————
15,000
5 l ' d .
§

WATER YEAR

&
)
=

1974
1975
1976
1977
1978
1979

%

Figure 3. Annual peak discharges for period of Fecord for
White Breast Creek near Dallas gaging station.
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DISCHARGE, IN CUBIC FEET PER SECOND
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HYDROLOGIC DATA

Gaging-station records are the primary source of data
for analyzing and understanding the flood hydrology of a
river basin. Flood information is obtained from the records
of complete-record stations which provide a continuous

chronology of streamflow, and from crest-stage,
partial-record stations which provide only flood-peak data
above preselected 1levels. Flood peak discharges and

elevations are also determined at sites on streams where no
gaging stations are located. These sites are referred to as
miscellaneous sites. The gaging stations are numbered and
listed in the downstream order used in the Water-Supply
Papers of the U.S. Geological Survey. For identification
and cross reference in this report, all gaging stations and
flood determination sites have been assigned a site number.
These numbers are also in a downstream order. The gaging
stations and miscellaneous sites in the area covered by this
report are located in figure 1 and 1listed in table 1.
Discharge records for the gaging stations are published in
the annual streamflow reports of the U.S Geological Survey
(see references). The data on flood-peak stages and
discharges have been compiled and are listed in Table 3 (at
the end of report).

The derivation of discharge records at a gaging station
depends basically upon the development of a relationship
between water-surface elevations (stages) and the
corresponding flow rates. The highwater portion of these
stage-discharge relationships, or rating curves as they are
sometimes called, tends to be relatively stable if the
channel downstream from a gaging site remains unobstructed.
Stage-discharge relationships for selected stations in the
report area are shown in figures 7 and 8. Similar
relationships have been developed for the other gaging
stations in the basin. Gaging stations are important control
points in the definition of the flood profiles presented in
this report. In order to reference all the points along the
profiles to a common datum, extensive leveling work was
performed during which at 1least one bench mark and a
reference point were established at each bridge in the
profiled reaches. Bench mark and reference point
descriptions and elevations are listed in Table 4 (at the end
of report).

10



05489000 Cedar Creek near Bussey
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FLOOD FREQUENCY

Methodology for determining flood-flow frequency
discharges is outlined by the United States Water Resources
Council (1981). The WRC recommends the use of the Pearson
type III distribution with log transformation of the data as
a Dbase method for determining flood-flow frequency
discharges. The discharges given in table 2 for selected
gaging stations in south-central Iowa were determined using
the above. procedure.

A method for determining flood-flow frequency discharges
at sites other than at gaging stations, wusing regional
equations, is described by Lara (1973). Lara also used the
Pearson type III distribution with log transformation as the
base method for developing the regional equations. The curve
for the regional 100-year flood for the area covered by this
report is shown in figure 9. Also shown for comparison are
the 100-year flood discharges determined for selected gaging
stations in south-central Iowa. The 100-year flood
discharges for many of the gaging stations tend to be
slightly greater than those shown by the regional curve. On
the basis of this relationship, the user of 100-year flood
discharges for ungaged sites in the area of this report could
increase the discharges by approximately 15 percent over
those shown by the regional curve. The 15 percent increase
in discharges is illustrated by the dashed curve in fiqure 9.

The regional and the station-data flood peak discharges
for selected recurrence intervals for the gaging stations are
listed in table 2. Data in this table can be used to plot
comparisons of the 2-, 5-, 10-, 25- and 50-year flood

discharges as was done for the 100-year discharges shown in
figure 9.

13
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Table 2. Discharge and frequency of flood flows for selected gaging stations

in South-central Iowa.

Discharge, in cubic feet per second, for

indicated recurrence interval. in years
Site Station Station Name Method

no. number * 2 5 10 25 50 100
5 05487470 South R A 5.240 9.470 12.700 16.900 20.300 23.800
nr Ackworth B 11.000 17.200 21.200 25.900 29,300 32.400
7 05487600 S- White Breast Cr A 1.170 2.330 3.300 4.740 5.960 7.320
nr Osceola B 1.740 3,130 4.220 5.770 7.050 8.420

8 05487800 White Breast Cr A 2.640 4.990 6.850 9.460 11.600 13,900
at Lucas B 3.350 6.300 8,590 11.800 14.300 17,000

9 05487980 White Breast Cr A 4.470 8.170 11.000 14.800 17,800 21.000
nr Dallas B 7.410 10.900 13.400 16.600 19.000 21.500

13 05488620 Coal Cr A 790 1.620 2.330 3,400 4.330 5.380
nr Albia B 1.100 3.440 6.020 10.700 15.200 20-700

17 05489000 Cedar Cr -\ 4.690 8.540 11.500 15.400 18.500 21.800
nr Bussey B 8.750 17.500 25.400 38.200 49,800 63.500

B# 8.320 15.100 20.800 28,900 35.800 43,500

B+ 8,170 15.500 22.100 32.800 42,700 54.500

19 06903400 Chariton R ).\ 3.190 5.950 8,110 11.100 13.500 16.100
nr Chariton B 3.510 6.320 8,610 12.000 15.000 18.200

21 06903700 S. Fork Chariton A 3.050 5.720 7.800 10.700 13.000 15.600
nr Promise City B 6.720 10.700 13.500 17.500 20.600 23.800

* Method used:

A - Region I, Model 1 (Lara. 1973. p. 12)

B - Bulletin 17B (U.S. Water Resources Council. 1981)
# - Flood peaks through 1981

+ - 132-year historic period
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THE EXCEPTIONAL FLOOD POTENTIAL OF THE CEDAR CREEK BASIN

The regional flood-frequency relations discussed in detail
by Lara (1973) 1is an index of the average flood potential of
streams in a region. In general, river basins within a
hydrologic region have comparable flood potential. Occasionally
a basin within a region is found that has a potential to produce
floods of much greater magnitude than other basins in the region.
This could be attributed, in most part, to the physiographic
characteristics, such as shape of the drainage basin, stream
density, drainage pattern, and other factors which are conducive
to efficient drainage and higher peaks.

Cedar Creek

The Cedar Creek is a good example of a basin having a
documented potential of producing floods of much greater
magnitude than other basins in the region. To illustrate this
point, frequency curves for Cedar Creek near Bussey (05489000)
are shown in figure 10.

Curve A is the regional curve applicable to the Cedar Creek
at Bussy. Curve B was computed using the 35 years of annual
flood peaks prior to the 1982 flood. As can be seen, the flood
discharges from the station curve are approximately double the
discharges from the regional curve at all levels of frequency.

When the record 1982 flood-peak discharge 1is included as
part of the systematic record of 36 years, the deviation from the
regional curve becomes even dgreater, see curve C in figure 10.
The 100-year flood discharge for the 36-year systematic record is
63,600 cfs. The 1982 flood peak discharge, however, is
considered an outlier or an historic flood according to criteria
set forth by the WRC (1981). 1If the 1982 flood peak on Cedar
Creek were considered the greatest flood to have occurred since
at least 1851, the flood-frequency discharges based on the
132-year historic period (curve D) are more compatible to those
for the 1946-81 period even though the 100-year discharge of
54,500 cfs 1is still 25 percent greater than that for the 1946-81
period. The annual flood peaks used in the frequency analyses
are shown in figure 3.

The flood-frequency relations developed from the flood peaks
at the Cedar Creek near Bussey gaging station (05489000) comply
with the recommendations for analyses by the WRD. The curve (D)
utilizing the historic information should be used unless the
comparison of the analyses, the magnitude of the observed peaks,
or other factors suggest that the historic period is not
indicative of the extended record. The lowest discharges that
any user should consider would be those based on the flood peaks
through 1981 shown as curve B in figure 10.

16
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Figure 10. Flood-frequency curves for Cedar Creek
near Bussey (05489000) gaging station

Coal Creek

Coal Creek near Albia is a tributary to Cedar Creek and also
exhibits very high flood frequency discharges (site 13, figure
9). One very notable characteristic of the Coal Creek basin that
is visible on the U.S. Geological Survey ¢ 1/2-minute
topographic map is that the basin has a very high density of
stream channels draining the basin. This may be one of the
characteristics contributing to the relatively high peaks
recorded at the Coal Creek gaging station (05488620). This
station is a crest-stage gage with only 14 recorded annual flood
peaks. The relatively short period of record plus the fact that
the stage-discharge relation is not well defined does not warrant
giving full weight to the discharge-frequency relations defined
by the flood peaks. However, consideration must be given to the
fact that this basin contributes to the high flood peaks on Cedar
Creek. Therefore, the flood-peak frequency discharges used for
Coal Creek should be at least the same order of magnitude times
the regional discharges as those used on Cedar Creek.
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FLOOD PROFILES

Figures 11-30 show profiles of the 1981 and 1982 floods
on the South River, Squaw Creek, Otter Creek, White Breast
Creek, Cedar Creek, North Cedar Creek, Chariton River and the
South Fork Chariton River. The profiles were defined by
field data obtained by the U.S. Geological Survey. To
define these profiles, high-water marks located both upstream
and downstream from bridges were identified and marked within
a few days of passage of the flood peaks. The marks were
referenced to a common datum by leveling. Profiles between
the bridges are straight-line interpolations and are subject
to some error. Low-water profiles are also shown to indicate
the approximate range of stage that applies along the
profiled reaches. Discharges at gaging stations for the
profiles are noted on the appropriate illustrations.

River mileages, determined from the best available maps,
are referenced to the mouth of the streams. Bridges and a
few other points are designated by an index number that helps
to identify their 1location. For example, 7422-24 NW refers
to a location in T.74N., R.22W., NW1l/4 sec. 24.
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DISCUSSION

Flood magnitude-frequency relationships for streams in
this report area are fairly well defined. More flood-peak
data sites and longer periods of streamflow records will
further improve their definition. Furthermore, these
relationships are subject to continuing modification by
factors such as changing meteorologic and climatic trends,
and physical changes in the basin such as urbanization,
installation of drainage systems, reservoir development, and
shifting land use. Basin parameters that cause high
flood-peak discharges 1like those recorded in the Cedar Creek
basin need to be identified.

The 100-year flood peak discharges for the area covered
by this report tend to be slightly greater than those defined
by the regional equations for ungaged areas by about 15
percent. Flood-frequency discharges for the Cedar Creek
basin would, of course, have to be at least double those
defined by the regional equations.

The hydraulics of the stream systems are also complex.
Wide, flat flood plains are typical of parts of the basins in
the report area. Stage-discharge relationships for these
areas are subject to seasonal changes because of the varying
vegetative cover in the flood plain throughout the year.

Debris and ice jams, both nearly impossible to predict,
can cause dramatic temporary changes in stage-discharge
relationships. Natural scour and fill, channel straightening

and construction of bridges and levees can cause more lasting
changes.

Thus, a river basin and its channel system are dynamic
entities undergoing continual change. The relationships
presented in this report represent the conditions existing at
the time the field data were obtained.
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Figure 13, page 23
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Figure 15, page 25
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Figure 18, page 28
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“'Mile 49.25: U.S.G.S. gaging station 05487800

July 4, 1981 discharge 15,300 mnu\m

»» BRIDGE DECK
~ LOW BRIDGE CHORD

ﬁrw_ ()
)

= Z =
o & 2 o %
w (e (24 w L
& 2 & < £
o oy 10 o o
o ) L © o w O ||lw Ll gt
= > M > z O 2 M M =

< o = |
Zn = > mW <| z 3 Elx - 1=t O WU_
O n ET z 2= oLZ| Z(p o.llez | =z O |
- = m T — m - m m Qo |
o9 ~ ) <+ 2] OoOm < 09l N o~ o i
fa o O = >~ Ol ZOo| > = 2ol r~ >l ol
=5 ! 5 L= s [ =i = ) ZElIE ! s nix
P N | Z(m o daml Zlo d5lZm Zm <= |
<3 o~ n N 2N N PNl 2N ™ 2N 2N o< |
o o~ - N Ol TN x| Ol Sezf| O Ol o= |
mo ~ = Ol DI moiN| Ol ool ON _ [SIEN L_CL
1
45 50 55 60

DISTANCE, IN MILES, UPSTREAM FROM MOUTH



Figure 21, page 31

A wiint ver R AT o e SR G B S W Rk e Ao = F 3 ve

b U wioN Lot G S e S0 I L el Ky = e e -

whngen e S e S deanfs s S e = = ey

0 1 § i gl AR A N Al xR Ty T ) © TR

g A XX - M L B 1 e ol S 4

L et W SR i A ok pAdata A o Q

LR Tl ks ks TR glealore e UL R > o 29 L

S - L e e e ] o@ LREEL

b L A SoF S R L iAN el 5 2 = e

¥ et s R B TR =i s a X 2 s wle e v ek b e O S Snan TSR

i : e ns. T I I

e G S 2 I TR S e
_m R RN AL RN IN 9-¥2IL
o et £ IS0 VO RO Al R AR L ek 39018 AINNOD
g Rt ¢ PO e Laaee s /.. R R T g o

o At T8 e R e Sl ke d d ik Ebus s ke ns 2=z

68 Sl Y8 s & e L) PR O Lok bR e ¥ 39014@ ALNNOJ

G i s e i A -

el iy e W R R e b foalu ¢ ons b e e s ANVE o

G S st 0 T SR I R U A M R ] ¥0 1Sv3yg ALIHM HINOS

L O 4t Gl il Rl Ll ‘-

i D.l b AR L T e e ki AL N SRR o R ]

e A i R EEEEEEE N R R o fd :

N o Ry F K Ly ol T R 108 N s o L

el - BN B o eat fepdeb bbb A a st $-3-f- et S fd i

iy O i 4 R M IR IATR GO M CalEE sifinid :

Gt O s G ffebbbdna A i a

e b T T T N T N RN

Gl ) i R Sl S i = : MS Z2-¥Z1L

S O AR ISRRARIN RIS IARIEN (6 IO I W e 3 : 3901¥g AINNOd

P BN R 4 R N BN AL IR e E4 i [ L :.

SO o <G NN AR AR I SRR N ISR IS SARRIEN I ¥ i E

T ATIEAR 8 BB LAt AW i % B TR SN : gl i

SN e e kg R ik A i witad

it Lisaah e . A 0 i d S S

S e A B RERN RIRNN S RN SIEEEs

R e Dl Sl ARSI ) Sl z\ :

T ar K . i ' R pil BT o b 2 V& 1 o R Iy o 4

T A S S Sl N - EAREL 2 i

ST T e, e 7S A s D A b ]

SRR SN B A0 PR R S SRt ()L T P TR S4sd= P | Sers R g .-

70

DISTANCE, IN MILES, UPSTREAM FROM MOUTH

65

o
L)

N » (o] an o
N

6261 40 WNLVA TVOILY3A O113d039 TVYNOILVN ‘L334 NI ‘NOILVAIT3

60
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Figure 26, page 36
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Figure 30, page 40
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