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Flood-Plain and Channel Aggradation at 
Selected Bridge Sites in the 
lowa and Skunk River Basins, lowa 

By David A. Eash 

ABSTRACT 

Flood-plain and channel-aggradatio~~ rates 
were estimated at selected brldge sites in central 
and eastern Iowa using four aggradation-measure- 
merit methods. Aggradation rates were quantified 
at 10 bridge sites 011 the Iowa River upstream of 
Coralville Lake and at two bridge sites in the cen- 
tral part of the Skunk River Basin. Measurement 
periods used to estilnate average aggradation rates 
ranged in length from 1 to 98 years and varied 
among methods and sites. 

A dendrogeomorphic-measurement 
method used tree-age data and sedirnent-deposi- 
tion depths to estimate flood-plain aggradation 
rates; mean rates calculated at the 12 bridge sites 
ranged from 0.013 to 0.051 feet per year, and 
median rates ranged from 0.010 to 0.046 feet per 
year. A bridge-opening cross-section measure- 
ment method compared historic and recent cross 
sections of bridge openings to estimate aggrada- 
tion rates at bridge openings; average rates at the 
12 bridge sites ranged from -0.977 to 0.500 feet 
per year. A stage-discharge rating-curve measure- 
ment method comparing historic and recent stages 
for selected discharges used the 5-year flood dis- 
charge to estimate floodway- (flood-plain and 
channel) aggradatio~z rates and used the average 
discharge to estimate channel-aggradation rates. 
Average rates calculated for selected measure- 
ment periods at six of the bridge sites ranged from 
-0.028 to 0.298 feet per year for the 5-year flood 
discharge, and from -0.031 to 0.108 feet per year 
for the average discharge. Nine sediment pads 
installed on the 1owa River flood plain at three 
bridge sites in the vicinity of Marshalltown, prior 

to overbank flooding in 1993, were used to mea- 
sure sediment-deposition depths and to estimate 
flood-plain aggradation rates resulting from the 
1993 flood and for the period 1993-94. Average 
rates estimated lko~n the sediment-pad measure- 
ments ranged from 0.037 to 1.100 feet per year 
for 1993, and from 0.038 to 0.579 feet per year for 
the period 1993-94. Sediments deposited on the 
pads as a result of the 1993 flood ranged in depth 
from 0.004 to 2.95 feet. 

A direct comaarisoll cannot be made 
between aggradatiok rates calculated using each 
of the four measurement methods because of dif- 
ferences in time periods and aggradational pro- 
cesses that were measured by each method. Each 
of the four aggradation-measurement methods is 
useful for obtaining specific types of aggradation 
information and each method is considered appli- 
cable for specific types of regional investigations. 
The rating-curve method might provide the most 
useful information concerning floodway and 
channel aggradation, but rating-curve information 
ollly is available at streamflow-gaging stations 
with a chronology of stage-discharge rating 
curves. The bridge-opening cross-section method 
does not provide direct measurements of flood- 
plain or channel aggradation, but this method 
does provide useful information concerning pos- 
sible cha~~ges  in the flow capacity of bridge'open- 
ings. 

The highest aggradation rates calculated lor 
the Iowa River Basin using the dendrogeomor- 
phic and rating-curve measurement methods were 
for the State Highway 14 crossing at Marshall- 
town, where these highest rates were 0.045 and 
0.124 feet per year, respectively. The highest 
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aggradation rates calculated for the Skunk River 
Basin were for the U.S. Highway 63 crossing the 
South Skunk River near Oskaloosa, where these 
highest rates were 0.05 1 and 0.298 feet per year, 
respectively. The similar aggradation rates calcu- 
lated for both the Marshalltown and Oskaloosa 
bridge sites using each measurement method, the 
dendrogeomorphic method and the rating-curve 
method for the 5-year flood discharge, Indicate 
that similar flood-plain and floodway aggradatlon 
processes might be occurring at the two sites. 

Several interrelated factors might be con- 
tributing to the relatively high rate of aggradalion 
of the Iowa River at Marshalltown. Erosion in the 
Marshall County area might contribute high sedi- 
ment yields to the Iowa River, and channelization 
of the Iowa River upstream of Marshalltown 
might contribute to hlgher sediment loads in the 
Iowa River in the Marshalltown area. At Mar- 
shalltown, where the Iowa River changes abruptly 
from a straightened channel to a meandering 
channel, flow velocities decrease as the channel 
gradient decreases, reducing the sediment-trans- 
port capacity of the river. information on recent 
aggradation rates indicates that the Iowa River at 
Marshalltown might be aggrading at a rate greater 
than that calculated for longer measurement peri- 
ods. A trend of increasing streamflow for the Iowa 
River at Marshalltown combined wlth an aggrad- 
ing channel might be causing more frequent over- 
bank flows and increased flood-plain aggradation. 

INTRODUCTION 

Knowledge of the rates of aggradation for 
streams in Iowa is beneficial to planners and engineers 
in the design of bridges, culverts, causeways, and 
other structures located across or along streams. In the 
past, these structures have been designed using his- 
toric flood data or derived flood information (Lara, 
1987; Eash, 1993). Design-flood profile elevations, 
based on the flood information, were computed for the 
existing flow capacity of bridge openlngs to determine 
the appropriate bridge and causeway elevations. In the 
design of these structures, flood-plain and channel 
aggradation was not considered, and consequently the 
present flow capacity of some bridge openings and 

culverts might be less than the original design capac- 
ity. The reduction in the flow capacity of a bridge 
opening or culvert would increase the backwater and 
might compromise the integrity of the structure. 
EEects of aggradation could also be important in the 
design of road-grade elevations for causeways con- 
structed across flood plains. 

Figure I shows the Iowa River Basin upstream 
of Coralville Lake and the Skunk River Basin, and the 
location of selected bridge sites in the Iowa and Skunk 
River Basins where aggradation data were collected in 
this study. An analysis conducted by Heinitz (1973, p. 
14-15) of stage-discharge rating curves for the lowa 
River at Marshalltown (US. Geological Survey 
streamflow-gaging station number 05451500; fig. I, 
site 6), indicated a continual upward re-definition of 
the rating for the period of record. Heinitz (1973) 
explained the shifts in the rating to be the result of the 
construction of dikes, bridges, roads, residential and 
industrial developments, and other factors. 

The highest stages since at least 19 15 were 
recorded on the Iowa River at Marshalltown during 
1990, 1991, and 1993, yet recurrence intervals for 
these three flood discharges were estimated to be 9,6, 
and 16 years, respectively. Following the occurrence 
of the 1990 and 1991 floods, the Iowa Department of 
Transportation (IDOT) indicated a concern that aggm- 
dation on the Iowa River might be affecting the flow 
capacity of bridge openings in the vicinity of Mar- 
shalltown (Brad Barrett, Preliminary Bridge Design, 
Iowa Department of Transportation, oral commun., 
January 1992). In response to this concern, the U.S. 
Geological Survey (USGS) began a 3-year coopera- 
tive project with the Iowa Highway Research Board 
and the Highway Division of the Iowa Department of 
Transportation in the fall of 1992 to develop an 
improved understanding of Aood-plain and channel 
aggradation in the Iowa and Skunk River Basins. 

Purpose and Scope 

The purpose of this report is to: (I) document 
the occurrence of flood-plain and channel aggradation 
and quantify rates of aggradation at 10 selected bridge 
sites in the Iowa River Basin and at two selected 
bridge sites in the Skunk River Basin (fig. 1); (2) 
assess the applicability of aggradation-measurement 
methods used in this study for conducting similar 
investigations on a regional or statewide basis; and 
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(3) identify factors contributing to aggradation for a 
selected reach of the Iowa River near Marshalltown. 

The report describes flood-plain and channel 
aggradation at selected bridge sites on the main stem 
of the Iowa River upstream of Coralville Lake. The 
State Highway 330 and State Highway 14 bridges in 
Marshall County, and the U.S. Highway 30 bridge in 
Tama County, were specifically selected by the IDOT 
to address concerns that aggradation on the Iowa River 
might be particularly severe in the vicinity of Mar- 
shalltown (fig. l ,  sites 5,6, and 7, respectively). Seven 
other bridges on the Iowa River both upstream and 
downstream of the Marshalltown area (fig. 1, sites 1-4 
and 8-10) also were selected in conjunction with the 
IDOT. For comparative purposes, two bridges in the 
central part of the Skunk River Basin (fig. 1, sites 11- 
12) also were selected to determine whether similar 
aggradation processes might be occurring in the Skunk 
River Basin. The report is based on field data collected 
during the spring and fall of 1993 and 1994. 

Gradation Processes 

The physical characteristics of stream channels 
constantly adjust to changes in land use, water use, 
and climate to maintain the most efficient conditions 
for transporting water and sediment load (Vanoni, 
1975). Stream grading is the process used to adjust for 
the changes. According to Mackin (1948, p. 471): 

"A graded river is one in which, over a 
period of years, slope and channel characteristics 
are delicately adjusted to provide, with available 
discharge, just the velocity required for the trans- 
portation of the load supplied from the drainage 
basin. The graded stream is a system in equilib- 
rium; its diagnostic characteristic is that any 
change in any of the controlling factors will cause 
a displacement of the equilibrium in a direction 
that will tend to absorb the effect of the change." 

Any change, whether natural or human induced, 
in the hydrologic, climatic, or geologic characteristics 
of a drainage basin can cause a channel (or a reach of a 
channel) to lose equilibrium ( U S .  Army Corps of 
Engineers, 1990, p. 5-6). For example, a sediment- 
transport imbalance will occur if there is a change in 
mean flow velocity within a channel reach, because 
sediment discharge is dependent on flow velocity 
(Nakato, 1981, p. 1). An imbalance also will occur if 
the sediment input to the system is changed without 
accompanying changes in the sediment-transport 
capacity. In most alluvial rivers, such changes occur 

continually; therefore, to transport sediment with max- 
imtim efficiency, the channel is always compensating 
for these changes by eroding its bed (degradation), 
depositing part of its sediment load (aggradation), or 
changing its course to increase or decrease its length 
(meandering). By means of such adjustments, a stream 
tends toward a certain hydraulic geometry and slope 
that has been described by some researchers as 
"dynamic equilibrium" (Winkley, 198 I). The energy 
input must equal the energy expended for an allt~vial 
channel to be in equilibrium (U.S. Army Corps of 
Engineers, 1990, p. 6). Lane (1955) termed this gen- 
eral balance "stream power" and he proposed the fol- 
lowing proportionality: 

where Q is water discharge; 
S is channel gradient; 
Q, is bed-load discharge; and 
D50 is median grain size of bed-load material. 

Land-use changes in a drainage basin cause 
variability in sediment yield (quantity of sediment 
contributed from the drainage area) and disrupt the 
stability of a graded river (Bloom, 1978). The intro- 
duction of large-scale agricultural tillage throughout a 
drainage basin can substantially increase the sediment 
yield. This increase in sediment yield is frequently in 
excess of the sediment-transport capacity of the river 
and the excess sediment is deposited on the flood plain 
and streambed. This process is referred to as aggrada- 
tion and the typical deposition occurrences are flood- 
plain deposits, point-bar deposition, and streambed 
aggradation (Odgaard, 1984, p. 1). Over a period of 
years, aggradation can decrease the grade of a reach of 
river by increasing the elevation of the flood plain and 
streambed along the downstream end of the reach. 
Increasing the elevation of the flood plain and stream- 
bed decreases the cross-sectional area of a floodway 
and reduces the conveyance or flow capacity of a river, 
and consequently raises the stage of the river for a 
given discharge. 
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DESCRIPTION OF STUDY AREA 

The Iowa and Skunk Rivers are both southeast- 
erly flowing tributaries to the Mississippi River and 
their combined watersheds drain a major part of cen- 
tral and eastern Iowa (fig. 1). The Iowa River Basin 
upstream of Coralville Lake and the Skunk River 
Basin al-e similar in many respects: both river basins 
have a long and narrow shape, landuse in both basins 
is primarily agricultural, the physiographic character- 
istics of both river basins are similar, and the upper 
portion of both river basins originates on the youthful 
topography of the Des Moines Lobe landform region 
and flows onto the more mature lol~ography of the 
Southern Iowa Drift Plain landform region (fig. 1). 

The Des Moines Lobe landform region is char- 
acteristic of a young, postglacial landscape that is 
unique with respect to the rest of the State (Prior, 
1991, p. 3047) .  The Des Moines Lobe generally 
comprises low-relief terrain, accentuated by natural 
lakes, potholes, and marshes, where surface-water 
drainage typically is poorly defined and sluggish. Soils 
of the Des Moines Lobe generally consist of friable, 
calcareous loam glacial till with thick deposits of com- 
pact, uniform pebbly loam (Oschwald and others, 
1965, p. 28; Prior, 1991, p. 39). The Southern Iowa 
Drift Plain is characteristic of an older, postglacial 
landscape tlial has eroded to form a steeply to gently 
rolling topography and a well-established drainage 
system (Prior, 1991, p. 58-61). 

lowa River Basin Upstream 
of Coralville Lake 

The Iowa River originates in north-central Iowa 
at the confluence of the East and West Branches of the 
lowa River near Behnond (fig. 1). Streamflow in the 
Iowa River downstream of Coralville Lake has been 
controlled since 1958 by the operation of the Cor- 
alville Dam. The Iowa River Basin upstream of the 
Coralville Dam covers 3,115 mi2 and includes parts of 
17 counties. Durilig the early 1920's, the channel of 
the lowa River was straightened from the Hardin-Mar- 
shall County line downstream to Marshalltown. 

The Iowa River is slow moving and sliallow 
from Beimond to the Franklin-Hardin County line 
(Iowa Natural Resources Council, 1955a, p. 5). 
Between Alden and Eldora, the river flows through 
limestone and sandstone rock gorges which are deep 
and narrow for most of this 35-mi reach. Between 
Iowa Falls and Eldora there is very little tributary 
drainage to the Iowa Riven Downstream from Eldora, 
the river valley widens and is subject to considerable 
inundation during high floods (Heinitz, 1973, p. 5). 
The width of the Iowa River valley increases from 
about 0.3 mi upstream of Eldora to about 1.2 mi down- 
stream of Eldora (Salisbury and others, 1968, p. 75). 
Near the Marshall-Tama County line, the river valley 
narrows to gorge-like conditions again, for a short dis- 
tance, as the river flows through another bedrock out- 
crop area. The river valley remains generally broad 
through Tama, lowa, and Johnson Counties down- 
stream to Coralville Lake. 

In the vicinity of Alden and downstream, the 
topography of the Iowa River Basin becomes the hill 
and valley landscape typically found throughout most 
of the State (Heinitz, 1973, p. 5). The Iowa River 
crosses from the Des Moines Lobe landform region to 
the Southern Iowa Drift Plain landform region near 
Eldora (fig. 1) and continues across this landforln 
region for most of the remaining distance downstream 
to Coralville Lake. Major drainageways in the Soutli- 
em Iowa Drift Plain are deeply dissected and much of 
the original surface is preserved on broad, flat uplands 
(lowa Natural Resources Council, 1955a, p. 3). These 
table-like uplands are drained by broad, shallow val- 
leys which deepen into steep-walled, gorge-like 
ravines near the major streams. Soils of the Southern 
Iowa Drift Plain in the Iowa River Basin generally 
consist of moderately pelmeable silty clay loam that 
formed from thick loess-covered glacial till under for- 
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est and prairie vegetation (Oschwald and others, 1965, 
p. 35 and 67). 

Downstream from Eldora, tributaries draining to 
the Iowa River from the east and north originate on the 
Iowan Surface landform region; and the Iowa River 
crosses the Iowan Surface, for a short distance, where 
this landform region extends southerly along the Mar- 
shall-Tama County line (fig. l). The lowan Surface is 
an erosional landscape that usually appears slightly 
inclined to gently rolling with long slopes and low 
relief (Prior, 1991, p. 68-69). Drainage networks are 
well established, though stream gradients usually are 
low. The glacial drift of the Iowan Surface is not as 
thick as that ofthe Des Moines Lobe and loess depos- 
its are not as thick as those of the Southern Iowa Drift 
Plain (Iowa Natural Resources Council, 1955~1, p. 3). 

Mean annual precipitation in the Iowa River 
Basin upstream of Coralville Lake for the period 
1961-90 ranged from approximately 32.31 in. in the 
vicinity of the headwaters to 35.1 1 in. near Coralville 
Lake (Owenby and others, 1992, p. 75). Mean annual 
runoff in the upper portion of the basin for the period 
1941-94 was 7.36 in., as determined at the Iowa River 
near Rowan (streamflow-gaging station number 
05449500; fig. 1, site 1). Mean annual runoff in the 
Iowa River Basin upstream of Coralville Lake for the 
period 1957-94 was 9.56 in., as determined at the 
Iowa River at Marengo (streamflow-gaging station 
number 05453100; fig. 1, site 10) (May and others, 
1995, p. 73 and 83). 

Skunk River Basin 

The Skunk River Basin originates near the cen- 
ter of the State and parallels the Iowa River Basin to 
the south (fig. I). The Skunk River Basin covers 4,355 
mi2 and includes parts of20 counties (Heinitz and 
Wiitala, 1978, p. 2). The Skunk River Basin includes 
parts of the Des Moines Lobe and Southern Iowa Drift 
Plain landform regions. The transition boundary 
between these two landform regions it1 the Skunk 
River Basin is in northwestern Jasper and southwest- 
em Marshall Counties (fig. 1). The Southern Iowa 
Drift Plain is not completely dissected in the Skunk 
River Basin and is preserved along a considerable por- 
tion of the watershed in flat, tabular divides which are 
well drained by head-working streams (Iowa Natural 
Resources Council, 1957, p. 3 and 7). The channel of 
the South Skunk River has been straightened from 
near Ames downstream through Mahaska County. 

Through this reach, the flood plain of the South Skunk 
River is as much as 2-mi wide. The channel of the 
North Skunk River has been straightened through 
most of Jasper County. The flood plain of the North 
Skunk River varies from narrow to about I-mi wide. 

Mean annual precipitation in the Skunk River 
Basin for the period 1961-90 ranged from approxi- 
mately 33.43 in. in the vicinity of the headwaters to 
36.40 in. in the Lower part of the basin (Owenby and 
others, 1992, p. 75-76). Mean annual runoff in the 
South Skunk River Basin for the period 1946-94 was 
8.60 in., as determined at the South Skunk River near 
Oskaloosa (streamflow-gaging station number 
05471500; fig. 1, site 11). Mean annual runoff in the 
North Skunk River Basin for the period 1946-94 was 
8.99 in., as determined at the North Skunk River near 
Sigourney (streamflow-gaging station number 
05472500; fig. 1, site 12) (May and others, 1995, 
p. 119-120). 

AGGRADATION-MEASUREMENT 
METHODS 

Table 1 lists four aggradation-measurement 
methods used in this study to estimate aggradation 
rates-dendrogeomorphic, bridge-opening cross-sec- 
tion, and stage-discharge rating-curve analyses, and 
sediment-pad measurements. Measurement periods 
~ised to estimate aggradation rates varied among rneth- 
ods and sites (table 1). The dendrogeomorphic analy- 
ses and sediment-pad measurements provided 
estimates of flood-plain aggradation rates. The stage- 
discharge rating-curve analyses provided estimates of 
floodway (flood plain and channel) and channel aggra- 
dation rates. The bridge-opening cross-section analy- 
ses provided estimates of aggradation rates at bridge 
openings. 

Dendrogeomorphic Analyses 

Dendrogeomorphic analyses were used to quan- 
tify mean and median flood-plain aggradation rates at 
each of 12 selected bridge sites (table 1). The dendro- 
geomorphic analyses used measurements of annual- 
growth rings of trees and burial depths of tree roots to 
calculate aggradat'ion rates. Figure 2 illustrates a tree 
in an aggrading flood plain and an increment borer 
used to extract an increment core for measurement of 
annual-growth rings. 
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plain and located at least one bridge-length away from 
each of the four comers of the hridge. The trees mea- 
sured were selected randomly from those meeting the 
location requirements. Ring counts were initially per- 
formed in the field using a hand lens and subsequently 
verified in the office using a microscope. The proce- 
dures for collecting and preparing increment cores for 
ring counts are doculnented by Phipps (1985). Trees 
sampled for the dendrogeornorphic analyses ranged in 
age from 9 to 98 years. 

Bridge-Opening Cross-Section Analyses 

Historic bridge-opening cross sections were 
compared to recent bridge-opening cross sections to 
quantify average aggradation rates at hridge openings 
at each of the 12 selected hridge sites (table 1). Recent 
bridge-opening cross sections for each hridge were 
obtained from transit surveys performed by USGS 
personnel during the spring of 1994, with the excep- 
tion of the State Highway 149 hridge crossing the - - . 

Figure 2. A tree in an aggrading flood plain and North Skunk River near Sigourney (site 12), where the 
an increment borer. recent bridge-opening cross section was obtained from 

Trees typically produce an extensive root zone 
just below the ground surface upon germination (Hupp 
and Simon, 1991, p. 116). This basal flare, or roo1 col- 
lar, is a distinctive marker of the original ground sur- 
face at the time of germination. Episodic sediment 
deposition might completely bury the root collar at the 
hase of a tree. A tree subjected to sediment deposition 
can typically be identified by the absence of a root col- 
lar at the base of the tsunk. Exhuming a buried tree 
trunk to the depth of the root collar allows measure- 
ment of the net depth of sedinlent deposited since ger- 
mination. The age of the tree is determined by 
extracting an increment core from the hase of the tree 
(about 3 to 4 ft above ground surface). Ring counts 
made from the biological center (first year of growth) 
to the outside ring of the increment core provide the 
age of the tree at the time of the coring (Hupp and 
Bazemore, 1991, p. 4 4 2 ) .  Dividing the depth of the 
root burial by the age of the tl-ee yields an estimate of 
the average rate of flood-plain aggradation during the 
life of the tree. 

Dendrogeomorphic data were collected from 
256 trees of 1 l species at the 12 hridge sites during 
October and November 1993. In general, dendrogeo- 
morphic data were collected for five or more trees on 
approximately the same topographic level of the flood 

- .  - 
a discharge measurement made in 1993. 

Historic bridge-opening cmss-section and 
bridge-geometry data used in the analyses were 
obtained from IDOT hridge-situation plans that list the 
elevations and stationing of bridge-opening excava- 
tions for the bridges. Bridge-situation plans are design 
plans prepared prior to construction of the bridges. 
The bridge-opening cross-section analyses performed 
in this study assumed that bridge openings were exca- 
vated to the dimensions shown in the bridge-situation 
plans. 

At four of the six bridge sites where USGS 
strea~nflow-gaging stations were located, additional 
historic and recent bridge-opening cross sections were 
obtained from discharge-measuremel~t notes. Historic 
and recent cross sections of hridge openings for the 
downstream side of each hridge were compared, with 
the exception of the U.S. Highway 63 bridge crossing 
the South Skunk River near Oskaloosa (site 11), where 
bridge-opening cross sections for the upstream side of 
the hridge were compared. At five of the bridges, the 
historic bridge-geometry elevations obtained from the 
bridge-situation plans did not match the bridge-geo~n- 
etry elevations surveyed during 1994. Discrepancies in 
bridge-geometry elevations were resolved to the 
extent possible using bridge-deck and low-steel refer- 
ence elevations common to both the historic and 1994 

Aggradation-Measurement Methods 7 
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Table 1. 
S

um
m

ary of aggradation-m
easurem

ent m
ethods used and aggradation rates calculated at selected bridge sites in the Iow

a and S
kunk R

iver B
asins--continued 

[m
i, m

ile; m
i2, square m

ile; -, 
not determ

ined] 

A
ggradation ratcs (feet per year) and m

easurem
ent periods (range of years) used to calculate rates 

B
ridge 

D
endiogeom

orphic 
Stage-discharge rating curve 

site 
R

iver 
D

rainage 
num

ber 
m

ile 
area 

B
ridgedpening 

5-year flood 
A

verage 
(fig. 1) 

B
ridge site 

C
ounty 

(m
i) 

(m
iz) 

M
eant 

~
e

d
ia

n
' 

cross section 
discharge 

discharge 
Sedim

em
 pad3 

9 
State H

ighw
ay 21 bridge 

Iow
a 

158.95 
2,455 

.031(1961-93) 
.030(1967-93) 

.006(1980-94) 
.000(1945-57) 

.020(1941-57) 
-
 

crossing the Iow
a R

iver near 
B

elle Plaine (discontinued 
~trcam

flow
-gaging station 

num
ber 05452500) 

10 
C

ounty R
oad V

66 bridge 
Iow

a 
139.1 

2,794 
0

2
6

 (1959-93) 
.022 (1954-93) 

j.036, ,089 
-
 

-.031(1958-88) 
-
 

crossing the Iow
a R

iver at 
(1956-94) 

,030 (1964.88) 
-.007 (I?@

-88) 
M

arengo (stream
flow

-gaging 
,123 (1956-91) 

,009 (1970-88) 
-.029 (1970-88) 

station num
ber 05453100) 

5-.977, -.310 
.090(1981-88) 

.037 (1981-88) 
(1991-94) 

S
kunk R

iver B
asin 

11 
U

.S. H
ighw

ay 63 bridgc 
M

ahaska 
147.3 

1,635 
,051 (1955-93) 

.046 (1944-93) 
,085 (1979-94) 

,074 (1946-93) 
,033 (1946-93) 

-
 

crossing the South Skunk 
-
 

,035 (1962-93) 

R
iver new

 O
skaloosa 

.098 (1981-93) 
0

1
8

 (1981-93) 
(sueam

A
oa~-gaging station 

.298 (1988.93) 
-.018 (1988-93) 

num
ber 05471500) 

12 
State H

ighw
ay 149 bridge 

K
eokuk 

115.6 
730 

.024 (1963-93) 
0

1
8

 (1968-93) 
.I97 (1987-93) 

0
1

5
 (1946-93) 

.003 (1946-93) 
-
 

>
 

0
 

crossing the N
orth Skunk 

,002 (1967-93) 
-.011 (1967-93) 

Q
 

2
 

R
iver near Sigoum

ey 
-.012 (1980-93) 

,013 (1980-93) 

i?
 

(strearnilow
-gaging station 

-.028 (1988-93) 
,082 (1988-93) 

5' 
num

ber 05472500) 
? E 

'M
ean of ail dendrogeom

orphic rates calculated at bridge site and m
ean of all m

easurem
ent periods used to calculate rates. 

8 Y
) 

'M
edian 

of all dendiogeom
orphic rates calculated at bridge site and m

easurem
ent period corresponding to the m

edian rate. 
E
 

3~
epresents mean of m

ean rates m
easured on sedim

ent pads located at each of four co
m

es of bridge. 
4~

epresents mean of rates m
easured only on sedim

ent pad located at northeast corner of bridge. 

J
 

'~
ates calculated for bridge-opening cross sections located at the dow

nstream
 side of the bridge and at 12 ft dow

nstream
 of the bridge, respectively. 

E
 

%
 

3
 

w
 



data to adjust the historic cross-section and bridge- 
geometry elevations. Bridges where elevation adjust- 
ments were required are noted in the section "Aggra- 
dation Measurements at Selected Bridge Sites in the 
Iowa and Skunk River Basins." 

Cross-sectional areas for both historic and 
recent bridge cross sections were computed for the 
bridge-opening area under either the design high- 
water or extreme higll-water elevation as noted on 
each bridge-situation plan. The historic and recent 
high-water cross-sectional areas were each divided by 
their respective high-water bridge-opening widths to 
determine average historic and recent high-water 
bridge-opening depths. Dividing the difference 
between the average historic and recent high-water 
bridge-opening depths by the period, in years, between 
the times of the two cross sections, yields an estimate 
of the average rate of aggradation at the bridge open- 
ing since the bridge was constructed. Measurement 
periods used in the bridge-opening cross-section anal- 
yses ranged in length from 3 to 51 years. 

Differences between historic and recent bridge- 
opening cross-sectional areas at a bridge site might 
indicate changes in the flow capacity of the bridge 
opening. Discharge through a width contraction, such 
as a bridge opening, can be expressed as (Matthai, 
1967, p. 1): 

Q = C A, [2g (Ah + CXA ~ ~ ~ / 2 ~  - hf)]0.5 (2) 

where Q is discharge, in ft3/s; 
C is a coefficient of discharge, dimensionless; 
A, is the cross-sectional area at the minimum section 

parallel to the constriction between the 
abutments and is the area below the eleva- 
tion of the water surface, in ft2; 

g is a gravitational constant (acceleration), in ft/sec2; 
Ah is the difference in elevation of water surface 

between the approach section and the mini- 
mum section, in ft; 

CXA is a coefficient which takes into account the varia- 
tion in velocity at the approach section, 
dimensionless; 

VA is the average velocity in the approach section, in 
ftlsec; and 

hf is the friction-head loss between the approach sec- 
tion and the minimum section, in ft. 

Since the discharge through a bridge opening is pro- 
portional to the area of flow through the opening, 
increases or decreases in the available cross-sectional 

area within the bridge opening will tend to increase or 
decrease the discharge capacity of the opening for a 
given Ah. 

Stage-Discharge Rating-Curve Analyses 

Stage-discharge rating-curve analyses were. 
used to quantify average floodway (flood plain and 
channel) and channel aggradation rates at 6 of the 12 
selected bridge sites with USGS streamflow informa- 
tion (fig. l ,  table l). Streamflow information for the 
period of record was available from active, continu- 
ous-record streamflow-gaging stations located at five 
of these six bridge sites through the 1993 water year. 
The State Highway 21 bridge crossing the Iowa River 
near Belle Plaine is the site of a discontinued gaging 
station, for which streamflow information only was 
available for the period of record through the 1959 
water year. 

A stage-discharge rating curve describes a rela- 
tion between the stage of a river (elevation of the 
water surface relative to a fixed datum) and the dis- 
charge (streamflow) in the river. A curve is developed 
by measuring the discharge at various stages, graphing 
the stage versus discharge, and drawing a best-fit cur- 
vilinear line through the points. The accuracy of the 
rating curve is verified at regular intervals by making 
additional stage-discharge measurements. When addi- 
tiolial measurements begin to plot consistently off the 
curve, a new rating curve is developed. Consistent 
shifts of the rating curve indicate a change in flow con- 
ditions at the site that might be due to changes in the 
size, slope, roughness, alignment, constrictions and 
expansions, and shape of the channel (Kennedy, 1984, 
p. 2). The procedures used by the USGS for develop- 
ing rating curves are documented by Kennedy (1984). 

The chronology of rating curves for a stream- 
flow-gaging station presents the opportunity to esti- 
mate changes in the elevation of the streambed. The 
average elevation of the streambed is defined as the 
elevation of the water surface (stage) minus the aver- 
age depth of flow The average depth of flow is the 
flow area of the channel cross section divided by the 
width of the stream at the water surface. As new rating 
curves are developed at a site, the beginning date of 
each curve establishes a point in time of the elevation 
of the water surface corresponding to an index dis- 
charge. Generally, changes in the stage corresponding 
to an index discharge imply a similar change in the 
elevation of the streambed (Fischer, 1995, p. 13). 
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Figure 3. Instantaneous gage heights for the lowa River at Marshalltown, lowa, for the period March 24, 1993, 
to November 30,1994. 

Flgure 4 shows sequences of photographs taken 
at two of the sediment-pad sites on the Iowa River; fig- 
ures 4A, 4C, and 4E show the pad installed near the 
northeast comer of the State Highway 14 bridge at 
Masshalltown (site 6 )  and figures 4B, 4D, and 4F show 
the pad installed near the southeast corner of the U.S. 
Highway 30 bridge near Montour (site 7). Figures 4A 
and 4B show the sediment pads following installation 
on March 25, 1993, prior to overhank flooding on 
March 26; figures 4C and 4D show recovery of the 
sediment pads during October 1993, following reces- 
sion of floodwaters; and figures 4E and 4F show depth 
of sediment deposited on the pads as a result of the 
1993 flood. 

On May 5 ,  1994, a sediment pad was re- 
installed near the southeast comer of the State High- 
way 14 bridge and pads also were installed near both 
upstream comers of the bridge. Figure 3 shows that 
gage heightr for the Iowa River at Marshalltown dur- 

ing 1994 indicate that overhank flooding might have 
occurred during a few days in February, March, June, 
and July. An inspection of all 12 sediment pads on 
November 30, 1994, indicated that liule to no addi- 
tional sediment was deposited on the pads during 
1994. 

APPLICATION AND LlMITATlONS OF 
AGGRADATION-MEASUREMENT 
METHODS 

Delldrogeomorphic analyses are applicable for 
most sites where buried flood-plain trees are available 
for measurement. Dendrogeomorphic analyses esti- 
mate aggradation rates from the amount of sediments 
measured at a particular time, without regard to when 
the sediments were deposited (Phipps and others, 
1995, p. 7). These calculated aggradation rates actu- 
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A. State Highway 14 bridge at Marshalitown (site 6) B. U.S. Highway 30 bridge near Montour (site 7) 

Installation of sediment pads on left downstream side of bridges on March 25, 1993 

C. State Highway 14 bridge at Marshailtown (site 6) D. U.S. Highway 30 bridge near Montour (site 7) 

Recovery of sediment pads following the flood during October, 1993 

E. State Highway 14 bridge at Marshailtown (site 6) F. U.S. Highway 30 bridge near Montour (site 7) 

Depth of sediments deposited on pads during the 1993 flood 

Figure 4. Sediment pads before and after flooding and depth of sediments deposited on pads during the 1993 flood at two 
bridge sites on the Iowa River. 
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ally represent an average of individual net aggradation 
rates accumulated since germination of the tree, with- 
out consideration of when the sediments were depos- 
ited. Sediment deposition is episodic and the 
sediments could have. been in place for decades or 
could have been deposited during the 1993 flood prior 
to sampling. Sediments deposited during the 1993 
flood might have increased some of the aggradation- 
rate estimates calculated in this study, compared to 
rates that might have been calculated had sediment- 
deposition depths been measured prior to that flood. 

Bridge-opening cross-section analyses are 
applicable at bridge sites where historic cross-sec- 
tional information is avaiiable. Bridge-opening cross- 
section analyses do not provide direct measurements 
of tlood-plain or channel aggradation because bridge 
crossings typically create constrictions during over- 
bank flows. The bridge-opening section or the con- 
tracted section framed by the bridge abutments and the 
channel bed represents a unique hydraulic condition 
during overbank flows that differs significantly (due to 
a drop in the water-surface elevation, higher veloci- 
ties, and greater turbulence) from natural flood-plain 
and channel conditions away from a bridge. 

Bridge-opening cross-section analyses estimate 
aggradation rates from differences between historic 
cross sections and recent cross sections surveyed at a 
particular time, without regard to when differences 
between the cross sections developed. These calcu- 
lated aggradation rates actually represent net aggrada- 
tion rates accumulated during the period between the 
historic and recent cross sections. Sediment deposition 
and scour is episodic and differences between historic 
and recent cross sections could have occurred years 
earlier or could have occurred during the 1993 flood 
prior to the transit survey. Scour or deposition from 
the 1993 flood might have affected some of the bridge- 
opening aggradation rates calculated in this study, 
compared to rates that might have been calculated had 
recent cross sections been surveyed prior to that flood. 
Bridge-opening aggradation rates calculated in this 
study also could have been affected if historic bridge- 
opening cross sections were not excavated to the 
dimensions shown in the bridge-situation plans or if 
recent cross sections were surveyed during a time of 
channel adjustment following activities such as bridge 
or road construction. 

Stage-discharge. rating-curve analyses are only 
applicable at streamflow-gaging stations with a chro- 
nology of stage-discharge rating curves. The rating- 

curve method can use a chronology of stage-discharge 
rating curves to provide specific information on 
changes in stage for selected time periods. While 
changes in stage typically result from deposition or 
scour of the streambed and tlood plain, other changes 
in channel and flood-plain conditions, such as changes 
in width, slope, roughness, alignment, constrictions 
and expansions, and shape, also can result in a change 
in stage for a specific discharge (Kennedy, 1984, p. 2). 
At four of the five bridge sites with active gaging sta- 
tions (sites 1,6, l l ,  and 12), the current rating curve 
used in the analyses had a beginning date in water year 
1993. Because the beginning date for each of these rat- 
ing curves was October 1, 1992, these rating curves 
were in effect before the start of the 1993 flood and 
aggradation rates calculated for these sites using stage- 
discharge rating-curve analyses were not affected by 
the 1993 flood. 

The seditnent-pad method is applicable for most 
flood-plain sites where pads can remain undisturbed 
for a runoff season or longer and where they are likely 
to be inundated by low-velocity flows. To obtain accu- 
rate estimates of average flood-plain aggradation rates, 
many sediment pads would need to be installed at var- 
ious locations on the tlood plain prior to an overbank 
event. Because overbank flooding might not occur 
every year, sediment pads might need to be left out in 
the field for more than one runoff season before sedi- 
ment-deposition measurements are obtained. Longer- 
term monitoring of sediment pads would determine 
the annual variability of sediment deposition on a 
flood plain. 

Each of the four aggradation-measurement 
methods used in this study is useful for obtaining spe- 
cific types of aggradation information, and for this rea- 
son, each method is considered to be applicable for 
collecting specific types of aggradation data for use in 
regional or statewide investigations. The rating-curve 
method might provide the most useful information 
concerning flood-plain and channel aggradation, hut a 
drawback of this method is that rating-curve informa- 
tion only is available for a limited number of stream 
sites. The dendrogeomorphic and sediment-pad meth- 
ods require field measurements, but these methods are 
applicable for most flood-plain sites and are not lim- 
ited to bridge locations. The bridge-opening cross sec- 
tion method provides useful information concerning 
possible changes in the flow capacity of bridge open- 
ings and where in the cross section aggradation has 
occurred. If historic channel cross sections are avail- 
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able for channel sections located away from bridges, viewed while facing in the dowllstrealn direction of 
this method also could be used to estimate aggradation the flow of the river. 
rates away from bridge locations. 

AGGRADATION MEASUREMENTS AT 
SELECTED BRIDGE SITES IN THE 
IOWA AND SKUNK RIVER BASlNS 

Table 1 summarizes the aggi-adation rates calcu- 
lated at each bridge site. For the dendrogeomorpl~ic 
analyses, hoth the mean and the median of the aggra- 
dation rates calculated for all of the trees sampled at 
each hridge site are listed table I. For the sediment- 
pad method, the aggradation rates listed in table 1 
were calculated for pads located at three of the bridge 
sites for the period March 25 to mid-October 1993 and 
for the period March 25, 1993, to November 30, 1994. 
For the State Highway 330 bridge near Albion (site 5) 
and for the U.S. Highway 30 bridge near Montour (site 
7), the aggradation rates listed in table 1 represent the 
mean of the mean rates measured from sediment pads 
located near each of the four corners of the bridges. 
The aggradation rates listed in table I for the State 
Highway 14 bridge at Marshalltown (site 6) represent 
the mean of the rates measured only from the sediment 
pad located near the northeast corner of the bridge. 

This section of the report presents information 
relative to the aggradation measurements made at each 
hridge site. The dendrogeomorphic analyses are sum- 
marized for each bridge site and the sediment-pad 
measurements are summarized for three bridge sites 
(sites 5-7) for each corner of the bridge in a table fol- 
lowing the discussion'for each bridge site. The sites 
are presented in downstream order for each basin. The 
terms "left" and "right" used in this report to describe 
the left or right side of the river are determined as 

County Road C38 Bridge Crossing 
the lowa River near Rowan (Site 1) 

The Coullty Road C38 hridge crosses the Iowa 
River 3.8 mi northwest of Rowan in Wright County, 
10.7 mi downstream from the confluence of the East 
and West Branches of the Iowa Riven This is the site 
of the Iowa River near Rowan streamflow-gaging sta- 
tion (station number 05449500; fig. 1, site 1). Streiun- 
flow records for the periods from October 1940 to 
September 1976 and from June 1977 to September 
1993 were available for use in this study. The datum 
for the gage is 1,143.35 ft above sea level. 

The County Road C38 bridge (fig. 5A) was built 
in 1991 to replace an old bridge built in 1905. The 
design high-water elevation for the bridge was 1,157.9 
ft (gage height 14.55 ft). Differences in elevation 
between bridge-opening cross-sections obtained from 
the IDOT bridge-situation plan and from the 1994 
transit survey indicate a decrease in cross-sectional 
area of 12.9 percent below the design high-water ele- 
vation. Figure 5A shows that for the period 1991-94, 
deposition occurred on hoth channel banks of the 
bridge opening, with the greater amount occurring on 
the right hank. A comparison between cross sections 
obtained from discharge measurements made in 1944 
and 1969 indicates minor change in the hridge-open- 
ing. The stage-discharge re la ti or^ of four selected rat- 
ing curves (fig. 5B) shows a general trend of 
increasing gage height for specific discharges and a 
time series of the 20 rating curves developed for the 
period of record (fig. 5C) also shows this general 
trend. 

Dendrogeomorphic analyses, bridge site 1 

Range of Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment Depositioll Tree 
relative of type depths ages 

to bridge sainplcs sampled (it) (years) Range Mean Median 

Left upstream 5 silt/clay 0.20 - .91 9 - 87 0.010 - ,042 0.025 0.021 

Right upstream 5 silt/clay .05 - .23 17 - 29 ,002 - ,013 ,006 ,006 

Left downstream 5 silt/clay .05 - .54 12 - 36 ,003 - ,034 .017 ,015 

Right downstream 5 silt/clay .23 - .78 15 - 98 ,005 - ,024 .016 ,019 
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Figure 5. Selected (A) bridge-opening cross sections, (5) stage-discharge rating curves, and (C) time series of rating-curve 
stages for selected discharges for County Road C38 bridge crossing the Iowa River near Rowan, bridge site number 1 
(streamflow-gaging station number 05449500). 
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Old U.S. Highway 20 Bridge Crossing the banks of the bridge opening with the greater amount 
Iowa River near Iowa Falls (Site 2) occurring on the right bank. 

The old U.S. Highway 20 bridge crosses the 
Iowa River in section 15, T. 89 N., R. 21 W., near the State Bridge Crossing 
west edgc of Iowa Falls in Hardin County (fig. I,  site the Iowa River at Eldora (Site 3) 
2). The old U.S. Highway 20 bridge (fig. 6) was built 

The State Highway 175 bridge crosses the Iowa 
in 1979. The design high-water elevation for the 

River at the east edge of Eldora in Hardin County (fig. 
bridge was 1,073.4 ft above sea level. Differences in site 3). The State Highway 175 bridge (fig, 7) was 
elevation between bridgc-opening cross-sections built in 1984. The design high-water elevation for the 
obtained from the IDOT bridge-situation plan and bridrre was 952.65 ft above sea levcl. Differences in - 
from the 1994 transit survey indicate a decrease in elevation between bridge-opening cross-sections 
cross-sectional area of 15.9 percent below the design obtained from the IDOT bridge-situation plan and 
high-water elevation. Figure 6 shows that for the from the 1994 transit survey indicate an increase in 
period 1979-94, deposition occurred 011 both chanllel cross-sectional area of 9.7 percent below the design 

DESIGN HIGH-WATER ELEVATION 

1,055 ~ l ~ l ~ l ~ l ~ l ~ ~ ~ l ~ l ~ ~ ~ l ~ l ~ ~  
-20 0 20 40 60 80 100 120 140 160 180 200 220 240 

STATIONING, IN FEET FROM LEFT BRIDGE ABUTMENT (VIEW IS LOOKING DOWNSTREAM) 

Figure 6. Selected bridge-opening cross sections for old U.S. Highway 20 bridge crossing the lowa River near lowa 
Falls, bridge site number 2. 

-. 

Dendrogeomorphic analyses, bridge site 2 

Range of Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment Deposition T E ~  
relative of type depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 5 sand 0.16-1.03 13-40 0.006-.041 0.020 0.014 

Right upstream 5 sili/clay .I3 - .58 16 -68 ,002 - ,036 ,014 ,008 

Left downstream 5 silt/clay .I1 - 1.31 9 - 68 ,003 - ,146 ,040 ,008 

Right dowiistream 5 silt/clay .24 - .40 18 - 28 ,010 - ,022 .013 ,011 
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high-water elevation. Figure 7 shows that for the 
period 1984-94, scour occurred across the channel 
bed and on the right hank. 

County Road E l 8  Bridge Crossing 
the lowa River near Liscomb (Site 4) 

The County Road E l 8  bridge crosses the Iowa 
River about 1.5 mi west of Liscomb in Marshall 
County (fig. 1, site 4). The County Road E l 8  bridge 
(fig. 8) was built in 1943. The extreme high-water ele- 
vation for the bridge was 914.1 ft above sea level. Dif- 
ferences in elevation between bridge-opening cross- 
sections obtained from the IDOT hridge-situation plan 

and from the 1994 transit survey indicate an increase 
in cross-sectional area of 2.3 percent below the 
extreme high-water elevation. Figure 8 shows that for 
the period 1943-94, scour occurred across the channel 
bed and on the left bank, and deposition occurred on 
the right bank. Bridge cross-section and geometry ele- 
vations obtained from the bridge-situation plan were 
adjusted by -4.90 ft to rectify them with high-water- 
mark elevation information obtained for the 1969 
flood at this bridge by the USGS and the Marshall 
County Highway Department (information supplied 
by Ed Kasper, Marshall County Engineer, written 
commun., May 1994). 

STATIONING, IN FEET FROM LEFT BRIDGE ABUTMENT (VIEW IS LOOKING DOWNSTREAM) 

Figure 7. Selected bridge-opening cross sections for State Highway 175 bridge crossing the lowa River at Eldora, 
bridge site number 3. 

Dendrogeomorphic analyses, bridge site 3 

Range of Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment Deposition Tree 
relative of '?Pe depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 5 silt/clay 0.30- .70 15 - 57 0.012 - ,025 0.018 0.020 

Right upstream 5 silt/clay .12 - 1.17 29 - 51 ,004 - ,034 ,016 ,014 

Left downstream 4 silt/ciay .23 - .91 18 - 36 ,006 - .051 ,021 ,014 

Right downstream 5 sand .37 - 2.33 14 - 63 ,026 - ,082 ,043 .037 
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Figure 8. Selected bridge-opening cross sections for County Road E l 8  bridge crossing the Iowa River near Liscomb, 
bridge site number 4. 

Range of 
nnrniala,,t 

Aggradation rates 
(feet per year) -" 

Location Number sediment 
relative of type 

Deposition Tree 

to bridge samples sampled ages 
(ft) (years) Range Mean Median 

Left upstream 5 silt/clay 0.17 - .87 26 - 36 0.005 - ,029 0.016 0.012 

Right upstream 5 silt/day .05 - .51 13 - 88 ,004 - ,008 ,006 ,006 

~ d t  dow~lstrea~n 5 sand .19 - .71 15 - 38 .010 - .031 ,020 ,019 

Right downstream 5 siit/clay .23 - .51 26 - 41 ,007 - .016 ,011 ,011 

State Highway 330 Bridge Crossing the State Highway 14 Bridge Crossing the 
Iowa River near Albion (Site 5) Iowa River at Marshalltown (Site 6) 

The State Highway 330 bridge crosses the Iowa 
River about 1.2 mi southwest of Albion in Marshall 
County (fig. 1, site 5). The State Highway 330 bridge 
(fig. 9) was built in 1949. The extreme high-water ele- 
vation for the bridge was 886.8 ft above sea level. Dif- 
ferences in elevation between bridge-opening cross- 
sections obtained from the IDOT bridge-situation plan 
and from the 1994 transit survey indicate a decrease in 
cross-sectional area of 9.4 percent below the extreme 
high-water elevation. Figure 9 shows that for the 
period 1949-94, depositio~l occurred across much of 
the channel bed and on the left bank, and scour 
occurred near the right bank. Bridge cross-section and 
geometry elevations obtained from the bridge-situa- 
tion plan were adjusted by -9.19 ft to rectify them wit11 
bridge elevations surveyed during 1994. 

The State Highway 14 bridge crosses the Iowa 
River at the north edge of Marshalltown in Marshall 
County. This is the site of the Iowa River at Marshall- 
town streamflow-gaging station (station number 
05451500; fig. 1, site 6). Streamflow records for the 
periods from October 1902 to September 1903, from 
October 1914 to Septenlber 1927, and from October 
1932 to September 1993 were available for use in this 
study. The datum of the gage is 853.10 ft above sea 
level. The dendrogeo~no~phic analyses listed below 
indicate that upstream rates of flood-plain aggradation 
are not greater than downstream rates and suggest that 
backwater effects from the State Highway 14 bridge 
and causeway have not contributed to increased aggra- 
dation on the upstream side of the bridge. Figure 4E 
shows the depth of sediments deposited as a result of 
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STATIONING, IN FEET FROM LEFT ABUTMENT (VIEW IS LOOKING DOWNSTREAM) 

Figure 9. 
bridge site 

Selected bridge-opening cross 
number 5. 

sections for State Highway bridge crossing the lowa River near Albion, 

Dendrogeomorphic analyses, bridge site 5 

Range of Aggradation rates 
(feet per year) . . 

Dominant 
Location Number sediment ~ ~ ~ ~ ~ i t i ~ ~  ~ ~ e e  
relative of type depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 6 siit/clay 0.38 - 1.57 18 - 29 0.016 - ,060 0.040 0.040 

Right upstream 6 silt/clay -30 - .97 14 - 27 ,013 - ,039 ,024 ,022 

Left downstream 6 sily/day .30- 1.18 11 - 33 ,014 - ,098 ,036 ,019 

Right downstream 6 silt/clay .34 - .60 13 - 33 ,016 - ,046 ,023 ,018 

Sediment-pad measurements, bridge slte 5 

Measure- Range of Mean aggrada- 
ment deposition depths tion rates 

perlad (ft) (feet per year) 

Left upstream 6 silt/clay 1993 0.08 - .11 0.10 

6 1993-94 0.15 - .20 ,085 

Right upstream 6 silt/clay 1993 .03 - .06 .04 

Left downstream 3 silt/clay 1993 0.0 - .01 ,005 

Right downstream 6 silt/clay 1993 0.0 - .O1 ,004 

6 1993-94 .02 - .03 .015 

'sediment pad found to be weathered on ~ d v e m b e r  30,1994, but no additional sediment deposition was 
apparent for 1994. Sediment-deposition measurements collected for 1993 were also used for the 1993-94 
period. 
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the 1993 flood on the pad located near the left down- 
stream corner of the bridge. 

The bridge shown in figure 10A carries the two 
northbound lanes of State Highway 14 and was built in 
1968 just downstream of an older bridge built in 1934, 
which after 1968, carried the two southboul~d lanes of 
State Highway 14. In 1987, the old upstream bridge 
was replaced with a new bridge.The extreme high- 
water elevation for the bridge, shown in figure 10A, 
was 870.72 ft (gage height 17.62 ft). Differences in 
elevation between bridge-opening cross-sections 
obtained from the IDOT bridge-situation plan and 
from the 1994 transit survey indicate a decrease in 
cross-sectional area of 17.5 percent below the extreme 
high-water elevation. Figure 10A shows that for the 

period 1968-94, deposition occurred across the major- 
ity of the channel bed and on the left bank of the 
bridge opening, and scour occurred on the right bank 
of the bridge opening. Differences in elevation 
between the 1968 and 1994 cross sections indicate that 
as much as 6 ft of deposition occurred on the left bank. 
Differences in elevation between the 1968 cross sec- 
tion and a cross section obtained from a discharge 
rneasureme~lt made in 1990 (fig. 10A) indicate a 
decrease in cross-sectional area of 15.8 percent. 

The stage-discharge relation of six selected rat- 
ing curves (fig. 10B) shows a trend of increasing gage 
height for specific discharges, and a time series of the 
44 rating curves developed for the period of record 
(fig. 11) also shows this trend. Gage heights for these 

Dendrogeomorphic analyses, bridge site 6 

Range of Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment Deposition Tree 
relalive of type depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 7 silt/clay 0.71 -2.62 12 - 37 0.027- ,071 0.048. 0.045 

Right upstream 7 silt/clay .38 - 2.25 13 - 34 ,016 - ,078 ,040 ,021 

Left downstream 8 sily/clay .41- 1.05 11 - 32 ,026 - ,070 ,346 ,044 

Right downstream 7 silt/clay .50 - 1.58 16 - 32 ,025 - ,099 ,048 ,049 

Sedimnent-pad measurements, bridge site 6 

Measure- Range of Mean aggrada- 
ment deposition depths tion rates 

period (ft) (feet per year) 

Left upstream '0 

Z o  

Right upstream I0 

Z o  

Left downstream 5 silt/clay 1993 0.19 - .22 

Right downstream 3~ 1993 

2~ 1993-94 

'lowa River flow went overbank on March 26,1993, preventing installation of sediment pad for 1993 
sediment measurements. 
ZNa deposition was evident on sediment pad for 1994. 
3~cdiment pad was scoured away during 1993 flood. 
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Figure 10. Selected (A) bridge-opening cross sections and (B) stage-discharge rating curves for State Highway 14 
bridge crossing the lowa River at Marshalltown, bridge site number 6 (streamflow-gaging station number 05451500). 

discharges show a greater increase in stage after about floods with similar discharges. The stages for these 
1942. Rating-curve analyses provide specific informa- three floods were the highest recorded at this gage 
tion on selected time periods of increased Stages. For ,in,, at least 1915. The gage height of the low steel of 
instance, stages for the average discharge increased by the state ~ i ~ h ~ ~ ~  14 bridge ranges between 
0.7 ft during 1920-33, 4.4 ft during 1937-57, 20.2 and 20.9 ft (fig, 10.4). Gage heights for the 1990, 
2.2 ft during 1965-75, and by 0.9 ft during 1980-92. 1991, and 1993 floods were 20.38, 19.97, and 20.77 ft, 
Likewise, stages for the 5-year flood-frequency dis- 

respectively. These floods were near, or on, the low 
charge increased by 1.5 ft during 1942-54, by 2.6 ft 
during 1960-73, and by 0.6 ft during 1980-92. steel of the bridge; yet computed recurrence intervals 

A comparison of the observed stages of selected for the 1990, 1991, and 1993 flood discharges are 

maximum annual-peak discharges (fig. 1 I) also illus- approximately 9, 6, and 16 years, respectively. The 

trates the increase in gage heights during the period of 1918 flood had a discharge of 42,000 ft3/s, and this 

record. Recent floods occurring during 1990, 1991, flood exceeded the theoretical 100-year recurrence 
and 1993 (with discharges of 17,300, 15,200, and interval discharge of 30,400 ft3/s by a factor of 1.38. 
20,400 ft3/s, respectively) had higher stages than past The gage height of the 1918 flood was 17.74 ft. 
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U.S. Highway 30 Bridge Crossing 
the lowa River near Montour (Site 7 )  

The U.S. Highway 30 bridge crosses the Iowa 
River about 1.3 mi north of Montour in Tama County 
(fig. I, site 7). Sediment pads located near the right 
upstream and left downstream corners of the bridge 
had large amounts of sand deposited on them during 
the 1993 flood (see table below). A sand splay was 
deposited during the flood over an extensive area of 
the flood plain near the left downstream corner of this 
bridge. A sediment pad was located near the middle of 
this sand splay. Figure 4F shows the 2.95 ft of sand 
that was deposited on this sediment pad during the 
1993 flood. The U.S. Highway 30 bridge (fig. 12) was 
built in 1952. The extreme high-water elevation for 

the bridge was 839.3 ft above sea level. Differences in 
elevation between bridge-opening cross-sections 
obtained from the IDOT bridge-situation plan and 
from the 1994 transit survey indicate a decrease in 
cross-sectional area of 14.7 percent below the extreme 
high-water elevation. Figure 12 shows that for the 
period 1952-94, deposition occurred across the right 
side of the channel bed and on the right bank of the 
bridge opening, and scour occurred on the left side of 
the channel bed and on the left bank of the bridge 
opening. Bridge cross-section and geometry elevations 
obtained from the bridge-situation plan were adjusted 
by -6.51 ft to rectify them with bridge elevations sur- 
veyed during 1994. 

Dendrogeomorphic analyses, bridge site 7 

Range oi Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment ~eposition ~ r e e  
relative of type depths ages 

to bridge samples sampled (it) (years) Range Mean Median 

Leit upstream 6 silt/clay 0.15 - 1.16 12-41 0.007- ,053 0.024 0.019 

Right upstream 6 sand/ .27- 1.37 23 - 62 ,010 - 428 ,016 ,014 
silt/clay 

Leit downstream 6 silt/clay .TI- 1.64 29 - 48 ,006 - ,036 ,018 .018 

Rightdownstream 6 silt/clay .08 - 1.05 11 - 20 ,006 - ,075 ,040 ,034 

Sediment-pad measurements, b r i d ~ e  site 7 

Left upsheam 7 

6 

Right cpstream 3 

6 

Left downstream 8 

6 

Right downstream 6 

6 

Measure- Range of Mean aggrada- 
ment deposition depths tion rates - 

period (ft) (feet per year) 

silt/clay 1993 0.12 - .I9 0.16 

1993-94 0.09 - .I4 ,055 

sand 1993 1.15-1.27 1.20 

1993-94 1.40- 1.46 ,715 

sand 1993 2.69 - 3.05 2.95 

1993-94 2.8 - 3.1 1.49 

silt/clay 1993 0.08 - .I0 .09 

1993-94 .lo-.13 ,055 
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STATIONING, IN FEET FROM LEFT BRIDGE ABUTMENT (VIEW IS LOOKING DOWNSTREAM) 

Figure 12. Selected bridge-opening cross sections for U.S. Highway 30 bridge crossing the lowa River near Montour 
bridge site number 7. 

U.S. Highway 63 Bridge Crossing State Highway 21 Bridge Crossing 
the lowa River at Tama (Site 8) the Iowa River near Belle Plaine (Site 9) 

The U.S. Highway 63 bridge crosses the Iowa 
River at the south edge of Tama in Tama County (fig. 
1, site 8). The U.S. Highway 63 bridge (fig. 13) was 
built in 1978. The design high-water elevation for the 
bridge was 817.5 ft above sea level. Differences in ele. 
vation between bridge-opening cross-sections 
obtained from the IDOT bridge-situation plan and 
from the 1994 transit survey indicate a decrease in 
cross-sectional area of 16.0 percent below the design 
high-water elevation. Figure 13 shows that for the 
period 1978-94, deposition occurred on both the left 
and right banks of the bridge opening, and scour 
occurred across most of the channel bed of the bridge 
opening. 

The State Highway 21 bridge crosses the Iowa 
River about 2.7 mi south of Belle Plaine in Iowa 
County. This is the site of a discontinued slreamflow- 
gaging station, the Iowa River near Belle Plaine (sta- 
tion number 05452500; fig. 1, site 9). Streamflow 
records for the period September 1939 to September 
1959 were available for use in this study. The datum of 
the gage is 749.82 ft above sea level. 

The State Highway 21 bridge (fig. 14A) was 
built in 1980. The design high-water elevation for the 
bridge was 769.0 ft (gage height 19.2 ft). Differences 
in elevation between bridge-opening cross-sections 
obtained from the IDOT bridge-situation plan and 
from the 1994 transit survey indicate a decrease in 

Dendrogeomoiphic analyses, bridge site 8 

Location 
relative 

to bridge 

Left upslream 

Right upstream 

I.eli downstream 

Rizht downstream 

Dominant 
Numbel. sediment 

of type 
samples sampled 

5 silt/clay 

Range of 
Aggradation rates 

(feet per year) 

Deposition n e e  
depths ages 

(ft) (years) Rarnge Mean Median 
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Figure 13. Selected bridge-opening cross sections for U.S. Highway 63 bridge crossing the lowa River at Tama, bridge site 
number 8. 

cross-sectional area of 1.2 percent below the design 
high-water elevation. Figure 14A shows that for the 
period 1980-94, deposition occurred on the left and 

. : cigh+&ks of the bridge opening and across the left . . .  ., , .  
. . 

, side oF the.&~nnbl bed, and scour occurred across the . .  . 
% : . right side.of the channel bed. The stage-discharge rela- 

tion of three selected.rating curves (fig. 14B) shows a 
minor trend of increasing gage height for specific low- 
flow discharges, and a time series of ctie 14 rating 
curves developed for the period 1940-59 (fig. 14C) 
shows no trend in gage heights. The historic stage-dis- 
charge rating-curve information indicates that aggra- 
dation during the 1940s and 1950s was minimal. The 
dendrogeomorphic analyses suggest that flood-plain 
aggradation might have increased after the stream- 
flow-gaging station was discontinued in 1959. 

County Road V66 Bridge Crossing 
the lowa River at Marengo (Site 10) 

The County Road V66 bridge crosses the Iowa 
River at the north edge of Marengo in Iowa County. 
This is the site of the Iowa River at Marengo stream- 
flow-gaging station (station number 05453100; fig. 1, 
site 10). Streamflow records for the period October 
1956 to September 1993 were available for use in this 
study. The datum of the gage is 720.52 ft above sea 
level. 

The County Road V66 bridge (fig. 15A) was 
built in 1956. The design high-water elevation for the 
bridge was 738.65 ft (gage height 18.13 ft). Differ- 
ences in elevation between the bridge-opening cross 

-section obtained from the IDOT bridge-situation plan 

Dendrogeomorphic analyses, bridge site 9 

Range of Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment ~ e p o s i t i ~ n  Tree 
relahve of W e  depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 5 silt/clay 0.34 - 1.27 16- 36 0.018 - ,035 0.026 0.023 

Right upstream 5 silt/clay .47 - 1.27 24755 ,009 - ,053 .023 .016 

Left downstream 5 silt/clay .89 - 3.35 25 - 49 ,023 - ,076 042 ,031 

Right downstream 5 silt/clay .53 - 1.21 19 -30 .028 - ,040 ,033 ,031 

.' 
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Dertdrogeomorphic analyses, bndge site 10 

Range of 
Aggradation rates 

(feet per year) 
Dominant 

Location Number sediment Deposition ~ r e e  
relative of type depths ages 

to bridge samples sampled ($0 (years) Range Mean Median 

Left upstream 5 silt/ciay 0.31 - 1.47 28 - 50 0.009 - ,037 0.021 0.021 

Right upstream 5 silt/clay 59 - 1.85 18 - 41 ,018 - ,062 ,043 048 

Left downstream 5 siit/clay .36 - 1.0'1 28 - 46 ,008 - ,036 ,019 .Ox5 

Right downstream 5 siit/ciay .31- 1.75 16 - 47 .010 - .037 ,021 ,013 

and two cross sections surveyed in 1994 indicate a 
decrease in cross-sectional area in the range from 17.1 
to 39.1 percent below the design high-water elevation 
depending on the location of the 1994 cross section. 
Because the initial cross section surveyed in 1994 
included a high-flow channel that runs perpendicular 
to the river under the southeast side of the bridge 
opening, a second cross section of the south bank of 
the bridge opening about 12 ft downstream of the 
bridge also was surveyed in 1994. The initial cross 
section surveyed in 1994 at the downstream side of the 
bridge is shown as a jagged, solid line in figure 15A. 
The second cross section surveyed in 1994 about 12 ft 
downstream of the bridge is shown as a long-dashed 
and dotted line in figure 15A. The line representing the 
second cross section surveyed in 1994 of the south 
bank was connected to the Line representing the chan- 
nel bed and north bank portion of the initial cross sec- 
tion surveyed in 1994; this composite cross section 
might provide the most accurate representation of 
aggradation at the bridge opening. Figure 15A shows 
that for the period 1956-94, deposition occurred on 
both the left and right banks of the bridge opening, and 
scour occurred across the channel bed. Bridge cross- 
section and geometry elevations obtained from the 
bridge-situation plan were adjusted by -40.85 ft to rec- 
tify them with bridge elevations surveyed during 
1994. 

Differences in elevation between the 1956 cross 
section and a cross section obtained from a discharge 
measurement made in 199 1 (fig. 15A) indicate a 
decrease in cross-sectional area of 49.8 percent. Dif- 
ferences in elevation between the 1991 and 1994 cross 
sections indicate that the 1993 flood scoured the chan- 
nel bed from between about 3 to 10 ft, thus increasing 
the cross-sectional area measured for 1994 from the 

cross-sectional area that was measured for 1991. The 
peak discharge on July 19, 1993, for the Iowa River at 
Marengo was 38,000 ft3/s and the recurrence interval 
for this flood is approximately 90 years. Aggradation 
appears to have been occurring even when the bridge 
was built in 1956, as differences in elevation between 
the proposed 1956 bridge-opening cross-section exca- 
vation and a cross section obtained from a discharge 
measurement made in 1959 indicate a decrease in 
cross-sectional area of 15.0 percent and an average 
aggradation rate of 0.390 ftlyr. An increase in eleva- 
tion along portions of the overbank between the 1991 
cross section and the 1994 composite cross section 
(includes survey of right bank 12 ft downstream of 
bridge) indicates that the overbank part of the bridge 
opening continued to aggrade, raising the elevation of 
the overbank near station 500 to almost the design 
high-water elevation (fig. 15A). 

The stage-discharge relation of five selected rat- 
ing curves (fig. 15B) shows a general trend ofdecreas- 
ing gage heights for specilic low-flow discharges and a 
general trend of increasing gage heights for specific 
high-flow discharges. A time series of the 27 rating 
curves developed for the period of record (fig. 15C) 
also shows these general trends. It is not known if the 
effect of Coralville Dam, Located approximately 56 
river-miles downstream from the County V66 bridge, 
is contributing to aggradation on the Iowa River at 
Marengo. Generally, the change in slope of a river by 
construction of a reservoir will cause deposition not 
only in the reservoir, but might cause aggradation 
problems in the channel for a considerable distance 
upstream as the river adjusts to its new conditions 
(Upper Mississippi River Comprehensive Basin Study 
Coordinating Committee, 1970, p. G-10). However, 
hydraulic analyses would be requiredto determine the 
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Figure 15. Selected (A) bridge-opening cross sections, (B) stage-discharge rating curves, and (C) time series of rating-curve 
stages for selected discharges for County Road V66 bridge crossing the lowa River at Marengo, bridge site number 10 
(streamflow-gaging station number 05453100). 

22 

5 
F 
2 20 
~ i .  

3 1 8 -  
W .  > 

16 
6 

ki 
14 

Z 
c 72 
2 
W 
Z 

0 

3 
8 

Aggradation Measurements at Selected Bridge Sites in the lowa and Skunk River Basins 29 

, 8 8 8  1 ,  l ~ ! ~ ~ l ~ ~ ~ ' l ' ' ' ' l ' ' 8  

- 
/ ' " I  I 

FLOOD 2-100-YEAR FLOOD - 
- - 

.+* * . . .  +.* .... + .\ + 25-YEAR FLOOD 
.*.. ......*... A ...... A .m. . . .  .. : "A:~O-YEAR FLOOD - 

.................... 5-YEAR FLOOD 
........... *................~. .. ,. ......... .. . .. ................ 1 ....I' .................... 

- m' \ 2-YEAR FLOOD - 

- - 

- 
- - 
- AVERAGE DISCHARGE - - , ......*. * - 

...................... ...... .. - c  ......*......*. , ...i..r..r... -0 .....*... e / 
.. *...* 

" " ' - - I - - L - - L L - - L I _ L J _ ' l ' " ' l " ' ~ l ' i i ' l L " L i i "  1 

1955 1960 1965 1970 1975 1980 1985 1990 1995 

YEAR 



extent to which the Coralville Lake is significantly 
affecting the hydraulic properties and sediment-trans- 
port capacity of the Iowa River at Marengo. 

U.S. Highway 63 Bridge Crossing the 
South Skunk River near Oskaloosa 
(Site 11) 

The U.S. Highway 63 bridge crosses the South 
Skunk River about 4 mi north of Oskaloosa in 
Mahaska County. This is the site of the South Skunk 
River near Oskaloosa streamflow-gaging station (sta- 
tion number 05471500; fig. 1, site l l ) .  Streamflow 
records for the period October 1945 to September 
1993 were available for use in this study. The datum of 
the gage is 685.50 ft above sea level. 

The U.S. Highway 63 bridge (iig. 16A) was 
built in 1979. The design high-water elevation for the 
bridge was 709.80 ft (gage height 24.30 ft). Differ- 
ences in elevation between hridge-opening cross-sec- 
tions ohtained from the (DOT hridge-situation plan 
and from the L994 transit survey indicate a decrease in 
cross-sectional area of 8.5 percent below the design 
high-water elevation. Figure 16A shows that for the 
period 1979-94, deposition occurred on both the left 
and right banks of the bridge opening, and scour 
occurred on the far left and right sides of the channel 
bed. Bridge cross-section and geometry elevations 
obtained from the bridge-situation plan were adjusted 
by -7.00 ft to rectify them with bridge elevations sur- 
veyed during 1994. The stage-discharge relation of 
four selected rating curves (fig. 16B) shows a general 

trend of increasing gage height for specific discharges, 
and a time series of the 17 rating curves developed for 
the period of record (fig. 16C) also shows this general 
trend. 

State Highway 149 Bridge Crossing the 
North Skunk River near Sigourney 
(Site 12) 

The State Highway 149 bridge crosses the North 
Skunk River about 2.2 mi south of Sigoumey in 
Keokuk County. This is the site of the North Skunk 
River near Sigourney streamflow-gaging station (sta- 
tion number 05472500; fig. 1, site 12). Streamflow 
records for the period October L945 to September 
1993 were available for use in this study. The datum of 
the gage is 65 1.53 ft above sea level. 

The State Highway 149 bridge (fig. 17A) was 
built in 1987. The design high-water elevation for the 
bridge was 675.5 ft (gage height 24.0 ft). Differences 
in elevation between bridge-opening cross-sections 
ohtained from the IDOT bridge-situation plan and 
from a 1993 discharge measurement indicate a 
decrease in cross-sectional area of 11.9 percent below 
the design high-water elevation. Figure 17A shows 
that for the period 1987-93, deposition occurred 
across the bridge opening. The stage-discharge rela- 
tion of four selected rating curves (fig. 17B) shows a 
general trend of increasing gage height for most of the 
specific discharges, and a time series of the 18 rating 
curves developed for the period of record (fig. 17C) 
also shows this general trend. 

Dendrogeomorphic analyses, bridge site 11 

Range of Aggradation rates 
(feet per year) 

Dominant 
Location Number sediment ~ e ~ o s i t i ~ n  ~~~e 
relative of type depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 5 silt/clay 0.83 - 3.01 23 - 64 0.036 - ,087 0.053 0.047 

Right upstream 5 silt/clay 1.46-3.08 27-73 ,032 - ,099 ,064 ,059 

Left downstream 5 sand .37- 2.97 17- 55 ,010- ,087 ,043 ,043 

Right downstream 5 silt/clay 1.02 - 1.83 26 - 50 ,028 - ,052 ,043 ,045 
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Figure 16. Selected (A) bridge-opening cross sections, (B) stage-discharge rating curves, and (C) time series of rating-curve 
stages for selected discharges for U.S. Highway 63 bridge crossing the South Skunk River near Oskaloosa, bridge site 
number 11 (streamflow-gaging station number 05471500). 
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Figure 17. Selected (A) bridge-opening cross sections, (6) stage-discharge rating curves, and (C) time series of rating-curve 
stages for selected discharges for State Highway 149 bridge crossing the North Skunk River near Sigourney, bridge site 
number 12 (streamflow-gaging station number 05472500). 
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Dendrogeomorphic analyses, bridge site 12 

Aggradation rates 
Range of (feet per year) 

Dominant 
Location Number sediment Deposition Tree 
relative of type depths ages 

to bridge samples sampled (ft) (years) Range Mean Median 

Left upstream 5 silt/day 0.10 - .72 25 -49 0.004 - ,015 0.011 0.010 

Itight upstream 5 silt/clay .I6 - 1.24 18 -40 ,008 - ,037 ,023 ,029 

Left downstream 5 sand 1.02 - 1 .SO 25 - 37 ,028 - ,058 ,043 ,040 

Right downstream 5 silt/clay .29 - .75 17 - 40 ,012 - ,044 ,021 ,016 

COMPARISON AND DISCUSSION OF 
AGGRADATION MEASUREMENTS 

Results of the aggradation lneasurelnents (table 
I) indicate that aggradation is occurring in both the 
Iowa and Skunk River Basins. In general, slightly 
higher aggradation rates were estimated for the Iowa 
River for the reach from State Highway 330 near 
Albion downstream to County Road V66 at Marengo 
(sites 5-10). Estimates of mean flood-plain aggrada- 
tion rates calculated using the dendrogeorno~phic 
method at the 12 bridge sites ranged from 0.013 to 
0.051 ft/yr, and estimates of median rates ranged from 
0.010 to 0.046 ftlyr. Trees sampled for the dendrogeo- 
morphic analyses ranged in age from 9 to 98 years. 
Estimates of average bridge-opening aggradation rates 
calculated using the bridge-opening cross-section 
method at the 12 bridge sites ranged from -0.977 to 
0.500 ftJyr. Measurement periods used in the bridge- 
opening cross-section analyses ranged in length from 
3 to 5 1 years. The stage-discharge rating-curve 
method used the 5-year flood discharge to estimate 
floodway aggradation rates and the average discharge 
to estimate channel-aggradation rates at six of the 
bridge sites. Estimates calculated using the stage-dis- 
charge rating-curve method ranged from -0.028 to 
0.298 ftlyr for floodway aggradation, and from -0.031 
to 0.108 ftlyr for channel aggradation. Measurement 
periods used in the stage-discharge rating-curve analy- 
ses ranged inlength from 5 to 75 years. Sediments 
deposited during the 1993 flood on the nine sediment 
pads were variable and depths of deposition ranged 
from 0.004 to 2.95 ft. Average flood-plain aggradation 
rates estimated from sediment-pad measurements at 
three of the bridge sites on the Iowa River in the vicin- 

ity of Marshalltown ranged from 0.037 to 1.100 ft/yr 
for 1993, and ranged from 0.038 to 0.579 ft/yr for 
1993-94. 

A direct comparison cannot he made between 
aggradation rates calculated using each of the four 
measurement methods because of differences in time 
periods and aggradational processes that were mea- 
sured by each method. Measurement periods used to 
estimate average aggradation rates ranged in length 
from 1 to 98 years and varied among methods and 
sites. The methods measured different aggradational 
processes; the dendrogeomoiphic and sediment-pad 
methods measured flood-plain aggradation, the cross- 
section method measured aggradation at hridge open- 
ings, and the rating-curve method measured both 
floodway and channel aggradation. 

Aggradation rates calculated using the hridge- 
opening cross-section method were much more vari- 
able than the rates calculated using the dendrogeomor- 
phic and rating-curve methods. Because cross sections 
were surveyed for hridge openings following the 1993 
flood, cross-sectional areas at some of the hridge 
openings might have been affected by scour or deposi- 
tion as a result of thal flood. Aggradation rates calcu- 
lated using the dendrogeomorphic method might also 
have been affected by the 1993 flood, as sedirnent- 
deposition depths were measured following the flood. 
Aggradation rates calculated using the stage-discharge 
rating-curve method were not affected by the 1993 
flood, as all of the rating curves used in the analyses 
were in effect before the flood. Rates calculated using 
the rating-curve method might not represent changes 
in stage due only to deposition or scour, as other 
changes in channel and flood-plain conditions also can 
affect a stage-discharge relation. 
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The highest aggradation rates calculated for the 
Iowa River Basin using the dendrogeomorphic and 
rating-curve measurement methods were for the State 
Highway 14 crossing at Marshalltown (table 1, site 6), 
where these highest rates were 0.045 and 0.124 ftlyr, 
respectively. The highest aggradation rates calculated 
for the Skunk River Basin were for the U.S. Highway 
63 crossing the South Skunk River near Oskaloosa 
(table 1, site 1 I), where these highest rates were 0.051 
and 0.298 ftlyr, respectively. The similar aggradation 
rates calculated for both the Marshalltown and Oska- 
loosa bridge sites using each measurement method, 
the dendrogeomorphic method and the rating-curve 
method for the 5-year flood discharge, indicate that 
similar flood-plain and floodway aggradation pro- 
cesses might be occurring at the two sites. 

Information on recent aggradation rates (table 1) 
was available from stage-discharge rating curves at 5 
of the bridge sites (sites 1, 6, 10, 1 I, and 12), from 
bridge-opening cross sections obtained from discharge 
measurements at 2 of the bridge sites (sites 6 and lo), 
and from sediment-pad measurements at 3 of the 
bridge sites (sites 5-7). A comparison of rating-curve 
aggradation rates calculated using the 5-year flood dis- 
charge indicates that recent floodway-aggradation 
rates might be greater than those calculated for longer 
measurement periods at Marshalltown, Marengo, and 
Oskaloosa (sites 6, 10, and 11). A similar comparison 
made using the average discharge indicates that recent 
channel-aggradation rates might be greater at Mar- 
shalltown, Marengo, and Sigourney (sites 6, 10, and 
12). A comparison of bridge-opening cross sections 
for the State Highway 14 bridge at Marshalltown indi- 
cates that recent bridge-opening aggradation rates also 
might be greater. Information obtained From sediment- 
pad measurements of sediments deposited during the 
1993 flood indicates that aggradation along the Iowa 
River in the vicinity of Marsballtown is quite variable 
and site specific. At some flood-plain locations, sedi- 
ment deposition during the 1993 flood was substantial 
in both depth and lateral extent of deposits. 

Although information on recent aggradation 
rates is not considered to be as reliable as information 
on aggradation rates calculated for longer measure- 
ment periods, information on recent aggradation rates 
is indicative of current aggradational processes and 
useful to planners and engineers. Information on 
recent aggradation rates is not considered to be as reli- 
able because: differences in stages between recent rat- 
ing curves could include nonrepresentative short-term 

fluctuations in the stage-discharge relation; differences 
in elevations between cross sections obtained from 
high-water discharge measurements and low-water 
transit surveys could include discharge-related scour 
and deposition fluctuations in channel bed and over- 
bank elevations; and sediment-pad measurements pro- 
vide only a small sample of sediment-deposition 
depths and they might not be representative of overall 
flood-plain deposition. 

Aggradation rates calculated for both the 
upstream and downstream corners of bridges at the 12 
bridge sites using the dendrogeomorphic method, indi- 
cate that upstream mean and median rates of flood- 
plain aggradation are not greater than downstream 
mean and median rates at 9 of the 12 bridge sites (sites 
1-4,6-9, and 12). This suggests that backwater effects 
from bridge structures and causeways at these sites 
have not contributed to increased aggradation on the 
upstream sides of these bridges. The dendrogeomor- 
phic analyses do indicate that greater aggradation rates 
might be occurring on the upstream sides of the State 
Highway 330 bridge near Albion (site 5), the County 
Road V66 bridge at Marengo (site lo), and the U.S. 
Highway bridge near Oskaloosa (site 11). Hydraulic 
analyses wo~ild be required to determine whether any 
of these bridge structures and causeways significantly 
affect the hydraulic properties and sediment-transport 
capacity of the river at these sites. 

Table 2 lists average aggradation rates calcu- 
lated for studies conducted in other states. These stud- 
ies estimated aggradation rates for both natural and 
channelized streams using one of three measurement 
methods. In general, these studies indicated aggrada- 
tion rates for natural streams ranged from 0.016 to 
0.492 ftlyr, and aggradation rates for channelized 
streams ranged from 0 to 0.492 ftlyr. Because the 
aggradation rates estimated in these studies represent a 
variety of climatic, physiographic, and hydrologic 
conditions, they might not be comparable to condi- 
tions in the Iowa and Skunk River Basins. Table 2 is 
presented as a frame of reference of aggradational pro- 
cesses occurring in other states, so as to exemplify 
how usual, or unusual, the aggradational processes 
occurring in the Iowa and Skunk River Basins might 
be. Flood-plain aggradation rates calculated in this 
study using dendrogeomorphic analyses (table 1) are 
within the range of rates listed in table 2 For dendro- 
geomorphic analyses conducted in other states. 
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Table 2. Summary of aggradation rates calculated for studies conducted in other states 

Average 
Measurement 

Aggiadation-meassremcnl reference and remarks Type of stream aggradatioii raic methad 
(feet per yvir) 

Trimble and Luitd (1982. p. 18) Natural Volu~neliic 0,0494,492 
Depositional periods sincc 1853 for Coon Creek, souti>wesrern Wiscolisin surveys 

Jolii~ston and others (1984, p. 289) Natural '"Cs dating 0.086 
Natural leveo depositioii rate for a smail siream, l~oitlicastern Wisconsin; techniques 
estimate not determined for deposition lstes over bmad extent of wetland 

Hupp and Morris (1990) Chanocli7.ed Dendiogeomoiphic 0.0003,0.020 
Forested wetland on flood plain adjacent to Cache River, Arkansas: upsiream analyses 
rates for elevatcd portions of the lload plain and slough. respectively 

Simon and Hupp ( i992, p. 95-96) 
Hatchie River, western Tennessee 

Siinon and Hupp (1992. p. 95-96) 
Wesiern Tennessee streams 

Walfe and Diciil (1993, p. 9) 
Noi'th Fork Forked Deer River, wcslcili Tennessee 

Natural 

Phipps and others ((1995. p. 23) Channelized 
Kankakce River, castern Illinois; upstream 
prc-1950 and post-1950 rates, respectively 

Dendsogeomoipl~ic 0.0-0.492 
analyses 

Dendiogeo8nosphic 0.a0.24 
analyses 

Dendrogcomorphrc 0.01 1-0.026, 
analyses 0.0184.031 

POSSIBLE FACTORS CONTRIBUTING TO the Southern Iowa Drift Plain landform region (fig. 1). 
AGGRADATION OF THE IOWA RIVER Mainly due to the steeper topography, erosion is 
NEAR MARSHALLTOWN greater from watersheds in the Southern Iowa Drift 

Plain than from watersheds in the Des Moines Lobe. A 
Several interrelated factors might be contribut- map shown in the Upper Mississippi River Basin 

ing to the relatively high rate of aggradation of the Commission report (1979, p. 85) indicates that sqil 
Iowa River at Marshalltown. Information presented in erosion potential is very severe in southern Marshall 
this section of the report identifies, qualitatively, fac- County, severe in the northeastern portion of the 
tors that might contribute to the aggradation. Figure 18 county, and moderate in the northwestern portion of 
shows an aerial photograph taken March 22, 1994, of the county. 
the Iowa River along the northwest side of Marshall- 
town (photograph supplied by Leon Lamer, General L~~~~ soils 
Manager, Marshalltown Water Works). The Iowa 
River flows eastward (left to right) in the photograph. The Southern Iowa Drift Plain landscape in the 
Several locations can be seen on the north side of the vicinity of Marshall County (fig. 1) consists prilnarily 
1.iver where sedilnents were deposited during the 1993 of glacial till covered by a mantle of wind-deposited 
flood. The area northwest of the Iowa Soldiers Home loess (Iowa Natural Resources Council, 1955a, p. 7; 
represents approxilnately 20 to 30 acres of flood plain Oschwald and others, 1965, p. 66). Loess consists 
where 1 to 12 in. of sand were deposited (Richard almost entirely of silt but might include small amounts 
Kemler, landowner, oral commun., November 1994). of very fine sand or clay (Oschwald and others, 1965, 

p. 6). The loess deposits in the Iowa River Basin are 
different from the loess deposits in western Iowa in 

Erosion and Sedimentation that the deposits are not as thick, and they are com- 
prised of finer particles and have much lower infiltra- 

The physiography of the Iowa River Basin tion rates (Iowa Natural Resources Council, 1,455.a, p. 
changes between Alden and Eldora as the Iowa River 3 and 7). The loess is thickest near the majok streams, 
crosses from the Des Moines Lobe landform region to where it might extendto ... . depths of 30 to 40 ft. On the 
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Figure 18. Sediment deposits from the 1993 flood along the flood plain of the Iowa River at Marshalltown, lowa (Photograph 
on March 24, 1994, by Aerial Services Inc., Cedar Fails, lowa). 
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divides, loess deposits ase seldom more than 10 ft 
thick. In Grundy, Hardin, and northern Marshall Coun- 
ties, the loess is predominantly 5 to 10 ft thick; in 
southern Marshall County the loess is about 17 to 25 ft 
thick on the uplands and is thinner on the side slopes 
(Oschwald and others, 1965, p. 66). Loess is highly 
erodible and unstable when wet. Deep, narrow gullies, 
which can lengthen and widen quickly after rain- 
storms, are characteristic erosional features of loess 
soils (Prior, 1991, p. 49, 56-57). When rising waters 
saturate the base of channel banks, the loess can no 
longer bear the weight of overlying material and it col- 
lapses easily, resulting in bank sloughing. Channel 
erosion from areas in and around Marshall County 
with thick deposits of loess soils might contribute 
large sediment loads to the Iowa River. 

Land Use in Marshall County 

The following information about land use in 
Marshall County was supplied by theU.S. Department 
of Agriculture, Natural Resources Conservalion Ser- 
vice, Marshall County Field Office (Dana Holland, 
oral commun., February 1995, and written commun., 
March 1995). Soils in Marshall County can generally 
he described as highly productive and well drained. 
Over 90 percent ofthe soils in Marshall County were 
formed from loess and have a silty-clay-loam texture. 
Tributary Row to the Iowa River in Marshall County 
upstream of Marshalltown is from watersheds that 
generally are Aashy and are intensively fanned for 
crop production. These drainage basins have steep 
slopes ranging from 5 to 14 percent and have the 
potential to contribute large sediment yields to the 
Iowa River. About 83 percent of the total acreage in 
Marshall County is cropland and soil erosion is a pri- 
mary concern for nearly 70 percent of this cropland. 
About 10 percent of the cropland has been enrolled in 
the Conservation Reserve Program (CRP) defined by 
the 1985 Farm Bill (U.S. Congress, 1985). Nearly all 
of the CRP acreage is considered to be highly erodible 
soil. If the CRP contracts expire, it is estimated that 95 
percent of the current CRP acreage would return to 
crop production. Nearly 40 percent of the cropland in 
Marshall County is presently farmed with no-till tech- 
niques. Annual soil-erosion losses in Marshall County 
have decreased from 7.0 to 5.9 tons per acre during the 
period 1982-92, but soil erosion in Marshall County 
still exceeds average statewide soil-erosion losses for 
1992 of 4.0 tons pel. acre per year (Laurel Mulvey, 
U.S. Department of Agriculture, Natural Resources 

Conservation Service, State of Iowa Office, written 
commun., February 1995). 

Suspended Sediment 

As sediment is transported through a stream sys- 
tem, the material either is entrained as suspended load 
or moves along the channel bottom as bed load (US. 
Army Corps of Engineers, 1981, p. 17). Most sedi- 
ment is transported during periods of storm runoff 
(Upper Mississippi River Co~nprehensive Basin Study 
Coordinating Committee, 1970, p. G-9). Annual 
observed suspended-sediment yields in the headwaters 
of the Iowa River Basin (upstream of Iowa Falls) are 
relatively low, being less than 100 tons per square mile 
(U.S. Army Corps of Engineers, 1981, p. C43). Sus- 
pended-sediment yields are considerably higher in the 
Iowa River Basin downstream of lowa Falls, where 
yields from one 10-mi2 drainage area were approxi- 
mately 1,100 tons per square mile per year and yields 
from one 100-mi2 drainage area were about 650 tons 
per square mile per year (Upper Mississippi River 
Comprehensive Basin Study Coordinating Committee, 
1970, p. G-42 to G-43, and G-95). Studies by Lane 
(1938) indicated that the suspended-sediment load in 
the Iowa River near Rowan (fig. 1, site 1) was about 
equally divided between silt and clay with only a srnall 
percentage of sand; whereas, in the Iowa River at 
Marengo (fig. 1, site 10) the load composition was 79 
percent silt, 15 percent clay, and 6 percent sand. 

Sediment-yield estimates computed from sus- 
pended-sediment data and adjusted for a base period 
of 1945-64 were 34 tolls per square mile per year for 
the Iowa River near Rowan (site I), 330 tons per 
square mile per year for the Iowa River at Marshall- 
town (site 6), and 365 tons per square mile per year for 
the Iowa River at Marengo (site 10) (Upper Missis- 
sippi River Colnprehensive Basin Study Coordinating 
Committee, 1970, p. G-23). This pattern of increasing 
sediment yields at downstream locations on the Iowa 
River is opposite the sediment-yield pattern indicated 
by the majority of the suspended-sediment data ana- 
lyzed for the Upper Mississippi River Basin. Typi- 
cally, as the size of the drainage area increases, the rate 
of sediment production per square mile decreases 
(Upper Mississippi River Comprehensive. Basin Study 
Coordinating Committee, 1970, p. G-27). These esti- 
mates indicate that suspended-sediment yields to the 
Iowa River greatly increase between Rowan and Mar- 
shalltown, and become greater between Marshalltown 
and Marengo. 
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A sediment-measurement station was operated 
by the USGS on the Iowa River at Marshalltown (sed- 
iment-station number 05451500; fig. 1, site 6) from 
April 1988 to February 1995; sediment data collected 
through September 1994 were used for this study. 
Annual suspended-sediment yields for the Iowa River 
at Marshalltown for this period ranged from 5 tons per 
square mile during water year 1989 (a drought year, 
ending September 30, 1989) to 1,759 tons per square 
mile during water year 1993 (a flood year, ending Sep- 
tember 30, 1993) (US.  Geological Survey, 1990-95). 
The average suspended-sediment yield at this station 
for water years 1989-94 was 572 tons per square mile 
per year, which is almost twice [he amount estimated 
the period 1945-64. 

port in a stream (Phipps and others, 1995, p. 23). 
Figure 19 shows mean annual discharge for the Iowa 
River at Marshalltown for the period of record through 
water year 1994 (ending September 30, 1994). The 
figure indicates a trend increasing of streamAow. It is 
assumed that if a flood plain is inundated more fre- 
quently, as might occur with an increase in streamflow, 
more sediment will be deposited and greater aggrada- 
tion rates will result. Many factors can affect stream- 
flow, including changes in the quantity, duration, and 
intensity of rainfall; changes in land-use practices; and 
changes in channel geometry (for example, straighten- 
ing or dredging of a channel and draining of a wet- 
land) (Phipps and others, 1995, p. 23). 

Increase in Streamflow Channelization 

Suspended-sediment yield differences between 
the two time periods noted above are probably due to 
differences in streamflow between these time periods, 
as the mean daily discharge of the Iowa River at Mar- 
shalltown for the period 1989-94 (1,440 ft3/s) was 
about twice the mean daily discharge for the period 
1945-64 (705 ft3/s). Changes in streamflow can cause 
changes in aggradation rates. An increase in stream- 
flow typically will cause an increase in sediment trans- 

A drainage district was established in 1920 for 
the purpose of straightening the Iowa River to provide 
flood protection for farm lands along the river bottom. 
The channel of the Iowa River in Marshall County was 
straightened from the Marshall-Hardin County line to 
the Iowa Soldiers Home in Manhalltown (figs. 1 and 
18) during the early 1920's. At the time, this work was 
considered to have been beneficial in the prevention of 
flooding of the bottom lands along this reach of the 
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Figure 19. Mean annual discharge for the lowa River at Marshalltown, lowa, streamflow-gaging station for the 
period of record through 1994. 
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river (US.  Army Chief of Engineers, 1930, p. 44). 
Opposition to the channel straightening brought the 
work to an end about 1922 (Blanchard, 1955; Mar- 
shalltown Times-Republican, February 15, 1991; arti- 
cles pmvided by Garry Brandenburg, Director, 
Marshall County Conservation Board, written com- 
mun., March 1993). 

Pre- and post-channelization measurements of 
channel length and channel-bed gradient of the lowa 
River were made from a channelization plan prepared 
by F.B. Ingersoll, dated June 1 ,  191 9 (plan provided 
by Ed Kasper, Marshall County Engineer, November 
1994). The pre-channelized length uf the Iowa River 
between the county line and the Iowa Soldiers Home 
was about 21.4 mi and the gradient was about 1.85 ft/ 
mi. The post-channelized length was about 14.1 mi 
and the gradient was about 2.81 ftlmi. Channelization 
decreased the length of the river 34 percent (7.3 mi) 
and increased the gradient 52 percent (0.96 ftlmi). 
From basic hydraulic principles, an increase in stream 
gradient produces an increase in flow velocity. The 
sediment-transport capacity of a stream is dependelit 
on mean flow velocity and energy slope, among other 
factors; the transport capacity increases with increas- 
ing mean flow velocity and energy slope (Nakato, 
1981, p. 5). The present (1994) gradient of the Iowa 
River upstream of Marshalltown between the County 
Road E l 8  and State Highway 14 bridges (sites 4 and 
6) is about 2.59 ftlmi, and downstream of Marshall- 
town it is about 1.73 ft/mi between the State Highway 
14 and U.S. Highway 30 bridges (sites 6 and 7), as 
determined by the difference in average channel-bed 
elevations. This downstream decrease in stream gradi- 
ent indicates a possible reduction in the sediment- 
transport capacity of the Iowa River in the vicinity of 
Marshalltown. 

The channelization plan noted that a typical 
cross section of the river channel would have a base 
width of 45-55 ft, a top width of about 67-81 ft, and a 
depth of 11-13 ft, and that levees would be con- 
structed about 10 ft back from the top of the channel 
on either bank to a height of about 13-16 ft from the 
material excavated during the channelization work. 
Measurements of bridge-opening cross sections sur- 
veyed during 1994 indicate that current channel base 
widths at County Road E l 8  (fig. 8) and State Highway 
330 (fig. 9) are approximately 186 and 192 ft, respec- 
tively, and current channel top widths are approxi- 
mately 270 and 318 ft, respectively. Both of these 
bridges are in the channelized reach and their bridge- 
opening widths indicate that significant channel wid- 

ening, on the order of about 275 to 300 percent, has 
occurred since the river was straightened. 

Channelization might have increased channel 
erosion (channel degradation and widening) along the 
main stem of the Iowa River upstream of Marshall- 
town and along tributaries draining to the Iowa River. 
Studies conducted in western Tennessee (Simon, 
1994; Wolfe and Diehl, 1993; Simon and Hupp, 1992), 
in Mississippi (Wilson and Turnipseed, 1994; Tumip- 
seed and Wilson, 1992), and in eastern Illinois (Phipps 
and others, 1995) document the gradation processes 
and channel evolution resulting from channelization. 
Reports prepared for western Iowa document conse- 
quences of channelization in the Nishnabotna and 
Boyer River Basins (Iowa Natural Resources Council, 
1955b, p. 3,37,41; Campbell and Johnson, 1970, p. 
69). Channel widening and bank failure by mass-wast- 
ing processes are common occurrences following 
channelization in western Tennessee (Simon, 1994, p. 
28 and 36), where channel erosion has resulted in an 
excess of sediment in the river and aggradation has 
occurred in reaches immediately downstream from the 
channelized reach. 

Although it has been over 70 years since the 
Iowa River upstream of Marshalltown was channel- 
ized, consequences of this work have contributed to, 
and might still be contributing to, aggradation in the 
vicinity of Marshalltown. This channelized reach of 
the Iowa River has remained relatively straight and 
has retained the same approximate post-channelized 
length and gradient. Flow velocities and sediment- 
transport capacity through this reach of the river have 
remained relatively efficient, and sediment loads 
greater than would occur had the river not been chan- 
nelized might still be transported downstream to Mar- 
shalltown. At Marshalltown, where the Iowa River 
changes abruptly from a straightened reach to a mean- 
dering reach (fig. la), flow velocities decrease as the 
channel gradient decreases, reducing the sediment- 
transport capacity of the river and resulting in aggra- 
dation. 

Floodway Structures 

The construction of several floodway structures 
along the Iowa River might be affecting aggradation in 
the Marshalltown area. Hydraulic analyses would be 
required to determine whether any of these structures 
significantly affect the hydraulic properties and sedi- 
ment-transport capacity of the river. 
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Bridges cross the Iowa River in Marshalltown at 
Center Street, at State Highway 14, and at East Main 
Street. Prior to the late 1980's, a railroad bridge also 
crossed the river about 0.2 mi downstream of the East 
Main Street bridge. The Center Street and State High- 
way 14 bridges are shown in figure 18; the East Main 
Street bridge, located approximately five mi down- 
stream of the State Highway 14 bridge, is not shown in 
figure 18. When the downstream bridge of State High- 
way 14 was constructed in 1968, the northbound 

. causeway built across the flood plain north of the 
bridge was constructed at an elevation about 3.7 ft 
higher than the existing southbound causeway 
(Donald Schumann, IDOT, oral commun., November 
1994). In 1987, when the upstream bridge of State 
Highway 14 was replaced, the southbound causeway 
across the flood plain north of the new bridge was 
raised to the same elevation as the northbound cause- 
way. Since 1968, tloods on the Iowa River have inun- 
dated both the northbound and southbound lanes of the 
State Highway 14 causeway north of the bridge 31 
times, causing closure of the highway (Donald Schu- 
mann, IDOT, written commun., April 1995). 

A low-bead dam was constructed during 1934 
about 0.4 mi downstream of the State Highway 14 
bridge to act as a surface-water elevation control for 
the Marshalltown streamflow-gaging station (fig. 18). 
This dam was periodically washed-out during floods 
and rebuilt prior to 1968, when it was removed perma- 
nently. Notes From discharge measurements made at 
this site when this dam was in place refer to sand bars 
forming in the channel downstream of the bridge, and 
refer to the City of Marshalltown removing sand from 
the channel upstream of the dam. A low-head dam 
built in 1929 remains on the Iowa River just upstream 
of the Center Street bridge (Iowa Conservation Com- 
mission, 1979, p. 8-68). 

A levee was constructed on the south bank of 
the river for a distance of about 0.7 mi downstream of 
the State Highway 14 bridge during the period 1937- 
39. Notes from discharge measurements made at the 
State Highway 14 site report that the levee was built to 
a gage height of about 14 ft. Additional levee con- 
struction occurred during the period 1960-62 on the 
south bank of the river downstream of the bridge. A 
project to provide flood protection at Marshalltown 
was authorized in the 1965 Flood Control Act (U.S. 
Army Corps of Engineers, 1993, p. 39). The project 
consisted of levees, floodwalls, bridges, ckannel 
improvements, and interior drainage facilities on the 

Iowa River and Linn Creek (not shown in fig. 18). 
Construction began in May 1972 and was completed 
in 1977. During this period the levee on the south bank 
of the river was improved and extended on either side 
of the State Highway 14 bridge, for a distance of about 
2.2 mi downstream of the bridge to Linn Creek and 
about 0.4 mi upstream of the bridge (fig. 18). It is not 
known what effect this levee has had on flow veloci- 
ties and flood stages on the Iowa River. During large 
flood events such as occurred in 1993 on the Missis- 
sippi and Missouri Rivers, levees had minor overall 
effects on Aood stage, but they might have had signifi- 
cant localized effects (Interagency Floodplain Man- 
agement Review Committee, 1994, p. 50). 

AGGRADATIQN SIMILARITIES BETWEEN 
THE IOWA RIVER NEAR MARSHALL- 
TOWN AND THE SOUTH SKUNK RIVER 
NEAR OSKALOOSA 

Flood-plain and floodway-aggradation rates cal- 
culated for the State Highway 14 bridge crossing the 
Iowa River at Marshalltown are similar to those calcu- 
lated for the U.S. Highway 63 bridge crossing the 
South Skunk River near Oskaloosa (table 1, rates cal- 
culated using the dendrogeomorphic method and using 
the stage-discharge rating-curve method for the 5-year 
flood discharge). Several conditions at these bridge 
sites appear to be similar and, as a result, similar 
aggradation processes might be occurring at the sites. 
The South Skunk River crosses from the Des Moines 
Lobe landform region to the Southern Iowa Drift Plain 
landform region at about the same distance upstream 
of Oskaloosa as the Iowa River crosses from the one 
landform region to the other upstream of Marshall- 
town (fig. 1). Agriculture is the predominant land use 
in both basins. Sediment yields from watersheds 
draining to the South Skunk River upstream of Oska- 
Loosa apparently are comparable to sediment yields 
from watersheds draining to the Iowa River upstream 
of Marshalltown (Upper Mississippi River Compre- 
hensive Basin Study Coordinating Committee, 1970, 
p. G-94 to G-95; Upper Mississippi River Basin . , , , 

Commission, 1979, p. 85-86). The south ~ k u n k ~ i v e r  
upstream of Oskaloosa and the lowa River upstream 
of Marshalltown have both been channelized. 

The South Skunk River at Oskaloosa differs 
from the Iowa River at Marshalltown in that the South 
Skunk River does not abrirptly change from a straight- 
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ened channel to a meandering channel ncar Oskaloosa. 
There are fewer floodway structures (bridges and 
levees) along the South Skunk River ncar Oskaloosa 
than along the Iowa River near Marshalltown; a rail- 
road bridge crosses the South Skunk River 0.4 mi 
downstream of the U.S. Highway 63 bridge. Addi- 
tional information is required to quantify the effects of 
factors which might he significantly contributing to 
aggradation at either the Marshalltow11 or Oskaloosa 
bridge sltes. 

SUMMARY AND CONCLUSIONS 

Recent floods on the Iowa River at Marshall- 
town during 1990, 1991, and 1993 have resulted in the 
three highest stages for the period of record since at 
least 1915. Recurrence intervals for these three flood 
discharges are estiiuated to he 9, 6, and 16 years, 
respectively. Concerns by the Iowa Department of 
Transportation that aggradation on the Iowa River 
might be affecting the flow capacity of hridge open- 
ings in the vicinity of Marshalltown initiated this study 
to develop a better understanding of aggradatioli on 
the Iowa River. Four aggradation-measurement meth- 
ods were used to investigate flood-plain and channel 
aggradatioli and to quantify aggradation rates at 
selected bridge sites. Aggradation rates were quanti- 
fied at ten bridges sites on the Iowa River upstream of 
Coralville Lake; bridges were located both upstream 
and downstream of Marshalltown. Two bridge sites in 
the central part of the Skunk River Basin were investi- 
gated for comparative purposes. 

A dendrogeomorphic measuremuit method was 
used to estimate mean and median flood-plain aggra- 
dation rates at the 12 bridge sites. Trees sampled for 
the dendrogeomorphic analyses ranged in age from 9 
to 98 yeas. A bridge-opening cross-section measure- 
ment method was used to estimate average aggrada- 
tion rates at hridge openings at the 12 bridge sites. 
Measurement periods used in the bridge-opening 
cross-section analyses ranged in length from 3 to 51 
years. A stage-discharge rating-curve measurement 
method was used to estimate average floodway and 
channel aggradation rates at six of the hridge sites. 
Measurement periods used in the stage-discharge rat- 
ing-curve analyses ranged in length from 5 to 75 
years. Sediment-pad measurements were used to esti- 
mate average flood-plain aggradation rates for 1993 
and for the period 1993-94 at three bridge sites on the 
Iowa River in the vicinity of Marshalltown. 

Results of the aggradation measurements indi- 
cate that aggradation is occurring in both the Iowa and 
Skunk River Basins. For the 12 hridge sites investi- 
gated in the Iowa and Skunk River Basins, mean esti- 
mates of flood-plain aggradation rates calculated using 
the dendrogeomorphic method ranged from 0.013 to 
0.051 ftlyr, and median estimates ranged from 0.010 to 
0.046 ftlyr. Estimates of average aggradation rates at 
hridge openings calculated using the cross-section 
method ranged from -0.977 to 0.500 ftiyr at the 12 
hridge sites. In general, slightly higher aggradation 
rates were estimated for the Iowa River for the reach 
from State Highway 330 near Albion downstream to 
Coulity Road V66 at Marengo. The stage-discharge 
rating-curve method used the 5-year flood discharge to 
estimate floodway aggradation rates and the average 
discharge to estimate channel-aggradation rates at six 
bridge sites in the Iowa and Skunk River Basins with 
streamflow-gaging stations. Estimates calculated using 
the stage-discharge rating-curve method ranged from - 
0.028 to 0.298 ftlyr for floodway aggradation, and 
from -0.031 to 0.108 ftlyr for channel aggradation. 

The highest aggradation rates calculated for the 
Iowa River using the dendrogeomorphic and rating- 
curve methods were for the State Highway 14 crossing 
at Marshalltown, where these highest rates were 0.045 
and 0.124 ftlyr, respectively. The highest aggradation 
rates calculated for the Skunk River Basin were for the 
U.S. Highway 63 bridge crossing the South Skunk 
River near Oskaloosa, where these highest rates were 
0.051 and 0.298 ft/yr, respectively. The similar aggra- 
dation rates calculated for both the Marshalltown and 
Oskaloosa bridge sites using each measurement 
method, the dendrogeo~norphic method arid the rating- 
curve method for the 5-year flood discharge, indicate 
that similar flood-plain and floodway aggradation pro- 
cesses might be occurrilig at the two sites. 

Average flood-plain aggradation rates estimated 
from sediment-pad measuremelits at three of the 
bridge sites on the Iowa River in the vicinity of Mar- 
shalltown ranged from 0.037 to 1.100 ftlyr for 1993, 
and ranged from 0.038 to 0.579 ftlyr for the period 
1993-94. Sediments deposited on the pads as a result 
of the 1993 flood were variable and site specific, and 
depths of sediments deposited on the nine pads ranged 
from 0.004 to 2.95 ft. 

A direct comparison cannot be made between 
aggradation rates calculated using each of the four 
measurement methods because of differences in time 
periods and aggradational processes that were mea- 
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sured by each method. Each of the four aggradation- 
measurement methods is useful for obtaining specific 
types of aggradation information and each method is 
considered applicable for specific types of regional or 
statewide investigations. The rating-curve method 
might provide the most useful information concerning 
flood-plain and channel aggradation, but rating-curve 
information only is available for a limited number of 
stream sites. The rating-curve method provides spe- 
cific information on selected time periods of aggrada- 
tion. The dendrogeomorphic and sediment-pad 
methods are applicable for most flood-plain sites. The 
bridge-opening cross-section method does not provide 
direct measurements of flood-plain or channel aggra- 
dation, but this method does provide useful informa- 
tion concerning possible changes in the flow capacity 
of bridge openings. Aggradation rates estimated using 
the bridge-opening cross-section method were more 
variable than the rates estimated using the dendrogeo- 
morphic and rating-curve methods. Because cross sec- 
tions were surveyed for bridge openings following the 
1993 flood, cross-sectional areas at some of the bridge 
openings might have been affected by scour or deposi- 
tion as a result of that flood. Aggradation rates calcu- 
lated using the dendrogeomorphic method also may 
have been affected by the 1993 flood, as sediment- 
deposition depths were measured following the flood. 
Aggradation rates calculated using the rating-curve 
method were not affected by the 1993 flood, as all of 
the rating curves used in the analyses were in effect 
before the flood. 

Several interrelated factors might be contribut- 
ing to the relatively high rate of aggradation of the 
Iowa River at Marshalltown. Erosion potential in the 
Iowa River Basin and sediment yields to the Iowa 
River increase between Alden and Eldora mainly as a 
result of the steeper topography that occurs in the 
basin as the Iowa River crosses from the Des Moines 
Lobe landform region to the Southern Iowa Drift Plain 
landform region. Although erosion potential in the 
Iowa River Basin and sediment vields to the Iowa 
River downstream of Marshalltown might be as great, 
or greater, than erosion potential and sediment yields 
to the Iowa River upstream of Marshalltown, aggrada- 
tion rates apparently are greater for the Iowa River at 
Marshalltown than downstream of Marshalltown. Ero- 
sion is a problem in the Marshall County area and it 
might be intensified by the occurrence of thick depos- 
its of loess soils. High sediment yields to the Iowa 
River might occur from channel erosion along the 

Iowa River and from erosion from watersheds drain- 
ing to the Iowa River in the Marshall County area. 
Channelization of the Iowa River upstream of Mar- 
shalltown reduced the length of the river and increased 
the gradient, and higher flow velocities probably occur 
through this channelized reach of the river. The sedi- 
ment-transport capacity through the channelized reach 
of the river might deliver a high sediment load down- 
stream to Marshalltown. At Marshalltown, where the 
Iowa River changes abruptly from a straightened reach 
to a meandering reach, flow velocities decrease as the 
channel gradient decreases, reducing the sediment- 
transport capacity of the river and causing sediment to 
deposit. 

Information on recent aggradation rates indi- 
cates that the Iowa River at Marshalltown might be 
aggrading at a rate greater than that calculated for 
longer measurement periods. A similar trend appears 
to be occurring for specific aggradational processes at 
three of the Four other bridge sites where information 
on recent aggradation rates was available. Streamflow 
in the Iowa River at Marshalltown appears to have 
increased over the period of record (since about 19 15). 
A trend of increasing streamflow for the Iowa River at 
Marshalltown combined with an aggrading channel 
might be causing more frequent overbank flows and 
increased flood-plain aggradation. 

REFERENCES CITED 

Blanchard, Frank, 1955, Straightening of Iowa River, in 
Schultz, Gerald, ed., History of Marshall County, 
lowa: Marshalltown, Iowa, Marshall Printing Com- 
pany, 244 p. 

Bloom, A.L., 1975, Geomorphology, a systematic analysis 
of late Cenozoic landforms: Englewood Cliffs, N.J., 
Prentice-Hall, 5 10 p. 

Campbell, K.L., and Johnson, H.P., 1970, Effects of stream 
straightening on flood runoff characteristics: Ames, 
Iowa, Iowa State University, Iowa State Water 
Resources Research Institute Project no. B-005-IA, 
132 p. 

Eash, D.A., 1993, Estimating design-flood discharges for 
streams in Iowa using drainage-basin and channel- 
geometry characteristics: U.S. Geological Survey 
Water-Resources Investigations Report 93-4062,96 p. 

Erbe, N.A., and Flares, D.T., 1957, Iowa drainage laws 
(annotated): Iowa Highway Research Board Bulletin 
no. 6,870 p. 

Fischer, E.E., 1995, Potential-scour assessments and esti- 
mates of maximum scour at selected bridges in Iowa: 

42 Flood-Plain and Channel Aggradation at Selected Bridge Sites in the lowa and Skunk River Basins, lowa 



U.S. Geological Survey Water-Resources Investiga- 
tions Repo~t 95405  1,75 p. 

Heinitz, A.J., 1973, Floods in the Iowa River Basin 
UpShtaIll from Comlville Lake, lowa: U.S. Geological 
Survey Open-File Report, 75 p. 

Heinitz, A.J., and Wiitala, S.W., 1978, Floods in the Skunk 
River Basin, Iowa: U.S. Geological Survey Open-File 
Report 79-272,80 p. 

Hupp, C.R., and Bazemore, D.E., 1991, Dendrogeomorphic 
analysis of wetland sedimentation: FiFth Federal Inter- 
agency Sedimentation Conference Proceedings, v. I, 
sec. 4, p. 40117. 

Hupp, C.R., and Morris E.E., 1990, A dendrogeomolphic 
approach to measurement of sedimentation in a for- 
ested wetland, Black Swamp, Arkansas: Wetlands, v. 
10, p. 107-124. 

Hupp, C.R., and Simon, Andrew, 1991, Bank accretion and 
the development of vegetated depositional surfaces 
along modified alluvial channels: Amsterdam, Elsevier 
Science Publishers B.V., Geomorphology, v. 4, p.111- 
124. 

lnteragency Floodplain Management Review Committee, 
1994, Sharing the challenge, Floodplain management 
into the 21st century: Washington, Report of the Inter- 
agency Floodplain Management Review Committee to 
the Administration Floodplain Management Task 
Force, June 1994, 189 p. 

Iowa Conservation Commission, 1979, Iowa's low-head 
dams-Their past, present, and future roles: Des 
Moines, Iowa, Iowa State Water Resources Research 
Institute Special Report no. 96, 312 p. 

Iowa Natux-a1 Resources Council, 1955a, All inventory of 
water resources and water problems, Iowa-Cedar River 
Basin, Iowa: Des Moines, Iowa, Iowa Natural 
Resources Council Bulletin no. 3,94 p. 

-1955b, An inventory of water resources and water 
problems, Nishnahotna River Basin, Iowa: Des 
Moines, Iowa, Iowa Natural Resources Council Bulle- 
tin no. 2, 61 p. 

-1957, An inventory of water resources and water proh- 
lems, Skunk River Basin, Iowa: Des Moines, Iowa, 
Iowa Natural Resources Council Bulletin no. 5,66 p. 

Johnston, C.A., Bubenzer, G.D., Lee, G.B., Madison, F.W., 
and McHenry, J.R., 1984, Nutrient trapping by sedi- 
ment deposition in a seasollally flooded lakeside wet- 
land: Journal of Environmental Quality, v. 13, p. 283- 
290. 

Kennedy, E.J., 1984, Discharge ratings at gaging stations: 
U.S. Geological Survey Techniques of Water- 
Resources Investigations, book 3, chap. A10,59 p. 

Lane, E.W., 1938, Report on investigation of sediment car- 
ried by I-ivers of St. Paul, U.S. Engineer District, 1937 
and 1938: Iowa City, Iowa, The University of Iowa, 
Iowa Ii~stitute of Hydraulic Research, 42 p. 

1955, The importance of fluvial morphology in 
hydraulic engineering: American Society of Civil 
Engineers Proceedings, v. 81, no. 795, 17 p. 

Lara, O.G., 1987, Method for estimating the magnitude and 
fl-equency of floods at ungaged sites on unregulated 
rural streams in Iowa: U.S. Geological Survey Water- 
Resources Investigations Report 874132,34 p. 

Mackin, J.H., 1948, Concept of the graded river: Bulletin of 
the Geological Society of America, v. 59, p. 463-5 12. 

Marshalltown Times-Republican, February 15, 1991, news- 
paper article. 

Matthai, H.F. 1967, Measurement of peak discharge at 
width contractions by indirect methods: U.S. Geologi- 
cal Survey Techniques of Water-Resources Invesliga- 
tions, hook 3, chap. A4,44 p. 

May, J.E., Sneck-Fahrer, D., Gorman, J.G., Goodrich, R.D., 
Nations, B.K., and Miller, V.E., 1995, Water resources 
data, Iowa, water year 1994: U.S. Geological Survey 
Water-Data Report IA-94-1,390 p. 

Nakato, Tatsuaki, 1981, A review of sediment-transport 
studies of the GREAT-I and GREAT-I1 reaches of the 
upper Mississippi River: Iowa City, Iowa, The Univer- 
sity of Iowa, Iowa Institute of Hydraulic Research 
Limited Distribution Report no. 89,52 p. 

Odgaard, A.J. 1984, Bank erosion contribution to stream 
sediment load: Iowa City, Iowa, The University of 
Iowa, Iowa Institute of Hydraulic Research Report no. 
280,92 p. 

Oschwald, W.R., Riecken, F.E, Dideriksen, R.I., Scholtes, 
W.H., and Schalier, F.W., 1965, Principal soils of Iowa: 
Ames, Iowa, Iowa State University, Department of 
Agronomy, Special Report no. 42,77 p. 

Owenhy, J.R., Garvin, Cindy, Nicodemus, Larry, and Heim, 
Jr., R.R., 1992, Divisional temperature (OF) and pre- 
cipitation (inches) normals and standard deviatiol~s 
1931-1 990: Asheville, N.C., National Climatic Data 
Center, National Oceanic and Atmospheric Adminis- 
tration, Clilnatography of the United States no. 85, 
306 p. 

Phipps, R.L., 1985, Collecting, preparing, crossdating, and 
measuring tree increment col-es: U.S. Geological Sur- 
vey Water-Resources Investigations Report 854148, 
48 p. 

Phipps, R.L., Johnson, G.P., and Terrio, P.J., 1995, Dendro- 
geomo~phic estimate of changes in sedimentation rate 
along the Kankakee River near Momence, Illinois: 
U.S. Geological Survey Water-Resources Invesliga- 
tions Report 9411190,30 p. 

Prior, J.C., 1991, Landforms of Iowa: Iowa City, Iowa, Iowa 
Department of Natural Resources, University of Iowa 
Press, 153 p. 

Salisbury, N.E., Knox, J.C., and Stephenson, R.A., 1968, 
The valleys of Iowa-1, Valley width and stream dis- 
charge relationships in the major streams: Iowa City, 
Iowa, The University of Iowa, Depaliment of Geogra- 

References Cited 43 



phy, Iowa State Water Resources Research Institute, 
Iowa Studies in Geography, no. 5, 107 p. 

Simon, Andrew, 1994, Gradation processes and channel 
evolution in modified west Tennessee streams, Pro- 
cess, response, and form: U.S. Geological Survey Pro- 
fessional Paper 1470, 84 p. 

Simon, Andrew, and Hupp C.R., 1992, Geomorphic and 
vegetative recovery processes i~long modified stream 
channels of west Tennessee: U.S. Geological Survey 
Open-File Report 91-502, 142 p. 

Trimble, S.W., and Lund, S.W., 1982, Soil conservation and 
the reduction of erosion and sedimentation in the Coon 
Creek Basin, Wisconsin: U.S. Geological Survey Pro- 
fessional Paper 1234,34 p. 

Turnipseed, D.P., and Wilson, Jr., K.V., 1992, Channel and 
bank stability of Standing Pine Creek at State Highway 
488 near Freeny, Leake County, Mississippi: U.S. Geo- 
logical Survey Open-File Report 92-112,18 p. 

Upper Mississippi River Basin Commission, 1979, Water 
resources subregion plan, Subregion 0708, Iowa- 
Skunk-Wapsipinicon River Basin: Minneapolis, Minn., 
(Working Draft), October 1979,205 p. 

Upper Mississippi River Comprehensive Basin Study Coor- 
dinating Committee, 1970, Upper Mississippi River 
comprehensive basin study: v. 111, appendices C-G, 
518p. 

U.S. Army Chief of Engineers, 1930, Iowa Rivel; Iowa and 
Minnesota: Committee on Rivers and Harbors, 71st 
Congress, 2nd Session, December 16, 1929: Washing- 
ton, U.S. Government Printing Office, House Docu- 
ment no. 134, 166 p. 

U.S. Atmy Corps of Engineers, 1981, Characterization of 
the suspended-sediment regime and bed-material gra- 
dation of the Mississippi River Basin: Vicksburg, 
Miss., Environmental Laboratory, U.S. Army Engineer 
Waterways Experiment Station, Potamology Program 
(P-11, Report 1, v. 1,493 p. 

- 1990, Impact of changes in suspended-sediment loads 
of the regime of alluvial rivers: Vicksburg, Miss., 
Environmental Laboratory, U.S. Army Engineer 
Waterways Experiment Station, Potamology Program 
(P-l), Report 6, 130 p. 
- 1993, Water resources developmenl in Iowa 1993: 

U.S. Government Printing Office, North Central Divi- 
sion, Rock Island District, 98 p. 

U.S. Congress, 1985, Food Security Act of 1985-The 
committee of conference s~ibmitted the following con- 
ference report to accompany H.R. 2100,99th Con- 
gress, 1st Session, December 17, 1985: Washington, 
D.C., U.S. Government Printing Office, House Report 
99447,616 p. 

U.S. Geological Survey, 1904-1995, Water resources data, 
Iowa, water years 1903-94 (published annually): U.S. 
Geological Survey Water-Data Reports. 
- 1990-95, Water resources data, Iowa, water years 

1989-94 (published annually): U.S. Geological Su~vey 
WaterData Reports. 

Vanoni, V.A., 1975, Sedimentation engineering: New York, 
American Society of Civil Engineers, 745 p. 

Wilson, Jr., K.V., and Turnipseed, D.P., 1994, Geomorphic 
response to channel modifications of Skuna River at 
the State Highway 9 crossing at Bruce, Calhouu 
County, Mississippi: U.S. Geological Survey Water- 
Resources Investigations Report 94-4000,43 p. 

Winkley, B.R., 1981, A geomorphic model of the relation- 
ship of variables in a drainage basin: presented at the 
Internationill Symposium on Rainfall Runoff Model- 
ing, Mississippi State University, Mississippi State, 
Miss. 

Wolfe, W.J., and Diehl, T.H., 1993, Recent sedimentation 
and surface-water flow patterns on the flood plain of 
the North Fork Forked Deer River, Dyer County, Ten- 
nessee: U.S. Geological Survey Water-Resources 
Investigations Report 924082,22 p. 

44 Flood-Plain and Channel Aggradation at Selected Bridge Sites in the lowa and Skunk River Basins, lowa 




