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ABSTRACT

An inventory study concerning available stream sedimentation and
flow data for the GREAT-II (Great River Environmental Action Team II)
watershed was conducted for the Sediment and Erosion Work Group of GREAT-II.
The study area covered the Upper Mississippi River and its tributaries
between Guttenberg, Iowa, and Saverton, Missouri. These data were utilized
to obtain rough estimates of annual sediment yields at individual sediment
sampling stations by simply correlating monthly averaged suspended-sediment
discharges with monthly averaged stream discharges. Based on these
estimates, major sediment source areas were identified, and recommendations
regarding installation of new sediment sampling stations for further base-
line data were made. A review of some existing methodologies in estimating
sediment yields also was made, and a plan of study to determine quantities
of sediment delivered by tributary sources into the Mississippi River
was proposed.
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ASSESSMENT OF AVAILABLE FIELD SEDIMENTATION DATA
FOR GREAT-II WATERSHED

I. INTRODUCTION

The sediment yield from any watershed is determined primarily by
physiographical and climatic factors. However, sediment production can
be significantly affected by human activities, such as agricultural practices,
urbanization, road and highway construction, mining operations, etc.
Therefore, increased sediment production will persist on the earth as long
as human activities continue.

The major objective is to maintain balance, or harmony, between
acceptable sediment yields and those human activities that affect soil and
water resources. The processes of sediment entrainment and the eventual
transportation into the ocean, are extremely complicated, and the controlling
mechanisms in each phase of sediment movement from upland to lowland areas
are quite different from each other.

Excessive sediment yields produce many problems: loss of invaluable
topsoil from farm lands; degradation of water quality; reduction of lake
and reservoir capacities; choking of navigation channels; degradation of
fish and wildlife habitat; to mention just a few. The list of problems is
nearly endless, and their close interrelationships make it very difficult
to develop general solutions. However, the extreme gravity of the situation
makes it important to develop such solutions.

The study reported herein was a part of the comprehensive investi-
gation conducted by the Sediment and Erosion Work Group of GREAT-II (Great
River Environmental Action Team II), which is concerned with the Upper
Mississippi River and its tributaries between Guttenburg, Iowa, and Saverton,
Missouri. The primary objective was to identify existing sediment data
together with corresponding flow data for the GREAT-II study area, in order
to determine whether or not information is available concerning sediment
outputs which are adequate for future planning. The second objective was to
obtain a rough estimate of sediment yield for each sediment station by
simply correlating monthly averaged sedimen* discharge$s with monthly averaged
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water discharges, so that major sources of sediment from the tributaries

to the Mississippi River could be identified. The third objective was to
review some of the methodologies which have been developed and utilized in
estimating sediment yields from available sediment data. The final objective
was to provide, from the study, recommendations on the potential necessity
of installing new sediment stations, to provide base-line data, and a plan
of study to determine quantities of sediment delivered by tributary sources

into the Mississippi River.

II. INVENTORY STUDY OF STREAM SEDIMENTATION DATA FOR GREAT-II

WATERSHED AND PRELIMINARY ESTIMATES OF SEDIMENT YIELDS

Suspended-sediment transport rate data and the stream flow data
for part of the GREAT-II watershed were gathered from various agencies in
order to test the adequacy of sediment data for identifying the major
sediment sources in tributary basins of this Mississippi River corridor.
Only sediment sampling stations operated on a daily basis were selcted,
because sediment data collected at an equal sampling frequency (in this case
daily) have equal stati;tical validity. The 17 COE and 15 USGS stations
selected to be in the present study are shown in figure 1-A. Note that
identification numbers 1 through 18, and 30 through 44 represent the COE
stations and the USGS stations, respectively.

For each station, monthly averaged suspended-sediment loads (Qs'
in tons/day) and water discharges (Q, in cfs) were compiled and plotted in
a log-log format by means of a computer, to ascertain the applicability of

power-law type relationships between Q and Qs' Empirical formulas to determine

sediment yields at individual stations were thus determined using the

least-squares method. Table 1 summarizes the principal results of the present

study: mean sediment yields in tons/miz/yr, power-law relationships between
Q and Qs' minimum and maximum suspended-sediment loads, and total suspended-
sediment yields in tons/yr for the individual periods of record studied.
Since no data on bed-load transport rates were available, the sediment data
analyzed herein included only suspended-sediment loads.

The quality of the sediment data and their relationships with water
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! discharges analyzed are summarized for each sediment sampling station as
( follows:
A. COE Stations (Iowa, Illinois, and Missouri)

COE(l1) Mississippi River @ East Dubuque, Illinois
Lat/Long: 42°29'50"/90°38'50"
Drainage area: 82,000 sq mi
Agency: COE
Period of sediment records: 33 yrs

This suspended-sediment collection station is operated by the U.S.
Army Corps of Engineers, Rock Island District [COE(RI)]. Sedimené
samples are collected daily except for winter months. Sediment records
extend from the water year 1943 (Oct. 1942) to the present. Samples are
obtained using a US D-49 depth-integrating sampler. .
This station was chosen for the study because of its length of records

of daily sampling and to be the farthest upstream study point along the

Mississippi River. It is of interest due to the station's location below
the influence of the Turkey, Grant, and Platte River Basins, and in monitoring
sediment flow along the Mississippi River.

The present evaluation studied the water years 1968 through 1974. |
The monthly averages of sediment discharge used are considered reliable, except
possibly during the winter months. Since there are no daily water-discharge
measurements taken here, water data from the downstream Mississippi River
station at Clinton were used by applying a correction factor. The method
used by COE(RI) is:
VTBLA.)E.DUB./(D.A.)

= | .pus ~ CLINTON®CLINTON

in which Q denotes flow discharge and D.A. refresents drainage area. Water-
discharge records for Clinton are good except those for the winter period,
; " which are poor. .
| For the period of study, the minimum and maximum daily suspended-
sediment discharges are 314 and 84,396 tons/day, respectively. The mean
sediment yield is 56.64 tons/sq mi/yr. This quantity compares favorably
with the COE's estimated mean suspended-sediment yield of 37.8 tons/sq mi/yr
for the years 1943 through 1966 [COE(RI) cémputes total yield by dividing
suspended-sediment yield by 0.9 to adjust for bed load].
A least-squares analysis of the average monthly suspended-sediment
load, Q.(tonl/day), and water discharge, Q(cfs), gives the relation:




Q = 1.98x10"" 92'25
with a standard deviation of 0.275 (see figure 2). The exponent of 2.25 is
similar to that of 2.44 found at the downstream station at Keokuk. Continuing
records from this station will be beneficial for future studies of the
movement of suspended sediment.

COE(3) Mississippi River @ Keokuk, Iowa
Lat/Long: 40°23'35"/91°22°'25"
Drainage area: 119,000 sq mi
Agency: COE
Period of sediment records: 31 yrs

This sediment sample collection station is operated by the COE(RI).
Samples are taken daily using a US D-49 depth-integrating sampler.
; This station was selected in the present study becéuse of its length
of daily sediment records. It is situated below the Iowa, Cedar,
Skunk, and Rock River tributaries, providing useful sediment information from

" these drainage areas, and it also serves as an intermediate point along

the Mississippi River for the GREAT-II study reach.

The present study concentrated on the water years 1968 through

1975. The water-discharge records of the USGS station at Keckuk
were used for this study, which computes discharge from operation
records of both turbines in the power plant and spillway gates in the dan.

For the period studied, the minimum and maximum daily suspended-
sediment loads are 580 and 317,960 tons/day, respectively. The mean
sediment yield is 112.92 tons/sq mi/yr.

A least-squares analysis of the average monthly water discharge,
Q(cfs), and suspended-sediment load, Q’(tons/day), gives the approximation:

Q, = 2.39x10"8 g%+ 4

with a standard deviation of 0.214 (see figure 3). The results from this
station are felt to be accurate for estimating suspended-sediment loads.

COE(4) Mississippi River @ Hannibal, Missouri
Lat/Long: 39°43'24"/91°21'49"
Drainage area: 137,300 sq mi
Agency: COE
Period of sediment records: 31 yrs
This sediment sample collection station is under the jurisdiction of

the COE(RI). Sediment records are complete from the present back through




water year 1944 when the station was first established. Samples are taken
daily with a US D-49 depth-integrating sampler.

This station was selected for the study because of its long period
of data collection and its location as the last station along the Mississippi
River in the GREAT-II study area. The major tributary upstream from this
station is the Des Moines River.

The water years 1968 through 1974 were studied in this evaluation.
The daily sediment measurements are considered good for this station. No
flow rate measurement has been made at Hannibal, so water-discharge information
was obtained using data from the stations at Keokuk and Keosauqua, Iowa.

The COE(RI) method employs a correction factor:

T /(D.A.)HANN/[(D.A.)KEO DAY i) D, * Rics)

Water-discharge records for the Des Moines River at Keosauqua are good
except for those during the winter period, which are poor. Flow has been
regulated by Red Rock Dam since March 12, 1969 which is located 91.0 mi upstream
from the Keosauqua station.

For the period studied, the minimum and maximum daily suspended-sediment
loads are 1,450 and 441,462 tons/day, respectively. The mean sediment yield
is 188.52 tons/sq mi/yr which compares favorably with the mean yield of 204
tons/sq mi/yr estimated by COE(RI) for the years 1944 through 1966. Note
that for total yield, COE(RI) divides by 0.9 to account for bed load.

A least-squares analysis of average monthly water discharge,

Q(cfs), and suspended-sediment load, Q’(tons/day), gives the relation:

g, = 3.19x10™¢ o'+®
with a standard deviation of 0.329 (see figure 4). The exponent is smaller
than those typical of upstream reaches along the Mississippi River. Since
the exponent at this station is 1.66, compared to the exponent of 2.44 for
Keokuk, more suspended sediment is being transported per unit discharge.
The water discharges at both stations are usually well below the point of
intersection of two Q'\aQs curves at 194,540 cfs, with several days a year
surpassing this flow. Hence, for a given discharge, Q, more suspended sediment
is flowing past the station at Hannibal implying that the concentration of
suspended sediment, Q./Q, is higher at Hannibal for the normal discharge




range. It is believed that this increase is due to the sediment input from
the Des Moines River, which flows into the Mississippi River 2.7 mi downstream
from the Keokuk station.

COE (5) Wapsipinicon River @ DeWitt, Iowa
Lat/Long: 41°45'55"/90°32'00"
Drainage area: 2,330 sq mi
Agency: COE
Period of sediment records: 33 yrs

This sediment sample collection station is under the jurisdiction
of the COE(RI). A depth-integrating US D-43 sampler is used to collect
samples, which are taken daily except during winter months.

The station's duration of records makes it a good choice for this
study. It is the only stationwon this river currently collecting samples,
and it provides important information on the amount of erosion occurring
within its drainage area in northeast Iowa. The primary tributaries of
the Wapsipinicon River are the Little Wapsipinicon River and Buffalo
Creek. ; 2

The water years 1968 through 1975 were studied in this report.

Daily sediment measurements, except during winter months, provide for

an accurate estimate of the monthly averages which are used. The daily.
water-discharge data of the USGS gaging station located there were employed.
These records are good except for those during the winter period, which

are poor. :

The minimum and maximum daily suspended-sediment loads for the period
studied were 26.2 and 30,212 tons/day, respectively. The mean sedimen‘
yield was 342.96 tons/sq mi/yr.

A least-squares analysis of the mean monthly water discharge, Q(cfs),
and suspended-sediment discharge, Qs(tons/day), gives the relation:

Q, = 8.36x10 > ol*°8
with a standard deviation of 0.384 (see figure 5). The exponent of 1.58
compares favorably with the exponent of 1.63 for the discontinued USGS
station at Independence, Iowa. The station at DeWitt will continue to f
provide useful information on the sediment loads in this river. g
Y




COE(6) Iowa River at Marengo, Iowa
Lat/Long: 41°48'35"/92°04'20"
Drainage area: 2,794 sq mi
Agency: COE
Period of sediment records: 30 yrs

This sediment sample collection station is operated by the COE (RI)
and has data records from water year 1945 to the present. Samples are
taken daily with a depth-integrating US D-49 sampler.

COE(6) is the first of several stations currently taking samples
along the Iowa river. 1Its long duration of sediment sampling provides
reliable data for analysis. The primary tributaries of the Iowa River
upstream from the station include the South Fork Iowa River, Salt Creek,
and Big Bear Creek. '

This report studied the period of water years 1968 through 1975.
The daily measurements provide sufficient data for estimating the monthly
averages. Water-~discharge data from the gaging station at Marengo are
used. The records are good except for those during the winter period, which
are poor.

The minimum and maximum daily suspended-sediment loads are 18.4 and
36,841 tons/day, respectively. The mean sediment yield of this study is
506.76 tons/sq mi/yr. Tﬁe figure is high compared to the COE's mean yield
of 328 tons/sq mi/year for the water years 1945 through 1964. For total
load, COE(RI) divides by 0.9 to account for bed load.

A least-squares analysis of the average mbonthly waer discharge,
Q(cfs) , and suspended-sediment load, Qs (tons/day),igives the relation:

Q = 7.33x107 g eve
with a standard deviation of 0.365 (see figure 6). This station will continue
monitoring the movement of sediment along the Iowa river.

COE(7) Iowa River @ Coralville Dam, Iowa
Lat/Long: 41°43'20"/91°31'30"
Drainage area: 3,115 sq mi
Agency: COE
Period of sediment records: 13 yrs

This sediment sample collection station is under the jurisdiction of
the COE(RI). Sediment sampling is done daily with a depth-integrating
US D-49 sampler.

The station is important for monitoring the amount of sediment deposited
in Coralville Reservoir. Its long period of daily sampling provides reliable
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data for determining monthly averages of sediment loads. There are no major
tributaries entering the Iowa River between Marengo and this station.

This study observed the water years 1968 through 1974. The sediment
data are considered accurate for estimating monthly averages. Since
there is no water-discharge gaging station situated here, the data from
Iowa City are used by applying a correction factor, the COE(RI) method

is:

Qcor.pam = " P-A)op paw’ PR 1 o O c.

The minimum and maximum daily suspended-sediment loads for this
study are 4 and 3,146 tons/day, respectively. The mean sediment yield
is 45.24 tons/sq mi/yr. The Coralville Dam station is situated at the
outlet work at the left end of the dam. Consequently, only a small
amount of sediment is still in suspension since the decreasing flow velocity
and energy gradient upstream of the dam reduces the sediment transport capacity.
Thus, deposition of suspended sediment results, which explains why the
calculated value of sediment is so low. g

A least-squares analysis of average monthly water discharge, Q(cfs),
and suspendﬁd-sediment load, Qs(tons/day), gives the relation:

Q, = 9.54x10 > gl+3!

with a standard deviation of 0.344 (see figure 7).
COE(8) Skunk River below Squaw Creek @ Ames, Iowa

Lat/Long: 42°00'30"/93°35'40" :
Drainage area: 556 sq mi
Agency: COE

! Period of sediment records: 7 yrs

This sediment sample collection station is under the jurisdiction of
the COE(RI). Sediment samples are taken daily with a depth-integrating
US D-43 sampler. '

This station's daily measurements provide sufficient data for
estimating mean monthly sediment loads. It is the only station on the ;
Skunk River with a period of sediment data collection (a station was established
at Augusta in October 1975 to start collecting sediment samples). The only
major tributary upstream is Squaw Creek.




This report studied the water years 1968 through 1974. The set of 1
sediment data used is considered a good indicator of the amount being 1
transported by the river. Water-discharge records from the USGS gaging
station at Ames were used, and the records are good except those for the
winter period, which are poor.

The minimum and maximum daily suspended-sediment loads are 0.1 and
6,097 tons/day, respectively. The mean sediment yield for this period
is 509.88 tons/sq mi/yr. J

A least-squares analysis of average monthly water discharge, Q(cfs),

and suspended-sediment load, Qs(tons/day), gives the relation:

o, = 1.35x10 ot ]
with a standard deviation of 0.322 (see figure 8). 1

COE (9) Des Moines River, @ Stratford, Iowa :
Lat/Long: 42°15'15"/93°59'50"
Drainage area: 5,452 sq mi
Agency: COE 1
Period of sediment records: 7 yrs

This sediment sample collection station is under the jurisdiction of
the COE(RI). Sediment samples are taken daily using a depth-integrating
US D-49 sampler.

This station was used in the evaluation because of its record of
daily sampling. It is the farthest upstream of several stations currently
monitoring the transpcrt of sediment along the Des Moines River. The major
tributaries ﬁpstrean include the East Fork River, Lizard Creek, and Boone
River.

The water years 1969 through 1974 are reported on herein. The daily

‘ _ measurements of suspended sediment are considered sufficient to calculate
’ the average monthly loads used in the study. The water-discharge records
from the USGS gaging station near Stratford are employed. These records are
good except for those of the winter months, which are poor.
The minimum and maximum daily suspended-sediment loads for this period
! are 7.8 and 11,729 tons/day, respectively. The mean sediment yield is
E } 157.92 tons/sq mi/yr.
| ‘ A least-squares analysis between the average monthly suspended sediment
load, Q (tons/day) , and water discharge, Q(cfs), gives the relation:

£

-
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Q- 3.14x10"> 91’64
with a standard deviation of 0.285 (see figure 9).

COE(10) Des Moines River @ Boone, Iowa
Lat/Long: 42°04'40"/93°55'55"
Drainage area: 5,490 sq mi
Agency: COE(RI)

Period of sediment records: 35 yrs

This sediment sample collection station is operated by the COE(RI).
Suspended-sediment samples are taken daily except during winter months.

A depth-integrating US D-43 sampler is used.

This station was chosen for its long period of daily measurements
and as an intermediate point along the Des Moines River. No major tributaries
drain into this river along the reach from Startford to Boone, so the
results obtained at both stations should be similar.

This report studied the water years 1968 through 1974. The daily
suspended-sediment data used (excluding the winter months) are sufficient
to estimate average monthly loads. Since there is no record of flow measurement
here, the records from the upstream station at Stratford are used without
correction. The records are good except for those during the winter
months, which are poor.

For the period studied, the minimum and maximum daily suspended-
sediment loads are 4.8 and 22,284 tons/day, respectively. The calculated
mean sediment yield is 199.68 tons/sq mi/yr, which is larger than the yield
of 157.92 tons/sq mwi/yr at Stratford, possibly indicating a source of
sediment production in this reach. The yield compares favorably with the
yield of 204 tons/sq mi/yr calculated by the COE(RI) for the water years 1940
through 1967 (note: COE(RI) divides by 0.9 to calculate total load to adjust
for bed load).

A least-squares analysis of average monthly water discharge, Q(cfs),
versus average monthly suspended-sediment load, Qs(tons/day), gives the re-
lation:

g, = 8.17x107> '*%®

with a standard deviation of 0.290 (see figure 10). The exponent (1.58)
is similar to the exponent of 1.64 for Stratford.
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COE(11) Des Moines River @ Tracy, Iowa
Lat/Long: 41°16'55"/92°51'30"
Drainage area: 12,479 sq mi
Agency: COE (RI)

Period of sediment records: 35 yrs

This sediment sample collection station is operated by the COE(RI).
Sediment records extend back to water year 1941. Suspended-sediment samples
are taken daily, except during the winter months. Samples are obtained
using a D-49 depth-integrating sampler.

This station was selected for the study because of its records
of daily sampling, and as the last study point along the Des Moines River.
The station is located 11.9 mi downstream from Red Rock Dam, and includes the
drainage areas of the tributaries White Breast Creek, North, Middle, South,
and Raccoon Rivers. It is the only sediment sampling station below
Saylorville with recent records of the Des Moines River.

The water years 1968 through 1975 were studied in this report.

The daily measurements, except during winter months, are considered adequate
for estimating the average monthly suspended-sediment loads used herein.
Water-discharge records of the USGS gaging station at Tracy were employed.
These data are considered good except those for the winter period

which are fair. : )

The minimum and maximum daily suspended-sediment loads for this
study period are 25.2 and 11,596 ﬁons/day, respectively. The mean
sediment yield is 75.84 tons/sq mi/yr which is very low compared with the
COE(RI) estimate of 647 tons/sq mi/yr for the water years 1941 through 1967
(the COE(RI) figure is adjusted for bed load). There has been a drastic drop
in sediment load in recent years since the average annual load for 1941 to
1967 was 9,000,000 tons, while for the present study (1968-1975) the average

annual load was about 900,000 tons. This reduction is due to the Red Rock Dam,

which was placed in operation in March 1969. The dam traps a large
percentage of the suspended sediment in transport.

A least-squares analysis of the average monthly suspended-sediment
load, Q.(tons/day), and water discharge, Q(cfs), gives the relation:

Q, = 1.00x10" L gt-13
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with a standard deviation of 0.357 (see figure 11). This exponent is sig-
nificantly smaller than those at the upstream stations on the Des Moines River
(i.e. Boone, 1.58; Stratford, 1.64; and Saylorville, 1.67). The coefficient

is an order of magnitude larger. This difference is also due to the influence
of the trapping of sediment at the Red Rock Dam.

COE(12) Raccoon River @ Van Meter, Iowa
Lat/Long: 41°32'00"/93°57'10"
Drainage area: 3,441 sq mi
Agency: COE(RI)
Period of sediment records: 35 yrs

This sediment sample collection station is under the jurisdiction
of the COE(RI). Sediment records began in water year 1940. Samples are
collected daily except during the winter months. A depth-integrating
US D-49 sampler is used.

This station was utilized in the study because of its record of daily
sampling, and to observe sediment transport on the Raccoon River. This
measuring station has the only suspended-sediment record on the Raccoon
River, and it is important for estimating the amount of sediment being
discharged into the Des Moines River at Des Moines. The major tributaries
are the North, Middle, and South Raccoon Rivers.

This study used data from the water years 1968 through 1974. The
daily measurements (except during winter months) are sufficient for estimating
average ﬁonthly sﬁspended-sediment loads. Water-discharge records from
the USGS gaging station at Van Meter are used. The records are good except
those for the winter period, which are poor.

The minimum and maximum daily suspended-sediment loads for this
period are 7.8 and 78,538 tons/day, respectively. The mean sediment yield
is 679.08 tons/sq mi/yr. The COE(RI) value for the water years 1940 through
1966 is 737 tons/sq mi/yr [COE(RI) computes total yield by dividing by 0.9
to adjust for bed load].

A least-squares analysis of the average monthly suspended-sediment
load, Q'(tonl/day) and water discharge, Q(cfs), gives the relation:

0, = 4.68x10"> 76

with a standard deviation of 0.364 (see figure 12).
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COE(13) North River @ Norwalk, Iowa
Lat/Long: 41°27'25"/93°39'10"
Drainage area: 349 sq mi
Agency: COE(RI)
Period of sediment records: 13 yrs

This sediment sample collection station was established in water
year 1963 and is operated by the COE(RI). Suspended-sediment samples are
taken daily except during winter months. Samples’are obtained using a
depth-integrating US D-49 sampler.

This station was chosen in the study for its recent record of daily
measurements and to estimate the amount of suspended sediment in the
North River. This measuring station has the only suspended-sediment record
on the river, which flows directly into the Des Moines River. There are
no major tributaries of the North River.

The water years 1968 through 1974 are studied in this report. The
daily measurements (except during winter months) supply adequate information
for estimating average monthly suspended-sediment loads. Water-discharge
records of the USGS gaging station near Norwalk are used. These records
are good except those for the winter period, which are poor.

The minimum and maximum daily suspended-sediment loads for the
study are 0.0 and 3,734 tons/day, respectively. The mean sediment yield is
529.32 tons/sq mi/yr.

A least-squares analysis of the average monthly suspended-sediment
load, Q' (tons/day), and water discharge, Q(cfs), gives the relation:

-1 1.45

o, = 1.10x10 " Q

with a standard deviation of 0.436 (see figure 13).

COE(14) Middle River @ Indianola, Iowa
Lat/Long: 41°25'25"/93°35'05"
Drainage area: 503 sq mi
Agency: COE(RI)
Period of sediment records: 13 yrs

This sediment sample collection station is currently opeiated by
the COE(RI). Suspended-sediment samples are taken daily using a depth-
integrating US D-49 sampler.

This station is used in the report because of its record of daily
measurements and to estimate the amount of suspended sediment in the Middle
River. This suspended-sediment sampling station is the only one on the
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river, which flows directly into the Des Moines River. The primary tributary
to the Middle River is Clanton Creek.

This report studied the period of water years 1968 through 1974. The
daily sampling provides sufficient data to estimate the average monthly
suspended-sediment loads used in the study. Water-discharge records from
the USGS gaging station at Indianola are employed. These data are fair except
those for the winter period, which are poor.

For the study period, the minimum and maximum daily suspended-
sediment loads are 0.2 and 28,356 tons/day, respectively.

The mean sediment yield is 2,030.04 tons/sq mi/yr. With this large
value of yield, the region appears to be a high sediment source.

. A least-squares analysis of the average monthly suspended-sediment
load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

Q = 2.35x10"2 Ql°90
with a standard deviation of 0.429 (see figure 14).

COE(15) South River @ Ackworth, Iowa
Lat/Long: 41°20'15"/93"29'05"
Drainage area: 460 sq mi
Agency: COE(RI)
Period of sediment records: 13 yrs

This sediment sample collection station, established in 1962, is under
the jurisdiction of the ZOE(RI). Suspended-sediment samples are taken daily
'using a depth-integrating US D-49 sampler.

This station was selected for its duration of'daily sampling and to
estimate the amount of sediment in transport along the South River. This
station is the only one with sediment records for this river which drains
direclty into the Des Moines River. The only major tributary is Otter
Creek. :

The period of water years 1968 through 1975 is studied herein. The

daily measurements provide adequate information for calculating the average

monthly suspended-sediment loads used in the study. The water-discharge records

are from the USGS gaging station near Ackworth. These records are good
except those during the winter period, which are poor.

For the study period, the minimum and maximum daily suspended-
sediment loads are 0.4 and 37,350 tons/day, respectively. The mean sediment




15

yield is 2,332.08 tons/sq mi/yr. This yield is relatively high, indicating
an erosion drainage area. The Middle and South River drainage areas appear
to transport a large quantity of sediment to the Des Moines River, which
eventually settles out (or is trapped) at the Red Rock Dam.

A least-squares analysis of the average monthly suspended-sediment

load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

Q = 1.06x10 L o'-®7
with a standard deviation of 0.456 (see figure 15).

COE(16) Whitebreast Creek @ Dallas, Iowa
Lat/Long: 41°14'41"/93°16'08"
Drainage area: 342 sq mi *
Agency: USGS
Period of sediment records: 8 yrs

See USGS (44). : t

COE(17) Hadley Creek @ Kinderhook, Illinois
Lat/Long: 39°41'35"/91°08'55"
Drainage area: 72.7 sq mi J
Agency: COE (RI)
Period of sediment records: 35 yrs

This sediment sample collection station, established in 1940, is operated
by the COE(RI). Samples are collected daily except during winter months,
with additional samples taken during river rises. A depth-integrating US
D-43 sampler is used. 1
This station was selected for its daily sampling records, which
usually provide a good correlation between suspended-sediment load &nd water
discharge, and also to estimate the yield for this drainage area. Hadley
Creek has no major tributaries and flows directly into the Mississippi River.
The water years 1968 through 1974 are studied in this evaluation.
The monthly averages of suspended-sediment loads are considered representative
of actual amounts except during the winter months. The water-discharge
records from the USGS gaging station at Kinderhook are used herein. The
records are fair except those for the winter periods, which are poor.
The minimum and maximum daily suspended-sediment loads for this
period are 0.06 and 88,336 tons/day, respectively. The mean sediment yield
is 9,621.72 ton/sq mi/yr. This yield is not a representative value because
there are some months with enormously high yields, thereby giving an average
value much larger than the normal. The mean sediment yield calculated
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by the COE(RI) for the water years 1946 through 1967 is 1,552 tons/sq mi/yr.
[COE(RI) calculates total yield by dividing by 0.9 to adjust for bed load].
A least-squares analysis of the average monthly suspended-sediment

load, Qs(tons/day), and water discharge, Q(cts), gives the relation:

Q = 2.39x10"% Ql's8 ]
with a standard deviation of 0.713 (see figure 16). 1

COE(18) Bay Creek @ Nebo, Illinois
Lat/Long: 39°26'35"/90°47'45"
Drainage area: 162 sq mi
Agency: COE(RI)

Period of sediment records: 33 yrs i

This sediment sample collection station was established in 1942, and
it is operated by the COE(RI). Suspended-sediment samples are collected 1
daily except during the winter months, with additional samples taken during 1
river rises. A depth-integrating US D-43 sampler is used.

The station was selected for its duration of sediment records and 1
to provide an estimate of the sediment yield for the river basin. It is
the only sediment collection station operated on Bay Creek, which flows
directly into the Mississippi River. There are no major tributaries for this
creek.

‘ This report studied the water years 1968 through 1974. The daily
measurements, except during the winter months, are sufficient for estimating
representative values of average monthly suspended-sediment loads. The
water-discharge records fo the USGS gaging station at Nebo are used in the
study. These record are good except those during the winter periods, which are
poor.

For the period studied, the minimum and maximum daily suspended-
sediment loads are 0.97 and 24,742 tons/day, respectively. The mean sediment
yield is 3,683.40 tons/sq mi/yr. This value is a little high because of
several months with above average yields. The mean yield calculated by
COE(RI) for the water years 1947 through 1967 is 1,925 tons/sq mi/yr [COE(RI)
calculates total yield by dividing by 0.9 to adjust for bed load].

A least-squares analysis of the average monthly suspended-sediment
load, Q.(tons/day), and water discharge, Q(cfs), gives the relation:

|
L
:

Q, = 7.09x10" 2 o183

with a standard deviation of 0.634 (see figure 17).
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B. USGS Stations (Iowa) ]

USGS (30) Turkey River @ Garber, Iowa
Lat/Long: 42°44'24%/91°15'42"
Drainage area: 1,545 sq mi
Agency: USGS
Period of sediment study: 5 yrs (1957-1962)

This sediment sample collection station is under the jurisdiction of
the USGS. Suspended-sediment samples were taken on a daily basis during
the water years 1958 through 1962, for which monthly and yearly summaries
are published and available. Sediment sampling was discontinued after
1962. :

This station is included in the report because samples were taken i
daily, thereby allowing representative estimates of the monthly averages
of suspended-sediment discharge to be calculated.

This collection station is the only one with daily records
established on the Turkey River; therefore its data are of interest for
computing a sediment yield for its drainage basin. The major tributaries
of the Turkey River are the Little Turkey River, Crane Creek, and the
Volga River. ‘

The water years 1958 through 1962 were studied in this evaluation.
Water and sediment discharge records are good except for those during

/ the winter months, which are poor. The minimum and maximum daily suspended-
sediment discharges are 2.0 and 29,100 tons/day, respectively. The mean
sediment yield is 1,203.96 tons/sq mi/yr. :

A least-squares analysis of the average montﬂiy suspended-sediment
load, Qs(tons/day), versus water discharge, Q(cfs), gives the relation:

9, = 9.07x10™4 o2-10
with a standard deviation of 0.631 (see figure 18).

USGS(31) Wapsipinicon River @ Independence, Iowa
Lat/Long: 42°27'49"/91°53'42"
Drainage area: 1,048 sq mi
Agency: USGS
Period of sediment study: 3 yrs (1967-1970)

This sediment sample collection station is operated by the USGS.
Suspended-sediment samples were taken on a daily basis during water years
1968 through 1970, for which monthly and yearly summaries are availabile.
Periodic sediment samples have been taken since 1970.
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This station was chosen for its daily measurements, which allow
representative estimates to be made of the average monthly suspended-
sediment loads. It also serves as an additional study point along the
Wapsipinicon River; COE(RI) has a station at DeWitt. The major
tributary upstream is the Little Wapsipinicon River.

This evaluation studied the period of water years 1968 (1 Dec. 1967
to 30 Sept. 1968) through 1970. Sediment discharge records are good except
during the winter months when the river flow was affected by ice. Water-
discharge records during this period are excellent. The minimum and maximum
daily suspended-sediment discharges are 1.2 and 2,100 tons/day, respectively.
The mean sediment yield is 60.60 tons/sq ﬁi/yr. The mean yield for the
DeWitt station [COE(5)] for these 3 yrs is 222 tons/sq mi/yr. suggesting
a fairly erosive drainage area between the two stations.

A least-squares analysis of average monthly suspended-sediment
load, Qs(tons/day), and water discharge, Q(cfs), giveg the relation:

0 = 1.97x10~3 o!+©3
with a standard deviation of 0.377 (see figure 19).

The exponent of 1,63 is approximately equal to that found at the
DeWitt station (1.58), although the coefficient of 1.97x10 > is roughly
one-fourth of that at DeWitt (t—"s.36x10—3) «

USGS(32) Iowa River @ Rowan, Iowa
Lat/Long: 42°45'36"/93°37'23"
Drainage area: 429 sq mi
Agency: USGS
Period of sediment study: 5 yrs (1957-1962)

This sediment sample collection station is under the jurisdiction
of the USGS. Suspended-sediment samples were taken daily between the water
years 1959 and 1962, for which records of the monthly and yearly summaries
are available. Periodic sediment samples have been taken since 1962.
This station was chosen for its daily records and as an upstream
initial monitoring point along the Iowa River. There are no major tributaries
to the Iowa River upstream of Rowan. i
pata for the water years 1958 through 1962 are examined herein.
Water and sediment discharge records are considered good except during the !
winter months when the river flow is affected by ice. The minimum and maximum
daily suspended-sediment discharges are 0.1 and 282 tons/day, respectively.
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The mean sediment yield is 25.80 tons/sq mi/yr.
A least-squares analysis between the average monthly suspended-

sediment load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

Q- 2.86x102 91'33
with a standard deviation of 0.322 (see figure 20).

USGS(33) 1Iowa River @ Iowa City, Iowa
Lat/Long: 41°39'24"/91°32'27"
Drainage area: 3,271 sq mi
Agency: USGS
Period of sediment study: 9 yrs (1967-1976)

This sediment sample collection station is under the jurisdiction of
the USGS, with sediment records from 1943 to the present. Samples are
collected on a daily basis.

This station was selected in the study for its record of daily
measurements from which average monthly figures can be. obtained. It also
serves as an intermediate study point along the Iowa River. The only major
tributary located between this station and the COE(RI) station upstream
at the Coralville Dam [COE(7)] is Clear Creek.

The water years 1968 through 1976 are examined herein. Water and
sediment discharge records are excellent. The minimum and maximum daily
suspended-sediment loads are 13.0 and 17,362 tons/day, respectively.

The mean sediment yiéld is 132.24 tons/sq yi/yr.

A least-squares analysis of the average monthly suspended-sediment

load, Qs(tons/day),.and water discharge, Q(cfs), gives the relation:

Q = 7.05x10"> gl*4? ?
with a standard deviation of 0.305 (see figure 21).

USGS(34) Ralston Creek @ Iowa City, Iowa
Lat/Long: 41°39'50"/91°30'48"
Drainage area: 3.0l sq mi
Agency: USGS £
Period of sediment study: 9 yrs (1967-1976)

This sedinont sample collection station is operated by the USGS.
Suspended-sediment samples are taken daily for which monthly and yearly
summaries are published from water year 1952 to the present.

This station is included because of its length of sediment records.
Although Ralston Creek is small, the sediment data obtained from it are
useful for correlating suspended sediment and water discharge. Ralston Creek

L et T e AT
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flows directly into the Iowa River. The only tributary is the South Branch
Ralston Creek.

The water years 1968 through 1976 were examined herein. Water and
sediment discharge records are good except during the winter months of each
year. Also, there is no flow on many days throughout the year. The
minimum and maximum daily suspended-sediment discharges are 0.0 and 167 tons/
day, respectively. The mean sediment yield is 758.10 tons/sq mi/yr.

A least-squares analysis between average monthly suspended-sediment

load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

Q, = 5.64x10" % gt+37
with a standard deviation of 0.482 (see figure 22).

USGS (35) Fourmile Creek @ Lincoln, Iowa
Lat/Long: 42°13'32"/92°36'39"
Drainage area: 13.78 sq mi
Agency: USGS
Period of sediment study: 5 yrs (1969-1974)

This sediment sample collection station is under the jurisdiction of
the USGS. Suspended-sediment samples were taken on a daily basis during the
water years 1970 through 1974, after which time the station was discontinued.

This station is included for its length of sediment records of
daily measurements. With these data, reasonable monthly averages of sediment
and water discharge may be computed and correlated. Fourmile Creek flows
into Wolf Creek, which drains into the.Cedar River.

The water years 1970 through 1974 are examined in this report.

Water and sediment discharge records are considered good except during winter
months, which are poor. Flow is affected by ice during the winter months of
each year. The minimum and maximum daily suspended-sediment loads for the
study period are 0.2 and 283 tons/day, respectively. The mean sediment yield
is 660.24 tons/sq mi/yr.

A least-squares analysis of the average monthly suspended-sediment
load, Q'(tona/day), and water discharge, Q(cfs), gives the relation:

g, = 3.84x10™" @™ 4°

with a standard deviation of 0.355 (see figure 23).

et
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USGS(36) Half Mile Creek @ Gladbrook, Iowa
Lat/Long: 42°12'40"/92°36'39"
¢ Drainage area: 1.33 sq mi
Agency: USGS
Period of sediment study: 5 yrs (1969-1974)

p This sediment sample collection station is operated by the USGS.
Suspended-sediment samples were taken daily during the water years 1970
through 1974, at which date the station was discontinued.

This station is included herein for its length of sediment
records. Daily measurements provide sufficient data for determining average
monthly values of sgdiment discharge. A correlation between these values
and monthly averages of water discharge is important in predicting sediment
yields for the region. There are no tributaries to Half Mile Creek which
drains into Fourmile Creek.

During the study period of water years 1970 through 1974, sediment
and water discharge records are considered fair except during winter months,
which are poor. Flow is affected by ice during the winter months of each
year. Also, many days throughout the year have no flow. The minimum and
maximum daily suspended-sediment loads are 0.0 and 5.0 tons/day, respectively.
The mean sediment yield is 197.28 tons/sq mi/yr.

A least-squares analysis between the average monthly suspended-
sediment load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

o = 4.80x10" g1-32
with a standard Aeviation of 0.328 (see figure 24).

USGS(37) Fourmile Creek @ Traer, Iowa
Lat/Long: 42°12'07"/92°33'44"
Drainage area: 19.51 sq mi
L- Agency: USGS
Period of sediment study: 5 yrs (1969-1974)

This sediment sample collection station is under the jurisdiction of
the USGS. Suspended-sediment samples were taken on a daily basis during the
water years 1970 through 1974, at which date sediment records were discontinued.

This station is included for its length of sediment records. This
set of daily data enables reasonable monthly averages of sediment discharges
{ to be computed and correlated with = sater discharges. Fourmile Creek
) flows directly into the Wolf Creek, loc 4 within the Iowa River Basin.

i Qe




r../.

22

The water years 1970 through 1974 are examined in this report. Water
and sediment discharge records are considered good except during winter
months, which are poor. Flow is affected by ice during the winter months.
The minimum and maximum daily suspended~sediment loads are 0.1 and 267 tons/
day, respectively. The mean sediment yield is 432.72 tons/iq mi/yr.

A leést-squares analysis between the average monthly suspended-
sediment load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

o = 1.98x10" 1 ol->4

with a standard deviation of 0.279 (see figure 25).

USGS (38) Cedar River @ Cedar Rapids, Iowa
Lat/Long: 41°58'14"/91°40'01"
Drainage area: 6,510 sq mi
Agency: USGS
Period of sediment study: 10 yrs (1944-1954)

This sediment sample collection station is operated by the USGS.
Suspended sediment samples were taken daily during the water years 1944
through 1954.

This station is included for its records of daily sampling. This is
the only daily sampling station to operate on the Cedar River, consequently,
its data are useful for studying sediment flow along the river. The
Cedar River is the major tributary to the Iowa River. .

The water years 1945 through 1954 are examined in this evaluation.
Water and sediment discharge records are considered good except during
winter months, which are fair. Flow is itfccted by ice during the winter
months. The minimum and maximum daily suspended-sediment discharges are
8.4 and 49,500 tons/day, respectively. The mean sediment yield is 134.64
tons/sq mi/yr.

A least-squares analysis of average monthly suspended-sediment load,
Q' (tons/day) , and water discharge, Q(cfs), gives the relation: '
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Q= 2.89x10™4 gt 98
with a standard deviation of 0.308 (see figure 26).

It should be emphasized that these figures are for the water years
1945 through 1954, and they are not intended to be representative of current
sediment loads.

USGS(39) Des Moines River @ Saylorville, Iowa
Lat/Long: 41°41'50"/93°40'07"
Drainage area: 5,841 sq mi
Agency: USGS
Period of sediment study: 9 yrs (1967-1976)

This sediment sample collection station is under the jurisdiction of
the USGS and was established in 1961. Suspended-sediment samples are
taken on a daily basis for which monthly and yearly summarizes have
been published.

This station is included for its long record of daily sampling, and
as an intermediate point along the Des Moines River. There are no major
tributaries in the river reach between the upstream COE(RI) sediment
sampling station at Boone [COE(10)] and Saylorville.

The water years 1968 through 1976 are evaluated in this report.
Water and sediment discharge records a’ré good except those for the winter
period, which are fair. FPlow is affected by ice during the winter months.
The minimum and maximum daily suspended-sediment loads are 7.1 and 22,700
tons/day, respectively. The mean sediment yield is 221.88 tons/sq mi/yr.
This figure is comparable to the mean yield of 199.68 tons/sq mi/yr at the
upstream station at Boone [COE(10)]. y

A least-squares analysis between the average monthly suspended-
sediment load, Qs(tom/day) , and water discharge, Q(cfs), gives the relation:
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Q = 4.26x10"3 o1+¢7
with a standard deviation of 0.255. The exponent at the Boone station is
1.58 (see figure 27).

USGS (40) Des Moines River @ Des Moines, Iowa
Lat/Long: 41°37'39"/93°38'41"
Drainage area: 6,245 sq mi
Agency: USGS
Period of sediment study: 6 yrs (1955-1961)

This sediment sample collection station was under the jurisdicéion
of the USGS, but is no longer in operation. Samples were taken on a daily
basis during the water years 1955 through 1961, for which the monthly
and yearly summaries of suspended-sediment discharge have been published.
sampling was discontinued after 1961.

The station is included herein for its record of daily sampling, and
may be of interest for comparing the past records of this station to
current data being obtained from other sediment stations along the Des
Moines River, i.e., COE(RI): Stratford [COE(9)], Boone [COE(10)}, and Pracy
[COE(11)]; USGS: Saylorville [USGS(39)].

The water years 1956 through 1961 are studied herein. Sediment
and water discharge records are considered good except during the winter
months when ice affects the flow. The minimum and maximum daily suspended-
sediment loads are 3.6 and 15,200 tons/day, respectively. The mean sediment
yield is 103.32 tons/sq mi/yr. 5

A least-squares analysis between the average monthly suspended-
sediment load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

g, = 4.37x107% g'+7°
with a standard deviation of 0.289 (see figure 28).

The exponent of 1.70 is similar to other exponents along this reach
of the Des Moines River except that of Tracy (i.e., COE(RI): 1.64 at Stratford,
1.58 at Boone, and 1.13 at Tracy; USGS: 1.67 at Saylorville. The mean
yield of 103.32 tons/sq mi/yr is significantly lower than those at the
neighboring stations. Because of the different study periods, a comparison
is not reasonable, although it does suggest that the amount of suspended
sediment being carried from the land has increased over the last 20 years.
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USGS (41) East Fork Hardin Creek @ Churdan, Iowa
Lat/Long: 42°06'27"/94°22'12" i
t Drainage area: 24 sq mi
Agency: USGS
Period of sediment study: 5 yrs (1952-1957)

This sediment sample collection station is operated by the USGS.
Samples were taken on a daily basis during the water years 1953 through 1957, 1
for which monthly and yearly summaries have been published. Periodic
sediment samples have been taken since 1957. |

This station is included for its record of daily sampling which
is useful for correlating suspended-sediment load and water discharge. This
stream is a part of Hardin Creek, which flows directly into the North
Raccoon River. i

The water years 1953 through 1957 are reported on herein. Water and
sediment discharge records are good except those during the winter months
or during low flows, which are poor. Flow is affected by ice during the 1
winter months. No flow occurs on many days during the year. The minimum
and maximum daily suspended-sediment loads are 0.0 and 40.0 tons/day,
respectively. The mean sediment yield is 36.00 tons/sq mi/yr.

A least-squares analysis between the average monthly suspended-
sediment load, Q.(tons/diy), and water discharge, Q(cfs), gives the
relation:

9, = 2.16x10" 1 -8

with a standard deviation of 0.378 (see figure 29).

USGS(42) Des Moines River below Raccoon River @ Des Moines, Iowa {
Lat/Long: 41°34°'30"/93°35'48" !
Drainage area: 9,879 sq mi
Agency: USGS
Period of sediment study: 3 yrs (1944-1947)

This sediment sample collection station was operated on a daily basis
by the USGS between the water years 1945 through 1947. The station has
since been discontinued, but monthly and yearly summaries of sediment
records have beon‘pubiilhed and are available.

Th;s station is included for its record of daily suspended-sediment
sampling. The Raccoon River discharges into the Des Moines Rivﬁr 0.8 mi upstream
from this station. v .

N
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This investigation studied the water years 1945 through 1947. Water
and discharge records are good except during the winter months when ice affects
the flow, which are poor. The minimum and maximum daily suspended-
sediment loads are 57 and 110,000 tons/day, respectively. The mean sediment
yield is 498.36 tons/sq mi/yr.

A least-squares analysis between the average monthly suspended-sediment

load, Qs(tons/day), and water discharge, Q(cfs), gives the relation:

Q, = 3.34x10"4 o1-%
with a standard deviation of 0.299 (see figure 30).

Since these data are over 30 years old, no comparison is attempted
with the recent data from neighboring stations.

USGS(44) White Breast Creek @ Dallas, Iowa
Lat/Long: 41°14'41"/93°16'08"
Drainage area: 342 sq mi
Agency: USGS
Period of sediment study: 7 yrs (1967-1974)

This sediment sample collection station was operated on a daily
basis by the USGS from October 1967 to September 1973, after which date
sampling was discontinued (Note: COE(RI) has since taken over this station
starting in October 1974). Also, sediment records for the water years
1946 through 1966 are available from the COE(RI).

This station is included for its record of daily sampling and
to monitor the flow of sediment along the river. Since White Breast Creek
flows directly into the Des Moines River upstream of the Red Rock Dam, its
contribution of sediment that can accumulate behind the dam is important to
observe.

The water years 1968 through 1975 except 1974 are evaluated herein.
Water and sediment discharge records are good except for those during the
winter period when ice affects the flow, which are poor. The minimum and
maximum daily suspended-sediment loads are 0.2 and 15,885 tons/day, respectively.
The mean sediment yield is 1210.68 tons/sq mi/yr. The mean sediment yield for
the water years 1946 through 1966 obtained by COE(RI) is 1,632 tons/sq mi/yr
(COE(RI) calculates total yield by dividing by 0.9 to adjust for bed load).

A least-squares analysis between the average monthly suspended-
sediment load, Q.(tonl/day), and water discharge, Q(cfs), gives the relation:
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Q = 2.12x1071 g'>?
with a standard deviation of 0.520 (see figure 31).

Data from suspended-sediment sampling stations in Wisconsin were
compiled for the water years 1969 through 1976, except 1971. A total of 28
stations with frequent samples was considered for the GREAT-II watershed. Of
these, only one station collects suspended sedimeént samples daily: Willow
Creek at Madison. The data acquired are inadequate to estimate values of
mean sediment yield. In most sediment stations sampling was done periodically,
usually during peak flows. The data, hence, do not furnish representative
values of annual suspended-sediment yields. Estimates of sediment yields
for Wisconsin were made by Hindall (1976). Lack of suspended-sediment
data for the Illinois portion of the GREAT~II watershed precluded estimates
of mean sediment yield.

III. IDENTIFICATION OF POTENTIAL SEDIMENT SOURCES AND RECOMMENDATIONS
ON FURTHER SEDIMENT DATA REQUIRED

Although only recent sediment data extending over rather short time
periods were utilized in'estimating mean sediment yields for the individual
watersheds listed in table 1, even these crude estimates are very useful for
identification of major sediment source areas in the GREAT-II study reach.

As can be seen in table 1, fhe mean annual sediment yield per unit area
exceeds 500 tons/sq mi/yr at the followingvsediment sampling stations: Iowa
River at Marengo (507 tons/sq mi/yr); Skunk RiVéf at Ames (510 tons/sq mi/yr);
Raccoon River at Van Meter (679 tons/sq mi/yr); North River at Norwalk (529
tons/sq mi/yr); Middle River at Indianola (2,030 tons/sq mi/yr); South River
at Ackworth (2,332 tons/sq mi/yr); Hadley Creek at Kinderhood (9,622 tons/sq
mi/yr); Bay Creek at Nebo (3,683 tons/sq mi/yr); Turkey River at Garber (1,204
tons/sq mi/yr); Ralston Creek at Iowa City (758 tons/sq mi/yr); and Fourmile
Creek at Lincoln (660 tons/sq mi/yr). These values surely attest to the

fact that these watersheds experience excessive erosion. It is, however,
important to recognize that some of these watersheds have very small drainage
ixeas, resulting in minor influences on the total sediment yield. The
following are the sediment sampling stations which recorded total annual
sediment yields amounting to over 10® tons/yr: Mississippi River at East
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Dubuque (4.64x106 tons/yr); Mississippi River at Keokuk (1.34x107 tons/yr) ;
Mississippi River at Hannibal (2.59x107 tons/yr); Iowa River at Marengo
(1.42x106 tons/yr); Des Moines River at Boone (1.10x106 tons/yr) ; Raccoon
River at Van Meter (2.34x106 tons/yr) ; Middle River at Indianola (1.02x106
tons/yr); South River at Ackworth (1.07x106 tons/yr) ; Turkey River at Garber
(1.86x106 tons/yr); Des Moines River at Saylorville (1.30x106 tons/yr) ;
and Des Moines River at Des Moines (below the Raccoon River) (4.92x106
tons/yr). Although it was extremely difficult to draw regionalized curves
with the available data points analyzed in the present study, an attempt

to obtain tentative curves was made, and the result is shown in figure 1-B.
It should be noted that the estimated mean sediment yield (in tons/sq mi/yr)
at each station is also given in parenthesis in the figure.

Total sediment yields estimated in the present study are listed in
table 2 for 24 sampling stations, together with the estimated values reported
in the Upper Mississippi River Comprehensive Basin Study-Appendix G (1970)
for comparison. Note that the total sediment yields shown in table 2 were
obtained by dividing the suspended-sediment yields by 0.9 to account for
bed loads, as has been done by COE(RI). The agreement between the two
sets of the estimates is seen to be quite good, despite the difference in time
periods analyzed, except for sampling stations on the Iowa River above
Coralville; on Ralston Creek at Iowa City; on the Des Moines River at Tracy;
on Hadley Creek at Kinderhook; and on Bay Creek at Nebo. The extremely
low values obtained in this study for the Iowa River at Coralville and
the Des Moines River at Tracy are believed to be attributable to the dams
constructed on these streams in the late 1960's. Data for Hadley Creek and
Bay Creek were found to scatter widely, resulting in high standard deviations
about the fitted lines (0.71 and 0.63, respectively, as seen in table 1);
the discrepancy between the present estimates and COE's appears to be due to
the scatter in data points.

In order to study in detail the sediment-movement regime of the
Mississippi River in the GREAT-II study reach, it is essential to evaluate
sediment inputs from its tributaries at their mouths. This task requires
adequate and dependable suspended sediment data collected at the mouths of
the major tributaries. It is, therefore, strongly recommended that new
sediment stations be established (or old discontinued stations be reinstated)
at the following locations to monitor directly sediment inflows to the
Mississippi River (see figure 1-A): Garber, Iowa, on the Turkey River; Potosi,
Wisconsin, on the Grant River; Maquoketa, Iowa, on the Maquoketa River; Joslin,
Illinois, on the Rock River; Silvis, Illinois, on the Green River; Wapello,
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October, 1975); and St. Francisville, Missouri, on the Des Moines River.
Although bed-load discharges were never recorded in the GREAT-II area,
primarily due to the lack of adequate bed-load sampling techniques,

serious consideration should be given to initiating bed-load sampling using
Helley-Smith bed-load samplers (Johnson, et al. 1977, Nakato and Kennedy
1977). The recommended bed-load sampling operation should be conducted at
the aforementioned sediment stations, and also at the DeWitt station on
the Wapsipinicon River. This recommendation is based on the fact that there
have been chronic shoaling problems in the Mississippi River which result
from substantial discharges of coarse sediment inputs (mainly the sand
portion) from the tributaries. The following tributaries are believed

to be responsible for shoaling problems found in individual pools:

Turkey River for Pool 11 (Guttenberg-Dubuque); Maquoketa River for Pool 13
(Bellevue-Clinton); Wapsipinicon River for Pool 14 (Clinton-LeClair); Iowa River
for Pool 18 (New Boston-Burlington); Skunk River for Pool 19 (Burlington-

Keokuk); and Des Moines River for Pool 20 (Keokuk-Canton).

IV, REVIEW OF SOME SEDIMENT-YIELD PREDICTING METHODS

Sediment movement from a watershed to a river generally is divided

in two separate phases: upland phase and lowland phase. The upland phase
includes sheet erosion, rill erosion, inter-rill erosion, and gqully

erosion; while, the lowland phase is related to in-channel sediment movement.
The factors responsible for the physical processes of sediment movement‘in
each phase are entirely different. The independent variables considered
normally for the upland erosion are climatic conditions (amount, intensity,
and duration pattern of runoff; temperature; etc.), topography (watershed
slope; watershed slope-length; etc.), soils (soil type; soil condition; soil
sizes; etc.), and land use (vegetative cover; conservation practice factor;
etc.). In the lowland stream phase, variables such as depth of flow, channel
slope, wash load, water temperature, median size of bed material, size dis-
tribution of bed sediment, etc. become important.

interrelated in such a complex manner that the establishment of exact mathe-

These variables are

matical formulations is extremely difficult.
ing sediment yields have been critically reviewed by many investigators (for

Since various approaches concern-
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example, Vanoni 1975, Onstad et al. 1977, and others), onlya few topics which
are closely related to the present study will be discussed herein.

Among several different methods for estimating sheet erosion, the
prediction model (the so-called universal soil loss equation), developed
by Wischmeier and Smith (1965), has been most frequently utilized. The
equation is given by

E = RKLSCP

where E = the average annual soil loss per unit area; R = the rainfall factor;
K = the soil erodibility factor; L = the slope-length factor; S = the
slope-gradient factor; C = the cropping-management factor; and P = the erosion-
control practice factor. More detailed definitions of these quantities

are given by Wischmeier and Smith (1965) and Vanoni (1975).

Since sediment yield is a consequence of gross erosion in the watershed
and the transport process of eroded sediment, only a part of the material
eroded in upland areas is carried out of the watershed. The fraction of
gross erosion (T) transported off the given watershed as sediment yield
(Y) is commonly called the sediment-delivery ratio (DR), which is expressed as

DR = Y/T

To determine an average sediment-delivery ratio, the magnitude of the sediment
yield at a given point in a watershed, and the total amount of erosion must be
known. The former can be obtained by reservoir surveys or sediment measure-
ments in the stream, and the latter can be determined with the universal soil
loss equation. Maner (1962) analyzed data from the Blackland Prairie in
Texas and obtained the following empirical relationship between drainage

area (A in sq mi) and sediment-delivery ratio (DR in percent):

log DR = 1.87680 - 0.14191 log (10A)

Maner (1958) also developed a relationship between relief-length ratio (R/L)
and sediment-delivery ratio for the Red Hills physiographic area in Oklahoma
and Texas as

log DR = 2,943 - 0.824 antilog (R/L)

¥ AR T R L= ¢ < N
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Williams and Berndt (1972) developed a procedure to calculate sediment
yields using the modified universal soil loss equation and sediment-delivery
ratio. In formulating the modified equation, the K, LS, C, and P factors
were weighted according to the drainage area so that the source erosion
could be computed for the entire watershed in one equation. A procedure
for computing the erosion-control practice factor (P) was also established
on a watershed basis using factors such as percentages of the watershed with
straight rows, terracing, etc., Sediment-delivery ratios were computed
for five small watersheds in Texas, which were then correlated with watershed

characteristics; one of the predictive equations is given by

DR = 0.627 (stp)° 403
in which DR is the sediment-delivery ratio, and SLP is the percent slope of the
main stem channel.

Williams (1972) recognized the fact that runoff is significantly
affected by antecedent soil moisture, and replaced the rainfall energy factor
(R) in the universal equation with the runoff factor (volume of runoff times
peak runoff rate for a storm). The modified universal equation was derived to
preduct sediment yield for individual storms (note that the original
universal equation predicts annual sediment yield). 1In deriving the equation,
data from 18 watersheds in both Texas and Nebraske (drainage areas varying
between 3 and 4,380 acres) were utilized. These data contained a total of
778 individual storms. The final expression that best fitted the data is

Y =95 (qu)o.ssx LSCP

in which Y is sediment yield in tons, Q is volume of runoff in acre-ft, and
qp is the peak flow rate in cfs. The other factors, K, LS, C, and P arevall
area-weighted to determine a single valqe'£0t each watershed. A comparison
of predicted yields with those obtained by the universal equation showed that
the universal equation overpredicted sediment yield for years with low rain-
fall factors and underpredicted sedimenf yield for years with high rainfall
factors. :

Onstad and Foster (1975) developed a single-storm sediment-yield model
for small watersheds by introducing modified universal soil loss equations
for both the detachment capacity and the transport capacity. The detachment
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capcity on segment j, Ej' is given by

s W, (KCPS) ATy
3 185.85  '*j *5-1

where xj is the distance from the upper end of the slope to the lower end
of segment j, and the energy term, Wj, is given as a function of both the

rainfall and runoff energy;

" 1/3
W= 0.5 Rst + 15 qu

where Rs is the storm-rainfall factor, Q is the storm runoff volume in in.,

t
and qp is the storm peak runoff rate in in./hr. The transport capacity, Tc'

at any downslope point, x, is similarly given by

_ WKSCP 1.5

Te " 1885.58 *

in which K is an average soil erodibility factor weighted on the basis of
the contribution of each segment to the different types of soils. 1In this
model, detailed hydxc-oqical factors such as storm-runoff volume, storm-
peak runoff, etc. are incorporated into the expression for the detachment
capacity. The model is capable of predicting the ;gdiment movement regime
by simply comparing magnitudes of detachment and the transport capacities

in the watershed; sediment deponsition occurs when the detachment capacity
exceeds the transport capacity, and erosion takes place in the opposite case.

Among sediment-yield predicting methods, various multiple regressicn
analysis techniques have been quite frequently utilized; however, only a few
methods are presented herein.

Flagman (1972a) selected four independent variables in obtaining an
empirical equation to predict sediment yields in the western United States
by incorporating factors related to climate, qediogy, topography, soil
characteristics, land use, etc. The four variables X0 Xy0 Xq and x, are
the ratio of the average annual precipitation (in.) to the average annual
temperature (F°), watershed slope (percent), percent of soil particles
coarser than 1 mm in the top 2-in.of the soil surface, and a soil aggregation
index by pH-values, respectively. The final expression for the annual
sediment yield, Y (acre-ft/sq mi/yr), was obtained using sediment deposition
data in reservoirs as follows:

A ———— S ———
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log (Y+100) = 6.21 - 2.19 log (x1+100) + 0.060 log(x2+100)
- 0.016 iog (x3+100) + 0.042 log (x4+100)

A comparison of measured and calculated values of Y shows that this empirical
formula can predict annual sediment yields fairly accurately for values of

Y greater than 0.0l1. The author suggested that more detailed sampling of soild
and compensation for exceptional storms exceeding normal measurements during
the period of record can further improve the accuracy of the equation. The
interesting point in this approach is that only a few independent variables
can delineate the sediment yields quantitatively despite the great range

in climate, geography, soil properties, and land-use conditions.

, Malcolm (1977) classified drainage areas into four different
categories: wooded areas rural areas, urban areas, and severely exposed
watersheds, and developed sediment discharge equations for the individual
zones. The annual sediment discharge, S(acre-ft/yr), was assumed to be a
function of only the drainage area, A (sq mi), as given by

S = KAb
where K and b are empirical constants. Values of K and b were determined for
each classification of the drainaqq basin using data based on lake-deposit
measurements in the eastern United States. Combinationsof K and b, (K,b),
for each category are (0.068, 0.80), (0.354, 0.99), (2.96, 0.67), and (34.5,
0.84), respectively. Note that these values wete‘obtained by a regression
analysis. Although the exponents, b, are relatively congtant, the intercept,

e S A

K, is seen to increase considerably with a decreasing soil cover.

Flaxman (1972b) also utilized a regressibn analysis to obtain the
empirical relationship between sediment concentration, Y(mg/f), and flow
discharge, X(cfs), in the following form:

Y = ax"
in which a and m are empirical constants. Various values for a and m were
obtained for different watersheds in the West. Larger values of the constant,
a, are found to be associated with data from dry areas, while smaller values
are obtained in humid areas where watershed surfaces are generally well ‘
protected by vegetative covers. Watersheds with m< 1l are characterized by %
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greater availability of sediment during low and moderate discharges;

erosion takes place during low-intensity storms or during the early or

late stages of a large storm. Values of the index, m, as small as 0.16 or
0.25 are reported for data obtained from southeastern Arizona, known for
trenching which extends through its alluvial valley. On the other hand,
watersheds with m>1 are characterized by a greater susceptibility to erosion
during periods of melting snow: very low sediment concentrations during

low or moderate discharges relative to the concentration at higher dis-
charges. A multiple regression analysis was also performed to correlate

the quantity a, with average annual runoff, X., and the quantity m,

10
resulting in

a = antilog (5.9085 - 1.4964 log X. - 2.2386 m)

1

It is noted that the values of a and m for the same watershed would change
considerably after major floods which tend to aiter the watershed character-
istics by enlarging sediment-source areas or creating new sediment sources.
Hindall (1976) analyzed sediment data collected throughout Wisconsin
and developed, by a regression technique, sediment-yield prediction equations
for four geographical regions in Wisconsin. These four equations were
derived by correlating mean suspended-sediment yields with drainage
area, stream flow, topography, soil characteristics, climatic conditions,
surface cover conditions, etc. A total of fourteen incdependent variables,
including drainage area, average water discharge, two-year flood dirscharge,
channel slope, runoff factor, etc. was introduced in this approach. The
result, however,shows that only a few factors are important in estimating
sediment yields for certain geographical regions. It is reported that the
standard error of estimate for these equations ranges between 28 to 38 percent.
Besides these watershed-specific prediction models, the following
methods have been extensively used by various agencies: flow-duraction,
sediment-rating curve method (by Corps of Engineers (COE) and Bureau of
Reclamation (BOR)); gross-erosion and sediment-delivery ratio procedure
(by Soil Conservation Service (SCS)); reservoir sediment accumulation measure-
ments (by COE, BOR,.and SCS); and suspended-sediment load measurements (by
COE, BOR, SCS, and USGS). Detailed descriptions of these techniques can be
found in many references (e.g., Vanoni 1975).
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V. DESIGN OF STUDY

The following list summarizes major items which are considered

to be important in accomplishing the Sediment and Erosion Work Group
tasks for the GREAT-II program:

1.

Select from the GREAT-II study area representative watershed(s) which
has (have) adequate information (in both data quality and data-

record length) on runoff as well as sediment yield. Candidates would be
the Des Moines River basin (upper and middle river basins) and the Iowa
River basin.

Test several existing methods, some of which are presented in the
report, on selected watersheds and determine the method which best

can be utilized for estimating annual sedimént yields.

Develop, if necessary,a new predictive method for selected watersheds
using multiple regression techniques. Some of the approaches are
described in the previous chapter.

Obtain for each pool in the Mississippi River a correlation between
annual dredging volume in the channel and tributary sediment input

to identify major sediment sources in the Mississippi River corridor.

VI. SUMMARY

The principal results of this study may be summarized as follows:
An inventory of suspended-sediment data together with stream flow
data available in the GREAT-II study area was completed. Based on this
phase of the study, the inadequacy in number of sediment sampling stations
was pointed out, and recommendations were presented for locating new sampling
stations on major tributaries of the Mississippi River.
An approximate estimate of sediment yield at each station was made by
correlating monthly averaged water discharges with monthly
averaged suspended sediment discharges. The results were not only useful
in identifying potential sources of excessive sediment discharges into the
Mississippi River, but also were used to make recommendations for new
sediment stations.
Based on the approximate estimates, tentative regionalized curves were
provided.




36

‘ ‘ 4. Several sediment-yield predictive methods, which are pertinent to the
‘ Sediment and Erosion Work Group tasks, were reviewed.

5. Recommendations for further study of the sediment-yield regime of the

b Mississippi River in the GREAT-II reach were set forth.

s e

—

. TR TR N oy Uy Ll e
b "5‘:*} s ey VTR (D i

e = ek Al { v




37

LIST OF REFERENCES

Flaxman, E.M., "Predicting Sediment Yield in Western United States," Journal
of the Hydraulic Division, ASCE, Vol. 98, 1972a, pp. 2073-2085.

Flaxman, E.M., "The Use of Suspended-sediment Load Measurements and Equations
for Evaluation of Sediment Yield in the West," Proceedings of the
Sediment-Yield Workshop, USDA Sedimentation Laboratory, Oxford,
Mississippi, Nov. 28-30, 1972b, pp. 46-56.

Hindall, .S.M., "Measurement and Prediction of Sediment Yields in Wisconsin
Streams," U.S. Geological Survey, Water Resources Investigations 54-75,
Jan., 1976.

Johnson, C.W., et al., "Helley-Smith Bed Load Samplers," Journal of the
Hydraulic Division, ASCE, Vol. 103, No. HY1l0, Oct., 1977, pp. 1217-1221.

Malcolm, H.R., Jr, and Smallwood, C. Jr., "Sediment Prediction in the Eastern
United States," Journal of the Water Resources Planning and Management
Division, ASCE, Vol. 103, No. WR2, Proc. Paper 13340, Nov., 1977, pp.
285-298.

Maner, S.B., "Factors Affecting Sediment Delivery Rates in the Red Hills
Physiographic Area," Transactions, American Geophysical Union, Vol. 39,
Aug., 1958, pp. 669-675.

Maner, S.B., "Factors Influencing Sediment Delivery Ratios in the Blackland
Prairie Land Resources Area,” U.S. Department of Agriculture, Soil
Conservation Service, Fort Worth, Texas, 1962.

Nakato, T., and Kennedy, J.F., "Field Study off Sediment Transport Character-
istics of the Mississippi River Near Fox Island (RM 355-6) and Buzzard
Island (RM 349-50)," IIHR Report No. 201, Iowa Institute of Hycdraulic
Research, The University of Iowa, Iowa City, Iowa, Apr., 1977.

Onstad, C.A., and Foster, G.R., "Erosion Modeling on a Watershed," Transactions,
American Society of Agricultural Engineers, Soil and Water Division,
VOl. 18' No. 2' 1975' ppc 288-2920 i

Onstad, C.A., Mutchler, C.K., and Bowie,A.J., "Predicting Sediment Yields,"
Proceedings of the National Symposium on Soil Erosion and Sedimentation
by Water, ASAE Publication 4~77, Dec., 1977, pp. 43-58.

Schuetz, J.R., and Matthes, W.J. Jr., "Fluvial Sediment Data for Iowa:
Suspended-Sediment Concentrations, Loads and Sizes; Bed Material
Sizes; and Reservoir Siltation," Iowa Geological Survey Technical Infor-
mation Series, No. 6, May, 1977.




38

U.S. Department of the Interior, Geological Survey, "Part I, Surface
Water Records," Water Resources Data for Iowa (published annually),
U.S. Government Printing Office, Washington, D.C.

U.S. Department of the Interior, Geological Survey, "Part 2, Water Quality
Records," Water Resources Data for Iowa (published annually),U.S.
Government Printing Office, Washington, D.C.

U.S. Department of the Interior, Geological Survey, "Part 1, Surface Water
Records," Water Resources Data for Wisconsin (published annually),
U.S. Government Printing Office, Washington, D.C.

U.S. Department of the Interior, Geological Survey, "Part 2, Water Quality
Records," Water Resources Data for Wisconsin (published annually), U.S.
Government Printing Office, Washington, D.C.

Vanoni, V.A., "Sedimentation Engienering,"” ASCE Manuals and Reports on
Engineering Practice, No. 54, 1975.

Wischmeier, W.H., and Smith, D.D., "Predicting Rainfall-Erosion Losses from
Cropland East of the Rocky Mountains," Agriculture Handbook 282,
- U.S. Dept. of Agriculture, Agriculture Research. Service, May, 1965.

Williams, J.R., "Sediment-Yield Prediction with Universal Equation Using
Runoff Energy Factor," Proceedings of the Sediment-Yield Workshop,
USDA Sedimentation Laboratory, Oxford, Mississippi, Nov. 28-30, 1972,
PP. 244-252. :

Williams, J.R., and Berndt, H.D., "Sediment-Yield with Universal Equation,"
Journal of Hydraulic Division, ASCE, Vol. 98, No. HY12, Proc. Paper 9426,
Dec., 1972, pp. 2087-2098. ;




i

9872 Suranp SeTdwes T[PUOTITPP® UITA ‘SY3uce Iequpa 3dscxe ATyeg = O
SYuoR INuTA Jdeous ATyed = €

Atysg = ¥
OTRLE'S  TML'NT L6°0 PE9°0  €8°T , OT®60°L  OP°€89'C  ¥L.-89. > €€ 291 oqen ® ke T
OTX66°9  9cc’es 90°0 €1L°0  OS°T | OTX6EZ  ZL°TZ9°6  WL.-89. > sE Lzt yooqaepury ‘XD Aerpem L1
gOTXLO'T  oes’Le v'o 99°0  (9°T , OT®O'T  80°TEE'Z . SL.-89, ¥ €T 09% T3 20R0¥ 8 Wos ST
QOTX20°T  9se‘sT z°0 629°0  06°T , OTXSE'Z  $0°0€0‘T  PL.-89. ¥ 3 wrouwypur ORI T |
OTXSE T pEL’E [\ %0 st (OTOT' T zEt6zs ¥Li-89. € €T 69 ATenzON 4 RN €1
QOTXVPEZ  BES’SBL 8L ¥E°0  9L°T _OTXB9'Y  80°6L9 ¥L.-89, e se e Iejey ues Yy uwoodow T |
OTXI6 965 TT z°se LS€°0  €T'T _ _OTX0O'T  ¥8°SL SL.-89. e st eLy'et Kowzz  x NS\ T
QOTXOT'T  ¥8Z'ZZ 8°'? 062°0  8S°T  OTXLI'S  ©9°66T  ¥L.-89: e st TIs’s suoog ‘¢ ‘Nsed 01
OTXT9°8  62L'TT 8L S8Z°0  ¥9°T  OTMIT'E  Z6°LST ¥L.-69. \§ L TSY'S eu.ﬂu-uuu. “4 *N ssq 6
o 'OTXE8°Z  L60°9 1°0 TZEO  LET | OTXSE'T  €8°60S YL.-89. v L 9sS sewy s . 8
OTT  9l’e ’ ME0 TETT _OTXNS6 dZSY »L.-89, v €T SIS STTFATRICO . "4 wao1 L
. OTXY'T  TeB‘oE ver S9€°0  99°T  OTXEE'L  9L°90S SL.-89: - A 8z weL'z o!.ll. ¥ waox °
OTX66°L  ZTZ'OE z°9z YE°0 85T | OTN9E'S  96°2¥E SL.-89. L €€ O€E’Z TN “u ‘yoden S
OTX6S°T TN 0SY'T  62¢°0  99°T _ OTX6I't  Z588T vL.-89. v TE O00E’LET  Teqyuuen " . »
LT T 096°LTE o0es YIZ°0  ¥6°zT o OTXEE'T  Z6°ZIT SL.-89. v 1€ 000°6TT ynyoex u SSTM €
I3X FINVIIVAV JON \LVQ QESVIIAV XTHIMON L €€ 000‘PTT  woIbuprImg ¥ CSETM 4
QOTXY9°Y  96E‘ve e SLZ'0 ST |, _OTXBE'T 99795 vL.-89. | €€ 000°'cs  enbnqua °3 ¥ “ssTR T
(3h/suc3) (Awp/suc3y) (Aep/sucy) suy] (3K (2K as3em) (2K) .ng
P33T qQ ./ Pe/eeen)
peot peor Inoqy = PISTZ  PeTYdm0
PIOTA Atrea A1yeq uoyaerAsq AQ- =9 ‘pes paodey jo sbexg poyaed ; wexy “on
™oL * 3ol ‘UTH  pavpuels  BUTIIT ATI-I8AOd uean poraed Suyrdwes proosy “uyeaq WOFIWSoT Aenzeyen ‘a°1
(suotrieas 30)) Apnis 9yl ut paurTelqo satiruenb redrourxd jo Axewmng [ o1qelL
:
1




40

HOTErLY §88‘ST z°0 0Z5°0  TS'T [ OTRTI'Z  €9°0TZ'T  9L.~89, v L e SPITSd X CYITWM
(0D 30) Wm0 =S v et cos wiowypur . u OTHO™ gy
QOTR6'y  000’0TT s 662°0  96°T _ OTRVE'E  9ceey Lv.-sv, e € 68's RS W WSS 7y
0TEvo°8 oy 0 8L£°0  80°T . OTFIT'Z  00°9¢ LS. ~€S. § S » uepIVMD "D'EAWI T Ty
OTRSP°9 00Z‘ST 9°c 68Z°0  OL'T . oIXLE'y  ZEUEOT 19.~95. L § 9 spz’e "N s8q ‘A NS p
QOTX0E" T ooL’ze e SST°0  L9°T . OTX9ZT'V  98°1ZT 9L.-89. ¥ ST TIe’s orTrAIOTAwg IR B
(OTRLL"8 00s°6% 8 S0£°0  98°T  OTX68°Z  ¥9°PEL ¥S.-S¥. | It o1s’9 ‘4 Iwped N TP g¢
fOTEe L92 1°0 6L2°0  ¥S°T . OTXR6'T  TLZEY ¥L.-OLs H 15°6T Ieeag IO eTymmO ¢
o S 0 82€°0  ZE'T . OTX08'Y  8T°L6T ¥L.-0L, ¥ s ge°t AOIGPETD "X ST T ¢
OTX0s°Z €82 z0 SSE°0  OF'T . OTXBY'E 92099 »L.-0L, L { S 8L €T uroouTT X eTrMm ¢
goez°z 8 (] T80 LE'T [ OTXI9'S  oT'esL 9L.~89, L § "  toc &3p) wor "D v ¢
JoTxee"y zot’LT 134 SOE°0  6¥°T . OT¥S0'L -«.«2.. 989 L €€ . we's £370 weox ‘wwmor g
yorsI T z82 T°0 TzE'0  €€°T , OTX98°Z  08°'ST 29.-8S. ¥ .S 6zy umacy ‘wwmor ¢
$OT¥SE"9 001’2 Tt LLE°0  €9°T  OTXL6'T  09°09 0L.-89, \ € 890°T eouspuedepux ‘ayedm ¢
goT9e" 1 00T‘62 z w90 o1z »-OTXL0°6  96°€0Z'T  29.-8S. L § S S¥S°1 zeqIeD) ‘w koymg ¢
(z£/3u0q) (Awp/suo3) (Lwp/suo3) suyy (28 (3£ 293EM) (2K) .«ul.
Pe3Td qQ . \uq-\‘-oa.
srema strea Atyea ssyaerace -0 Vves hoow“l% ‘bezg poyIes  wexw -
ha el 4 XN ‘UFN  PpIepuwIs BUTIITI AWI-IeA0d ueeN potred bSuyrdwes < pIoOSY °ureaq WOFIW0] Aenzeywn “@°1

(suotieis sosn) P.,3IU0) °T IIqel




41

OEL’e
t4o) &
181
SL9
() €44
9r6‘e
00¢‘2
6
(0] %
6LL
S9
081
081
€2¢
6L
0zt
008°'T
092
(144
S9¢
ve
1T
(4 4
000°T

6°0/(1)=(2) »

*TITI ‘OgeN  “1D Aeg

“TTII ‘Yooyxapur d °ID AaTpeH
"OW ‘TeqTuu®H @ ¥ °"SSTH

‘el ‘KAoexl p ¥ sautol saq
‘eI ‘serTed P IO ISLIIGIITUM
| eI ‘Y3ToMDV § "M Y3INOS
‘el ‘eTouvTpul P ‘¥ STPPTH
"eI ‘YTEMION @ ‘¥ Y3IXON

‘eI ‘°*W°d ® ¥ uooOWy ATq IPATH °W°d

‘el ‘193N uUeA P ¥ uoodowy

‘el ‘uepInyd @ "I UTPIPH *J°3F
‘eI ‘S3UTOW S3Q P "M SSUTON $°q
‘el ‘arrrazordes § ‘¥ sautow saQ
‘el ‘Sucog p ‘¥ SOuToN sag

‘eI ‘IYNYOIN P ‘¥ “SSTW

‘ey ‘sprdey Iepad P ‘¥ IePa
‘eI ‘437D emor @ IO uoIsTWY
‘el ‘A3TD ®MOI § ¥ ®mol

‘el ‘STTTATRICD ®AOqe °¥ ®AMOI
‘vl ‘obusxwl § M ®moOI

‘Rl ‘Uemocy P ¥ emOT

*RI ‘33TMed @ °¥ uooturdrsiem
“ITI ‘onbngqng 3 @ ¥ SSTH

‘eI ‘Ieqaed P ¥ KAeyang

EEEEEEEEEEEE R EEEEEEEERE:

(z£/1uw bs/suol)
PISTA TEBlOL
paleur3sy s,d30D
(€)

€60’V op°€89°‘¢€
LSL ‘0T 2L 129’6
60¢ 2s°881
v8 v8°SL
SPE‘T 89°0TC’T
16S°‘C 80°C2¢€E’‘T
9622 p0°0€0‘C
886 ve-ecs
vSS 9¢€ “86¥
14T 80°6L9
ov 00°9¢
STT cEE0T
) 14 88°1¢¢
(444 89°661
STl 26°C11
0SsT 12° 2R 4
[44:] 9T1°8SL
(R A¢ vzzel
0s bz st
€9S 9L °"90S
62 08°52
18t 96 °ZvE
€9 ¥9°9s
8EE‘T 96°€02°T
(x£/Tm bs/suo3) (x£/tm bs/suo3l)
PISIA TB30L PIaIX
polewmtisy pepuadsng
+(2) 49)

uoT3Ied0] pue Aemxajem

Apnas 30D 9yl WOIF 9SOyl YITM SPISTA JUSWTPSS [BI0I PIJBWIIS? 9yl JO uostiedwo)

‘T dlqul




42

THIS PAGE 1S BEST QUALITY PRACTICABLE

{
oy R MINNESOTA f
2
*" WISCONSIN
] \ NT R.
o] ( o PLATTE R
GARSER
< DUBUOQUE Q.
< . L "'" S
° » " Y S (4
B &
) Ly
0 o S\
[ ) A X len ~‘. Ma,
., 3 . PLUM R,
A ;
”,
s \ \a7 P
Iy ot N Y omwrry (|
2272 RO /R
\ = A5
7 " S GREEN R,
’0 44 (
e 0 X ED 1”0 R.
A cot ] Poms cR.
A, [ Gimostsn .
2
MLNO"N
‘ ‘EOKW
8sAr CR
ILLINOIS
MOLRY CR.
”
{ BAY CR.
N\
Pigure 1-A. Identification of sediment sampling stations
: SR A ey ' = # e P T e T
e TR et .

b
3




4
e PRACTICABLA

15 BEST QUALLTY
RPN SR 1 s m%mﬂwmma—/
PR e S T MINNESOTA &
N
\ \ "’04?’ WISCONSIN
GRANT R.
-.L PLATTE R,
(.
ouBuOUE / ¢

% R

)
\ ¢
¢ \ &
\

lv“'
o' e & A z PLUM R,
<, (343)
+ e
{
/4 m ‘.
A® ROC
= sz'v(m
GREEV R.
EDWARDS R.
A COE ] Poms cR.
B USGS-ACTIVE
D USGS-DISCONT. HENDERSSN CR.
! 2
lw.mcrou
@'9) 85AR CR
ILLINOIS
MAOLRY CR.
\ BAY CA.
N "%3¢03)
[ ] 30 40
SCALE W MILES

Pigure 1-B. Estimated mean sediment yield at each station and
tentative regionalized curves

i A A P
e R 3 ﬂ‘ e M ere L




43

STOUTTII ‘onbnqng 3seg e XoATy TddISSISSTW 9yl I03 md pue D usomiaq drysuoriBINY

. b T
Y L]
mnmiry 1y ] ] L I D I T | ] ] q-:—-."_-w ] “

*z 2andty

T00200°L

\

m L e o0
Pm e o
“ s + L]
o0-— - ~o—
ﬂm '] o o
M Py “ -. L)
H Ohd
1 I'll'll-l"llb...cl.l * !
m p
1
W — . o s = o —— - - - e S - —
i3
-( t [
mc %01 eaamzases
o o e et
r $a 39TWRIS10 BIve
~
| —— - - g = PN
V)
.ﬁul - B e L | N
[ PSR I e, S SR T . . o 300 . i KR A
) ————




TP —— v ad S 2 T -y —_—— o
o—— T ST WO | B e e
m y BMO] ‘)YnYod) 38 ISATY TddISSTISSTW 9yl IoJ ma pite D usamlag drysuorjeray ¢ sIndtj
" (ave/sn02) SO 3
[ ] 1 € §00300°L ] S € 80+300°1L ] S € €00300°1L 8 % € T00300°1L
: | ST I O T IR | | L I I T R | ! (N I I I | ! mirrv I 1 ]
”iu:o—
8 |
. ]
a )
]
Qm ]
lee
]
o s o ® s 1y & = . 1
m * . ]
* ¢ o0 0 l=ef
m . ° 'Y !
* o o0 o . ]
B m . e o Iy Joe
& . ) ]
[~ . . }
m 200 o0 leeg
* 0 ° e
* 00 00 o . ]
* * . * * oo
s - o o * oo = Heeg
) ® 00 o L) 1
$ . ) *e o lo=
~ e . ee e - 1=500200°1L
s * 0 ) \
g . 1
e e s = ot i - 1 -
- o o0 ]
. . * ]
< . ) e (]
H g fou
- . . ]
: - = - = - s U S e e o s - A ' =
y }
leeg
]
1
lee
5 oy = - = i N e e e e o ;2 = ] .
- >
i E leeg
- lee
- ; |
% ! avo1 aianzdsos lee
- - - - - —— . m— o —— - - - - . e e -“. - - -
: SA A9WVHIOSIA ¥3LIVE “
: ' lee
; (s22)
i wowasy QD PG I 55Iseud

g




2 : (ive/sz03) $0 5 N
[ ] S € $0+200°L [ ] S € 9003200°) ] $ RS, €0+300°)
tver ] ] LI I I | ' ] ] frte 6t t ] ] ]
: mbugnzov
b= [}
f ﬂ w c - 4 =
o ]
m 3 ]
&© |
4 : !
m . ]
m ‘ @ L3 leeg
, o ® . [} B
. m m . . . . ”
-§ . * . . © e
B 5 3 0 . . . ]
0N * ]
m m . leeg
. ® ° ° ) l=e
. oo o ]
5 . * e e o . fe=
b : * o ° 3 ooy ==
i o o * e 0 o . ]
0 . o0 * o lee
< . ® . ° 1=50+300°1
b . . e @ * ]
- ) e o ]
= * ° - 5 ]
¥ Y . ]
. ® ]
. S ]
- L Jee
. i
; ]
. . & ]
leag
s 5 ]
2 ]
’ ---
G Sy 2 i ]
]
% —.‘ﬂ
fe=
t
QY01 GaaNzdses lee
.o - e e v S - - - - - - e ®we - - - - PR — - — - - - - ..‘ -
e SA I21VHOSIC EIlva "
foe
‘- (s23) ©°
s I inney ) TIAY IS ISSISSIE,
o ra— | s

TINOSSTW ‘Teqruueq 3e JOATY TddissISSTW ay3 uom.ma pPue D usamiaq drysuorleiay ‘¢ aandtg

e




. " IR VI R &R I B e R f..\»i!.ll!..l.li_

BMOI ‘33TM 90 38 I9ATY uodturdrsdey.ayl xoj md pue § uoamiaq drysuorieiay g 2Indty

2 (ava/suoz) sO -
® s € 00+300°L 8 H € €04300°, o 1 3 € T0+300°s -0 S € 100300° L
LI O I | i ] L I A | ! ] ey ] ! MLy ] ] ]
e < ”nnfuooo—
1
S BT o s Bep S S T e S . ¥ =
' ]
8 '
s - ' -
e 1=
]
L Sy & & % '
]
° ° leef
m 7 @ * ]
]
n . lee
3 - - - 'Y . * ) e
25 . .
J . ; . leoy ;
” . : T e ee . lee s
. * 0 - L
e | : |
s 3 e T LA e N e " 1-=g R
z . . . . ] i
O ) . . . lee
g i . oo 1=£00200°1 b ]
& 5 ® 99 o o ] b=t
..-. * * ] wc x
& - -l i ~ - - - cem @ g ——— Mo o IR s ' g
~ g . . | :
e o0 . '
. . * . ® |
: * . lee
] . ° ° |
- ) ) -
1 ¢ o o0 o . |
. . leeg =
* 3 L) L) ¥ ]
e e 9 e o 1 o
* L o= W
o T ) T e T L S SR e &= ] - :
. ) ' 3
le=g
. . lee
. . ® ]
. av07 QaqcRadsas l== o
- - - e . 3 - -8 - = . — - St A Aem S mes . & e e - - . -~ —... % 4.
w $A 328VHOSIC WilVA . “ o
l=- o
tsad) © ,,M. !
LL'pn FO > F*~ 'y re Pemvret 1S EpN -
. oy
r £
LW (@) =
il e Y % —tw — {.,‘l’.
- - | » S o -
3
= ama i 2 S




47

0,808 0

FROM OOPY FURNLSHED TO DDQ o

ey b

THIS PAGE IS BEST QUALITY

BMO] ‘oBucel 3B IOATY BMOI 3yl 103 5h pue D) ueemieq drysuorieray

-.oousc-

w
-

€003200°)

(ava/sao03) sO

i, SPS—

‘g aan814

10+300°%

avo1 e3UNIdses

$A E21VROS1G BaiMa

* *

- F Y g

(<)

‘\\‘sN [ caal QIH

LR

=T0°300°1

A

1-£00200°L




48

EEs TR L

eMo] ‘weq oﬂ?ﬁucu 18 JOATY BMOI 9yl IoF ) pue b usemiaq drysuorierey °/ 2and1g ok

z (AV0/SN03) SO i »
] S € £§04300°T o $ € 200300°Y ¢ $ € 10+300°Y ¢ $ € oot

=200300°1 -

FROM COPY FURKLSHED 20 DDQ s
i
!
1

e

-
- .
=2
[
. 1= 3
1=€3e300°Y

v
B

-

>

A

!
4

h
4

UvGY 030n3eSNS
e e e AT G R MR Ny s

SA 3VuVHIS 10 w3iwe .

3

W R GO T aaels
|

A, iy 5,

1533 o©

(
\ :.'9.""-

{ A%




49

im = == - -.®BMO] ‘samy 1B JOATY Yun)S 9yl IoJ -md pue d.uaamlaq drysuorieray g aandty =

S : ANEE. (ave/s203) §3 ; y
$ S € C0e200°L 3 S € 20W00°L 8 S € 10°800°L 8 § € 00°L 8 § [ 10-300°L 8 § € Z0-300°%L
MLy ey i e muerer el | mnmm Lyt

rY
*

PRACTICABLE
‘dr
-{--I..-
=

10 D¢
A

(]
!
'
i
]

FROM 0OPY FURKLSHED
L]
i
TR
o
$

'
'
!
'
'
i
'
O
L
L]
'
'
'

| THIS PAGE IS BRST QUALTYY

21y
.
°
o
.
*
L J
- -
0 s ";;W’T:'W.

Aty

e il s e e PG

* : leeg

avo1 Q33814S85 ; by e e . : loeg
SA T20VEOSIA waive - . X 2 loe




BMO] ‘PI0JIBIIS 3B ISATY SOUTION S3C0 Yl I03F mo pue D usamiaq drysuorieidy 6 dIndig

. : : (ave/s203) 30 .
,r. ncco-oo.w. n.n n“ouzo— . n unoo’..w. a n_.oonooo—. n n .o.w

£
:

!

E R R R

. ; s 1-£00300°4

L d
L 4
*
*
L4

2T A

*
>
L 2 2
*
*
*
-
7

e o0 o < = = T L e e - s

AT
: '_‘

g?f??j

Y01 Gaamadsos : i ; : lee o>
SA 298VNIS1A WILIVA ] 1--g

CrasdLrvlsS O »7-g 3779z €20




BMO] ‘oU0Og 3B JOATY SOUTOW S0 9Y3 I0F S0 pue D ueemiaq drysuoryeray °QI 2andyd

m ‘ 2 SE = % (ave/se02) s0 :
[} s € e0e300°L O ~ € €0e300°s O s 20+300°t 8 s € L0e300°: O s [ 1 ([ M)
] R 1 I R B | mau L R | L ] maor (LTI I O T )
1-200300°1
. “ H
|
i . : & .
= * o '
m . N [P
Y -
® §
() * | L
. ]
* * leeg
m * ® . ® lee
o0 5 lee
{ m . : l--s |
£ fe = = ) 2 = g ———=maieme e EEe S -t v lee -
¢ n * 1=€00300°1
i o . * ]
. ﬂ m e e i
. . * o ]
° ]
e = = s s T = ek e e e 3 = 5 , o=
s * o 4
- . L) leeg
- 2 . ”
3 L ] 0 o oo
LR ° o * '
e == — - e o0 o0 - % e e e = o oA E leeg -
e * . B
- 5 * leeg
- »l ) leo=
. ¥ 1-900300°4
m el —— - - ° e e . e e sve——— - - - -— - - - -
£ Py L]
® ]
)
o=
v \ .
= - S == Neeg
]
—’
- - l"“ - —-——— - - -
Loy o
€301 4€3CRidSeS "Ol
$4 I5EVROSIC 331IVE "00. -
lee
- 53 ©
Sr ey @ Prag (rcesy 7@ :
) O
] e

vy

R & R

"




52

Tt BSYNISS ATIVY

(L 2 1

sl chen

e o g 2 4 T T

BMO] ‘AoBI] 1B JOATY SOUTON S0 9Y3l I03. ma pue. D. usaniaq drysuorjeiay °II1 SIndij

e : T - -(AVO/SNOL) - §--- - :
v0e300°t 8 ¢ €  €0e300°T ¢ § € 20e300°t #
I I I B | i U I B R | ! Hrere 1 !

i LI | !

100300°1

* o .
wu - T SN I 1o 2 o L AR o8 O Ry L L .- P P ORI e o SR

* * *
* (2] L ]
‘oo ;
- - -—— - e ———————e @ - e * - *- . - ——————— e o — ¢ ———— o . 2
L 2 L 2 J
* . Te e * .
4 o0 * * * 0 -
* *
L ]
Qv01 030K34¢SNS
SA 324vMIS10 WALV
B Aoyl @ P27 Ireions SIG
— b

=200300°1

BT T L

&
?
§ i

»

T

t$49)

4

:

e o

&

ade

)




53

RLEL ISR A

’ \

' THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TODDG .

.[vkkh\.\ ~ @ >rrry m~oossryg

—— -
S
BMO] ‘J93I9| UBA 3B JISATY Uu00dO®Y 3yl 103 U pue O usaImlaq &..ﬂ-—ngwﬂduo,z A Oka.m"—
- - - . - - « — . —— - - - - l‘.l'."“gb-| ‘..l —— —— - - - .- - - - - —
[ ] $ € %0¢300°1 o $ € €0+300°T o $ € 20¢300°1 ¢ 1 3 € t0e300°T o s 4 001
L0 I T O R | | e e 1 | B N I A ) | e I moaze 1 ]
. m'-.o’o- -
1
< e Lr g S N, B e
L]
-'
- i
1==¢
. i
= - - en e P - - - =
]
. 1—%
= {—
l==
--e
. . -200300°1
® ® :
° @
.
* 1
SRS e s o e (i CONTRE SN — -
. . .
) * ° —
o iy : -
. . . —
* ° ®
o 7 * . - * -9 - | ==$ -
3 . . -
° 3 | —
- "l :
. 1-£00300°1
- - @ B R e —— —————— . —— - — - - -— ——— - .-
* @ 3 Y % 1
4 . I
@ - e = RIS e e A e |
. . ) =
0 " o .
- - *—- 0 : . e e i ——— -t -
°
. o o |=—
R - - - - . - -
3 e . -t
Ov07 Q3UNIESNS ¢ -—"
o o el SR S ol e Bk plg St i ——— i g, A s et — .
* SA*30umiDde 10Nl AV -2
* k3 -
SR SR P o
& s




54

S PAGE IS BEST QUALITY

el N,

.

Ay vt

PRACTICABLE

DDo ' i 1

FROM COPY FURNISHED 10

BMO] ‘Y[BMION 1B ISATY YIION 9yl IXOj ma pue -9 usam3aq drysuor3eray ‘£[ 2andrg .

(A70/SNOL)
€ 104300t o
ey mn

s
€ 00°tT 8 ¢

$ € 200300°t 8 § $
LR B I |

$ € €00300°1 3

€ 10-300°T & §
e

€ 20-303°1
IR IR e | e

Qvel 030NIeSNS

SA 3%u¥vHIS 10 w3iVR

T R I T e vk Ly

I
:

YU

3

T3

1--2 :
1-100300°1

"l

—
-

=
1-——8
“lugoso-

A

154 O




55

IS BEST QUALITY PRACTICABLE

BMO] ‘BTOUBTPU] 3B JIATY SIPPIW 94yl Io3F md pue D uoamiaq diysuorjersy “¢r LSIndty

$ € %0300°T 3 § € €00300°T 0 § € 200300°1
PEg o) e o munarre

({AvO/SNOLY SO
8 § € 104300°T 8 § "

00° 1

§ € 10-300°1
e

i

e

- - icmmeim mregm——— s

*

‘e *

Qv01 03aM3eSNS

e —e—— e — v ——

SA 39evHISI0 w3ive

e e e

L) 0

V\wu}v\\1\(h& ey 3;\\




miaea e mmn e e meme  mm e ——————— i S a4 e et - +

THIS PAGE 1S BEST QUALITY PRACTICARLE

56

BMO] ‘YIIOMYOV 3B JISATY Y3InOos 9yl IoF % pue D usomiaq drysuorie[ay ‘ST aandr4

*(Av0/SNOL) ST . - .
8 S € 904300°T 3 § € €04300°t 9 § € 200300°1 ¢ § € 100300°1 8 § € 00°t 8 § € 10-300°1
_:_._. . ___:.___ -__:_._._ .__:__._ _:____- _ ___:_-.-

2

-

>
*
&
- —
11

1S R - —— e - -

. . . )=

¥~

QV0Y G30N3¢SNS I--¢ e

SA 39WWHIS10 wILVA o Y i

-
-1
w
-3
ol
-
2
o

NALFONY D S »I 7y 2 £ QW H




STOUTITI ‘YOOUISpUTy 3B Y0oID ASTPeH 103 "D Pue D usomieq drysuorsefey -9l oandtg ——--

13 B sy o B 0
9 § €0e300°T ¢ _n §04300°T 8 § €0+300°T

T L LAVO/SNOLYTCSD ot - - -
¢
LI nuan g i _m ! mnnrn

iy . 4
0¢300°T # § € 00°T8® § €0-3C0°T 8 § €£0-300°1
! LR U B A | miurs e

-10-300°1

»® gregsro="0O : ™
£24.5% y

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM OOPY FURNISHED T0DDC e
\ |
1371

57
.
L 3
.
L
.

* o0
-
- — ——

* 449 * * *"

* *

; ; : : 1=-¢
. . |==
Gv0l 03aN34SNS : ;

SA 39¥yWISI0 yuwm

t$3) ©

TTILZ FeamrAraLy D F5 APCp

N

i R oy

HE NS SO




58

918 PAGR IS BEST QUALTYY PRACTICABLE

FROM OOPY FURKLSHED 10000 o

.

0 § € 504300°T 0 §
e

ST as tAVO/SNOL] SB -
€ 200300°1 ¢ s € 10+300°1 o s €
im0 TR T I B im0

€ €0+300°T 8 §

00°t 8 §
DL I I |

€ 10-300°1t

STOUTT[I ‘OQeN 3B Y93x) Aeg Io0F uc pue D usomiaq driysuorleray ..Na,o..msﬁww

O  e/xbegoco ="H : : : i

ja =

€458

*
Pt s - 5 . . S e e 4w . oL s e
*

avel a3gNa4sns
. B e et
SA 39¥VHISI0 v3iva =

2

3T

1-1003006°%

1 -20+300°1

TTITTL

($33 o

L




59

RO L TR

teinr e

1618 PAGE IS BEST QUALITY PRACTICABLE

FROM COPY JURRLSHED T0 DDQ e

" (AVO/SNOL) SO
mnnL UL I R R I | RN I T B B | ey v

$ € %00300°t 8 8§ € €00300°t o $ € 20¢300°1 ® $ € 10¢300°t @ ]
|

BMO] ‘I3qIB9 3B IAATY Lojyan] 9yl Io3F md pue D ueomiaq drysuoriefsy -g[ oand1y

Qv07 030N3¢SNS
SA 30¥WISIT u3ivAe

131 ]

[

"1=200300°1

PIEVS) @ ooy

ArTEng

B

T

1=€0e300°T

O

340 o




60

AU SESY

~han »

LA

. SH1S PAGE I8 BRST QUALITY FRACTICABLE
. FROM COPY FURRLSHED 10 DDQ'

A T AR

BMO] ‘odouspuadopufl 3B IAATY uodturdisdey o9yl o3 md pue D uaom3aq drysuotie[ay ‘61 SIndtg

Sy 5 (A?Q/5N0L) SO
] s € €0+300°t @ s - € 20#300° ¢ $ € 10¢300°1 ¢ s 3 oo°1
1G] S8 ISR T ] [ mirrr ] mirrre I i MLl | ]
m.ﬂg!on
. - o A s R SN e T i s R §-e 2
: 1 -
|
g | o
)
I—t
. R g i e S e g SRR 1 ! =
. l=
]
I—s
{==
}—
o0 ”on‘o!on,
® - ] =
* o . ]
1
TR e e FRGEE T TR Tk o e A R S LR e T Yo A e i P - ==
. ]
. =€
e ]
R ° —
. . i
2 R 3 < 2 y s i 18
=
f==
i=--2 =
L * -l
* 1-€00300°1
L e R LA T Wl WS e Sl B s g e s o S ACSRE R R - - g
. ]
. ]
\ &
. f—
* I
= l==€
* 1
* =
& \ %
X ==
Qvul GIaN3ESNS |==
L i e i e o R e R P e e — foe" -
SA 394VHISIO0 w3ive “llo
==
543 9

2

42 A ""l'.%‘. dpllr
»"\,};2:‘ el 5 o ','j’

-

v

ar
T

‘i:




e

.

R A ORI ST 2 N A B e

vars

61

w:om.rcazox I8 JIIATY ®BMOI 3yl I03F md pue D Ueam3aq drysuotierey -0z oanSry -

$ € 20+300°1

T TR N RN W N DTN S AN PRI A v <P e T A

Soihinsk tAVQ/SNOL) SO : :
] $ 3 00°1 $ | 3 10-3%0°1
| niver v ;

_ OV0) 030M3esns
SA 393WHIS10 wIive

— - —— G -
-y

\_JQN Frr)y ”m .lH.




R it M e i e L e —

BMO] ‘£3T1D BMO] 3B J9ATY BMO] 3yl IOF md pPue D uoamiaq drysuoreray ‘[z andt4

62

DR LT A O N 7

e

b L % © LAV3/SNOL) SO .
[ ] s € 40+300°1 ] $ £ €0¢300°1 ¢ $ € z0e300°1 ¢ s € 1003%0°1
LI I I | ] ] ey v ] mirree ] ] SO I | | 1 I
“.-3008.-
. 1
E it h ¥ A g oo (]
2 L 1
F, y l==
. )
* . 1—€
m ° L ] Y .
4 BRSO D ) e e e Ty o o |-
1] . . ]
* | == ;
T ® . =
* e * oo . fo=
w e * * T -
8 |==
& . 1-€00300°1
n . . s
)
%5 .
i g I R 7 . . TTTTTTTe e e -
o * e * o0
” .0 . . -—f
)
* 00 2000 ° L) -
13 + . v . ) .
2 R L G d ° " 5 -—f
* * * —
¢ . o o -
* ) . —y
. . -
. & 1! -500300°1

"t

av07 G30NIeSNS

SA 399WHISI0 w3ivn

O

.
" L .
a' e

v

'tf'




63

eMo] ‘£31ID BMO] 3® )98I) UOISTERY IO mo pue D ussmiaq drgsuorjerdy -zz sandty

€ 200300°1
it

€ 100300°%

e

(A93/3801) SO
€ 10-300°t ¢ S

00°1
"

€ 20-300°1

€ €0-300°1

GvCY 030N3IeSNS
SA I2WVHISIO w3Lwve

mln.!;o-
>
- L d

PR
|

-..

1—5
—e
" =23-300°1

-

1=10+300°1

1 Ep Y8

543 ©




64

BMOT ‘UTOOUTT 3® ¥99I1) SITWINOJ I0F D pue D ueem3zaq drysuoraersy ‘¢z 2andyy -

(AVQ/SNO1) SO B
10+300°T ¢ $ € 00°1 “ $ €

2043001 | ] s £
o IRER "

N et e e - = e e————— —

PR S i B el i Mt o

* *0

Qv0) 030N3eSNS
SA 39¥VHISI0 e3ive

b\oog\\w () 3

@I

i
.

I

EW

f--$

|-
1-—e
1-100300°1

(53 ¢




o

LN

BMOl )OOIQPRTD 3I® ¥99ID STTW JFTeH 103 b pue ¥ wesnzeq drysworaeiey - “*yz-eandra

“CAPQ/SNOLY SO - L
€ 10-300°1 ]
! I L

20-330°1

e I g,

SA 39uWHIS1IJ a3iwm

B
- m..n.v!o-
(]
) 1
1
...
; - ]
1—€
i ]
o i L <
; i
: I—$
- <, - - LR — e meme S e ww e ® e maee e - ‘9 ..'
: =
* —e
= = - . & b= £z
L4 . 1=13=-300"1
. * 1
: e 5 o . -5 -
. t
. *
e ; - 92y o s .
e *
.‘.‘ W * ) -=f
= ° ° -
e o ¢
S e ine & 'Y b Wi AL o e AR e e < -—g . .
.-. . . -—
5 » » e
e . e danfl) " S
= * -
. . g - ot
" = 4 e e e = a5 e m————— e - - —
Y . |
PO 1
. ; . i = e i “ e |
. - o
A
=25 e e S e R s i e e R S S S R fout - —
. (] A
=
* . | %
| <
0 QvoY G3dN3esS 00 0 00

e v ————— s eme

Ty

340



A ) O RN

66

ey

B e —

BMO] ‘I00BI] 3B Y99I T TWINOg .uo.m. nm ‘pue O usemjaq drysuorerady ‘sz Indri

i sl T L " P e ——— e
.8 €  200300°T 8 § . €  10e300°1 ¢ € 00't 8 ¢ ¢ 10-390°1
bl b e by ) N8 S TR O g e RS L '

: 4 ~-10-300°1",
-t

iy A A e I : Sl S T )2 : o
o : )
: . . | !
- 2 : !
. 1
. i RGN~ P A '
'
*

*
. o0
*
- = ce= g o m x
.
+
*
. *
)
. .
¢ o o
® * .
e o0
. .0
- - ! M - ™ “ 0 SRS WL T . s
L) +6 .
0 +8 .
iy . * 0 \ A i
* . L]
2 ) . s
] ] L] = o ey N
)
.
] )
= Ov0Y Q3IONIeSNS e ¢ . : ; sk e ek SR “
SA 3%wWHIS10 w3Ave . g
w.“k @ \1.\.\.‘“ PR w\c(

"""""‘7iIT?I I

TSN e

=10 300°1

31§




v o W e

67

RN L

S = s
emo] ‘sprdey Iepa) 38 ISATY IBP3) dY3 103 D pue D ueomiaq dTysuoTIBIaY ‘97 aan3ty
. 2 Fos =i o 78 tAPI/SNOL) S0 - —— - - :
[} s € 9%00300°t ® $ € €00300°1 $ € 20e300°V € [ € 10¢300°1 @ € L 4 20
[T | 4 (RN | LTI L I N | e e oo ]
o et w*o..-..o—
w |
g . . |
]
=
—a ——— - - - - - - . -
j=~£
|
- - - - - - -l' -
L) * -
m oo . "lln
- Le- 6 o0 o -
um * e e o o . =
v a0 ¢ o . | =8 3
S - MRS ey S RN & 3 Jou YRS F ot
mm ot 1 =£04300°1
o e o ]
@ * 9 90 ¢ o * ] #
* ® . * o0 (]
* o o 3 1 )
- - - - — - 3 . . e -~ - f=- -
% . L . )
o . t==C
’e . o oo N e
2 . e o * o Jo- i
R . p s0e ° Y . ]
—pa s = e st & S A i, e A i e e AR e
6 35 . . )
ERE ) o
.. 3 X .
gt * * * I—-
e . setee ¢ 1=500300° 1
o e ] e S et S QAT T ) | s— - i s i e e ' s -
S 3 ]
1 S
L . o3 B 0 -
. . ]
JT,IIA i Ll <o il AR e, R AR AN N SASS - - — ————————— - — -lll'l - ——
]
§ o=
- =Y - - - cme e e - - e S seEB i e . - -
1= X
- uLY Usui3dsns “l 2
SA 39a¥HISI0 ¥ALve “lo X
. -' - -
1540 9




68

v i T e S

emo] .ozu?no;um e IOATY SOUTON S3Q 9Y3 0¥ a pue D-usam3ag drysuorjeray Lz xndtg

’
T R M A i s AR LTt ll-nlnv:Cosgh- I T e ot £ B

$ € 9%00300°1 ¢ $ € €0e300°t o € 20+200°1 o $ € 10¢300°1 @ s € 001

w

- - - - - - - - —— e e - e eem e e
* 00
* .0

- . o o .
R * *
. . . =
z . ®
3 ¢ o o L] .
2 * * . * x % ey,
- 00 ¢ @ o .
- 3 o e 00 .
3 ey 4 + * o g
H = LT IR
7 . e o
R ¢ 0 s e o e e e T e AR R
. .
. s
L 5 u 3 - St S ey e e L o SR e R G
L * ;
£ e o
GvGY G30N3¢SNS s
SA 3%4VHISIO wILve
!
J —
"0\\‘.‘\\\&! @ y.\.\\ Sore oy rI@
v

|
| §
| : -

I

1=200300°1

e

%




T U W ML 50 1~ A wrry e s

69

3
L]
'
1
'
]
|
!
)
'

.
~

BMO] ‘SOUTON SO 1B IOATY SOUTON Sod oYyl J0F D pue D usem3aq drysuorIETeY

€ 9%0e300°1
LI I A |

€ nﬂ.te.-
1

tAv3/7$801) SO

€ 20e¢300°1 @ " €

-ﬂouoo-

*8Z @andtg

S S St — .

QYUY GIUNIESNS

SA 30W¥¥HIS 1D w3ave

* * 9.

- e mm— e ean o mamma =~ —— e sem i e

=10¢300°1

Y

ITI-----------------"-

1

1-€9¢300°1




R Y A TN P AT 38

70

Nitg e

CNIS PAGE IS BEST QUALTTY PRACTICABLE

FROM 00PY TURIISHED 70 DDO —

‘.“I'li.v s ¢

¥MO] ‘uepany) 3® }99I) urpieH jIoj 3Isej IoF md pue D uoamiaq driysuotieray ‘6z aIndrg

10+300°1 9 s

tavd/SNOL) Sn

00°t 8 S
| L2 I I I

€ 10-300°1

-

= —— el

*
3 = =
e
*
: UV0T C3ONTeSN: + o
SA 390V43S$13 ¥3avn
.

- - ————e e e
*

. —— e —_— -

*
* *
. *
*
*
* *
.
.

i
;

TiTTITL

"$i1n >

L D Ep—— e




b

71
<

TR IS RO

BMO] ‘(ISATY uUO00ddEY 3Y3 MOT3Qq)
SOUTOl S3Q 3B JSATY SIUTOW S9Q 94yl 03 nd pue D udemiaq drysuoijeisy °0f dandtd

tAVO/SNOL) SO .
® $ € S0e500°Y @ $ € 904300°1 8 $ € €0e300°T & . § € 200300°1 ¢ s ¥ 100300°1
e | e | anor o | LA U1 T B |

=20¢300°1

Rl Lodok..

28 .

¢ - ae- 2L e R e S S

|
l

*
L
---------'—--ﬁ
1711

§1i
3

1]
!

.
H
4

]
1]
'
1
'
"
'
1
[
'

- ——————— -

PO

OvLY UI0N3IESNS
SA 39av4IS10 ¥3IAVM

. 3400
Tvamss 9 © 7 S.tu\\ Sry T 190




I .

T —

L R

72

%

R S Ry R

- O T . e s S

BMO] ‘SeIled 2B Y9oI) 1sealg 93ITYM IOF ma pue D uesmiag drysuotieray ‘Ig dIndtd

00°%

-
-
]
]

T
&4

o5 ) {3

: (AP3/N0L) SO
9 S € 9%09300°T @ S € €04300°7 9 § € Z0+300°T 8 § € 10+300°1 8 S € 00°1 ¢ § € 10-300°1
LI 2 I I I B | T I B I I A | e U T O | Ly r
m‘
m

3
2
M & /42120 = 90 .

YU
§

*

*

*

*

*
-y, ——— -

.
.

i

QY01 00N3dSNS
SA 39849510 e3lUM

¢
——
e

3
=

Kl ddd 4 -




