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ABSTRACT

Stream channel erosion in the deep loess soils region of western Iowa causes severe damage along
hundreds of miles of streams in twenty-two counties. The loess-derived alluvial soils in the stream
channels are highly susceptible to erosion resulting in bed-level degradation and subsequent bank
widening. Stream channel depths and bank widths have eroded from five to ten times greater than at
the beginning of the twentieth century, thus threatening the structural safety of thousands of bridges,
damaging pipelines and communication lines, and resulting in the loss of productive agricultural land.

Section two of this report presents an assessment of stream channel conditions from aerial and field
reconnaissance conducted in 1993 and 1994 and a classification of the streams based on a six stage model
of stream channel evolution. A Geographic Information System is discussed that has been developed to
store and analyze data on the stream conditions and affected infrastructure and assist in the planning of
stabilization measures.

Section three of this report presents an evaluation of two methods for predicting the extent of
channel degradation. The first method is a geomorphic approach that identifies the stable reach of a
stream and graphically projects the longitudinal profile upstream into the degrading reach to estimate
the future amount of degradation. The second method evaluated is an analytical iterative process of
balancing applied tractive force with erosion resistance.

Section three also discusses the application of grade control structures; a counter measure to the
threat of damage to infrastructure from channel erosion. A planning procedure for identifying the most
effective location for and height of grade control structures is presented along with an economic analysis
of currently used grade control structures.

Section four of this report presents an estimate of costs associated with damages from stream
channel erosion since the time of channelization until 1992. The estimated damage costs to highway
and railroad bridges, pipelines, telephone, electric, and rural water lines, and lost agricaltural land of five
streams were used to estimate the total costs of 155 eroding streams in western Iowa. The estimated
time neutral cost of the 155 streams is $174.9 'million. The estimated time value cost, which recognizes
the time value of money, is $1.1 billion. Damage to highway bridges represent the highest costs
associated with channel erosion, followed by railroad bridges and right-of-way; loss of agricultural land
represents the third highest cost.

An estimate of costs associated with future channel erosion on western Iowa streams is also
presented in section four. Four streams and their tributaries were examined in detail. A predictive
model together with field data were used to estimate future stream widening, The costs associated with
future damages to public and private infrastructure and land voiding resulting from predicted stream

widening were then estimated. The results from these four streams were generalized to 102 actively



eroding streams and their tributaries. The time neutral future costs are estimated at $177.3 million. The
time value future costs are estimated at $70.1 million.

Section four also presents a procedure to estimate the benefits and costs of implementing stream
stabilization measures. The procedure is applied to evaluate the benefits and costs of installing a grade
control structure on Keg Creek in Pottawattamie County. The procedure uses models to predict future
stream-bed degradation and widening. Benefits of channel stabilization are estimated in terms of the
avoidance of damages to infrastructure and lost farmland which would have occurred due to continued
channel erosion. The estimated costs are those associated with installation of the selected stabilization
measure. The analysis of the Keg Creek site resulted in a benefit-cost ratio of 1.49.

Section five of this report presents information on the development of the organizational structure
and administrative procedures which are being used to plan, coordinate, and implement stream
stabilization projects and programs in western Iowa, The Degrading Streams Task Force, comprised of
representatives from eight counties in southwest Iowa, provided the initial structure and procedures to
address the problem of stream channel erosion. Efforts of the Task Force led to the formation of a non-
profit organization called the Hungry Canyons Alliance in 1992. The Alliance, which consists of 21
western lowa counties, formalized the structure and procedures established by the Task Force. They
worked successfully to achieve authorization of the Loess Hills Development & Conservation
Authority in the lowa Legislature in 1993, Membership in the Authority is corprised of county
supervisors, county engineers, soil and water conservation district commissioners, and interested people
from a twenty-two county area. The Authority plans and carries out projects related to stream channel

erosion with technical and financial support from federal, state, and local agencies.
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1.0 INTRODUCTION

1.1_Goal and Objectives

The stream channels of the deep loess soils region of western Jowa are undergoing dramatic changes.
The loess-derived alluvial soils in the stream channels are highly susceptible to erosion resulting in bed-
level degradation and subsequent bank widening. Since the turn of the century many western Iowa
streams have deepened and widened many times their original channel dimensions. A portion of
Walnut Creek in eastern Pottawattamie County has increased in depth from 2.1 meters (7 ft) in 1945 to
9 meters (30 ft) in 1993. Bank widths along this reach have widen from 6.3 meters (21 ft) in 1945 to 30
meters (100 ft) in 1993. Similar erosion is occurring along hundreds of miles of streams in twenty-two
counties in the region. The channel erosion has resulted in severe damage to the transportation and
communication infrastructure including bridges, pipelines, and fiber-optic lines; and the loss of
productive agricultural land. Due to the extent and severity of damages there has been an
unprecedented willingness of people and organizations to work together to address stream channel
erosion in western Towa.

The goal of this project is to develop information, systems, and procedures for use in making
resource allocation decisions related to the protection of transportation facilities and farmland from
damages caused by stream channel erosion. The objectives established to meet this goal were to: 1)
develop a system that integrates information on stream conditions and infrastructure in the region, 2}
develop technical guidelines for preliminary planning and cost forecasting of channel erosion
countermeasures, 3) develop information on the past and potential region-wide economic impact of
stream channel erosion, and 4) develop administrative procedures for the allocation of technical and
financial resources for channel erosion countermeasures. The research project was begun in August of
1992, and concluded in December of 1994.

1.2 Re rganizati

This report is presented in sections that address the project abjectives. Section two of this report
presents an assessment of stream channel conditions from aerial and field reconnaissance conducted by
Golden Hills Resource Conservation and Development (RC&D) in 1993 and 1994. The development of
a Geographic Information System (GIS) RC&D is discussed. The GIS is being developed to store and
analyze data on the stream conditions and affected infrastructure and assist in the planning of
stabilization measures. GIS maps are presented showing the classification of the aerial reconnaissance
based on a six stage model of stream channel evolution.

Section three of this report presents the findings of stream stabilization research conducted by
Robert Lohnes of the Iowa State University Department of Civil and Construction Engineering. An

evaluation of two methods for predicting the extent of channel degradation for use in preliminary
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planning of countermeasures is presented. A procedure for identifying the most effective location for
and height of grade control structures and an economic analysis of currently used grade control
structures is also presented.

Section four of this report presents the findings of economic analysis research conducted by C.
Philip Baumel of Iowa State University Department of Economics. The first part of this section
presents an estimate of costs associated with damages from stream channel erosion since the time of
channelization until 1992. The second part of this section (by Baumel and Lohnes) provides an estimate
of costs associated with future channel erosion on western Iowa streams. The third part of this section
(by Baumel and Lohnes) presents a procedure to estimate the benefits and costs of implementing stream
stabilization measures. The procedure is applied to evaluate the benefits and costs of installing a grade
control structure on Keg Creek in Pottawattamie County

Section five of this report presents information on the development of the organizational structure
and administrative procedures which are being used to plan, coordinate, and implement stream
stabilization projects and programs in western Iowa. The final section provides recommendations for

future activities related to stream channel erosion in western lowa.

1.3 und and Stud

Several factors appear to contribute to the severity of channel erosion in the region. Bettis (1990)
reports that the western Iowa fluvial system has undergone gully and entrenched stream development
followed by bed and bank stabilization several times during the Holocene {about 10,500 years ago until
present). Widespread stream channelization (dredging and straightening) during this century appears to
be contributing to a shortened time frame over which channel erosion is occurring.  Simon (1989)
reports that large scale channel modifications from 1959 to 1978 in the deep loess soils region of western
Tennessee resulted in a drastic change in energy conditions and a sudden shock to the fluvial system that
caused migrating knickpoints and observable morphologic changes; compared with natural stream
channel adjustments that may be exceedingly slow and practically imperceptible by human standards.

The entrenched stream systems in western Iowa where channel erosion is most severe corresponds
generally to the 4 meter (13.34 ft) upland loess depth contour (Bettis, 1993) on the east boundary, to the
Missouri River floodplain on the west boundary. These loess depths are concentrated in three landform
regions of western Jowa: Southern fowa Drift Plain, Loess Hills, and a portion of the Northwest Jowa
Plains (Prior, 1991).

Figure 1.1 shows the upland loess depth contour derived from Lohnes (1980), in combination with
the landform regions of Iowa map from the Iowa Department of Natura]l Resources GIS data layer from
1992. Information provided by Bettis (1993), field and aerial reconnaissance conducted by Golden Hills
RC&D as a part of this project, and information provided by county engineer and soil and water

conservation district offices was utilized to develop an approximate area map where significant stream
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channel eroston is occurring in western lowa (Figure 1.2). Exceptions may occur outside of the defined
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Figure 1.1. Upland loess depth contours (ft) and landform regions of lowa after Lohnes (1980), [DNR (1992).
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2.0 RECOMMENDATIONS FOR FUTURE ACTIVITIES

During completion of this research project, several ideas for future projects related to channel

erosion in western Iowa were discussed. These include:

Development of a design manual for use by county engineers for stream stabilization

structures,

2. Testing of the geomorphic and tractive force methods for predicting depth of degradation.

(S

L

6. Conduct detailed study of existing grade control structures in

oo

. Modify the widening model to account for rotational as well as planar slope failures.

. Conduct detailed field research on channel adjustment processes to verify and tie in with the

reconnaissance investigation in this research project.

Conduct detailed studies of channel adjustment processes as related to bridges, as channel

adjustment processes tend to be more severe than problems associated with local scour.

he region to determine their
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methods for predicting upstream aggradation.

Test recently developed widening models on the loess-derived alluvial channels of the

region,

. Compare construction of extended bridges with implementation of grade control.
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1.0 AERTAL RECONNAISSANCE

1 Purpose a cope

Aerial reconnaissance was conducted in the early spring 1993 and again in spring of 1994. The
purpose of the reconnaissance was to collect a video tape inventory of streams where severe channel
erosion was known to be occurring and to provide a regional assessment of stream conditions. Aerial
reconnaissance was conducted on 34 streams covering approximately 550 stream miles in 1993 (table
1.1). Aerial reconnaissance was conducted on 73 streams covering approximately 990 stream miles in
1994 {table 1.2). 21 of the 34 streams flown in 1993 were flown again in 1994 to provide a two year
record of potential changes that may have occurred.

The reconnaissance was conducted over a wide geographic area covering the major landform regions
of western Iowa, including the Missouri Alluvial Plain, Loess Hills, Southern Iowa Drift Plain, and
Northwest Towa Plains. This was done to note any significant differences in stream channel erosion in
the various regions. Figure 1.1 shows the location of the streams where aerial reconnaissance was
conducted in 1993. Figure 1.2 shows the location of the streams where aerial reconnaissance was

conducted in 1994. Reconnaissance was conducted in 15 counties in 1993, and 17 counties in 1994,

1.2 Me

A helicopter service from Omaha was contracted to fly the streams. Golden Hills RC&D
personne! conducted the videography using 2 hand-held VHS video camera. The streams were
videotaped through the window in the door of the helicopter. The height of the helicopter varied from
75 to 200 feet above the ground, depending on the height of obstructions such as trees and power lines.
The camera was framed to capture video of the streambed, streambanks, and a portion of the adjacent
fleodplain.

Some streams were videotaped beginning at their mouth then upstream to the headwaters; others
were videotaped beginning at a road crossing in their headwaters then downstream to their mouth. The
direction of the vidéogmphy was based on covering as many of the selected streams as possible on a
given day.

Following completion of the aerial reconnaissance, the location of streams reaches covered by the
videography were compiled on 1:100,000-scale topbgraphic maps and then digitized for the Geographic
Information System (GIS). The streams were then classified based on a six-stage model of stream

channel evolution discussed in section 2.0.
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Table 1.1. List of streams videotaped during 1993 aerial reconnaissance,

Aerial Reconnaissance Video Database, 1693

Stream Tape # Counties Date

East Bover River 6 Craw 4.9.93
East Soldier River 3 Mono, Craw 4.8.93
{East Tarkio Creek 1 Page 4.6.93
[tk Creek 3 Shel, Craw 4.8.93
indian Creek b Mills, Mont 4,993
Indian Creek 5 Cass, Shel, Auduy 4.9.93
Jordan Creek 8 Mono 5.2.93
Keg Creek 4 Shel, Pott 4.8.93
iKoker Creek 6 Wood 4.9.93
Littie Sioux River 6 Wood 4.9.93
Long Branch 3 Shel 4.8.93
M. Nodaway River 9 Adam, Adai 5.2.93
McElhaney Creek 6 Wood 4.9.93
iMiddle Silver Creek 8 Pott 5.2.93
IMiddie Soldier River 4 Craw, Mono 4.8.93
Middie Willow Creek 7 Craw 5.2.93
Moser Creek 3 Shel, Craw 4.8.93
Mosquito Creek 3 Pott, Harr, Shei 4.8.93
Ninemile Creek 9 Adai 5.2.93
IPlum Creek 1 Frem 4.6.93
IReynolds Creek 6 Wood 4.9.93
Rocky Run 6 Craw 4.9.93
Silver Creek 2 Mills, Pott, Shel 4.6.93
Soldier River Trib 8 Mono 5.2.93
Soldier River Trib 8 iMono 5.2.93
Tarkio River 2 Page 4.6.93
W. Fk. 102 River 9 Tayl, Adam 5.2.93
W. Fk. Liitle Sioux R. |6 Wood 4.9.93
W. Fk. Mid Nodaway |9 Adai 5.2,93
Wainut Cr. Tributary 1 Frem, Page 4,6,93
Walnut Creek 5 Pott, Mont, Page, Frem }4.9.93
West Tarkio Creek 2 Page 4.6.93
Willow Creek 7 Harr, Mono, Craw 5.2.93
Wolf Creek 6 Wood 4.9.93
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‘Table 1.2. List of streams videotaped during 1994 aerial reconnaissance.

Aerial Reconnaissance Video Database, 1994
Stream Tape # Counties Date
Allen Creek 10 Hart 4.1.94
Battle Creek 11 lda 4.1.94
Big Creek 11 Wood 4.1.94
Big Whiskey Creek 11 Wood 4.1.94
iBoyer River 7 Craw 3.23.94
lIBrushy Creek 9 Carr 3.31.94
Buck Creek 9 Cass 3.31.94
iCoon Creek 11 Wood 4.1.94
Cooper Creek 6 Frem 3.18.94
Davids Creek 9 Audu 3.31.94
Deer Creek 8 Frem, Mill 3.18.94
East Boyer River 8 Craw, Carr 3.23.94
E. Br. W Nishnabotna 9 Pott, Shel 3.31.94
E. Fk. Wolf Cr. 11 Wood 4.1.94
E. Nishnabotna River g Carr, Audu, Cass 3.31.94
E. Nodaway River 4 Page, Tayl, Adam 3.16.94
£, Soldier River 10 Mono, Craw 4.1.94
lE. Tarkio Creek 4 Page 3.16.04
iElk Creek 7 Harr 3.23.94
Elk Creek 8 Shel 3.23.94
Elk Creek 10 Mono 4.1.94
Elliot Creek 11 Plym, Wood 4.1.94
Elm Creek 11 Burt Co. Ne. 4.1.94
Emigrant Creek 10 Craw 4.1.94
Farm Creek 1 Mill, Pott 3.15.94
Fisher Creek 6 Frem 3.18.94
Graybill Creek 2 Pott 3.16.94
Honey Creek 6 Frem 3.18.94
indian Creek 2 Mill, Mont 3.15.¢4
indian Creek 10 Shel, Cass 3.31.84
Jordan Creek 1 Pott 3.15.94
Jordan Creek 10 Mono 4.1.94
Keg Creek 1 Mills, Pott 3.15.94
iLittle Walnut Creek 2 Pott 3.15.94
fiLong Branch g Shel 3.31.94
{!M. Br. W. Fk 102 River 4 Tay! 3.16.94
[Maple River 11 Mono, Wood, |da 4.1.94
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Table 1.2, List of streams videotaped during 1994 aerial reconnaissance (cont.).

Stream Tape # Counties Date
McElhaney Craek 11 Wood 4.1.94
[Middie Silver Creek 1 Pott 3.15.94
IMiddle Soldier River 10 Craw 4.1.94
Mill Creek 8 Frem 3.18.94
Mill Creek 7 Shel, Harr 3.23.94
Moser Creek 7 Shel 3.23.94
Mosquito Creek 3 Harr, Pott, Shel 3.15.94
IMud Creek 3 Milt 3.16.94
Mud Creek 11 Wood, Plym 4.1.94
Neele Branch 4 Page 3.16.94
iNorth Picayune Creek 7 Harr 3.23.94
iParadise Creek 7 Craw 3.23.94
[Picayune Creek 7 Harr 3.23.94
IPigeon Creek 10 Harr, Pott 3.31.94
{iPony Creek 6 Mili 3.18.94
iRush Creek 10 Mono 4.1.94
Sevenmile Creek 5 Mont, Cass 3.16.94
Silver Creek 1 Pott, Mills 3.15.84
Shake Creek 4 Page 3.16.94
Soldier River 10 Mono 4.1.94
Tarkio River 4 Page, Mont 3.16.94
Troublesome Creek 9 Cass, Audu 3.31.04
Turkey Creek 5 Cass 316894
W. Br. W. Fk.102 River 4 Tayl 3.16.94
W. Fk. 102 River 4 Tayl 3.16.94
W. FK. Little Sioux 11 Wood 4.1.94
Iw. Fk. W. Nishnabotna 8 Pott, Shel 3.23.94
IW. Mill Creek 3 Page 3.16.94
[W. Nishnabotna River 8 Carr, Shel 3.23.94
IW. Tarkio Tributary 3 Page 3.16.94
[Walnut Creek 2 Pott, Mont, 3.15.94
Waubonsie Creek 6 Mill, Frem 3.18.94
\West Tarkio Creek 3 Mont, Page 3.16.94
Willow Creek 7 Harr, Mono 3.23.94
Willow Creek 8 Shel 3.23.94
{Wolf Creek 11 Wood 4.1.94




Figure 1.1. Streams covered by aerial reconnaissance in 1993
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2.0 ASSESSMENT OF CHANNEL STABILITY

.1 Stream C e ution Model

A method of classifying the aerial reconnaissance video was needed to help interpret the processes
occurring in the stream channels. This information would be useful in planning potential channel
erosion countermeasures. Several models have been developed to describe the stages of channel
adjustment that occur in entrenched fluvial systems, including Watson, et. al., (1988), Schumm, et. al.,
{1984), and Simon, (1989). These models were based on studies conducted in the deep loess region of
Mississippi (Watson, et. al., 1988, Schumm et. al., 1984), and Tennessee (Simon, 1989). The adjustment
processes of the fluvial systems of these regions are very similar to those occurring in western Towa
(Bettis, 1993, Simon, 1994). Therefore the use of these models is appropriate in classifying western
TIowa’s streams.

During review of the aerial reconnaissance video tape, Simon’s (1989) six stage model of channel
evolution was selected for classifying the streams. The model seemed to most appropriately describe the

dominant channel processes occurring in the stream channels of western Iowa.

2.2 Simon’s Six Stage ¢ nnel Evolution

Simon (1989) noted that the channelization of alluvial channels in western Tennessee caused a series
of morphologic changes along the modified reaches and tributaries. The model Simon (1989) developed
to describe the adjustment phases following modification of the channels is characterized by six process-
orientated stages of morphologic development: premodified, constructed, degradation, threshold,
aggradation, and restabilization. Table 2.1 describes the dominant processes, characteristic forms, and
geobotanical evidence of the six stage model of channel evolution.

Bank slope development during the specific stages provide visual clues of the dominant channel
processes occurring in the channel. Figure 2.1 provides a visual representation of bank slope
development occurring during the specific channel evolution stages. These visual clues were an

important component during the classification of the aerial reconnaissance video.

2.3 Classification of Aerial Reconnaissance Video

Following completion of the aerial reconnaissance and digitizing of the stream reaches covered by
the reconnaissance (described in section 1.2}, the streams were classified based on the six-stage channel
evolution mode! described above. Other characteristics of the stream channels were also noted

including location of bedrock outcrops, significant knickpoints, and grade control structure locations.
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Table 2.1. Stages of channel evolution from Simon (1989).

No.

Stage
Name

Dominant processes

Fluvial

Hillslope

Characteristic forms

Geobotanical evidence

it

Hi

¥i

Premodified

Constructed

Degradation

Threshold

Aggradation

Restabilization

Sediment transport-mild
aggradation; basal
erosion on outside
bends; deposition on
inside bends,

Degradation; basal erosion
on banks.

Degradation; basal erosion
on banks.

Aggradation; development
of meandering thalweg,
initial deposition of
alternate bars; reworking
of failed material on
lower banks.

Aggradation: further
development of
meandering thalweg;
further deposition of
ahernate bars; reworking
of failed material; some
basal erosion on outside
bends deposition on
flood plain and bank
surfaces,

Pop-out failures

Slab, rotational and pop-
out faiiures,

Slab, rotational and pop-
out failures; low-angle

slides of previously failed

material.

Low-angle shides; some
pop-out failures near
flow line.

Stable, alternate channel
bars, convex top-bank
shape; flow line high
refative 1o top bank;
channel straight or
meandering.

Trapezoidal cross section;
linear bank surfaces; Sow
line lower relative to top
bank.

Heightening and steepening
of banks; alternate bars
eroded; flow line lower
relative to top bank.

Large seallops and bank
retreat; verticai-face and
upper-bank surfaces;
failure biocks on upper
bank; some reduction in
bank angles; flow line
very low relative to top
bank.

Large scallops and bank
retreat; vertical face,
upper bank, and slough
line; flattening of bank
angles; flow line low
refative to top bank;
development of new
flood plain {7},

Stable, aliersate chuanned
bars; convex-short
vertical face, on top
bank; flattening of bank
angles; development of
new flood plain (7); fow
line high relative to top
bank.

Vegetated banks to low-
flow line

Removal of vegetation {7)

Riparian vegetation high
relative to flow line and
may lean towards
channel.

Tilted and fallen riparian

vegetation.

THied and fallen riparian
vegetation; reestablishing
vegetation on slough
line; deposition of
material above root
collars of slough-ling
vegetation,

Reestablishing vegetation
extends up slough line and
upper bank; deposition of
material above root collars
of stough-line and upper-
bank vegetation; some
vegetation establishing on
bars.
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Figure 2.1. The six-stages of bank-siope development from Simon (1989).

The stream reaches covered in the video were classified based on evidence of what appeared to be
the dominant channel process as outlined by the model. The video of each half-mile to one-mile stream
segment was reviewed and assigned to one of the six stages of channel evolution. The stages of channel
evolution were color coded and drawn on acetate overlays over U.S. Geological Survey 1:100,000-scale
county topographic maps. The data was later digitized for use in the GIS. The videos were reviewed
multiple times to confirm the classification in the context of the entire stream system. Field
reconnaissance conducted during the course of the research project was also used to verify the

classification on vartous streams.

2.3.1 Induced stages

During classification of the reconnaissance video it was noted that the banks along the stream
reaches upstream of major grade control structures were stable with herbaceous and woody plants

reestablishing. This was the result of flat water and siltation above the structures that mimicked a stage
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V or stage VI of the channel evolution model. These stream segments did not appropriately fit into the
natural adjustment process of the six-stage model of channel evolution, and were therefore classified as
“Induced Stage V", or “Induced Stage VI”. The reaches above grade control structures classified as
Induced Stage V had primarily herbaceous plant growth on the banks and some minor bank erosion;
reaches classified as Induced Stage VI had well developed herbaceous and woody plant growth and little
evidence of bank erosion. The length of these induced stable reaches varied probably because of the

varying heights of the grade control structures, length of time in place, stream slope, and other factors.

indicators during classification pr I

During the classification procedure certain key indicators in the video footage were used to identify
of the stages of channel evolution (table 2.2). The bank morphologic and botanical evidence was used
primarily in the classification along with evidence of damage or modification of bridges, pipelines, and
other infrastructure. For example, a single span bridge with one or more added approach spans
provided an indication that there had been significant channel widening since the bridge was initially
installed. Based on the bridge evidence along with the other morphologic and botanical evidence, the
stream reach at this location may be in a stage IV or V of channel evolution. Other bridge-related
indicators were bridges that had failed because of undermined abutments and piers. Exposed pipelines
were another infrastructure-related indicator. The pipeline crossings were originally installed below the
streambed, however because of bed-level channel degradation (Stage I, and Stage IV), some pipelines
have been exposed. The bridgerelated indicators were taken in the context of the overall channel
adjustment processes of the stream reach because the stream channel at a bridge crossing may be affected

by local scour or other factors not related to the stage of channel evolution.

Table 2.2. Key indicators used in the classification of the aerial video.

Stage Key indicators

. Premodified Meandering channel geometry; shallow bank o bed depth;
alternate channel bars; herbaceous and or woody vegetation

to the fiow line; no evidence of channel modification.

I. Constructed Evidence of recent channel modifications including spoil
material, linear bank surface, lack of vegetation, or

herbaceous vegetation to the flow line.

li{. Degradation Linear bank surface similar to I, but with pop-out failures at
the base of the banks; knickpoints and riffle zones; bank to
bank widths without appearance of major retreat. Tilted

vegetation, raw banks; exposed pipelines.
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Table 2.2, Key indicators used in the classification of the aerial video (cont.)..

Stage Key indicators

IV. Threshold Obvious major bank retreat, slab and rotational bank
failures, knickpoints and riffle zones; linear flow line; tilted
and fallen vegetation, damaged infrastructure, approaches

added fo original bridge lengths.

V. Aggradation ' Major bank retreat and bank failures similar to IV, but with
development of a meandering flow line, and initial deposition
of alternate bars; sands and/or gravels apparent on alternate
bars; re-establishment of vegetation at the siough line;

similar bridge-related damages as in IV,

VI. Restabilization Meandering thalweg, stable alternate channel bars, minor
bank failures on outside bends; woody vegetation on banks
and alternate bars; shallower bank to bed depth than V,
evidence of out-of-bank events with deposition of sand on
floodplain.

V-i Induced stage V Stable stream reach upstream of grade control structure;
primarily herbaceous plant growth on the banks; minor bank

erosion

Vi-i Induced stage VI Stable stream reach upsiream of grade conirol structure,
well developed herbaceous and woody plant growth little

evidence of bank erosion.

2.4 Results of Classification Procedure

The county-by-county results of the classification of the aerial reconnaissance video are presented in
tables 2.3, and 2.4 for 1993 and 1994 respectively. The combined totals of all counties are presented in
tables 2.5, and 2.6 for 1993, and 1994 respectively. GIS maps representing the classification of each
county are presented in Appendix A . The dominant channel process recorded where reconnaissance
was conducted was Stage IV-Threshold with over 55% of the total for both years; followed by Stage V-
Aggradation with 16.52% in 1993, and 23.31% in 1994; followed by Stage III-Degradation with 16.37%
in 1993, and 10.29% in 1994. Figures 2.2, 2.3, and 2.4 show cxamples of the Stages III, IV, and V from

ground level reconnaissance photos of streams in western Iowa.
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Table 2.3. Results by county of the classification of the 1993 reconnaissance video.

Stages of Stream Channel Evolution 1993
Adair County Milesi Kilomefers| % of Total|
stage 3 1.05 1.89 4.93%
stage 4 17.98 28.93; 84.41%
stage b 2.27 3.85 10.68%
Totals| 21.30 34.27 100%
Adams County Miles| Kilometers| % of Total|
stage 4 7.46 12.00] 73.79%
stage 5 2.65 4.26] 26.21%
S " Totals{ 1011 16.27 100%
Audubon County Miles| Kilometerst % of Total)
stage 2 1.03 1.66f 13.12%
stage 3 6.82 10.97| 86.88%
Totals; 7.85 12.63 100%
Cass County Miles| Kilometers] % of Tota
stage 5 15.59 25.08 100%
Totals; 16.59 25.08 100%
Crawford County Mites| Kilometers| % of Total]
stage 1 0.60 0.97 1.44%
[stage 2 2.83 455  6.78%
[]stage 3 7.84 12.61 18.79%
stage 4 20.88 33.60f 50.05%
stage 5 9.57 15.40] 22.94%
Totals] 41.72 18.13 100%
Fremont County Miles| Kilometers] % of Totall
stage 4 3.78 6.08f 16.36%
stage 5 15.16 24.38) - 65.60%
stage 6i 417 6.71 18.04%
Totals; 23.11 37.18 100%
Harrison County Miles] Kilometers] % of Totall
Istage 3 6.02 9.69] 17.38%
Istage 4 6.05 9.73] 17.47%
]]stage 5 9.56 15.38] 27.61%
[stage Si 6.56 10.56]  18.94%
stage 6i 6.44 10.36] 18.60%
Totfals} 34.63 55.72 100%
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Table 2.3. Results by county of the classification of the 1893 reconnaissance video {cont.}.

“Miﬂs County Miles) Kilometers] % of Total)
Hstage 4 24.03 38.66] 88.02%
stage 5 3.27 528] 11.98%
Totals| 27.30 43.93 100%)
Monona County Mites| Kilometers| % of Tofal|
stage 4 . 21.53 34.64] 73.21%
stage 5 2.60 4.18 8.84%
stage 5i 3.15 5.07) 10.71%
stage 6i 213 3.43 7.24%
Tolals| 29.41 47.32 100%
Montgomery County Miles} Kilometers| % of Total|
stage 3 3.83 6.16) 15.52%
stage 4 11.35 18.26] 46.01%
stage 5 9.49 1527 3847%
Totals] 24.67 39.69 100%
Page County Miles| Kiometers] % of Total|
stage 3 1.87 3.01 3.47%
stage 4 51.95 83.59. 96.53%
Totals| 53.82 86.60 160%
Pottawatfamie County Miles! Kilometers| % of Total|
stage 1 0.22 0.35 0.21%
stage 2 9.08 14.61 8.75%
stage 3 14.60 2349 14.07%
stage 4 69.53 111.87] 67.01%
stage 5 7.58 12,20 7.31%
stage 5i 2.75 4.42 2.65%
Totals} 103,76 166.95 100%
Shelby County Miles! Kilometers| % of Total
stage 2 2.33 3.75 2.88%
stage 3 40.92 65.84] 50.66%
stage 4 36.72 59.08] 45.46%
stage bi 0.8 1.29 0.99%
Totals| 80.77 129.96 100%
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Tabie 2.3. Results by county of the classification of the 1993 reconnaissance video (cont.}

Taylor County Miles| Kitometers| % of Total

stage 3 1.07 1.72 6.43%
stage 4 15.56 25.04] 93.57%
Totals| 16.63 26.76 100%

Woodbury County Milesi Kilometers| % of Total

stage 1 18.40 2861 3061%

stage 2 1.56 2.49 2.58%

stage 3 6.14 9.88; 10.21%

stage 4 20.77 33.42] 34.55%

flstage 5 13.25 21.32] 22.04%
Totals| 60.11 75.40 100%

Table 2.4. Results by county of the classification of the 1994 reconnaissance video.

Stages of Stream Channel Evolution 1994
Adams County Miles| Kilometers] % of Total|
stage 4 3.09 4971 13.24%
stage 5 20.25 32.58| 86.76%
Totals| 23.34 37.55 100%
Auclubon County Miles| Kifometers) % of Tatall
stage 1 1.00 1.81 1.78%
|istage 3 14.6 2349  25.96%
Istage 4 28.76 46.27| 51.14%
stage 5 11.88 1911 21.12%
Totals| 56.24 90.49 100%
Carroll County Miles| Kilometers| % of Tota
tstage 1 522 840 2227%
fistage 3 9.92} 15.96] 42.32%
fistage 4 8.01 12.89)  34.17%
stage 5 0.29 0.47 1.24%
Totals| 23.44 37.71 100%
Cass County . HMiles} Kilometers| % of Totall
stage 4 43.83 78.57| 55.84%
stage 5 37.04 59.60| 42.36%
stage 5i 1.57 2.53 1.80%
Totalsi 87.44 140.69 100%
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Table 2.4. Results by county of the classification of the 1894 reconnaissance video (cont.),

Crawford County Miles| Kilometers] % of Total|
stage 1 0.54 0.87 0.93%
][stage 3 3.87 6.23 6.66%
stage 4 26.38 42.45) 4542%
stage 5 27.28 43.911 46.99%
Tofals; 58.08 93.45 100%
Fremont County Miles| Kilometers| % of Totall
stage 1 6.84 11.01 16.89%
stage 3 . 5.03 8.09] 12.42%
[stage 4 14.93 24.02] 36.87%
][stage 5 415 6.68] 10.25%
stage Gi 9.54 156.35) 23.56%
Totals| 40.49 65.15 100%
Harrison County Wiles| Kilometers| % of Total|
stage 1 1.57 2.53 2.29%
stage 4 41.19 66.27 60.07%
stage 5 7.32 11.78] 10.68%
stage 5i 9.70 1561 14.15%
stage 6i 8.79 14.14] 12.82%
Tofals| 68.57 110.33 100%
Ida County Mites| Kifometers| % of Total
stage 1 468 7.53] 30.53%
stage 3 2.76 444 18.00%
Istage 5 0.89 143 581%
stage 6 7.00 11.26| 45.66%
Totals| 15.33 2467 100%
iMills County ~Wiles| Kilometers| % of Total.
stage 1 227 3.65 5.06%
stage 3 3.08 4.96 6.86%
siage 4 2293 36.89] 51.07%
stage 5 8.1 13.631  18.04%
lIstage 5i 4.25 6.84] 9.47%
stage 6i 427 6.87 9.51%
Totals| 44.90 72.24 100%
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‘fable 2.4. Results by county of the classification of the 1994 reconnaissance video (cont.}.

Monona County . Biles| Kilometers| % of Totall
stage 1 1.03 1.66 2.37%
stage 4 34.86 56.08] 80.27%
stage 5 1.14 1.83 2.62%
stage 6 3.27 5.26 7.53%
stage 5i 2.58 415 5.94%
stage 6i 0.55 0.88 1.27%
Totals}; 43.43 69.88 100%
Montgomery County Hites| Kilometers| % of Total
stage 1 6.25 10.08]  11.62%
stage 2 0.78 1.26 1.45%
stage 3 13.9 2237 2585%
istage 4 25.65 4127 47.70%
stage 5 6.48 10.43] 12.05%
stage 5i 0.71 1.14 1.32%
Totals| 53.77 86.52 100%
Page County Miles| Kilometers] % of Total
istage 1 3.46 5.57 3.94%
Istage 3 7.23 11.63 8.23%
stage 4 63.44 102.07| 72.18%
stage 5. 13.76 2214 15.66%
Totals| 87.89 141.42 100%
Piymouth County Miles| Kitometers| % of Total)
stage 3 2.04 3.28 100%
Totals} 2.04 3.28 100%
Puottawattarmie County Miles] Kilometers| % of Tofall
stage 1 2.82 4.54 1.69%
stage 3 18.54 29.83] 11.12%
stage 4 106.26 170.97| 63.71%
Istage 5 35.46 57.08] 21.26%
stage 5i 372 5.99 2.23%
Totals 166.80 268.38 100%
Shelby County Miles| Kiometers| % of Toial
stage 1 217 3.49 2.07%
stage 3 3.87 6.23 3.70%
stage 4 58.85 110.78| 65.83%
stage 5 28.9 46.50 27.63%
stage bi 0.8 1.29 0.76%
Totals] 104.59 168.29 100%
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Table 2.4, Results by county of the classification of the 1994 reconnaissance video {cont.).

Taylor County Miles| Kilometers| % of Totall

stage 3 1.49 2.40 3.57%

stage 4 34.73 5588 83.11%

stage 5 5.57 8.96] 13.33%

Totals} 41.79 67.24 100%

Woodbury County Miles| Kilometers| % of Total

istage 1 4.40 7.08 6.19%
stage 3 15.51 24.96] 21.82%

stage 4 25.14 40.45; 35.37%

Istage 5 22.07 3551 31.05%
kstage 6 . 3.96 6.37 5.57%
Totals| 71.08 114.37 100%

Table 2.5. Results of the classification of the 1993 reconnaissance video (combined county totals).

Stages of Stream Channetl Evolution 1993

60.00% 55.85%

50.00% 4
40.00% 1

30.00% .

16.37% 168.52%

20.00% L

10.00% L 340%  3.05% 241%  2.31%

0.00%

i 4

stage 1 stage 2 stage 3 staged staged stage 6 siage 5i stage i

0.00% |

1993 Totals Miles Kilometers % of Total
stage 1 19.22 30.92 3.49%
stage 2 16.82 27.08 3.05%
stage 3 90.16 145.07  16.37%
stage 4 307.59 49491  5585%
stage & 90.99 146,40  16.52%
stage 6 0.00 0.00 0.00%
stage 5i 13.26 21.34 2.41%
stage 6i 12.74 20.50 2.31%

Totals 550.78 §86.21 100%
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Table 2.6. Results of the classification of the 1994 reconnaissance video {combined county totals}.

Stages of Stream Channel Evolution 1994

60.00% 55.91%

50.00% |
40.00% 4

30.00% 23.31%

20.00% ..
10.29%

10.00% - 4.27%

0.08% 144% 2.36% 234%

T

0.00% -

stage 1 stage? stage3 stage4 stage 5 stage6 stage 5i stage 6i

1994 Totals Mites Kilometers % of Total
stage 1 4226 67.98 4.27%
stage 2 0.78 1.26 0.08%
stage 3 101.84 163.86 10.29%
stage 4 553.05 889.86 55.81%
stage 5 230.59 371.02 23.31%
stage 6 14.23 22.80 1.44%
stage 5i 23.33 37.54 2.36%
stage 6i 23.15 37.25 2.34%

Totals 989.22 1591.65 100%




Figure 2.2. Example of stage Il stream reach, East Soldier River Tributary, Crawford County.



Figure 2.3. Example of a stage IV-threshold stream reach, Wainut Creek at Hwy 6, Pottawattamie County.
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Figure 2.4. Example of Stage V-Aggradation stream reach, Witlow Creek, Harrison County,
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2.5. Strea ampli

The composition of the stream bed material plays an important role in the channel adjustment
process. Simon and Downs (1994) point out that in channels devoid of sand or coarser-sized material
for downstream aggradation and gradient reduction, channel widening could be the only means
available to the stream to reduce flow energy. Without a coarse bed material, the time needed for a
stream to aggrade is greatly increased. Simon (1989) notes that highly disturbed channels (in western
Tennessee) v}hich ate cut through loess derived sediments and lack a coarse sedimentload for
z{ggfadation tend to aggrade extremeiy slow following degradatibﬁ. He notes that because of this, Stage
v represents the final stage of bank«slope development of these channels.

Three streams in the project area were selected for the collection of bed materzai samples: West
Tarkié Creek in Page, Montgomery Counties, and Atchison County in Missourl; Willow Creek in
Harrison, and Monona Counties; Keg Creek in Mills and Pottawattamie Counties (see figures 2.5, 2.6,
and 2.7).  The purpose of collecting the samples was to see if, 1)the composition of the bed material
c.orrelate.d' with the identified stage of channel evolution, 2) to note changes in the composition of the

bed material throughout the stream system.

Atchison County, Missourl

Figure 2.5. Streambed sample collection sites on West Tarkio Creek.
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Figure 2.6, Streambed sample collection sites on Willow Creek.

10K HNOSSIN

tes on Keg Creek.

Figure 2.7. Streambed sample collection si
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2.5.1 Methods

Bed samples were collected at each site using one of two tools provided by the U.S. Geological
Survey, Nebraska District: 1) a hand-held sampling tool that was driven up to eight inches into the
stream bed and then withdrawn, and 2) a stream bed sampling device lowered down from a bridge that
was released at the point of contact with the stream bed; a spring-loaded device would then collect the
sample. The hand held tool was used on all but two sampling sites where it was too difficult to climb

down the banks to reach the streambed.

2.5.2 Results

The bed samples were then analyzed by the U.S. Geological Survey in Iowa City and Raleigh, NC.
Data on the bed samples are preseﬁtéd in tables 2.7, 2.8, and 2.9. 'The analysis data for the stream bed
samples including the particle size and size class was provided by Andrew Simon of the U.S. Geological
Survey, NC. The streambed data was correlated with the stage of channel evolution data (tables 2.10,
2.11, and 2.12). The occurrence of the coarser bed material (sand and gravel) appears to correlate well
with Stage V-aggradation, and Stage IV-threshold. As pointed out above, the coarse material is needed
for the streams to begin aggradation. The Stage IV sites where sand was sampled may be in a late stage
IV or early stage V. The samples on West Tarkio Creek show that aggradation appears to be moving
upstream from the mouth into southern Page County. The finer bed material (silt) correlates with

Stage Il-constructed, Stage I1l-degradation, and Stage IV-threshold.

6 Discussion of 1 Stabili essment

The aerial reconnaissance has provided the most comprehensive view to date of the channel
adjustment processes occurring in the deep loess region of western Iowa. The view of extended stream
reaches at low altitude allowed for the interpi’étation of key indicators of the stages of channel
evolution. This information is vital in determining the dominant channel process of a given stream.
The classification of the streams based on the six-stage model of channel evolution can be used as a first
step in planning of potential erosion countermeasures. Stream reaches that were identified as Stage I,
may be the most appropriate areas to concentrate grade control measures. These reaches have yet to
experience the severe widening associated with Stages IV, and V, and therefore would likely be less
costly to construct grade control measures.

The channel evolution model data show that the overall channel adjustment process occurring in
western Iowa is Stage IV-threshold. This may indicate that the streams covered in the reconnaissance
the dominant process in the future will be channel widening, while major bed-level degradation has
already occurred. However it was noted during the reconnaissance that many of the small tributaries

are experiencing major bed-level degradation.
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Table 2.7. Bed material data for West Tarkio Creek

Approximate estimates of the d50 of the bed material

Collections by Golden Hills RC&D; 7/18/24 collections by USGS,

Analysis by

U.S. Geological Survey, lowa City, and Raleigh, NC.

Confluence with Tarkio River section 23 Tarkio Twp.

ID# Location Date Particle size |Size class Notes
(mm]

Montgomery County , lowa

H34 County Road H34 section 24/25 Red Qak Twp. 8.19.24 0.012 silt

H4.2 County Road H42 section 1/12 Grant Twp. 8.18.84 0.011 silt

H4.6 County Road H46 section 14/23 Grant Twp. 8.19.94 0.200 sand

H54 County Road H54 section 26/35 Grant Twp. 8.19.94 0.020 silt

Page County, lowa

FR1 County Road at section 11/14 Fremont Twp. 8.19.94 0.015 silt

J20 County Road J20 section 22/27 Fremont Twp. 7.18.94 0.480 sand

J28 County Road J28 section 4/8 Tarkio Twp. 8.19.94 0.270 sand

432 County Road J32 section 17/20 Tarkio Twp. 8.23.94 0.032 silt

TA1 County Road at section 30 Tarkio Twp/25 Grant Twp. 8.23.94 0.014 silt

140 County Road J40 section 11/14 Morton Twp. 8.23.94 0.027 silt

J4.8 County Road J48 section 22/27 Morton Twp. 8.23.94 0.220 sand

J52 County Road J52 section 4 Washington Twp. 7.18.94 1.400 sand-gravel |Sampie from streambed

J52 County Road J52 section 4 Washington Twp. 7.18.94 0.800 sand Sampie from sand bar

J56 County Road Jb6 section 9/16 Washington Twp. 8.23.94 0,200 sand

J64 County Road J64 section 20/29 Washington Twp. 7.18.94 .800 sand

Atchison County, Missouri

LW1 County Road at section 31/6 Lincoln West Twp. 8.23.94 1.000 sand

SHC State Rte. C section 12/13 Lincoln West Twp. 7.18.94 1.200 sand-gravel

Lw2 County Road at section 25/36 Lincoln West Twp. 8.23.94 0.800 sand

T1 County Road at section 2/11 Tarkio Twp. 8.23.94 0.800 sand

T2 7.18.94 1.600 sand-gravel
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Table 2.8. Bed material data for Willow Creek.

Approximate estimates of the d50 of the bed material
Collections by Golden Hills RC&D
Analysis by U.S. Geological Survey, lowa City, and Raleigh, NC.
ID# Location Date Particle size |Size class Notes
{mm}
Monona County, lowa
.37 County bridge section 11/12 Willow Twp. 9.7.94 0.014 silt
W-34 County bridge SW 1/4 section 34 Willow Twp. 9.7.84 0.380 sand
Harrison County , lowa
L16 County bridge on L16 section 20/28 Lincoln Twp. 9.7.94 0.032 silt below flume outlet
F20L County bridge on F20L section 6 Boyer Twp. 9.7.94 1.500 - sand-gravel
M-14 County bridge NE 1/4 section 14 Magnolia Twp. 9.7.94 0.800 sand
F32 County bridge on F32 section 23 Magnolia Twp. 9.7.94 0.018 silt upstream of flume
M-27 County bridge in section 27 Magnolia Twp. 9.7.94 2.200 sand-gravel
C-1B County bridge in section 15 Calhoun Twp. 9.7.94 0. 750 sand
Fb0 County bridge on FB0 section 30/31 Calhoun Twp. 8.7.94 0.375 sand Mo. River floodplain
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Table 2.9. Bed material data for Keg Creek.

Approximate estimates of the d50 of the bed material
Collections by Golden Hills RC&D
Analysis by U.S. Geological Survey, lowa City
1D# Location Date Particle |Size class Notes
Size(mm)
Pottawattamie County , lowa
]|GSO County bridge on G30 section 18/12 York Twp. 9.7.94 0.040 silt
INO-20 County bridge NO-20 section 25 Norwatk Twp. 9.7.94 0.012  |silt
[HA-1 County bridge NE 1/4 section 1 Hardin Twp. 9.7.94 0.040  lsilt 25m d/s of flume outlet
HA-1B County bridge NE 1/4 section 1 Hardin Twp. 9.7.94 0.045 silt upstream of gabion flume
HA-2 County bridge section 1/2 Hardin Twp. 9.7.94 0.062 sand-silt
HA-S County bridge at section 10/11 Hardin Twp. 9.7.94 0.380 sand
HWY8 U.S. Hwy 8 bridge section 15/22 Hardin Twp. 9.7.94 0.230 sand
HA-18 Co. bridge H-18 on L52 section 27 Hardin Twp. 9.7.24 0.060 - |sand-silt
Mills County, fowa
iN-8 County bridge NL section 8 {west} Ingraham Twp. 9.7.94 0.750 sand
laL-27 County bridge NW 1/4 section 27 Glenwood Twp. 9.7.94 0.750  [sand
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Table 2.10. Correlation of stream bed data with stage of channel evolution, West Tarkio Creek.

ID# Date Particle size Size class Stage of
{mm) Channel Evolution
Montgomery County , lowa
H34 8.19.94 0.012 silt [l-constructed*
42 8.15.94 0.011 sit lll-degradation
H46 8.19.94 0.200 sand lll-degradation
H54 8.19.84 0.020 silt li-degradation
Page County, lowa
FR1 B.19.94 Q015 silt IV-threshold
J20 7.18.84 0.480 sand - IV-threshold
J28 8.19.94 0.270 sand iV-threshold
J32 8.23.94 0.032 silt IV-threshold
TA 8.23.94 0.014 silt IV-threshold
J40 8.23.94 0.027 silt IV-threshold
J48 8.23.94 0.220 sand IV-threshold
Jb2 7.18.94 1.400 sand-gravel IV-threshold
Js2 7.18.94 0.800 sand IV-threshold
JB6 8.23.,94 0.200 sand IV-threshold
J64 7.18.94 0.800 sand IV-threshold
Atchison County, Missouri
LW1 8.23.94 1.000 sand \V-aggradation*®
SRC 7.18.94 1.200 sand-gravel V-aggradation*®
LW2 8.23.94 0.800 sand V-aggradation™®
T1 8.23.94 0.800 sand V.aggradation*
T2 7.18.94 1.600 sand-gravel V-aggradation*®

* Stage of channel evolution identified from field reconnaissance
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Tahle 2.11. Correlation of stream bed data with stage of channel evolution, Willow Creek.

ID# Particle Size class Stage of
size {mm) Channel Evolution
Monona County, lowa
L37 0.014 silt IV-threshold
W-34 0.380 sand V- Induced
Harrison County , fowa '
L16 ©0.032 silt V-threshold
F20L 1.600 sand-gravel V-aggradation
M-14 0.800 sand V-i Induced
F32 0.018 silt Vi Induced
M-27 2.200 sand-gravel V-aggradation
C-1b6 0.750 sand V-aggradation
F50 0.375 sand V-aggradation

Table 2.12. Correlation of stream bed data with stage of channel evolution, Keg Creek.

ID# Particle Size class Stage of
Size{rnm) channel evolution
Pottawattamie County , lowa
G30 0.040 silt iV-threshold
NO-20 0.012 silt iV-threshold
HA-1 0.040 silt {V-threshold
HA-1B 0.045 silt V-i Induced
HA-2 0.062 sand-silt IV-threshold
HA-9 0.380 sand {V-threshold
HWY6 0.230 sand iV-threshold
HA-18 0.060 sand-silt iV-threshold
Mills County, lowa
IN-8 0.750 sand IV-threshold
GL-27 0.750 sand V-aggradation®

*stage of channel evolution identified from field reconnaissance.
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2.6 Discussion of Ch tability Asse nt.

Only a minor percentage of the stream miles covered in the reconnaissance were classified as Stage I, II, or
V1. Simon (1989) points out that the six-stage model does not suggest that each adjusting reach will undergo all
six stages but implies thar specific trends of bed-level response will result in a series of mass wasting processes and
definable bank and channel forms. Only the Maple River in Monona, Woodbury, and Ida Counties had reaches
classified as stage VI-restabilization. Morphologically this stream is more characteristic of streams east of the
project area. One major difference of Maple River than other streams reviewed in the reconnaissance is that its
head waters are in an area near late Wisconsinan glacial advance (in Cherokee and Ida County); and therefore has
as its dominant bed material sands and gravels.

Coarse bed material, as noted in section 2.5, plays an importaat role in the channel adjustment process.
Other data including depth of loess-alluvium above glacial till would be beneficial in helping predict the future
adjustment of the channels.

The stream evolution data may be indicating that the final stage of channel development, at least on a
human time-scale, will be stage V for the majority of the streams covered in the reconnaissance, i.e., the stream
channels will form a new meandering system within the existing entrenched gullies. However as Bettis (1990)
points out, the geologic record shows that the western Jowa fluvial system has undergone gully and entrenched

streamn development several times during the Holocene; therefore reaching a final form of stage VL
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3.0 GEOGRAPHIC INFORMATION SYSTEM DEVELOPMENT

3.1_Objectives
This report describes the development of a Geographic Information System (GIS) begun in March

1993 for the Stream Stabilization in Western Iowa (Hungry Canyons) project at Golden Hills RC&D.
A large amount of data related to stream channel erosion in western Iowa has been collected at Golden
Hills RC&D over the past four years. This data has been in the form of maps and written material from
county engineers and soil and water conservation districts in the 22 county area. A system was needed
to organize, store, digitize, and analyze this and other recently collected data. A computer based
Geographic Information System (GIS) was chosen as the tool to meet these system needs. The
following four objectives were defined for the development of the GIS for the Hungry Canyons project:
A. Determine the benefits of establishing a GIS
Work on developing the GIS database and use of the GIS storage, retrieval and analysis programs
has shown that a GIS can provide the needed tool for the Hungry Canyons project. The GIS
can manage the large amount of spatial and attribute data associated with natural resources,
transportation infrastructure and stream channel erosion in western Iowa. The GIS can also be
used to help plan natural resource, rural development, and infrastructure projects in the region.
B. Evaluate GRASS/GIS software
Geographic Resources Analysis Support System (GRASS) software is a public domain GIS
software that was chosen for the Hungry Canyons project
C. Develop GIS database for selected pilot study area
GIS data layers were developed for the pilot study area through existing digital data and
digitizing analog data.
D. Implement the GIS for the entire project area
Following implementation of the GIS for the pilot area, GIS development progressed to include

a 22 county area.

3.2 Background

2. un

The Hungry Canyons project addresses the severe loss of land and damage to transportation
infrastructure caused by stream channel erosion in a 22 county area of the deep loess soils region of
western fowa. Significant stream channel erostor (channel deepening and widening) has been identified
on 155 streams in the region, causing damage to bridges, pipelines, telephone lines, and loss of

agricultural land through land voiding.
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3.2.2 Golden Hills RC&D GIS

Golden Hills RC&D began developing its GIS capabilities in March 1993. The Natural Resources
Conservation Service (NRCS) has provided the computer hardware for the GIS consisting of an
EVEREX 6386/33, 170mb and 500mb hard drives, Pinnacle Micro RE(Q-65C optical storage drive, CTX
14" color monitor, AT&T “dumb" terminal, ALTEK model AC3! Digitizing Table, and
TEKTRONIX 4696 color printer. GIS software is the NRCS version of Geographic Resources
Anaiysis Support System (GRASS) 4.0, and 4.1, The software is run on AT&T UNIX SYSTEM V

release 3.2.3 operating system.

3.2.3 GIS staff ckgroun

Gregg Hadish is the GIS and Project Director for the Hungry Canyons Project. He is an employee
of the Golden Hills RC&D Council. Gregg received his Bachelor of Landscape Architecture from Jowa
State University in May 1992. He served as research assistant to Paul Anderson in the ISU Department
of Landscape Architecture from June 1991 to June 1992, developing a GIS database and analysis
techniques for natural resource and recreation master planning for the Dallas Couanty Conservation
Board's Raccoon River Greenbelt project. Gregg served as Golden Hills RC&D project spectalist from
June to September 1992 for the Loess Hills Landscape Resource Study, and has served as RC&D project
director since September 1992,

~Af T andemana A robitactiira from T
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2t y
LAaRlslapls Salliuteilic 1l

Master of Science in Landscape Architecture at the University of Minnesota with a minor in Water
Resources. Her thesis work involves an integrated approach to watershed management and water
quality and the use of GIS (Arc/INFO) and AGNPS (Agricultural Non Point Source) programs to
evaluate management scenarios. Diane has worked as GIS technician at Golden Hills RC&D during

winter break 1993 and summer 1994,

2.4 Learnin S

Gregg and Diane have learned features of GRASS/GIS without the benefit of software training.
The GRASS User's Reference Manual (USACERL, 1991, 1993) has been the primary learning tool. A
GRASS 3.0 Tutorial (USACERL, 1988) covering several commands was also referred to, however this
was of limited value since command names were cémpletely reorganized with the release of GRASS 4.0.
Technical support concerning the use of GRASS has been received from Dale Ceolla and Shelly Coon
from the INRCS, Des Moines, and Ken Sibley and Jim Carrington from the NRCS National
Cartography and GIS Center in Ft. Worth.
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3.3 Procedure
area development.

Pottawattamie County was selected as the pilot study area to begin the GIS development. The
county is 616,000 acres in size, with over 30 named streams and numerous tributaries. The county is
bounded on the west by the Missouri River where its flood plain meets the steep bluffs of the loess hills
land form region. The area west of the land form consists of rolling hills with thick loess deposits. The
major streams in the county include the West Nishnabotna River, Silver Creek, Walnut Creek,
Mosquito Creek, and Keg Creek. These and other streams have experienced severe channel erosion that
has impacted the couaty's highway bridges, pipelines, and other infrastructure and agricultural land.
Pottawattamie County was selected as the pilot county for GIS development because the size, stream

conditions, and complexity well represent the other 21 counties in the project area.

3.3.2 Digital data sources

A priority during the establishment of the GIS was to identify sources of digital data that could be
acquired for free or at minimal cost, and were in 2 format that could be readily converted into GRASS
map layers. Data has been acquired at no cost from several sources including the Iowa Department of
Transportation (IDOT), NRCS, U.S. Geological Survey EROS Data Ceanter, Towa Department of
Natural Resource {IDNR), U.S. Army Corps of Engineers, and Iowa State University, Many of these
agencies are now providing digital GIS data via File Transfer Protocol (FTP) sites on the Internet.
Golden Hills RC&D has acquired data from these sources through an Internet gateway service.

In addition to data acquired from other agencies, digital data layers have been created at the RC&D

using the ALTEK digitizing table and GRASS digitizing programs

3.3.3_GIS data layer development (Note: GRASS 4.0 programs used appear in italics.)

GIS data layers were developed for Pottawattamie County using existing digital data from IDOT
Drawing eXchange Format {DXF) files, NRCS Digital Line Graphs (DLG's), U.S. Department of
Census TIGER files, and Defense Mapping Agency Digital Elevation Models (DEM). Conversion
routines and data descriptions of the various digital data are described in Appendix B. Other data layers
were developed by digitizing anzlog data and creating files from written material. A spread sheet in
Appendix B lists the map layers developed for Pottwattamie County. Included are a description of the
map layer and listing of the original source of the data.

Six file types were generated using GRASS/GIS including raster files, vector files, site list files, paint
label files, paint icon files, and region definition files. An example of a raster file is the DEM map layer
from Defense Mapping Agency data. The file produced a general elevation map layer and a derived
slope map layer using r.slope.aspect. The elevation data is an important base layer that is used in

combination with other raster and vector files. Map layers were generated from the slope classification

2-33



data derived from the DEM in combination with the Hydrologic Unit (watershed boundary) raster file,
and the stream vector file. The elevation map layer was also used in combination with other raster files
to display three-dimensional images using 4.3d. Raster files were also created from converted vector files
using w.to.rast.

Vector files were another type of file generated in GRASS including the road map layer and county
boundary derived from the U.S. Department of Census TIGER files (see conversion routine in
Appendix B). Several vector map layers were developed from the Iowa DOT Highway and
Transportation DXF files, including streams, pipelines, railroads, secondary roads, primary roads, and
federal and interstate roads {see conversion routine in Appendix B). Other vector map layers were
digitized from analog data using v.digit and ALTEK digitizing table.

GRASS "site list" or point data files were generated from analog data that was first digitized to
create a vector file and then converted to create a site file. The data was digitized using the ALTEK
digitizing table and the various digitizing and editing tools in v.digit , the resultant vector file was then
converted to a site file using v.zo.sites. A planned bridge construction site file was generated from analog
data from the Pottawattamie County five year Secondary Road Construction Program that was first
digitized and then converted to a site file. A similar file was generated showing the planned culvert
construction projects. Other site files were . generated foliowing interpretation of the aerial
reconnaissance video tape, including stream knickpoint locations, and stabilization sites.

Paint label files were generated in d.labels a GRASS Display Program that allows text labels to be
placed and displayed on the graphics monitor or printed using p.map. Paint icon files were created using
the UNIX text editor program "vi" and stored under the user's $LOCATION/icons directory. The
resultant icon file can be displayed on the graphics monitor using d.icons, or printed as site symbols in
pmap.

Region definition files were generated in gregion, a GRASS File Management Program. The
program is used to manage the boundary definitions for the geographic region; the files are stored under
the user's $LOCATION/windows directory. A region definition file is used to define the area that is

displayed on the graphics mositor or printed using p.map.

3.3.4 GIS data layer evaluation

The data layers generated for the GIS have been evaluated based on their level of detail and
completeness and applicability to the needs of the Hungry Canyons project. An example is the IDOT
Highway and Transportation files and the USDC TIGER files. Although both datasets were originally
generated from USGS DLG's, the map layers did not have the same level of detail. For example the
stream map layer generated from "level 36" of the IDOT file more completely shows the main and
tributary streams for Pottawattamie County, compared to the stream map layer generated from the
TIGER file {figure 3.1).
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Other data layers from the TIGER data set were complete such as roads and county boundaries,
these were included in the GIS database for Pottawattamie County. Several coverages from the TIGER
dataset have been reviewed for other counties in the project area. Some of the stream coverages are
incomplete for these counties and others are complete. The IDOT dataset has provided good vector
base layers, however, the conversion to UTM-referenced GRASS vector files takes several steps (see
conversion routine in Appendix B).

The DEM data layer provides a coarse-scale elevation map that can be used to generate a general
picture of the topography of a county or region, however the data does not provide adequate detail for
many applications that would be useful to the Hungry Canyons project. For example more detailed
elevation data could be used to determine stream slope percentages that could in turn be used in

preliminary planning of grade control structure location.

5 GIS analysi

GRASS analysis capabilities are generally limited to use of raster files and GRASS raster commands
where cells of a file are reclassified or combined with other files to create derived map layers. The
derived map layers can then be used as an analysis tool. Raster commands that have been used in the
process of developing the GIS include: r.cross which was used to generate a slope classificarion map.
r.slope.aspect was used to derive a map layer from the Digital Elevation Model data that defines slope
percentages, 7 reclass was used to derive map layers with reclassified category values, eg., to show
specific slope categories. r.combine was used to combine category values from two raster files, using
Boolean logic (AND, OR, NOT)} which is useful in site selection analysis. rmapcalc was used to
perform arithmetic expressions on one or more raster files. A simple operation was to convert an
elevation file referenced in meters to one referenced in feet by use of a division command.

GRASS vector commands have also been used to analyze data. For example d.measure and v.report
were used to measure pre-channelized lengths and channelized lengths of Walnut Creek from the stream
vector map layer. These programs were also used to measure lengths of video-taped stream reaches

covered by the aerial reconnaissance.

tation of 22 I
In addition to the map layers developed for Pottwartamie County, data layers have been developed
for the other 21 counties in the project area, These counties are: Adair, Adams, Audubon, Carroll,
Cass, Cherokee, Crawford, Fremont, Harrison, Ida, Lyon, Mills, Monona, Montgomery, Page,
Plymouth, Sac, Shelby, Sioux, Tayler, and Woodbury. Associated attribute databases have also been
developed including an integrated database containing the bridge and culvert repair and replacement
portions of the IDOT and county secondary 5-year plans; a stream attribute database; and databases

related to field and aerial reconnaissance activities.
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Stream data from IDOT dxf file

Figure 3.1, Comparison of IDOT and USDC stream data layer for Pottawattamie County.

3.7 I ement s
The project director worked with Marlee and Roger Walton of the IDOT in investigating the
possibility of acquiring data developed by the IDOT’s PONTIS bridge management system for

incorporation into the RC&D database. Currently the PONTIS system is not operational.

34 icati 1S

The GIS been has been utilized for several different components of the Hungry Canyons project.
The GIS has been used to assist the Towa State University research teams working on the Hungry
Canyons research project. Dr. Philip Baumel has utilized the stream stages, and stream status data layers

for the economic analysis component of the project.
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The GIS output capabilities have been used to generate hard copy maps and transparencies for
presentations at Hungry Canyons meetings. The GIS has been used by counties that are planning
demonstration stream stabilization projects funded through the NRCS. The planned culvert and bridge
construction map layers have been used to find opportunities to combine stream stabilization projects
with other planned construction projects.

The GIS data derived from the two years of aerial reconnaissance video tape has been particularly
useful to counties who are planning bank and channel stabilization projects through the NRCS
Emergency Watershed Protection Program. The data has been used to identify potential EWP sites, and

provides a view of stream channel evolution which is important in planning stabilization projects.

3.5 Evaluation of GIS
3.1 Hardware evaluation

During the development of the GIS database and in analyzing data, it became apparent that the 386
processor in the EVEREX 6386 was inefficient in processing the larger data files. For example, the
computer processed data for 65 minutes to generate the Digital Elevation Model map layer for a portion
of Pottawattamie County. Extended processing times were also needed when using GRASS analysis
programs. These programs included: v.mapealc, r.combine, v.cross, v.stats, and r.report. The 386 processor
can not efficiently process multi-county data files or analysis of those files.

The computer's hard-drive was found to be inadequate during the development of the GIS database.
A 170mb drive included with the Everex 6386 was not large enough to store the necessary data files,
particalarly when the county-wide raster files were being generated. An additional 500mb hard-drive,

and optical storage device was added to the system and provides adequate storage space.

3.5.2 GRASS/GIS evaluation

GRASS/GIS has been relatively easy to learn compared with other GIS software such as ARC/Info
that Gregg and Diane have previously used. GRASS was found to be a useful tool in the storage,
retrieval and analysis of data for the Hungry Canyons project. Several of the GRASS 4.0 programs were
found to have bugs. For example, v.report calculated inaccurate length measurements; producing length
calculations that were several miles too long. Some "Main" programs that were listed in the GRASS 4.0
manual were ot included with the software, including ».thin, and r.line. Other GRASS programs were
simply cumbersome to use including: color interact in d.display; the need to restart the display monitor
in d.mon when switching to a different Mapset Location; and the need to exit and restart v.digit to access
another data layer. Many of the problems listed above were corrected with the release of GRASS 4.1

which is now in use at the RC&D.
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3.6 Recommendations

3.6.1 Hardware recommendations

The future development of Golden Hills RC&D GIS capabilities should include the acquisition of a
more powerful computer. As mentioned above, the 386 processor in the EVEREX computer could not
efficiently process county-wide data files or analysis of the files in GRASS. A PC with a 486, or
Pentium processor or a SUN workstation is needed to effectively process and analyze multi-county and

regional data files for the Hungry Canyons and other projects underway at the RC&D.

A geo-relational database system is needed to efficiently store and query attribute data.
GRASS/GIS software does not provide these capabilities. GRASS interface programs that link the GIS
t0 a database such as INFORMIX should be tested for use at the RC&D. This interface is excepted to
be available with the release of GRASS 4.1.

3.6.3 Data Recommendations

It has become obvious that thete is no one source of digital data that can be used to develop an
adequate GIS database. Various data sets from multiple sources should continue to be evaluated and
compared and then the most appropriate chosen for inclusion in the GIS database. Some recommended
data layers that should be acquired are soil mapping units, land cover/ land use, and more detailed
elevation (such as 1:100,000 scale). These are important base data layers that can be used in many

analysis and GIS modeling applications.
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Stages of Stream Channel Evolution
classified from April 1993 aerial reconnaissance video
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Approximate scale 1°=5 miles

Fremont County 1994 Miles Kilometers % of Total

I
I s Stage 1 6.84 11.01  16.89%
- e Stage 3 5.03 809  12.42%

- stage 4 14.93 2402  36.87%

mm stage 5 415 668  10.25%

g stage 6i 9.54 1535  23.56%

Totals 40.49 65.15 100%

Stages of Stream Channel Evolution
clagsified from March 1994 aerial reconnaissance video
by Golden Hills RC&D, Oakland, lowa
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Harrison County 1993 Mites Kilometers % of Total
stage 3 6.02 9.69 17.38%
stage 4 6.05 9.73  17.47%

: stage 5 9.56 1638 2761%
B stage 5i 6.56 1056  18.94%
W& stage 6i 6.44 10.36  18.60%

Totals 3463 55.72 100%
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Approximate scale 1"=4 miles
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Ida County 1994 Miles Kilometers % of Total

My Stage 1 4.68 7.53  30.53%

stage 3 2.76 4.44 18.00%

N stage 5 0.89 1.43 581%

-( W stage 6 7.00 1126 4566%
Totals 15.33 24 67 100%

Stages of Stream Channel Evolution
classified from March 1994 aerial reconnaissance video
by Golden Hilis RC&D, Gakland, lowa
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Approximate scale 1"=5 miles

Mills County 1994 Miles Kifometers % of Total
stage 3 3.08 496 6.86%
stage 4 22.93 36.89 51.07%
stage 5 10.37 16.69 23.10%

P stage 5i 4.25 6.84 9.47%
wrey stage 6i 4.27 6.87 9.51%
Totals 44.90 72.24 100%

Stages of Stream Channel Evolution
classified from March 19384 aerial reconnaissance video
by Golden Hills RC&D, Oakland, lowa
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Monona County 1993 Miles Kilometfers % of Total
stage 4 21.53 34864 7321%

stage 6 2.60 418 8.84%

stage 5i 3.15 507 10.71%

stage 6i 213 3.43 7.24%

Totals 26.41 47.32 100%

Stages of Stream Channel Evoiution

classified from April 1993 aerial reconnaissance video

by Golden Hilis RC&D, Oakland, lowa
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Monona County 1994 Miles Kilometers % of Total

T stage 1 703 166 2.37%
v stage 4 34.86 56.09  80.27%
stage 5 1.14 183  262%

- - stage 6 3.27 526  7.53%

B stage 5i 2.58 415  594%

B gtage 6i 0.55 088  1.27%

Totals 43.43 69.88 100%

Stages of Stream Channel Evolution
classified from March 1994 aerial reconnaissance video
by Goiden Hilis RC&D, Oakland, lowa
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; Page County 1994 Mites Kitometers % of Total
(? }—' cuy  Stage 1 3.46 5.57 3.84%
stage 3 7.23 11.63 8.23%

- stage 4 63.44 10207  72.18%

stage 5 13.76 2214  15.66%

Tofals 87.89 141.42 100%

Stages of Stream Channel Evolution
classified from March 1994 aerial reconnaissance video
by Golden Hills RC&D, Qakland, fowa
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Approximate scale 1"=6 miles

Plymouth County 1994  Miles Kilometers % of Total
stage 3 2,04 3.28 100%
Tofals  2.04 328 100%

Stages of Stream Channel Evolution
classified from March 1994 aerial reconnaissance vide©
by Golden Hills RC&D, Oakland, lowa
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Stages of Stream Channel Evolution Pottawattamie County 1993 Mites Kitometers % of Total
ciassuﬁeg ;rég; ;;;r:%n:i 111 |959.‘!.1 ggrgjl (;zi?annnda,:ls:‘:zce video - stage 1 022 0.35 0.21%
wn Stage 2 5.08 14.61 8.75%

stage 3 14.60 2349  14.07%

stage 4 69.53 111.87 67.01%

mmm Stage 5 7.58 12.20 7.31%

e stage Si 2.75 4.42 2.65%

Totals 103.76 166.95 100%
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Stages of Stream Channel Evolution
classified from March 1994 aerial
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Pottawattamie County 1994 Miles Kilometers % of Total
stage 1 2.82 4.54 1.69%

N stage 3 18.54 2083 11.12%
stage 4 106.26 17097 63.71%

mm stage 5 35,46 57.086 21.26%
#58 stage 5i 3.72 5.99 2.23%
Totals 166.80 268.38 100%
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Approximate scaie 1"=5 miles

Shelby County 1993 HMiles Kilometers % of Total
¥ stage 2 2.33 3.78 2.88%
stage 3 40.92 65.84 50.66%
stage 4 36.72 59.08 45.46%

B stage 5i 0.8 129  0.99%
Totals 80.77 120.96 100%

Stages of Stream Channel Evolution

classified from April 1893 aerial reconnaissance video
by Golden Hills RC&D, Oakland, lowa
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Approximate scale 1"=5 miles

Shelby County 1994 Mites Kilometers % of Tutal
W stage 1 2.7 3.49 2.07%
stage 3 3.87 6.23 3.70%
stage 4 68.85 110.78  65.83%
W stage 5 28.9 4650 27.63%
stage 5i 0.8 1.29 0.76%

Totals 104.58

168.29 100%
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Approximate scaie 1"=5 miles

At

Taylor County 1994 Miles Kilometers % of Total
stage 3 1.49 2.40 3.57%
stage 4 34.73 556.88 83.11%

N stage 5 6.67 8.96 13.33%

Totals 41.79 67.24 100%

Stages of Stream Channel Evolution
classified from March 1994 aerial reconnaissance video
by Golden Hifls RC&D, Oakland, lowa
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Stages of Stream Channel Evolution
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Woodbury County 1993 Miles Kilometers % of Total
2 stage 1 18.40 2081 3081%
w stage 2 1.55 2.45 2.58%

y stage 3 6.14 9.88 10.21%
stage 4 20.77 33.42 34.55%
N sioge 5 13.25 21.32 22.04%
Totals 60.11 75.40 100%
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Woodbury County 1994  Miles Kilometers % of Tofal
ey stage 1 4.4 7.08 6.19%
stage 3 15.51 2496  21.82%

stage 4 25.14 4045 3537%

. stage 5 22.07 3551 31.05%
A stage 6 3.96 8.37 5.57%
Totals 71.08 114.37 100%
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"Golden Hills RC&D Geographic Information System

’lPottawattamie County Data Layers

HProiectiun: UTM

esolution: 25 meters

thercid: Clarkg6
R

Layer Name Dascription Source

‘bou.pc}tt County boundary raster UsbcC TIGER data
nboundary County boundary vector USHC TIGER data
Hbridga_pott Bridge replacements FY94-98 Golden Hills RC&D
byway_pott Loess Hills Scenic Byway Golden Hills RC&D

culvert_pott

Culvert replacements FY94-98

Golden Hills RC&D

dem.pott Digital elevation mode! iDefense Mapping Agency
ewp_pott EWP status map Golden Hills RC&D
aradecs pott Grade control structures Goldan Hills RC&D
}hu.pott Hydrologic Units 8Cs
"hu_pott Hydrologic Units 5CS
knick_pott Stream knickpoint locations Golden Hills RC&D
}kpﬂpott Knickpoints Golden Hills RC&D
"if Landform 1A DNR
"Ef,pot‘t Landform {A DNR
"nps_pott Mo. River Carridor polygons NPS, Golden Hilils RC&D
“npsmsites Mo. River Corridor sites NPS, Golden Hills RC&D
"pipe_idot Natural gas and other pipelines IDOT DXF files
Loess Hilis prairie areas IDNR

"prairies__pott

Jrail_idot Raiiicads iDUT DXF files

Hroads All roads USDC TIGER data

nroads_co County secondary system IDOT DXF files

"roadsjed Interstate and federal roads IDOT DXF files

![roadswst State roads IDOT DXF files

Hroads_twn Town roads USDC TIGER data
slope.pott Slope classification Defense Mapping Agency
st_pott34 Stream stages report Golden Hills RC&D
stab_sites Stabilization structure locations Golden Hills RC&D

stage.pott94

Stream stages in 1994

Golden Hiils RC&D

stage pott93

Stream stages 1993

Golden Hills RC&D

stage_pott94

Stream stages in 1994

Golden Hills RC&D

streams_idot

Streams

DOT DXF files

streams_tgr

Streams

USDC TIGER data

Htowns.pott corporate boundaries USDC TIGER data
frtnwnsmpott corparate boundaries USBbC TIGER data
video_pott93 Streams video taped in 1993~ Goiden Hills RC&D

video_pott94

Streams video taped in 1934

Golden Hills RC&D

walnut_old

Pre-channelized Walnut Creek

8Cs
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A. Digital Elevation Model for Pottawattamie County

Raw DEM data for the state of lowa was provided by NRCS through the National Cartography and
GIS Center on DC 6150 data cartridge tape. The Iowa coverage consists of eleven 1-degree DEM's.

1- degree DEM data are produced by the Defense Mapping Agency in i-degree by I-degree units. The
data conmsist of a regular array of elevations referenced horizontally using the geographic
(latitude/longitude) coordinate system of the World Geodetic System 1972 Datum. Spacing of the
elevations along and between each profile is 3-arc seconds with 1,201 elevations per profile. The 1-
degree DEM data has an absolute accuracy of 130 meters horizontally and 30 meters vertically. (U.S.
Geological Survey, Earth Science Information Center)

The DEM's for Pottawattamie County consist of the files named "41095" and "41096%, which
correspond to the latitude and longitude of the southwest corner of the DEM's. Using the UNIX
command cpio “41095" "41096" -iudmvcB </dev/rmt/c0s0 the raw DEM's were loaded into
$LOCATION.

. The raw DEM data 41095 was converted into binary format using: cat 41095 | m.dmalUSGSread top=1
bottom=1201 left=1 right=1201 output=41095.dem logfile=tog 41095. This step was repeated for
41096.

. The data was then rotated 90 degrees as required by GRASS using: m.rot90 input=41095.dem
output=41095.rot rows=1201 cols=1201 bpc=2. This step was repeated for 41096.

. The DEM data referenced using latitude and longitude coordinates were converted to a UTM-referenced
map layer using: r.in.ll input=41095.rot output=41095.model bpc=2 corner=sw,41:00N,95:00W
dimension=1201,1201 res=3,3 spheroid=wgs72. This step was repeated for 41096.

. The new layer was checked using d.rast 41095.model. This step was repeated for 41096.

A window was set using: g.region to correspond to the boundaries of the 7.5' quadrangles for
Pottawattamie County.

. 41095.model and 41096.model were joined using: r.patch

B-2



B. IDOT DXEF files to GRASS vector format

The Iowa Department of Transportation IDOT) provided their county Highway and Transportation
CADD files translated to Drawing eXchange File (DXF) ASCI format using Micro station 32 software.
These files were compressed and then copied to diskettes using CPIO. The county IDOT files contain
levels corresponding to a specific map feature, e.g., level # 23 features primary highway routes; level # 38
features railroads. The IDOT files were developed from USGS digital line graphs (DLG).

1. The DXF files were loaded from diskette using: cpio -iudmvcB </dev/rdsk/fO3ht to
$LOCATION/dxf and uncompressed using: gunzip.

2. The ASCU DXF files were converted to GRASS vector format using: v.import option #7. The resultant
vector file is referenced using design coordinates. Steps 3 through 6 describe the procedure for
transforming the file to UTM-referenced map layer.

3. The GRASS files were opened in v.digit. This allows for a detailed display of the file including nodes.
The design coordinates of ten points were recorded using the where am I option under the WINDOW
command. The UTM coordinates of the ten points were identified in a corresponding UTM-referenced
map layer generated from TIGER data.

4. A pointsfile was created using the UNIX vi text editor in the user's SLOCATION/points directory. The
format and an example of the pointsfile are shown:

FORMAT EXAMPLE

(Input Map}  (Output Map) . (design coordinates) (UTM coordinates)
E N E N -118.16 9.04 278477.02 4673338.67
E N E N -148.89 11.48 228928.10 4677750,87

The "E" and "N" represent the eastings and northings of the selected points; a total of ten points were
included in the pointsfile. Note: ten points are required for the pointsfile option in "v.transform” to
work correctly.

5. The GRASS vector file was transformed to a UTM-referenced map layer using: v.transform utilizing
the pointsfile option.

6. The residuals were checked to show the amount of error associated with the transformation of the ten
points; v.import option # 3 was run on the transformed file to build topology. The resulting map layer
was displayed over an existing UTM-referenced map layer generated from TIGER data to check for
accuracy.

B-3



C. U.S. Bureau of Census TIGER files to GRASS vector format

Topologically Integrated Geographic Encoding and Referencing System (TIGER) geographic database
was developed by the U.S. Bureau of the Census in cooperation with the U.S. Geological Survey. The
primary sources of the data base were the USGS 1:100,000-scale maps and the Census Bureau's 1980
GBF/DIME-Files. The USGS compiled the 1:100,000-scale maps from photographically reduced (to
1:100,000-scale} mosaic of 1:24,000-scale maps. (U.S. Bureau of Census, technical documentation).

TIGER files for western Iowa counties were provided by NRCS on DC 6150 data cartridge tape. There
were two files provided for each county; Record Type 1, and Record Type 2. Record Type 1 are the
basic data record including line segments and end points of the lines expressed in latitude/longitude
coordinate values. Record Type 2 are shape coordinate points that provide an additional series of
latitude and longitude coordinate values that describe the shape of each line segment that is not straight
for the associated Record Type 1. (U.S. Bureau of Census, technical documentation). Files for
Pottawattamie County include tgr19155.1 and tgr19155.2; "19155" is the State and County FIPS code.

. The files for Pottawattamie County were first sorted for use in GRASS using: sort -o t19155.1
tgr19155.1. The sorted file "t19155.1" was moved to the user's $LOCATION/tiger directory. This
step was repeated for tgri9155.2.

GRASS vector and needed support files were created using: v.import option # 8. Specific Census
Feature Class Codes (CFCC) were extracted in v.émport, including dlassification "H" for hydrographic
features, classification A" for road features, and "BOU" to extract the county boundary. These codes
are described in the TIGER /line Census Files 1990 Technical Documentation.

3. A program called [ist.tiger was provided by NRCS-Ft, Worth that was used to generate a TIGER
listing of all lines in "t19155.1" After referring to the ouput list, specific entries can be extracted in
wimport, for example the "A31" entries are for undivided county roads; a map layer showing these roads
can then be generated in w.imporr.

B-4



D. NRCS Hydrologic Unit DLG files to GRASS vector and raster format

e

Roger Greenough of the NRCS Digital Cartographic Production Facility in Ames provided Hydrologic
Unit data in ASCIH Digital Line Graph (DLG) file format. 30 DLG's representing the 30 7.5
quadrangles that cover Pottawattarnie County were provided on DC 6150 data cartridge tape. The files
show the 11 digit Hydrologic Unit boundaries , i.e,, the watershed boundaries and the 7.5' quadrangle
boundary. The files were digitized and assigned an identification number (attribute) using LT-Plus
software.

. The DLG's were loaded into SLOCATION/dlg using: cpio -iudmveB < /dev/rmt/c0s0.

. The process of converting an individual DLG file to GRASS vector format was to use: v.import option

#1. This creates the needed support files and retains the Hydrologic Unit identification attribute data.

. ‘The GRASS vector file was then converted to a raster file using: v.to.rast the file retained the attribute

data during this step.

It was necessary to create map layers that consisted of 2 or more of the DL.G's that would allow for the
display and analysis of an entire watershed. The individual DLG's could be patched together using
vpatch following conversion to GRASS vector format, however the 7.5' quadrangle boundary lines
dissected the individual watessheds, Therefore the individual watersheds were not read as unique
polygons. Another difficulty was encountered in patching the Hydrologic Unit map layers together for
Pottwattamie County; two of the files (Modale and Ft. Calhoun) occur in UTM zone 14, and the
remaining 28 files in UTM zone 15. GRASS 4.0 cannot function properly with UTM referenced data
layers from two different UTM zones. The following steps were taken to first transform the Modale
and Fr. Calhoun files to read as zome 15, and then patch all 30 files together 1o display vnique
watersheds. :
The 30DLG L
The Modale and Ft. Calhoun files were converted to ASCI format using v.out.ascii so that they were in
a format that can be used in w.transform.

Using m.geo, contrived zone 15 UTM coordinates were calculated from the latitude longitude
coordinates for the four corners of the Modale and Fr. Calhoun 7.5' quadrangles.

The zone 14 UTM-coordinates for the Modale and Fr. Calhoun files were transformed into the
contrived zone 15 coordinates using: v.transform.

. The files were converted to GRASS vector format using: v.import option #3.

. The 30 files were patched together using: v.patch. Topology was built for the resultant file using:

v.support.

The file was then opened in v.digit where the quadrangle boundary lines were removed using the
editing rools. All green nodes (indicating degenerate nodes) were removed and all lines were toggled to
“area edge”. Using the label commands in v.dligit each polygon (representing 2 watershed boundary) was
labeled.

The edited vector file was converted to a raster map layer using: v.to.rast.



E. Processing Aerial Reconnaissance video tape

During April 1993 and again in March of 1994, low altitude aerial video tape was collected from a
helicopter for the Hungry Canyons research project. The video tape covers over fifty streams in the
project area and is being used to evaluate the conditions of the stream channels. Many of the streams
were videotaped both years, providing information on the conditions of the streams both before and
after the floods of the summer of 1993. A four stage channel evolution model was devised by geologists
from IDNR and NRCS to be applied to the aerial reconnaissance video tape. The following steps were
followed to process the video tape for the development of a GRASS raster map layer.

1. Each video tape of the streams in Pottawattamie County was reviewed, along side of a USGS 1:100,000
scale county topographic map. Each one mile segment of the streams ‘was assigned a stage of a six-stage
model of channel evolution. These stages were recorded on the USGS map.

2. A GRASS vector file indicating the streams that were videotaped in 1993 was derived from an existing
county-wide stream map layer using the various editing tools in v.digit.

3. The resultant file called video pott93 was copied using g.copy and opened in v.digit. Using the various
editing tools, a file was created indicating all stage "1" stream segments in Pottawattamie County. This
step was repeated and resulted in six separate files indicating the six stages of the model. The backdrop
map option in v.digit "Customize” tool was helpful in creating the files.

4. Using v.patch all stream stage files were patched together.
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ABSTRACT

Since early in this century streams in western Jowa have degraded 1.5 to 5 times their original
depth. This vertical erosion is often accompanied by widening of two to four times the original width.
This deepening and widening of the channels has jeopardized the structural safety of 25% of the 5,223
bridges in the area by undercutting footings or pile caps and removing soil beneath and adjacent to
abutments. This report suggests methods for predicting the extent of degradation and locating grade
control structures.

One counter measure to degradation is to design stream crossings with sufficient width and
foundation depth to accommodate impending degradation. Two methods to predict the amount of
vertical degradation are evaluated. One method is a geomorphic approach that identifies the stable reach
of a degrading stream and graphically projects the longitudinal profile upstream to the degrading reach
to estimate the future amount of downcutting. The second method is an analytical iterative process of
balancing applied tractive force with erosion resistance. Both methods show promise of being useful
but are applicable only to streams of uniform bed material.

Grade contro! structures are another counter measure to the threat to infrastructure from channel
erosion. Historical evidence indicates that some structures were placed where they were not needed and
others placed at a location where they were less effective than they could have been. With increasing
costs, the selection and placing of grade control structures requires effective planning. An economic
analysis of currently used grade control structures is presented. A flow chart is presented to help
engineers assess the need for a grade control structure. Geologic conditions that influence the
structures' foundation and channel side slope stability are described. Methods are suggested to estimate
the reach of river that will be influenced by the grade control structure. Finally, the various

components of the planning process ate related in 2 second flow chart.
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1.0 INTRODUCTION

1.1 Objectives

Stream degradation in western Iowa has caused problems since the early part of this century. As
streams erode deeper, the channel banks become unstable and landslides occur. The deepening and
widening of channels have placed pipelines, bridges and other utility crossings at risk and have resulted in
the loss of valuable farm land., A method of predicting the final depth and width of these streams is needed
to plan and design channel stabilization facilities. Also a rational method for determining the location and
height required for the most effective grade stabilization is needed. '

The objectives of this study are: 1) to evaluate procedures for predicting stable longitudinal profiles and
identifying reaches of the streams that are in need of erosion protection and 2) to develop a procedure for

identifying the most effective location for and height of grade control structures.

2 Geology of e

Western Iowa is especially vulnerable to degradation because of the highly erodible loess that
comprises the surficial geology in the area. The loess is wind-blown silt that originated from the Missouri
River floodplain. The thickness of the loess, as reported in Dahl et al. {(1958), ranges from over 30 meters
(100 £) thick adjacent to the Missouri River floodplain to about 3 meters (10 ft) thick to the east.

The alluvium in the tributaries to the Missouri River is derived from loess and has been classified
gealogically as the DeForest Formation. The DeForest Formation consists of four members: Camp Creek,
Roberis Creek, Corrington, and Guader listed from youngest to oldest {Bettis, 1990). These ser:
units represent cut and fill deposits that date from the end of the Wisconsinan glaciation up through the
present. The alluvial material in the deep loess watersheds is primarily silt and clay and is transported
primarily as suspended load.

The DeForest Formation is comprised of a series of cuts and fills. Bettis {1990} divides the formation
into four members which are reorganized from Daniels' et al. (1966) original description. The basal
member of the formation is the Gunder containing both Watkins and Hatcher beds. Cut into the Gunder
member is the Roberts Creek member containing both Mullenix and Turton beds. Cut .i'nto the Roberts
Creek member is the Camp Creek member representing the youngest fill consisting of "post settlement
alluvium”. The Corrington member is limited to alluvia! fans where small and moderate sized valleys enter
miajor valleys (Figure 1.1 from Bettis). Figure 1.2 from Bettis shows the ideal sequence of cuts and fills of
the DeForest Formation as they would exist in a channel cross section that has experienced degradation.

These members ocutcrop discontinuously along the stream as both the process of degradation and

stratigraphy of the members are not uniform.



Small Valley Large Valley

Camp Creek member.

Comington member
(alluvial fans)

LTI T Y YE YTy )

Figure 1.1. Small valleyflarge valley stratigraphic comparison of the Deforest Formation.

Camp Creek Member

Gunder Member

Figure 1.2. Sequence of cuts and fills comprising the Deforest Formation.
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Table 1.1 from Bettis gives a lithologic description of the Camp Creek, Roberts Creek, Gunder, and

Corrington members of the DeForest Formation. Because the Corrington member seldom appears in

stream channels, its description is limited to that given in Table 1.1.

Table 1.1. Lithologic characteristics of DeForest Formation unifs from Bettis, 1990.

MEMBER

BED

LITHOLOGIC PROPERTIES

Camp Creek

stratified silt loam to clay loam {fexture varies according to local source
material); calcareous to noncalcareous; very dark gray to brown

(10YR 3/1-5/3); no surface soif to very poorly expreééed surface soil
developed in upper part of unif.

Roberts Creek

Turton

stratified silty clay loam o loam; calcareous to noncalcareous in upper
part; very dark gray to dark grayish brown (10YR 3/1-4/2); thin dark
colored surface soils developed in upper part.

Mutlenix

stratified silt loam and clay loam with thin fenticular sand and gravel
bodies in lower part; noncalcareous grading downward to calcareous,
very dark gray to dark grayish brown {(10YR 3/4-4/2); coarse columnar
structural units evident on weathered sections; thick dark-colored

surface soils in upper part.

Corrington

stratified to massive; calcareous to noncalcareous; loam fo clay ioafn
with lenses of sand and grave!; very dark brown to yellowish brown
(10YR 2/5-5/4); several buried soils; thick well horizonated surface soil
with brown B horizons developed in upper part; found in alluvial fans in

Iargeyalteys.

Gunder

Hatcher

massive {to planar bedded in its lower part), calcareous to
noncalcareous silf loam; brown to yellowish brown (10YR 4/3-5/4);
prominent coarse columnar structural units evident on weathered
sections; thick, moderately well horizonated surface soils with brown B

horizons developed in upper part.

Watkins

stratified, calcareous silt loam with sandy and loamy interbeds; dark
greenish gray (6GY 4/1) to clive brown (2.5Y 4/4}; often exhibits 7.5
YR hue secondary accumulation of iron oxides; deeply buried.

The Camp Creek member lines the top of banks and exhibits some stratification. It can vary in

thickness from a few centimeters to over 5 meters (17 ft). It appears medium to dark brown and may




exhibit a reddish hue from iron oxides. The Roberts Creek member varies in thickness from 1 to 10 meters
(.3 to 33 f1) and appears dark gray to nearly black when moist. The Gunder member ranges from 1 to 20
meters {3 to 67 ft} in thickness and typically outcrops low in the channel to form a firm stream bottom
with a pock marked appearance. The Hatcher bed of the Gunder member appears brown to yellowish-
brown and contains the great majority of alluvial sediments in streams of third order and smaller. The
underlying Watkins bed is dark greenish-gray to olive brown with an accumulation of many, fine iron
oxides.

In-situ test data from Soil Conservation Service borings done in the DeForest Formation throughout
Towa provide some evidence on the consistency and undrained shear strength of the different members.
The majority of material tested was classified as a lean clay. The dutch cone penetration test measures the
point resistance, qc, of a sixty degree angle cone as it is hydraulically pushed into the soil. Point resistance
can be associated with the consistency of a cohesive soil. Though experience has shown this association to
be unreliable at times, the point resistance values for tests run in the DeForest Formation were compared
to look for trends in consistency among the different members. The data set contained high variability and
no correlation was found. Data on a second test suited for estirnating undrained shear strength, cu, of clays
was also evaluated. The vane shear test relates strength to the torque required to induce failure of 2
cylindrical volume of soil surrounding a four vane apparatus that has been inserted into the base of a
borehole. The results of this test completed in the members of the DeForest Formation were compared
for trends in strength. The data set contained high variability with no correlation found. A study by
Lohnes (1980) evaluated cohesion and friction angle of the DeForest Formation members with similar
variability in the results. U

In summary, these analyses show no significant differences in the shear strengths of the various

members of the alluvial prism; however other factors may influence their erosion resistance.

1.3 Causes of Degradation

Several hypotheses have been suggested to explain the cause of stream degradation. One is that stream
straightening from 1870 to 1960 caused an increase in the stream gradient thereby increasing the stream
flow velocity (Massoudi, 1981). Another possible cause for degradation is that agriculture changed the
vegetation from prairie to row crops and that resulted in greater runoff into stream channels (Piest et
al.,1976 and 1977). A third hypothesis is that the streams are degrading from the degradation of the
Missouri which has lowered the base level of its tributaries. Lohnes et al. (1977} indicate that the Missouri
River south of Omaha, Nebraska has had vertical stability and the majority of tributaries in western Towa
enter the Missouri in this reach; therefore this cause is not likely. Finally, another explanation is that the
streams may be experiencing a natural cycle of degradation and aggradation in response to hydrologic or
climatic changes. The various stratigraphic units that comprise the alluvial fili supports this as a possibility
(Hallberg et al. 1979).



Stream channel degradation is not unique to Iowa. The erosion process and stabilization has been
studied in Missouri, Tennessee, and Mississippi, (Piest et al. 1976, Simon,1989, Little et al, 1983) while other
states in which problems are reported include Kansas, Tllinois, and Nebraska. A common factor in all these

areas of entrenchment is the presence of loess and loess derived alluvium.,

1.4 Process of Degradation

Degradation moves upstream in the form of an overfall or knickpoint that indicates where the most
active entrenchment of the stream bed is occurring. Knickpoints are defined as a "short, oversteepened
segment of the longitudinal profile" (Ritter, 1986). A typical knickpoint is shown in Figure 1.3. As a
knickpoint moves upstream, the stream cuts vertically into the channel leaving a new, lower bed
downstream. At a given reach of the stream some channel erosion precedes and follows the passage of a

knickpoint; however the majority of degradation occurs as the knickpoint passes through the reach.

Figure 1.3. Example of a knickpoint on Jim's Branch at Highway 59, Pottawattamie County.

1.5 Grade Stabilization

One counter measure for stream channel degradation is grade stabilization which usually takes the
form of one or more full flow check dams that inhibit erosion. These structures are termed full flow for
they are capable of passing a design discharge without restricting the flow rate. The grade stabilization
structure raises the flow line creating flat water upstream. Lower stream velocities caisse the dep'osition of
suspended sediments or aggradation. Aggradation upstream from the structure depends on channel

characteristics and stream profile. A sediment prism forms with depth equal to the height of the
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stabilization structure at the crest. This sediment prism extends upstream until 2 new stable slope forms
such that the channel is neither aggrading nor degrading,

The majority of grade stabilization structures have been placed to provide aggradation around bridge
piles and utility crossings that have become exposed. A series of three flumes placed on Willow Creek in
the late 1960's and early 1970's averaged $150,000 Ieach to constract (FHanson, et al. 1985). In terms of
today's costs, a similar structure will approach 1 million dollars for construction.

New designs using less expensive materials have helped to make grade stabilization more affordable.
Current sheet pile and H-pile designs, or low drop structures, remove grade in the form of a sharp crested
weir. Though they typically remove less grade than a flume, if their placement along the stream profile is

done with some forethought, they can be an effective measure of grade control.
2.0 STAGES OF STREAM CHANNEL EVOLUTION

2.1 Simon's Classification

Streams in deep loess regions have been observed to go through adjustment of channel geometry, and
phases of channel evolution. Simon (1989) proposed a model of six process-orientated stages of
morphologic development: premodified, constructed, degradation, threshold, agrradation, and
restabilization (Figure 2.1). General characteristics of each stage are presented below (from Simon, 1989,
Simon and Hupp, 1992). '

Stage I - "Premodified” The stream is an unaltered meandering channel with erosion on the outside
bends; the banks are densely vegetated to the flow line.

Stage I1 - "Constructed” The stream channel has been re-shaped (channelized) with a trapezoidal cross-
section; vegetation has been removed.

Stage III - "Degradation” The stream is degrading in response to steepened channel gradient;
knickpoints form. The channel bank heights increase and bank slopes steepen due to stream downcutting
and popout failures at the bank toe.

Stage IV - "Threshold" Continued channel degradation and major widening., The banks are shaped by
the mass wasting process. Both rotational and planar failures exist. Tilted and fallen vegetation.

Stage V - "Aggradation” Beginning of bed aggradation and development of meandering thalweg,
continued bank widening. Woody vegetation begins to re-establish at slough line.

' Stage VI - "Restabilization” Significant reduction of bank heights by channel bed aggradation and by
fluvial deposition on the upper bank and slough line; bank erosion subsides. Woody vegetation extends

upslope to the former food plain,
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2 ificati a
The Simon model of stream channel evolution has been applied to western Iowa streams through
field and aerial reconnaissance conducted by Golden Hills Resource Conservation and Development in

1993 and 1994.

i
2
‘%‘:ﬁ_ il i la
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Figure 2.1. Six-stage model of bank-siope development. (From Simon, 1989)
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3.0 DEGRADATION PREDICTION (ESTIMATION) METHODS

Two methods for estimating future degradation that appeared applicable to the western Iowa were
found. One method defined as the Tractive Force model (Massoudi, 1981) is an approach based on
hydraulic considerations; the second method based upon longitudinal profile projections (Hack, 1957) is

referred to as a geomorphic method.

3.1 Geomorphic Method
Hack (1957) observed that the longitudinal profile of a stream can be expressed by a simple equation:

E=C-kin) 1

where E = channel bottom elevation, L = stream length from the drainage divide, and k, C = constants.
This equation is a straight line on a semilogarithmic plot.

If a degrading stream is plotted on a semilogarithmic plot, the profile will consist of two linear
segments, one upstream of the knickpoint and the other a stable downstream section as shown in Figure
3.1. If the lower stable profile is projected upstream beneath the yet-to-be-degraded profile, the amount of

degradation that will occur in the upstream reach can be estimated.

Unstable Stable Downstream
Upstream
e > oo

Location of Knickpoint

.
e,
.,

Pradicted

Stable
Profile

Elevation (H)

Tn D)

Figure 3.1. Ideal application of the Hack mode! from Lohnes (1991).

Daniels (1960) suggested that the semilog graphical projection could be used to predict degradation
upstream of a knickpoint on Willow creek. Daniels' prediction was verified by Lohnes et. al. (1980) as

shown in Figure 3.2. The Daniels prediction and its subsequent verification was applied to a reach of
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Figure 3.2. A reach of Willow Creek plotted on logarithmic paper, modified from Lohnes (1980)

Willow Creek that was between 20 and 40 km (12 and 25 mi)from the drainage divide. Although this
method of predicting degradation appears promising on relatively short reaches of streams, it has
limitations when extended to longer reaches.

Keg Creek, Walnut Creek, Indian Creek, and Maple River (see location map Appendix A3) in western
Towa have longitudinal profiles that plot concave down on the semilog plot, figures 3.3 and 3.4. This
variation from linearity may be due to changes in bed material of the channels in the upstream reaches. In
all of these streams, the upstream portions of the rivers extend into watersheds that are underlain by thin

loess over glacial till or into areas where glacial till is the surficial material.

3.2 Tractive Force Maodel
The second method studied is an analytical method developed by Massoudi (1981} who used Willow

Creek as the model stream. Five assumptions underlie this model. The first assumption is a constant width
to depth ratio at a given location regardless of the depth of degradation. This ratio is calculated by the

following empirical equation for Willow Creek:

% =0.048X +5.23 2

where X = distance from the headwater in kilometers and W/D = the width to depth ratio.
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A second assumption is that the channel is trapezoidal with one to one side slopes and the bottom width is:
B=104X+3.90 3

where B = the bottom width of a trapezoidal channel in meters and X = the distance from the headwater
in kilometers. The third assumption is that the Manning roughness coefficient = 0.035. Fourth, shear

stress on the channel bed, 1, is:
v =yDS 4

where g = the unit weight of water, D = the depth of the water in the channel, and S = slope of the
channel. The final assumption is that the erosion resistance can be calculated from the channel geometry of
the stable reach of the stream. At the stable section, the tractive shear stress equals the erosion shear
resistance. This erosion resistance was back calculated from the original, stable channel cross section at a
reach of the Willow. The channel appeared to be in vertical equilibrium because it was aggrading
downstream of the section. From the Willow survey data, 2 uniform slope of 0.12 percent and a uniform
cross section was calculated. Massoudi (1981) assumed that the channel forming discharge equaled the
bankfull flow in the original prestraightened channel. From bankfull capacity for the original Willow
River, the erosion resistance and flow rate was determined to be 0.041 kN/m” and 76.46 m*/s respectively.
Manning's equation is used to calculate the flow rate of the cross section:
1 2 1
Q=—AR3S? 5

H
where Q = discharge {m’/s), n = Manning roughness coefficient, A = area of the cross section (m?), R =
hydraulic radius = wetted area / wetted perimeter {m), and S = slope of the channel.

This discharge was used to back calculate a recurrence interval, R, from the following discharge equation
Lara (1973):

Q — 7.408(LB(RI )0.301 (Da)0.$'04 6

where LF = land use factor = 0.80, D, = drainage area (km’), and Q in m’/s. The R was found to equal
the two year recurrence interval for Willow Creek. Pickup and Warner (1976) determined the 1.58 year
flood to be the most effective discharge; therefore, the two year flow is a reasonable estimate of the channel
forming discharge and is used in this study.

The steps used to calculate a stable stream bed elevation are as follows: First, a longitudinal profile of
the present stream is plotted. Then the stable portion of the stream is identified so that the upstream end
of the stable section can be used as the starting point. The upstream unstable channel is divided into equal

segments and at each segment the cross section area, the stream bed elevation, drainage area, and distance



from the headwater is measured or calculated. The next step is to use equation 6 assuming a land factor and
a recurrence interval to calculate the discharge at each cross section. The land factor and recurrence interval
that are used here are 0.80 and 2 respectively. Next, starting at the stable section, calculate the shear stress
of the upstream unstable section and compare the shear stress to the erosion resistance, If the erosion
resistance is less than the caleulated shear stress the section is lowered by an increment of 7.62 ¢m and the
shear stress recalculated. The section is lowered until the caleulated shear stress is less than or equal to the
erosion resistance. The channel will degrade until the shear stress equals the erosion resistance.

Given the information of elevation of the stream bed, drainage area, and distance from the headwater;
the discharge is calculated from equation 6 and cross sectional geometry is calculated from equations 2 and
3. From the flow and cross sectional geometry at each location, a depth of flow can be calculated by trial

and error using the continuity equation:
Q =VA=V(BD+ D) 7
and equation 5 as modified by the assumption of a trapezoidal cross section to give equation 8:

2
1 BD+p°)s 1
m_________..._Sz

1 4 > 8
" (B+2DV2 )5
where V = Mannings velocity (m’/s), n = Mannings roughness coefficient = 0.035, B = channel bottom
width (m), D = depth of flow (m), and § = slope of the channel section (m/m). Once the flow depth is
determined, the shear stress is calculated with equation 4 and compared to the erosion resistance of 0.041
kN/m’. If the calculated shear stress is greater than the erosion resistance, then the depth of the cross
section is lowered by an increment of 7.62 cm and the change in cross section is recalculated by:
Bis= B+ AD(" -2 9
D
Sir=8i- ab 10
AL

where B;,; = new bottom width (m), B; = bottom width prior to lowering (m), DD = change in depth
(sﬁ), W/D = constant width to depth ratio, 8;.; = new slope, §;= slope before lowering, and DL = length
between sections {m). The section is lowered until the erosion resistance is greater than the calculated shear
stress. | |

Although Massoudi (1981) did his calculation on a mainframe computer, a Quick Basic computer
program was written for this repetitive process {Levich, 1994). This program can be run on any personal

computer but preferably an IBM compatible 386 or 485.
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This program was run on Willow Creek, Keg Creek, McElhaney Creek, Indian Creek, and Walnut
Creek. The Willow Creek profile was obtained from a 1917, 1958 and 1966 survey prior to placement of
grade stabilization structures in the early 1970's. Keg Creek's profile is from a 1954 survey. Walnut Creek
and Indian Creek profiles are from 1976 U.S.G.S 1:24,000 quadrangle maps and McElhaney Creek is from
2 1965 US.G.S. quad.

The Willow Creek 1966 profile was shown to be stable in the lower reaches but did degrade a
maximum of 3.35 meters (11 ft}below the original stream bed elevation above the second grade control
structure at kilometer 24.3 (15 mi) from the headwater (Figure 3.5 and 3.5a). The 1966 profile predicted by
the Tractive Force Model is close to that measured in the 1966 survey. In general, on Willow Creek the
tractive force model predicted well the degradation between 1966 and 1993 and the data indicate that the
grade control structure constructed furthest down stream in 1972 was unnecessary to achieve bed stability
because the channel was in equilibrium by that time.

Keg Creek at kilometer 56 (35 mi) from the headwater was predicted to degrade 2 maximum of 1.68
meters (5.6 ft) since 1954 by the Tractive Force model (Figure 3.6 and 3.6a). Walnut Creek's profile was
predicted to degrade a maximum of 0.61 meters (2 ft) after 1976 {Figure 3.7). Indian Creek was predicted to
downcut only 0.076 meters (.25 ft) in scattered areas (Figure 3.8). McElhaney Creek's stable profile was a
maximum of 3.58 meters (12 ft) below the 1965 profile (Figure 3.9). The predicted degradation for each

stream is shown in Table 3.1.

Table 3.1. Summary of predicted degradation using the Tractive Force Model.

Stream Year from which the degradation| Maximum Future | Distance from
is calculated Degradation  [headwater (km)
‘ {meters)
MVillow Creek 1966 3.35 20.92
{Keg Creek 1954 1.68 55.70
{Walnut Creek 1976 0.61 53.27
Hindian Creek 1976 0.076 32.19
iMcElhaney Creek 1965 3.58 5.52
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2 1 £Os1 Istangce
Massoudi (1981) calculated an erosion resistance of 0.041 kN/m’ for Willow Creek using a stable cross
section from the prestraightened Willow channel. Section 3.1 of this report showed that
when stream longitudinal profiles are plotted on semilog paper a profile consisting of two linear segments;
a flatter slope develops on the upstream segment suggesting that bed material and therefore erosion
resistance is variable within a single stream.

Erosion resistances were caleulated for Keg Creek, Walnut Creek, Indian Creek, and McFihaney
Creek assuming that the furthest available cross section downstream was stable. This approach does not
accommodate the variation of erosion resistance within a stream but does allow a comparison of theoretical
erosion resistances between streams. Massoudi (1981) assumed that the width to depth ratio and the
bottom width varied linearly downstream, and that the channel side slopes would remain at 45 degrees.
'These assumptions are not valid for all western Iowa streams; however because cross section data are
unavailable for every stream the assumptions were used to simplify calculations in the Tractive Force

model,
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The erosion resistances for Keg Creek, Walnut Creek, Indian Cref;k, M_cElhaney Creek and Willow

Creek are shown in Table 3.2,

Table 3.2, Calculated erosion resistance.

tream Calc. Erosion | Distance from {Channel slope | Clay Loess Thick.
Res. headwater (km) (%) {m)
IWillow Creek 0.041 26.94 0.12 28 22.86
IKeg Creek 0.043 70.33 0.08 22 22.86
iWalnut Creek 0.043 30.90 0.08 35 7.01
findian Creek 0.019 51.95 0.04 26 10.67
[McElhaney Creek|  0.059 13.86 0.32 27 <3.00

Tt was hypothesized that the calculated erosion resistances would correlate with watershed
characteristics and/or bed material so Table 3.2 shows data on loess thickness and clay content of the loess
as reported by Dahl et al (1958). These variables for the various stream watersheds do not correlate.

Table 3.2 shows the slope of the channel that was presumed to be stable and it can be seen that stable
channet slope has an important influence on the calculated erosion resistance.

Another analysis of the Tractive Force model was to calculate the future degradation based on the
calculated erosion resistance for each stream. Maximum calculated degradations for Keg Creek, Walnut

Creek, Indian Creek and McElhaney Creek are shown in Table 3.3. The predicted maximum degradation

o Indian Creck ¢

warad fraon { N ~
Ad kol 1Ll VAU RLJ WEL Ratlaciih Nl 180 Vo

Table 3.3. Maximum predicted degradation using Tractive Force Model.

Stream Calculated Erosion Maximum Distance from| Percent of
Resistance (kN/m?) Predicted  |headwater (km| Stream
' Degradation Length
{meters)

Keg Creek 0.043 1.45 55.70 54.4
IWainut Creek 0.043 0.53 53.27 515
lindian Creek 0.019 4.95 32.19 65.9
[McElhaney Creek 0.059 1.75 12.87 37.1

The maximum degradation predicted with the different erosion resistances were located at the same
reach in each stream except McElhaney Creek. In general, Table 3.3 shows that maximum degradation
increases as the erosion resistance decreases; however both Keg and Walnut have the same calculated
erosion resistance while the maximum erosion on Keg is nearly three times that of Walaut. Inspection of

Figure 3.3 shows that Keg Creek's slope tends to be somewhat steeper than that of Walnut Creek. This
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again points to channel slope as the most important variable controlling the predictions from the Tractive
Force Model.

3.3 Conclusions Regarding Degradation Predictions

Two models 1o predict degradation were analyzed. The geomorphic model can be applied to short
reaches of a stream where the geology does not change. The geomorphic model is easy to use; however, for
longer reach predictions where streams have flatter slopes in the upstream reaches it is impossible to apply.
Therefore, the Tractive Force model may be more useful in predicting stable profiles for longer reaches of
the streams.

The Tractive Force model is based on geohydraulic principles of stream channel erosion. This model
depends on determining an erosion resistance of the stream by back calculating erosion resistance from the
geometry of a stable reach of the degrading stream. The calculated erosion resistance depends heavily upon
the slope of the presumed stable channel. However, to apply this model, a stable reach of the stream must
be identified, detailed cross sectional data must be obtained, and the erosion resistance must be calculated.
If the bed material changes the erosion resistance will change, requiring a new stable cross section to be
surveyed in this reach.

Both the geomorphic and the Tractive Force models require detailed information on the stream's
geology and show promise of being useful predictive methods if these data are available. Although the
Tractive Force Model is intuitively pleasing from the process standpoint, the geomorphic model is much

nnn;nv‘ T/ A
Camcy 1O app

Ty
L4l
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4.0 GRADE CONTROL STRUCTURE LOCATION

4,1 Assessing the Need for a structure

A method of determining if a stream is degrading and how far it will degrade is outlined in the
flowchart in Figure 4.1. First, the stage of channel evolution is determined at the location of interest from
the stream cross sectional geometry, vegetative cover on side slopes, longitudinal profile, knickpoint
location, and slope failure type. This information is used to determine whether the stream is in the
premodified, constructed, degradation, threshold, aggradation, or restabilization stage of stream channel

evclution as described in section 2.1.

Condition of Stream?

Cross section Vegetative cover Longitudinal Slope failure
geometry on banks profile and type
) | | knickpaint location
i ] i I
Stage of
channel evolution?
]

i i ] | f 1
Sfage !~ Stage #l - Stage il - Stage 1V - Stage V - Stage VI -
premodified constructed degradation threshokd aggradaticn restabilization

* ! ' |
Grade control Run predictive Grade control Grade controf
siructure not modal structure not structure not
recommended recommended recommended
i
| {
Predict little or Predict substantial
no additional degradation
degradation and impact to
infrastructure
Grade confrol Grade control
structure not structure
recommended recommended

Figure 4.1. Flow chart for assessing the need for a grade control structure.

If it is determined that the stream is stage I.- premodified, stage V - aggradation, or stage VI -
restabilization, then a grade control structure is not recommended. However, if the stream system is
disturbed and degradation is activated or reactivated, then a grade control structure may be needed to
protect bridges and other infrastructure.

If it is determined that the stream is stage I - constructed, stage I - degradation, or stage IV - threshold
then the geomorphic model or the tractive force model (described in Part 3 of this report) should be used

to determine the expected amount of degradation. If the model(s) predict < 1 meter (3.3 ft) of additional
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degradation, then a grade control structure is not recommended. An exception to this guideline is a
situation where existing bridges and pipelines cannot withstand additional degradation and grade control
may be required. If the model(s) predict > 1 meter (3.3 ft) of additional degradation, then a grade control
structure is recommended. In addition to amount of potential degradation, a decision to install a grade
control measure should also be based on potential damages at the site, including damage to infrastructure

and land loss.

4.2 Objectives of Grade Control Structures

Figure 4.2 shows a flowchart that summarizes the considerations relevant to planning the most
effective grade control plan if the evaluation process indicates that a control structure is needed. The
objective of the structure should be defined. Two objectives of grade swbilization structures are: 1)
providing grade control for an extended reach and, 2) providing aggradation at a specific target. The design

method will be based on the objective.

Grade Contro! Structure Needed

Data Collection
- site visit
- recent profile and cross sections
- survey of local geclogy

Objective -
Extended Reach
or
Specific Target
{ I ]
Extended Reach Objective Specific Target Objective
~ prevent land voiding along a reach - protect a single bridge, utility crossing, ete.
- protect & group of bridges, ulility crossings, efc. inundate a single knickpoint
- inundate a seties of knickpoints
Design Design
- identify economical locations - structure height will control depth of sediment prism
- use libera} stable slope estimates - use conservative estimate of horizontal projection
- vary structure heights at several locations 1 to estimate stable slope

i i
|

Select structure type based on

availibility of materials and construction

limitations set by needed height

Figure 4.2. Flow chart for grade control planning.
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4.3 Data Collection

Two important components used in determining the most effective location for a grade stabilization
structure are: 1) a longitudinal profile of the stream, and 2} an understanding of the local geology. A visit
to sites experiencing degradation is needed to identify local geology. |

Although data on the strength of the stratigraphic members of the DeForest Formation show no
significant variability, the geologic materials at the site need consideration. Bank instability associated with
ground water seepage can affect a grade control structures’ integrity. Seeps in the bank typically occur
along a geologic contact between two materials of differing permeability; sand lenses in the basal portions
of both the Roberts Creek and Gunder members is an example. Figure 4.3 illustrates pathways for water
that often exist in and between the Gunder and Roberts Creek members. When these pathways become
saturated it is common for failure planes to form (Bettis, 1993). It is suggested that flow within the
saturated zone creates a drag force on the surrounding soil and that piping conditions may develop and lead
to the removal of soil material. Voids left behind can initiate the failure of overlying bank material
(Bettis, 1993). This indicates that the designer should be aware of the presence of geologic contacts and/or
sand lenses within the various stratigraphic units of the alluvium. It has also been suggested that the
Gunder member is generally the most erosion resistant stratigraphic uﬁits and therefore may be the most

desirable foundstion soil of the DeForest Formation.

Roberts Creck
member

Sand
Lens

L
3

seeps in
bank

Gunder
member

Figure 4.3. Seepage paths at geologic contacts.
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A detailed longitudinal profile of the degrading reach should be completed following identification of
the stage of channel evolution (see figure 2.1). The longitudinal profile should extend at least 1000 meters
(3333 ) above and below any knickpoint activity and contain enough detail to pinpoint the location of
knickpoints within 100 meters (333 ft). The main purpose of the detailed profile is to determine the
required height of the structure and to estimate the reach upstream of a grade control structure that will be

affected by the aggradation.

4.4 Me timating Stable e Upstream of Structures

Three methods of estimating the slope of the sediment prism upstream from a grade stabilization
structure are identified. These are: 1) horizontal projection method, 2) hydrodynamic method, and 3)
empirical method.

These stable slope estimation methods presume that the existing stream slope remains constant
throughout the controlled reach. Nearly all longitudinal stream profiles have steeper slopes near the
headwaters. Often a stream's slope will change abruptly as the result of a knickpoint or change in bed
material. These considerations must be taken into account when estimating stable slopes. A current
longitudinal profile should be used and the estimated stable slope graphed onto the profile to estimate the
controlled reach.

4.4.1 Horizontal projection method

The horizontal projection provides a lower bound for estimating channel control. Tt is the length of a
line projected horizontally from the top of the structure to its intersection with the stream profile. To

estimate the length of channel control provided by a horizontal projection use the equation:

R:_ 11

where R = length of reach controlled (m}, d = structure drop (m), and S, = stream slope (m/m). Figures
4.4 and 4.5 provide a graphical estimate for the length of controlled reach by horizental projection given
the stream slope and grade control drop.

4.4.2 Hlvdrodynamic method

The Hydrodynamic method predicts a stable slope based on a derivation of Manning's equation for

open channel flow (Hanson, 1985) and channel characteristics. The equation is:

i _ (vru)-fﬂ/3 B4/3 ’12
£

473
o

i2

where i, = Hydrodynramic stable slope {m/m), v, = ratio of mean velocity to channel bottom velocity;

typically a value of 1.3 to 1.5 is used, 1.3 has been used in this report, u = velocity at which river bed
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Estimated Controlled Reach from Horizontal Projection

14,000

12,000

controlled reach, (m)
g

4,000

as a function of stream re

ach slope, (s)

structure drop, (im}

—{ s = slope (m/km) | /MLJ / l ‘M —
L4 -
;:# i /54’
yAyA
[ 1/
I amyA
VAR
Wiyar
£/ —
777 -
; / /] _ [
e I, —
Ve
2 4 6 $ 10 12

Figure 4.4. Reference chart for stable slope estimate with horizontal projection,
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Figure 4.5. Reference chart for sfable slope estimate with horizontal projection.
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erosion starts; 1.06 for noncolloidal, alluvial silts has been chosen (m/s), B = width of stream (m), n =

1/3
)

roughness coefficient {s/m " ); 0.04 has been used in this report, and Q = flood discharge for a 50yr return

period {cms). The Hydrodynamic equation is less conservative than a horizontal projection.

"The reach controlled can then be determined by the equation:

d

R=
Sa"Shydm

13

where R = length of reach controlled {(m), d = structure drop (m), S, = stream siope (m/m), and Sy q,,=
Hydrodynamic stable slope, i, (m/m). Figure 4.6 shows the controlled reach as a function of stream slope

for a variety of drops using the Hydrodynamic Projection.

Estimated Controlled Reach by Hydrodynamic

Stable Slope Projection drop, (m)

25,000
dm i
d=2
20,000 i A
- \%1 Shydro = 0.45 m/km .
\E’ e o]
15,000 4=3
5l X\X\K&k oy
B
=g 10,000 \'\x\\k&“ ‘i;m
5
5,000 |
s y
0.5 i | 3 2 2.5 3 35 4

stream slope, (m/km)

Figure 4.6. Reference chart for stable slope estimate with the hydrodynamic method.

Ermpiri eth
Topset bed-slope formation in a reservoir is similar to sediment prism formation above a grade control
structure. Borland (1971) suggests a relation of topset bed-slope to original stream slope for aggradation

above impoundments. This relation has a linear trend when original stream slope is plotted against topset

bed-slope on logarithmic scales.
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A linear fit on logarithmic scales is a power function:
= b
YT ax 14

where v is topset bed slope, x is original slope, and a and b are empirically determined parameters. This
function represents an empirical method for estimating sediment prism slope at alluvial grade control sites
of similar physiographic settings. Sediment prism slopes surveyed at four grade control sites on Willow
and Keg creeks have been plotted against the stream slope at the time of grade control placement. This

empirical fit (Figure 4.7) gives the following equation:
y=0.112 x"* 15

with a correlation coefficient of 0.89. This empirical relationship provides an additional stable slope
estimating method applicable to western Towa.
The reach controlled can then be estimated by the equation:

R= d i6

Sa-y

where R = length of reach controlled (m}, d = structure drop (my), S, = stream slope (m/m), and

y = estimated stable slope (m/m).

Log slope of original channel vs. Log slope
of impounded sediment prism
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Figure 4.7. Observed sedimentation slopes upstream of structures placed in loess derived alluvium.
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A4 Co i erved a itnated stable slopes

At the four grade control structure sites where longitudinal profiles and cross section data were
available, the horizontal projection, hydrodynamic, and empirical methods were evaluated. The calculated
stable slope for each method was plotted against the observed stable slope obtained from longitudinal
profiles. Figure 4.8 shows the calculated stable slope for each method plotted against the observed stable
slope. The observed stable slopes were measured from longitudinal profiles where some interpolation of
the surveyed data was required.

The solid line represents perfect agreement between observed and predicted slopes. The horizontal
projection method, being zero, is obviously independent of any channel characteristics. The empirical
method coincides well with the line of perfect agreement.

The hydrodynamic method which is dependent on channel width shows a great deal of scatter. The
Keg Creek structure data fits closest to the line of perfect agreement. Good cross section data upstream of
the structure prior to its placement were available for channel width estimation. The Willow Creek
structures show a trend paralleling the line of perfect agreement. Channel widths for this data set were
estimated from cross section data by Daniels (1960) from a 1958 survey. The cross sections were located in
the general vicinity of the structure, not directly upstream as in the case of the Keg Creek site. The trend is
pleasing, however the steeper predicted slopes for the Willow Creek data cannot be explained. Possible
rezsons for the steeper slopes may be linked to differences in Manning's coefficient or sediment gradation,

both of which are factors in the hydrodynamic method.

Comparison with observed slope
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Figure 4.8. Comparison of stable slopes by predictive models.
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Figure 4.9 shows the upstream extent of the sediment prism as estimated by the three methods plotted
against the observed value. The extent of the sediment prism, or the controlled reach, is a valuable
component of the grade controf plan.

Again, the solid line represents perfect agreement between observed and predicted slopes. The
horizontal projection method shows a trend similar to the line of perfect agreement; however differences
by which this method underestimates actual controlled reach increases with increasing controlled reaches.

The empirical method shows a trend that nearly coincides with the line of perfect agreement. Figure
4.8 which plots predicted stable slope against observed stable slope shows a fair amount of scatter. Figure
4.9 incorporates original stream slope into this relation to plot predicted controlied reach against observed
controlled reach. By incorporating the original stream slope into the calculation, the scatter exhibited in
Figure 4.8 has decreased. This suggests the importance of original stream slope in predicting reach control.

Similarly, scatter exhibited by the hydrodynamic method has lessened. Structure sites from both Keg
and Willow Creeks have the same trend. The Keg Creek site coincides with the line of perfect agreement
while the Willow Creek sites show greater predicted reach control. This can be explained by figure 4.8
which shows the steeper predicted slopes for the Willow Creek sites. These steeper slopes will yield greater

controlled reaches.
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Figure 4.9. Comparison of reach control by predictive models.
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4.5 Extended Reach ilizati

The objective of grade stabilization may be to control an extended reach of a degrading stream in
situations where the stream may have a number of knickpoints or bridge and utility crossings requiring
aggradation. This approach may also be useful to prevent bank failures along actively degrading reaches.

In this situation a longitudinal profile is needed with the identification of all locations requiring
aggradation. The locations and heights of grade stabilization structures can be varied along the longitudinal
profile using an estimate of the stable slope created by the aggradation upstream of the structure. This is
done until the depth of the associated sediment prisms inundates all knickpoints and provides the needed
aggradation at all infrastructure locations. Figure 4.10 shows two plans to provide grade control along a

reach containing active knickpoints.

______ [
- W

a) series of knickpoints

m;;top of bank

knickpoints inundated

™ top of bank

knickpoints inundated

c) stepped low heads

Figure 4.10. Examples of structure placement to provide grade contro! for an extended reach.
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It designing a grade control plan for a lengthy reach of channel, Figures 4.4, 4.5, or 4.6 provide graphs
that can be used to estimate the controlled reach for various grade control drops given the stream slope.
Note that Figure 4.6 is applicable to a channel whose characteristics yielded a stable slope of 0.451 m/km
according to the hydrodynamic method. Figure 4.11 compares the estimated controlled reach from stable
slope projections by both the horizontal and hydrodynamic methods.

Alternatively, equations 11, 13, or 16 could be used to calculate the length of controlled stream reach.
Graphs such as 4.4, 4.5, and 4.6 can be generated for a range of grade control drops, stream slopes, and

other specific conditions with a spread sheet and graphing program.

Estimated Controlled Reach as a function of stream‘slope
for 1, 4, and 8 m drop structures

5,000
: \ \ S SR —
] Ay hd
+ hY (R
; =045 m/lan -]
‘-,_ \ \‘ \ Shydro 0.45 horizontal § m
4,000 h \ 1 \_\ hydrodynamic 4 m
E orzont &
Ry \ "A___
o 3,000 hydrodynamic 1m
: VN
=1 [ N } herizontal ¢ m
=} N IN ] T ] asaes
T
2,000 s A
g - BN ~
8 A \
< \‘ I P
\‘ \ [, .'::\\
*y B PN M.
1009 o s
.-'
oy o
T s
o
4] H 2 3 4 5

original stream slope, {(m/km)

Figure 4.11. Reference chart for estimating differences in controlied reach by projection method used.

4.6 Protection of ific cture or Kni i ion

Figure 4.12 shows an example of grade control at a bridge where piers and footings have become
exposed. The depth of aggradation, controlled by the height of the grade stabilization structure, will
decrease upstream. The depth of the sediment prism at the location of the specific target should be

sufficient to provide the needed aggradation.
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Bridge Spanning Actively Degrading Channel

Exposed pilings
Bank failure due to
undercutting of the toe

Agradation Upstream of Grade Control Structure
Vegetative cover on stable banks

Sediment deposition
around pilings

Grade control structure

Figure 4.12. Exampie of structure placement to protect a specific target.

The stable slope representing the sediment prism can be estimated from equation 11 or Figures 4.4
and 4.5. When designing a structure to provide aggradation at a specific target a conservative stable slope
estimation is suggested to ensure that the proper depth of sediment is achieved. Figure 4.13 shows a grade
control structure placed on a stream slope and stable slope projections from the horizontal and

hydrodynamic estimating methods to illustrate the conservative results obtained from equation 11,
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Figure 4.13. Stable slope projection with corresponding control.
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5.0 TYPES OF STABILIZATION STRUCTURES

There is a great diversity in grade stabilization structure designs. Many were contrived to protect a
specific structure such as the flumes which were designed to maintain a constant channel bed elevation
beneath a bridge. Others were developed out of a need to reduce the costs of construction as with the sheet
pile and H-pile designs. As federal, state, and local government tghten budgets, cost effective grade
stabilization structures will dominate design selection. Plate numbers 1 through 6 show different designs in
use throughout western lowa. The designs were grouped into six categories: 1) reinforced concrete flumes
(see example plate 1), 2) sheet piles (see example plate 2}, 3) double drop sheet piles (see example plate 3), 4)
H-piles (see example plate 4), 5) gabion flumes (see example plate 5), and 6) rock sills (see example plate 6).

A database was formed to reference grade control structure type and location to its associated cost and
drop dimension. At each structure site physical characteristics related to the stream channel and basin were
included. Two separate data sets exist. The first set in Table Al (Appendix} contains structure locations
where the majority of the data were readily attainable. All structures listed in this table are considered full
flow structures. The second data set in Table A2 {Appendix) contains a larger number of structure
locations, however their corresponding data were not available. Some of these structures create an
impoundment and are not considered full flow. Tables Al and A2 do not include all hydraulic structures

found in western Towa,

5.1 Economic Comparison of Grade Stabilization Structures
5.1.1 Method of analysis

Data on alternative stabilization structure desigﬁs were analyzed in an attempt to determine cost trends
for the six designs of Part 5.0. This task is somewhat complicated by the large number of variables that
affect the cost including drainage basin area, channel cross section, design discharge, stream slope, and
structure drop. This problem was solved by using the structure characteristic number, SCN, or SCN =
aS.Ss, where a = drainage area (km” ) / cross sectional flow area (m” ) of design Q, S, = stream siope
(m/km), and S, = structure length (m) / structure drop (m), suggested by Hanson et al (1985). Some
modifications were made to the method by Hanson. Drainage areas were determined from construction

plans or the book, "Drainage Areas of Iowa Streams" by Larimer (1957).
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Plate 2. Sheet pilefriprap structure, Walnut Creek, section 34 Lincoln TWP, Pottawattamie County.
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Plate 4. H-pilefriprap structure, Elm Creek near Decatur Nebraska.
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Plate 6. Rock sili, Baughman Creek, section 7 Pleasant TWP, Cass County.
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Design flow was determined from the equation by Lara (1973):

0= 7.408(LF)(RI)0'301(DA)0'W 17

where Q = flow {cms), LF = land factor equal to 0.8, RI = recurrence interval in years equal to 50, and
DA = drainage area (km”). To obtain the cross sectional area of flow during the design Q, a trapezoidal
channel of 1 to 1 sideslopes with base length equal to structure width was assumed. Using a trial and error
process, the depth of flow over the stabilization structure was varied until velocity from Manning's
equation,

1 /3 1/2
—Fh

V= 5 i8

used in the continuity equation,
O=V*4 19

yielded a Q equal to the design flow. The resuiting area that satisfies both Manning's equation and the
continuity equation is the cross sectional flow area. Stream slope was taken from construction plans,
longitudinal profiles, and 1:24,000 quadrangle maps. Structure drop and length was taken from
construction plans. The cost data on stabilization structures has been brought to the year 1994 from the

year of construction using the formula:

s »
Cost 1994 = Cost yearsfoonstruction * (I + ) 20

where i = interest rate equal to 0.05 and n = number of years between construction date and 1994,

5.1.2 Results of economic analysis

Figure 5.1 shows the SCN versus cost. The data were fitted with a linear function to show cost trends
based on structure design. Each data set for separate structure designs contains the point (0,0) representing
zero cost for a stabilization structure with either a zero drop or zero length dimension. The data show
increasing costs with increasing SCN with variations in structure type causing a difference in the rate of
cost increase. The concrete flumes are the most expensive relative to other structure types of equivalent
SCN. Sheet pile and H-Pile structures have a low rate of cost increase with increasing SCN.

The gabion and double drop sheet pile have a moderate rate of cost increase with increasing SCN.
"This simplistic analysis suggests that more consideration should be given to rock sills, sheet piles, and ¥
piles instead of concrete flumes for future grade stabilization designs. Two important aspects of
maintenance and structure longevity have not been considered in this analysis. While some concrete
flumes were constructed thirty to fourty years ago and are still functioning, most sheet pile and H-pile

structures have been in place ten years or less. Records on a structure’s life performance and the
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maintenance required to keep it functional were not found. Future research should look at a method to

maintain these records (Magner 1994).

Structure Characteristic No. vs. Cost
$700,000 I T
. ! concrete flume
I "
£600,000 A double drop
! sheet pite
3 . /_/ PP .
. H L7 Gahion flume
. §500,000 < — o
./
.g - A Sheet Pile
5] L e P N
) : <
= 400,000 " pe H-Pile
2 - ' -~ —
o n L7 =TI Rack Sill
£ wonon o = .
[+ . P
“ $200,000 " ” e
/‘Q// o o
$100,000 _ W;;“‘“—”"w'm" -
L2 s [ ,‘ .
2t * :
0 10 20 30 40 50
1994 cost base aScSs, (km/m)

Figure 5.1, Economic comparison of stabilization structure design.
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Table Al. List of full flow grade control structures studied in western lowa,

box flume TT9N R42W har jef, 11 six mile 41.7
box flume T78N R35W she,fai, 13 dutch branch 25.2
bow flume TBIN R42W har,jin,36 mud 1947 311
box flume T78M Radwy hazlag 11 harris grove 1900 213
box flume TGN R4AIW har,dow, 20 5. picayune 1979 130
box flume TEIN R42W har,Tin,3} willow 1943 194.3 Lo
twnbox {lume TEON RAOW she,was,7 picayune $176,542.81 1988 5.2 253 34 81 18
twmbox {lume THNR4IW  millyo, 25724 waubonsie 1965 18 414 g1 23 40
twin box fume  T84N R41W cra,cha,23 amigrant orack 3.0 35.2
greenwood flume  T79N R43W har,cal, 36 harris grove 4.6 363
greenwood flume  T7T8N R4AIW har,was,9/16 mosquita 1978 6.1 2523 6.9
greenwood flume  T8ON R43W har,mag,23 wiliow £177,108.98 1972 13 2551 16 205
greenwood flume  TBON R44W har rag 11 steer 1963 6.1 20.7
geenwood flume  T8IN R42W har,lin 29726 wiliow $146,146.09 1972 116 179.5 19 164
greenwood flume  TEON R44W har,rog, 15 sieer early 1970 6.1 5.9
greenwood flume  TSCN R44W har,rap 22 steer 1971 337
greenwood flume T8N R43W har,lsg,3 harris grove 1663 259
greenwood {lume  T80N R44W har,rmg, 36 slfen 1968 44.0
greenwood flume  TBON R4GW she,wes, 23 tri,mosquito kIO
geenwood flume TEIN R43W har,mag, 30 alien 89
greenwoad flame  TTBN R42W har,uni, 33 prdgeon 532698100 1979 57 146.3 1.5 229
greenwood flume  TAON R40W she,was, 14 11, FmosquUito 59
greenwood flume  T7TIN R42W mit,raw,? waubonsie 1965 10 259 68 19 369
greenwood fume  TEZN R42W  mopwil 1522 willow $108,084.78 1568 to 88.1 7 155 75
cone. {fume TEON R4IW har,dou,4 picayune 49.2
cone. flume 1wy, east fork 102 dver  51,120,000.00 1981
gabion flume TISN RAZW pothar,! keg $161,000.00 198G 33 233.1 L5 281
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Table Al. (continued)

Smotpe LB Lot STy Con Va7 Benimedes Semowio bcﬁz.;‘:‘:;“;im Q0w Vol #, et
sheet pile T76N R38W pot.lin,34 walnut £65,019.50 1993 0.9 113.4 1.4 54 514 1o 1152
sheet pile T76N R38W potlin,34 walnut §55,259.50 1993 0.8 109.0 14 30 210 1.9 110.6
sheet piie T75N R38W potwri,3 walnut $55,460.00 1993 0.9 4.0 1.3 40 215 21 115.2
sheet pile T75N RI8W potwri,9 walnut $45,006.00 1593 09 1363 1.2 239
sheet piie TSN RIEW ot w22 walma £45,000.00 1593 0.9 158.5 1.2 256

double ;&2" et aoURIBW  potwrd Hitle walma  S150.000.00 1993 23 210 3.2 - 236 - 656
sheet pile TISNRISW  potcenls graybili 1975 12 5.8
sheet pile TEIN R3IBW crm,nis, w. fork nishnabotna 1.2
sheet pile aud,ler,23/24 east nishnabotna 15
gheet pile TION BTV pag,dou,20 eayt tarkio $316,591.25 1993 13
sheet pije T84N R4OW era,che, 22 eqat soildier river 1993 27 150.2 183
sheet pile TEINRISW she,uni, 30 MOsEr 1993 09 25.6 X 43 101 29 351
sheet pile TEIN R3SW she uni, 30 moser 1993 08 256 36 43 161 2.0 517
sheet pile TEIN R39W she,uni 2} moser 1993 0.9 i8.% 1.9 27 o1 1.6 58.0
sheet pile TEINRITW she,jef? elk creek $39,436.00 1988 09 50.5 2.4 91 134 21 487
desrick stone/sht pile TSON R40W  she,was,11 mosquite $113,000.00 1963 38 85.5 124 0.0 60
weir TBON R40W she,wae, 11 moser 632 1.2
weir TEON K30W rin, was, 36 w. fork, grand river  $257,470.0C 1592 1.5 2202 0.9 30.8 218
weir TT6N R38W pot,lin,27 walnut creek 1974 0.9 102.8
weir TBEN RAGW  woo,con/fio, 3576  big whiskey creek 1983 1.5 133
weir TIEN RIBW pot,lin,27 walnut creek 1974 0.8 1G3.6
rock sill T24N R3TW cay, 7 baughmans creek $25,000.00 1994 0.9 28.5 1.7 17 7 1.3 401
Hopilewsir  T67NRISW  pog, .25 mil! creek 1994 12 518 g2
B - pile weir TMNRE bur,dec,] elm creek £53,210.18 159 3 777 0.6
H - pile weir T24NRE bur,dec,] elm creek £5%,965.66 1992 3 80.3 06
H - pile weir T24NRE bur.dec,t0 elm creek $74,430.14 1482 3 60.6 kX
H - pile weir T24NRE bur,dec,}5 el creek $68,843.13 1990 3 46.6 33
H - pile weir T2M4NRE bur,dec,21 elm creek £57,130.25 1989 3 337 3.7
H - pile weir T2INRIOE bur,dec,2 2im creek £57,619.84 1994 3 64.8 38




Table AZ. List of hydraulic structures in western Iowa.

N
box Bume TBIN REOW she,gro,6 a0t named
box flume TEIN RAOW she,gre,5 ot named
box fume TI9N RA2W har,jef35 harris grove §.2°
box flume TIEN RE1W har,was, 10 mosquito 19405 0.8
box flime T79N RA2W harjef,il six mile 417
box flume TBIN R4A3IW har,all,3 stowe 1900 7.8
box fiume T7HN R3gw she,f2i, 13 dutch branch - . 252
box flume T78N R3SW she i1t tri,¢. branch w. nish
box flume T8IN REIW har,lin 36 trwad 1947 31.1°
boxfume  TISNR43W  hartsgll harris grove 1900 213
box fume TBIN RAOW she,gro.5 0ot pamed
box flume TSON R41W bar,dow,20 5. picayune 1979 13
box flume T8IN R42W har,lin 31 willow 1948 194 3* i0
box flume T78N R39W she,fai 11 tiot named
twribox flume  T7INRA3W  mil fyo,25/24 wauborisie 1965 7.6 41.4
tonbox flume  TRON R40W she,was,7 picayune $176,5342.81 1988 5.2 253 3.4
twin box fume  T7IN R40W mil,and 29 not named $115,00000 1992 467
twin box flume cra,was 916 not named 1962 1.9 49
twin box fume cra,cha,23 not pamed 300 352
twinbox Bume TN RA3W har,cal, 14 hog ’ 5.2
twinbox flume  TBIN RAZW fuar,lin,34 tri,bayer 1947
twinbox flume  T79N R43W har,cal, 22 hog 7.8
twinbox flume  T78N R4ZW har,uni,8 i potate
{*} denotes estimate
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Table A2. (continued)

swce e T omymigace) | ortrbaayar O L Ao Sy i
broken back TION R40W she,cas, 28 not named
broken back T7EN R4AGW she she,21 not named
brokent back TEON R3sw she,wes, b4 not named
broken back  TRINR40OW she,gra, 10 tri il
brokenback  TEON R3ITW she,pol,? longbranch 5187
broken back  TSON R4OW she was, 27 tri, mosquite $41,183.30 1992 4.0 1.1
brokenback  T7INRISW she,cen,3 oot nazed $23,087,70 1988 3.2
broken back  TSINRAOW she,pro, 29 tri picayune 8.0
drop miet TT6N RAIW pothaz35 1, mosquilo $83,700.00 1917 300
drop inlet T76N R43W pothaz,13 henche $234,500.00 1875 3.7 10.4*
dropinlet  TI4NR4IW  potiew,15 tri,pony $148,000.00 1986 43"
drop inlet TEON RIZW she,dow,16 not named
drop infet T8IN R3gW she,tni, 11 i, willow
drop inlet TIFNRITW she jac,31 not narned
drop iniet T79N R39W she,lin,1 tri,w. fork nishna
drop inlet TBON R4OW she,was,34 tri,mosquita
drop inlet T78N R38W she,mon,3 f10t named
drop miet T79N R3BW shecen 25 not named
drop inlet T79N R40W she,cas, 31 not pamed
drop mict TBON R4QOW she,was, 23 tri,mosrito
drop inlet TI9N R3TW shejac, 31 ot med
drop infet T81N R4OW she,gro,25 tri,moser $22,385.08 1992 15 4.1
drop inlet T8ON R3ITW she,pal,9 tri bonghranch
drop miet TEIN R3§W she gre.4 not nayued'
drop inlet TRIN R37TW she je£31 tri,w. nishnabotna
drop mict TBIN R40W she,gro,4 trimult
dropinlet  TBINR38W  shegrel2 tri, greeley
drop miet T8IN R3TW she,jef 18 tri ek
drap intlet TN R40W ahe,cas,18 not narned
drop nlet TBIN R37W ghe,jef,? tri ek
dropinlet  TBON R37W she,pol 8 tri,longbranch
drop inlet TBON RI7TW she,pol,4 trilongbranch
drop inlet TI9N R3TW she,jac,30 not named
drop miet T8N RIgW shegre13 trigreeley

(*) denotes estimate
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Table A2. (continued)

srtye Ml lowim | dhelmlmmsh o e Dow Pebimatos Sonosie
greenwood flume  T79N R43wW har,cal,36 harris grove 4.8 36.3

greenwood flume  T78N R41W har,was,1{ mosquite &7 0.9
greenwood flume  TBON RAIW har,mag, 23 willow $177,169.00 1972 7.3 255.1 1.6
greenwood fume  TAON R44W har,rag,11 stoer 1963 6.1 20.7

greenwood flume  TEIN R42W  harlin, 20020 wiliow $145,146.00 1972 wab 1.9
greemowood flume TEON R44W  harraghs  steer earlyl970s 6.1 %9

greenwood flume  TBON R43W har,mag.9 tr,8lden 3.0

greenwood fhume  TIONRAIW  harcas,2$ teispring sz

geenwood flume  TBON R4OW  shewas16 Pigeon i8.1°

greenwood fiume  TISNRAIW  harcas,24 tri,spring 1960,1982 52"

greenwood flume  FBON Ra4w har,rag,22 steer 1971 337

greeawood flume  TSON R42W harboy,2 tri,boyer

grectrwood flume  TTEN R4LW har,was, 916 mosquite 1978 252.3 0.8
greenwood flume TN R44W har,jac,3 tri,soldier

greenwood flume  T?EN R43W har,lag,3 harris grove 1963 5.9

groenwood (lume  TEON R37W she,pol, 3¢ i, w. ttishnabotns

geenwood Qume TN R4IW har,cal 16 i, willow

greeniwood Bume  TEON R44W barirag/25 allen creek

greenwood flume  TEON R43W harfmag/4 alien creck

greenwood flume mon/spr{25/26 etk creck
gresmrwoad fume mor/spr/l 5 elk creek

greenwood flume TSN R44W har jac,21 wisoldier

greenwood flume  TT8N R44W har,s1,25 iri,euciid 1960

greetwood fume  TEIN R43W har,all,21 cobb 52°

greenwood flume TBON R44W har,reg. 35 allen 1968 44.0

greemwood flume  T8IN Ratw biar har, & tri,boyer

greanwood Bume  T7ON R4AIW har,cal, 26 hog 0.4

greenwood flume  TRON RAOW she,was, 23 e, mosquilo 314
greenwood fure  T8IN R4IW har g 30 atlen B9

geenwoad flume  T7BNRA4W har,st],2 tri, hoyer
greonwood flume TSN R4ZW  harani33 pidgeon $326,981 00 1979 146.3 15
greenwood flume  TBON R40W shewas,14 trimesquito 252

gemwoods () TBINRAIW  harmagl 4 i, willow

greenwood flume  T7IN R42W rl raw, 7 wauhonsis 1965 259

greenwood flume  TE2N R4A2W  mon,wil, 15722 wrllow $108,065.00 1968 88.1 37

(*} denotes estimate
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Table A2. (continued)

Smewe e UL oo | ater O Y IR e i
grwd or RCB  TTINRAIW  qillyo25 waubonsie 46.6*
gnwd or RCB  T7INR42W mil,cen,3 . rsitver
gnwd ot RCB T7LN RA2W il raw,26 spting valley 7.8*
grwdor RCB  THNRAZW  milraw,36 spring valley 3.0
gwd orRCB TINRAIW  milwhi3] spring valiey 12.8
gowd or RCB T7iN R4IW mil,whi, 35 kilpatric g
grwd or RCB TTIN RASW mifl gle, 36 not named
grwd or RCB  TTINRAIW  milwhi34 Kilpatric 11.2
gnwdor RCB  TT2NR4AIW wiil,sil,6 osbarne 1307
gwdor RCB  T72N R4OW mil,ind, 36 tri,indian
gawd or RCB  T73INR4IW mil,cak,} 5 tri, pony
gwdor RCB  TI2NR4ZW  milicen32 waubonsie 10.4°
gnwd or RCB TT2N R4OW mil,dee, 1 wiindian
gnwdor RCB T73N R4LW mil, ing,30 prairic 18.07
gwdor RCB - T7INRATW miling. 33 osborae
gwd or RCB  T72N R43W mill,gle, 36 not named
gwdor RCB T7INRAIW rail ing 1 9 prairie 16.8
gabion flume  T75N RAIW pothar,| ket $101,600.00 1680 233.% 15
concrete flume  TON R4IW har,dou,4 picayune 492
concrate fume tay, cagt fork 102 river $1,120,000.00 1981
concrete flume crasta,14 not named 2.7 6.6
scs dam TRINR4OW  she,gro33 picayune 10.4
5cs darm TEON R3SW she,wes,7 net named
scs dam TSIN R4OW she.gro,32 picayune 13.0°
scs dam T78N R4OW she she, 30 trie. bramoh keg
a8 dam T8N R40W shegro,3 bee tree 8.1
scs dam T8IN R40W she,gro,33 tri, picayuaie
s dam TBIN RAOW she,gro,5 i, il
acs darm T8N R4ACW she, she, 20 tri,e. branich keg
sosstructure TRIN RAOW she,gro,9 mil 19.1
{*) denotes estiznate
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Table A2 (confinued)

Locatior. Placed on Main Branch Drop Basm Area Above  Stream Gradieat

Structice Type LoL:a%Jon {county,tnshp,sec) or Tributary of Cost Year {meters)  Structure (sq kan) {m/km)
sheet pile TTEN R3SW pot lin, 34 walaut $65,019.50 1993 0.8 113.4 1.4
sheet pile TGN R38W potlir, 34 walnut $55,259.50 1993 0g 108.0 1.4
shest pile TI5N R38W potwri,3 walnnt $55,460.00 1993 0.9 114.0 1.3
sheet pile TSN R3BW potwii9 walnut $45,000,00 1993 09 1393 1.2

d"“"“’;ﬁp sheet 135y R3gW pot,wri,4 little wairut $150,000.00 ;993 2.7 21.0 3.2
sheet pile T15N RABW pot,wri, 22 walmst | $45,006.00 1993 [eRe) 198.5 1.2
sheet pite TISN R3GW poLeen,ts graybill 1975 1.2 958
sheet pile TSN R3IBW <ra. s w. fork nistmabotna 1.2
sheet pile aud,ler,23/24 east nishnabotns 1.5
sheet pite T?ON R3TW pag.dou,20 east tarkio $316,591.25 1993 5 40.7 19
sheet pile T84N R40W cracha 22 east safldier river 1993 27 150.2
sheet pile TBIN RIOW she,uni, 30 moser 1993 G.9 258 36
gheet pile T8IN R3ow she uni, 30 moser 1993 0.8 L] 3.6
gheet pile TBIN R39W sheuni, 2] T 1993 08 2.9 1.8
sheet pile TEIN R3TW shie jef,7 elk creek $39,436.00 1988 09 505 2.4
sheet pile car, 108,35 brushy ereek

derrick stone/shit pile TEON R4AGW she,was 11 mosuIie $113,000.00 1963 3.8 85.5 27
wetr TRON R40W she,was, 11 moser 63.2 1.2
wier TEINRITW she,jef7 etk 4567
weir TEIN R30W rir, was, 516 w. fovk, grand river $257,470.00 1992 5 2202 0g
? TBIN R41W har har, 10 tn.boyer
weir T76N R3I8W pot,lin 27 walnut creck 1974 09 102.8
weir T88N RA6W  woa,con/flo,35/6 big whiskey creck 1983 1.5 1334
weir TI6N R38W pot,lin, 27 walnut ereek 1974 0.9 103.6
reck il T7T4N R3TW cas, 7 baughmans creek 325,000 1994 0.8 285 1.7
H - pile weir TETN R38W pag .25 il creek | 1994 1.2 51.8
H - pile weir TZINRICE in decatur elm creek $53,210.18 1941 3.0 777 0.6
H - pile weir T23N RI0E iz decatur ebm creck $55,965.66 1992 3.0 803 0.6
H - pile weir TZ3N RI10E by dec, 10 clm creek $74,436.14 {98z 30 60.6 3.8
H - pile weir T23N RIOE bur,dec,15 elm creck £68,843.13 1990 30 46.6 33
H - pile weir TZIN RI0E brur,dec,21 elm creck $57.13G.25 1989 3.0 337 3.7
H - pile weir T2AN RI0E bur,dec,2 elm creek $57,619.84 1994 30 64.8 3.8
(*) denotes estimate
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Figure A3. Location map of streams discussed in report.
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ABSTRACT

The purpose of this study was to estimate the degradation costs from stream straightening on land
voiding and on public and private infrastructure crossing streams in the deep loess soil region of western
Jowa. The widening and deepening stream channels has resulted in the loss of farmland and damage to
highway and railroad bridges and rights-of-way, pipelines, telephone, electric, and rural water lines. Five
streamns in western lowa were examined in detail. The estimated degradation costs from these five
streams, along with data from the Natural Resources Conservation Service, were used to estimate the
total degradation costs of streams in the deep loess soil region of western Iowa.

Two types of costs were estimated. One was simple time neutral costs estimated by multiplying
lost land and damaged infrastructure by the 1992 per unit cost of the land and infrastructure. The
second type was a time value cost estimated by re'cognizing that the costs were magnified by the time
value of money from the dates of incremental widening of streams.

The estimated time neutral cost for 155 degrading streams in western fowa was $174.9 million.
The estimated total time value cost from the degrading streams was $1.1 billion. The time value
estimate is the more accurate of the two estimates because 1t includes a 4 percent compound interest
charge on the degradation losses during years prior to 1992. Damage to highway bridges represent the
highest costs associated with channel erosion, followed by railroad bridges and right-of-way; loss of

agricultural land represents the third highest cost.
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1.0 INTRODUCTION

Much of western Towa is covered by wind blown loess soils that were deposited 125- to 1,500-
centuries ago {Prior). Loess material consists primarily of silt and clay sized particles and is highly
susceptible to erosion. These deposits range from 100-feet deep along the Missouri River to less than 15-
feet deep to the east and north.

Prior to and during the early 1900s, the meandering streams in western Iowa frequently flooded
their valleys. The meandering nature of the streams reduced water velocity and increased the amount of
flooded and unusable land. The slow water velocity increased the frequency and severity of flooding,
which in turn, created untillable swamps and frequently covered tillable land. Crops were often
damaged or destroyed. Farmers also sustained substantial losses from animals being washed down
flooded streams. Long-time western lowa residents retell stories told by their parents about animals and
property floating down the flooded rivers. One version of a telephone party-iine conversation described
a "play-by-play" of what was floating down the floodwater of Indian Creek - "Oh, there goes another
cow - 2 couple of hogs - another cow - Oh my goodness! There goes a whole string of steel fence posts!
Of course, she meant wooden posts, but she was excited!" (Trailer).

Stream-straightening programs were undertaken in many western lowa counties to stop the
frequent flooding and to make the bottomlands suitable for cultivation and other agricultural uses.
Most of the major straightening projects were undertaken during the period from 1890 to 1920 (Dirks).
Stream-straightening was achieved by constructing drainage ditches using mechanical dredges with drag
lines equipped with 2-cubic yard capacity buckets. The size of the drainage ditches varied with the
drainage area. For example, the Mosquito Creek drainage ditch constructed in Shelby County, lowa, in
1916-1917, had a bottom width of 10-feet, one-to-one side siopes, and depths varying from 8- to 16-feet.
This corresponds to top-of-bank widths ranging from 26- to 42-feet. The drainage areas ranged from 35-
to 80-square miles.

The stream straightening projects usually accomplished their goal of reduced flooding, which
reduced flood damage to land already in cultivation and made possible the drainage of most swamp land.
Over time, it became apparent that stream straightening had side effects. The reduced stream lengths
and increased channel grades made the water flow faster. The straightened streams eroded the deep loess
soils to greater depths, resulting in mass sliding of bank land into the streams (Lohnes). The bank land
that fell into the water subsequently washed downstream. These mass landslides resulted in substantial
top-of-bank widening. Many channels have deepened from 10-feet to over 30-feet. Bank-to-bank widths
on many streams increased from 15feet to 120-feet or more. Map 1 shows the approximate boundary

of where stream degradation is occurring in the deep loess region of western Towa.



it LUt e Temmssmaramiemnt
OICCOLA BIGKINSON [ LitidsT HOSTUYN | WINNEBAGZC |WORTH ALTCIHELL,  JROWARD [Py LSHrEnt ATt adared

OVERIEN A [PALS ALY HANCOOK  [CEARD Ldd

FEOYD CHICKATAW

FAYECTE SLAYIGH

CHEAQREL | BULRA VIATA | POCARONTAS| HUMEOLOT [WATGNT FRANKLIN [DUTLER  [PAERERA

WEASTLR FLAER AR [TTCHANAN | BELAGAAAL  BURGROUE

LALHOUN HARQIN SAUNDY

e FEATON TR JONES

JACKION
cLivron

CECAN

GUTHRE | [PAREAT  |POLH ATATE [FOWZIRIEN [JOWA GRNSON
BEorT
) HUTETIRE
w{ﬁ- ABATA STATIFON | WANRSH ~AWARIOH  {RARARNA  [REGRUK  |WASHIT
i E; Tcry
i CERRNE  JRUGAS HANAGE  [WAPELLO  [JEFFEATON THEWRY
$
BECATOH | WAVNT FPAROGAE | GAWE TN BOAEN ‘?@‘
ey Q

Map 1. Approximate boundary where stream degradation is occurring in western fowa.
(Map by Golden Hills RC&D)

Channel degradation and subsequent increased stream widths imposed substantial costs on public
and private infrastructure crossing these streams. State and county governments have been forced to add
spans to highway bridges. Buried natural gas, petroleum and water pipelines became exposed and
damaged by trees and other debris floating down stream. For example, Mapco Inc., a large pipeline
company, reported a large tree that had washed down McElhaney Creek in Woodbury County and
lodged against a pipeline. The lodged tree diverted the water channel to the south bank of the stream.
The diverted water washed out a large part of the south bank and exposed 60- to 70-feet of the pipeline
(Lenz). Buried electric, telephone and pipelines have also been exposed and damaged. These lines must
be reburied or inserted on bridge crossings or strung on poles to cross the wider streams.

A major cost of stream widening is the loss of irreplaceable land sliding into the stream. Deep loess
soils are among the most productive in the world. Soil that falls into the stream and its embodied
productivity are lost forever.

Anecdotal information on the economic cost of stream degradation has been reported by individual
landowners and county engineers. The United States Department of Agriculture Natural Resources
Conservation Service (NRCS) estimated the cost of stream degradation on several small watersheds.
However, there have been no systematic analyses of the total cost of stream degradation over the entire

deep loess soil area in western lowa.



2.0 PURPOSE OF STUDY

The purpose of this study is to estimate the total cost of stream degradation on land voiding and
public and private infrastructure crossing streams in the western Jowa deep loess soil region from the
date of stream straightening. Public infrastructure includes bridges crossing county and state roads.
Private infrastructure includes railroad bridges and roadbeds and electric, telephone, cable, pipeline, and

waterline crossings.

3.0 METHOD OF ANALYSIS

3.1._Study Stream Selection

Five western lowa streams were selected for detailed analysis. These streams are: McElhaney Creek
in Woodbury County; Willow Creek in Crawford, Monona and Harrison counties; Mosquito Creek in
Shelby, Harrison and Pottawattamie counties; Keg Creek in Shelby, Pottawattamie and Mills counties
and Indian Creek in Pottawattamie, Montgomery and Mills counties.

Only the portions of the five streams that have degraded were included in the analysis. The
degraded portions of the five streams were identified from aerial and field reconnaissance over the five
streams, The location of the entire reaches and the degraded portions of the five study streams are
shown in Map 2. Table 1 shows the drainage area intervals of the degraded portions included in this
analysis. Drainage area intervals measure the cumulative drainage area served by specific points along a

stream. The locations of drainage area intervals listed in table 1 are identified in Larimer.

Table 1. Five study streams’ degrading drainage area intervals included in the analysis.

Stream Degrading drainage area intervals
included in the analysis (square miles)
Keg Creek 54.6 - 190.0
[Mosquito Creek 4.5-23.0
fwillow Creek 7.1-129.0
lindian Creek 33.0-68.0
[McEthaney Creek 13.5-19.0
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Map 2. Location of the five study streams (Darkened areas indicate the degrading portions of the streams}.

These five-streams were chosen for the following reasons:

1. They represent a range of stream lengths and drainage areas in the deep loess soil region.

2. The stream locations are widely dispersed throughout the deep loess soil region.

3. Several of the five streams had been the subject of previous engineering analyses, so more
data were available on these streams than on the other streams in the area.

4. These streams were judged to be representative of the many degrading streams in the

deep loess soil area in western Towa.
These five streams represent a purposive sample of degrading streams in western lowa. The
estimated costs imposed by degradation on these streams will be used to estimate the degradation costs

on other degrading streams in the deep loess soil areas of western ITowa.
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3.2 Study Stream Conditions and Measyrements

The estimated costs of stream degradation are based on the change in the top-of-bank width from
the time the streams were straightened until 1992, Data collection had been nearly completed before the
severe flooding in the summer of 1993, so the estimates do not include any degradation that may have
occurred during the 1993 floods. _

There are few published data of the original straightened stream widths. Moreover, most of the
original stream straightening records have been discarded by the drainage districts and county recorders.
Therefore, this study relied on the few original stream straightening records that were found in recorder
and engineer offices of the counties where the study streams are located. In some cases, data were taken
from dredging contracts for nearby streams. In addition, personal telephone calls seeking information
on original straightened stream widths were made to veteran county engineers located in counties with
study streams. Some original width data were taken from previous studies (Massoudi, Larimer). The
original channel widths were grouped by size of drainage area, and a generalized channel width was
assumed for all drainage areas of similar size on the five study streams.

The 1992 stream widths were estimated using 1992 aerial photographs and remote sensing work
stations. Aerial photographs do not accurately show the top-of-bank widths because of bank vegetation
and stream cover. Therefore, stream width measurements from the aerial photographs were made at the
top-of-barren earth bordering grass or trees. Only streams = 15 feet wide at the barreﬁ earth level could
be measured. Personnel from the NRCS made these measurements using Model 1280-24 Lasico
digitizers. The digitizers have a measurement accuracy of + six feet.

"The NRCS measurements were adjusted to reflect the differences between the width of the top-of-
barren soil levels and the top-of-bank stream widfhs. These adjustments were based on recent stream
drawings by county engineer personnel showing the top-of-bank width of the streams at bridge
locations.  These estimated top-of-bank widths at bridge locations were regressed on NRCS
measurements at the closest measured locations. The regression coefficients were then used to adjust the

NRCS measurements to estimated top-of-bank stream widths.

3.3 Degradation Cost Estimates

3 frastructu and voidin

The costs of stream degradation were estimated by multiplying the change in stream width by the
estimated 1992 per unit cost of land, and the 1992 per unit cost of constructing highway bridges,
railroad bridges, pipelines, and electric, water, fiber optic, and telephone lines. The per unit costs of
constructing highway and railroad bridges, pipelines, and electric, fiber optic, and telephone lines were
obtained from the Iowa Department of Transportation, the Burlington Northern Railroad, Murphy

Brothers, Inc. Pipeline Company, AT&T Company, and Vista Telephone Company. The stream
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degradation costs for electric lines were obtained directly from electric companies with lines crossing the
study streams. The locations of the infrastructure were obtained from the fowa Department of
Transportation, county engineer's offices, and from railroad, electric, telephone, pipeline, water, and
cable companies operating in the five stream areas.

Two sets of costs were estimated. The first set is a simple, time neutral, 1992 unit cost of the land
or infrastructure multiplied by the change in stream width. The second set was based on the time value
of the losses.

A decay fuanction {equation 1} was used to estimate the rate of stream degradation over time for

each drainage area interval on each study stream.

t- to
SW({) = IW+ (FW-IW) {M] , 1)
where:
SW(y) = top-of-bank stream width in feet at timert,
IW = initial channelized top-of-bank stream width in feet (obtained from historical
rééords),
FW = final top-of-bank stream width (1992 weighted average top-of-bank width},
t = year corresponding to top-of-bank stream width being estimated,

t = year corresponding to initial channelization of streatn,

(]
o = estimated parameter equal to the percentage change in top-of-bank stream width

given a one percent change in time since channelization.
Acres of land lost from each drainage area on the five streams during year y was defined by equation

(2) as:

ACy = [(SW,: - SW.1) L J143,560 ], 2

where:
AC;, = acres of land lost by each stream drainage area i in year y,
I; = length of drainage area i in feet,

SW, = top-of-bank stream width in feet at time 1.
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The estimated time value total cost of land voiding was obtained from equation (3):
1991
LC = Y p,(v,*ac,)(F|P 1,1992-y), 3)
¥

where:
LC= estimated annual total cost of land voiding, .
AC,= total number of acres voided in year y,
F |P r, 1992-y) = future value of a given amount of money in year v,

V, = land value in year y,

P, = index to account for inflation,
y = year the land was voided,
r = long-run interest rate.

Equation (3) adds the compound interest and inflation up to 1992 to the value of the voided land from

the year it was voided.

The procedure to estimate the total time value cost of stream degradation on public and private
infrastructure is given by equation (4):

1992

COST =) Py (C*A SW4,))*C)(F\P1,1992-y), 0
k4

where:
COST = estimated total cost of stream degradation,

DSWy, = change in stream width in year y,

C = per unit cost of the infrastructure in yeary,

P, = index to account for inflation,

y = year corresponding to width change in the stream,
r = long run interest rate,

(B P r, 1992-y) = future value of a given amount of money in year .
Equation (4) adds a compound interest to the cost of degradation in the year the losses occurred.
Estimates of C in year y were not available. Therefore, estimates of C were 1992 per unit infrastructure

costs, adjusted for inflation.

3.2 ted Bri ffic
Only one bridge over the study streams had been closed and vacated. However, most of the bridges
on the study streams have had repairs or spans added because of the widening of the streams. Based on

discussions with Iowa Department of Transportation bridge planners, each bridge was assumed to have
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been closed for 60 days for these repairs and expansions. Thus, travelers incurred additional costs to the
close circamvent bridges while they were being repaired.

Transcad, a Transportation Geographic Information System (GIS) software package, was used to
reroute traffic over these bridges. First, a cost minimizing base solution was run to estimate travel cost
with each bridge open. Assumed destinations were the county seat town for household traffic and the
nearest town for farm, school bus, and post office traffic. Then, a minimum cost solution was obtained
after each bridge was closed for a 60-day period. The difference between the costs of the two solutions
was the estimated cost of rerouting the traffic from the closed bridge.

Equation (5) was used to estimate travel cost:

2 5 3
TC =§ 2. 2. (VCr)(Mu)(TP.u)s ®)

v r

where:
TC = total travel cost,
VC = variable vehicle cost for vehicle type v, road type 1, to destination d,
M = miles traveled on road type r to destination d,

TP = total trips for vehicle v to destination d.

3.3.3 Tributary degradation costs

In this study, a tributary was defined as a stream with a total drainage area < five square miles.
Most tributaries are less than 15 feet wide at the top-of-barren soil level. Therefore, the aerial
photographs could not be used to measure their widths, NRCS has conducted several studies of the
simple time neutral costs of degradation on upstream tributaries. A set of the NRCS watershed study
results was used to estimate the damages caused by tributary degradation. The estimated damages from
the NRCS studies were regressed on the size of the corresponding drainage areas. The regression was

then used to estimate the time neutral degradation costs on degrading tributaries.
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4,0 THE DATA

itial Chanpelize idt
The estimated initial channelized top-of-bank stream widths by the size of the drainage area are
shown in table 2. Table 2 also shows the range of documented top-of-bank channelized widths. No
initial top-of-bank widths were available for drainage areas < 20 square miles. Therefore, the 15-feet

width was assumed for drainage areas of 10 square miles or less and a 20-foot width was assumed for

drainage areas of 11- to 20-square miles.

Table 2. Esfimates of initial top-of-bank widths by size of drainage area.

Drainage area in Range of documented Generalized channel
square miles channelized widths (feet) widths (feet)
C-5 NA <15
6-10 NA 15
11-20 NA 20
21-40 26 26
4170 26-42 & 34-40 24
71-100 42 42
101-130 42 42
131-170 3642 42 .
171-220 38 42
4.2 Estim 2 Stream Width

Recent bridge inspection report drawings were used to adjust the top-of-barren soil NRCS widths
to estimated top-of-bank stream widths. The estimated top-of-bank stream widths obtained from the
bridge inspection report drawings were regressed on the estimated NRCS top-of-barren soil widths to

obtain corrected 1992 top-of-bank stream widths as follows:

TW = a + b NRCSW, ©)

where:
TW estimated 1992 top-of-bank stream widths,
NRCSW = NRCS estimated top-of-barren soil widths,

b = adjustment cocfficient.

§

The constant (2} was not statistically significant. Therefore, equation (6} was estimated without an
intercept. Table 3 shows the results of the regression from equation (6) for each of the five streams.

The regression coefficients in table 3 were used as the b value in equation (6).
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Table 3. Regression results from equation (6).

Regression
Stream coefficient R? "t" statistic
McElhaney 1.97 0.45 10.3
Indian 1.45 0.56 13.6
Willow 3.13 0.61 9.6
Keg 247 0.53 18.5
Mosguito 2.58 0.87 4.5

Estimates of the corrected weighted average 1992 top-of-bank stream widths for each drainage area

interval were obtained by equation (7):

Al
1 Ii 1 i Nll

weighted average top-of-bank stream width for each drainage area interval,

number of NRCS measurements within each drainage area interval,

total length (feet) of the drainage area interval,

= distance (feet) between each NRCS measurement within each drainage area interval,

)

estimated top-of-bank stream widths calculated from NRCS top-of-barren soil measurement.

Field measurements of three streams were made in mid-1993 to check for the accuracy of the

estimated top-of-bank stream widths. These field measurements along with the estimated stream widths

are presented in table 4.

On Keg Creek, the average estimated width was 106 percent of the average field measured width.

Therefore, the study overestimated the measured Keg Creek widths by 6 percent. The average

difference between the two measurements was 6.9 feet with a standard deviation of 19.3 feet. Thus,

two-thirds of the differences were less than 19.3 feet.

The procedure underestimated field measured widths on both the Mosquito and Indian creeks by 12

and 8 percent, respectively. The average differences of the estimated measurements relative to the field

measurements were -13.5 and -3.9 feet on Mosquito and Indian creeks, respectively. The standard

deviations were 13.9 and 8.9 feet, respectively.
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Table 4. Comparison of estimated top-of-bank stream widths and field measured top-of-bank stream widths.

Estimated
Stream Location Estimated width | Field measured width as
width (feet) p"';;:;:: of
measured
width
Mills County
Keg Creek T73R42S8ech5 8 124 85 146
T73 R42 Sec NLE 108 90 120
T72 R43 Sec NW24 124 80 154
T72 R43 Sec 13 98 95 103
T72 R42 Sec NL& 116 140 83
T73 R42 Sec 30/31 116 130 89
T73 R42 Sec NL3O 116 124 94
T73 R42 Sec NW17 121 95 127
T73R42Sec 8 111 165 106
T73 R42 Sec b 108 a8 113
Pottawattamie County
T74 R42 Sec 21/28 96 160 96
T74 R42 Sec 3 116 110 105
T74 R42 Sec 4/9 101 105 96
175 R4z Seg 27/22 126 130 97
Total 1,581 1,485 106
NMean difference {feef) 6.9
Mosquito 776 R42 Sec 29/30 80 120 75
71786 R42 Sec 16/21 108 112 98
T76 R42 Sec 15/16 98 163 a5
Total 294 335 88
Mean difference (feet) -13.5
Millis County
Indian T72 R4Q Sec 24 51 60 a5
T72 R40 Sec 27/26 52 70 75
T72 R40 Sec 21/22 67 80 83
T72 R40 Sec 20/21 73 75 97
T72 R40 Sec WL19 80 103 77
Poftawattamie County
174 R38 Sec 8/11 26 25 104
T74 R38 Sec 18/17 28 32 86
T74 R38 Sec 18/19 29 32 91
T74 R39 Sec 23/24 38 37 102
T74 R39 Sec 23/26 44 36 121
T74 R39 Sec 27/34 38 38 99
T74 R39 Sec SL34 45 45 100
Montaomery County
T73 R39 Sec 3/4 42 48 88

4-18




Table 4. Comparison of estimated top-ofbank stream widths and field measured top-of-hank stream widths

(cont.).
_ Estimated
Stream Location Estimated width | Field measured width as
width {feet) p‘”;i’s;('f of
measured
width
{ndian Montgomery County {cont.)
T73 R39 Sec 4/9 42 45 : 83
173 R38 Sec NW18 42 56 75
173 R39 Sec 17/10 38 36 101
T73 R389 Sec 20/26 38 38 99
T73 R38 Sec 29/32 38 25 151
T72 R38 Sec NLS 39 32 122
T72 R39 Sec 5/8 39 34 115
172 R39 Sec NE18 48 56 86
T72 R39 Sec 18/19 48 63 78
Total 980 1,066 92
Mean difference {feet) -3.9

4.3 Rate of stream degradation over time

The rate of stream degradation over time was estimated by equation (8) using Willow Creek widths
at the four locations presented in table 5. This was the most complete time series of stream width data

available on any stream. Equation (8) is simply the natural logarithm form of equation (1)

t-
In (SW,-IW)-Wn(FW-IW) = o In | 1) | ()
1992-¢,
The estimated parameters were:
o =073
R? = 0.84,

"t" statistic = 13.6.

An o < 1.0 indicates that degradation is occurring, but at a decreasing rate.



Table 5. Top of bank stream widths of Willow Creek (in feet).

Upper Willow Drainage District No, 1 Upper Willow Drainage District No. 2
Year T79N R43W T8ON R43W T8IN R43W T8IN Ra2W
1919 42 42
1919 42 42
1920 - - 34 34
1929 - - 50 -
1931 - 57 - -
1933 72 - - -
1936 80 - - -
1942 - - 80 -
1950 - - - 100
1952 - - - 110
1958 110 100 96 120
1992 139 123 128 128

Source: Daniels, 1960; 1992 widths are calculated using equeations (6) and (7).

4.4 Tributary degradation costs

No data were collected on the cost of degradation on tributaries to the five study streams.
However, the NRCS has conducted several degradation cost studies on small tributary watersheds. The
results of the NRCS studies were used to develop a linear regression of the cost of degradation of these
small watersheds on the size of the corresponding watershed drainage area. The estimated regression

equation was:

Y = $1,302.90 + $9,754.70DA, 9
where:
Y = total dollar cost of degradation,
DA = drainage area in square miles,
R? = 0.68,

*t" statistic = 1.68,

n =43

This procedure requires the measurement of the size of the drainage area of each degrading tributary
to the five streams. The degrading tributaries to each of the five streams were identified by NRCS and
Golden Hills Resource Conservation and Development personnel. The size of the drainage areas were
taken from the Larimer report. If the Larimer report failed to list the size of the drainage area, the size

of the drainage area was estimated by the following procedure: 1} using 7.5 minute series and
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topographic maps, the drainage area was defined and outlined using watershed contour lines, 2) a
planimeter was used to measure the outlined drainage area in inches, and 3) the measurement was then

converted to square miles by equation (10):

DA = [(110(24,000 )"] [2.497} (10)

where:
DA = drainage area in square miles,
M = the planimeter measurement,
24,000 = map scale of 1:24,000,

10 . .
249" = conversion factor to square miles.

4.5 Traffic rerouting costs

Table 6 shows the estimated variable vehicle operating costs on gravel, paved county and state roads

used to estimate rerouting costs.

Table 6. The estimated variable cost per vehicle mile and road type in cents per mile.

Type of Road
Vehicle Type State - Paved County Gravet
Autofpickup 20.2 216 28.1
Single axie truck 428 44.9 62.5
Tandem axle truck 58.7 61.6 856.7
Semi-tractor-frailer 66.9 70.3 ' 97.7
Tractor-wagon 113.0 118.7 165.0

Source: Baumel, et al., 1991,

Table 7 shows the distribution of types of trips assurned in the analysis of traffic rerouting costs.
"The data in table 7 were obtained from a survey of travel patterns in a 100-square mile area of Shelby
County, lowa. Traffic volumes for each bridge were taken from the most recent county engineer bridge
inspection repofts.

A total of 86 county bridges are located on the degrading portions of the five study streams. A total
of 24 bridges were randomly selected for rerouting analysis and rerouting costs were estimated on each
of these 24 bridges. The estimated cost of the 24 bridges was multiplied by 3.6 to estimate total
rerouting costs on all the streams on the five study streams. An average rerouting cost per trip was

generated by dividing total rerouting costs by total average daily traffic (ADT).
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Table 7. Percentage of travel by purpose and vehicle type.

Type of travel Percent of fotal
Household
Auto 58.9
Pickup 7.5
Truck single axle 2.0
Subtotal 68.4
Farm
Auto 0.6
Pickup 23.4
Truck :
Single axle 1.93
Tandem axie 0.75
Semi 0,22
Tractor-wagon 0.28
Subtotal 29.7
Other
School bus 0.8
Post Office 1.1
Subtotal 1.9
Grand total 100.0

Source: Baumel, et al., 1989,

4.6 Pe it infrastructure

Table 8 shows per unit costs used to estimate damages from stream degradation. Pipeline and

waterline costs vary by diameter of the pipe. Actual costs incurred by companies may vary from the

estimated costs in table 8 depending on the conditions at the repair site.

4.7 1and Values

County land values for years up to 1982 were taken from Banard and Jones. These data include the
value of buildings. These building values were adjusted out of the data. Land values for 1982-1992 were
taken from Duffy, et al. The Duffy survey presents high, medium and low land values. The low land
values from the Duffy survey were selected for this analysis to make the land value data series as
consistent as possible. The consumer price index was used to calculate the inflation rate. A long

run interest rate of 4 percent was used to calculate the present value of the annual land voiding in

equation (3).

4-22




Table 8. Per unit costs used to estimate the damage of stream degradation by type of infrastructure.

infrasfructure Per unit measurement Cost per unit
| Highway bridges Square foot $40
Raiiroad bridges Linear foot 1,300
Land voiding Acre *
Pipelines Linear foot
2 inch . 27
§ inch 83
8 inch 111
10 inch : : 138
16 inch 221
20 inch - 276
24 inch 331
38 inch 497
42 inch 597
Waterlines Linear foot
2 inch 27
3 inch 40
4 inch 53
5 inch 68
6 inch 83
Telephone Linear foot 9.25
Bridge attached 10.78
Buried : 5,10
Eiber optic . Linear foot 525
Coaxial 625
Electric {ines Actual cost i
Rerouting costs Amge daily traffic 40

*  Varied by years.
** Reported damages.
** Obtained from table 6.
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5.0 RESULTS

5.1 _Time neutral costs of the five study streams

Table 9 shows the estimated time neutral cost from degradation of the five study streams. Highway
bridge repair costs were $5.8 million, or almost 62 percent of the total time neutral costs. Almost 95
percent of the bridge costs were on Willow, Keg, and Mosquito creeks. The incidence of bridge costs
among streams was related to the length and degradation of the streams. Bridge costs were related to
length of the stream because the one-mile rectangular road grid system in Iowa results in more bridges

over longer streams.

Table 9. Estimated time neutral costs of stream degradation for the five study streams from date of
straightening through 1992,

Streams

. \ . Total
Type of cost McEthaney Indian Willow Keg Mosquito
Land voiding $14,600 $105,300 $356,200 $412,600 $432,300 $1,319,800
Highway bridges 178,200 144,900 1,615,300 1,843,400 1,818,700 5,801,500
Railroad bridges o 23,400 0 91,000 1,604,800 1,719,300
and right-of-way
Pipelines 7,500 13,100 0 61,900 2,100 84,600
Telephones 0 300 400 12,700 5,500 18,900
Electric 2,800 0 4,100 0 800 7,700
Rural water 0 0 0 0 400 400
County bridge
traffic re-routing 23,600 65,000 75,200 163,600 135,200 462,600
Total $226,100 $352,000 $2,051,200 $2,684,6500 $4,100,900 | $9,414,800

Railroad bridge and right-of-way repair costs were the second largest time neutral degradation cost.
Over 93 percent of the railroad bridge and right-of-way costs were on Mosquite Creek. Of the total

$1.7 million in railroad costs, 76 percent was for bridges and 24 percent for stabilizing barnks with rip-

rap.
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Land voiding was the third largest time neutral cost on the five study streams. Land voiding costs
were related to length and change in width of the five study streams. Keg and Mosquito creeks had 64
percent of the land voiding costs.

The fourth largest cost was the traffic rerouting cost over county bridges. These costs were
distributed among the five study streams according to the number of bridges on each stream. There
were 86 county bridges on the five study streams, resulting in an average rerouting cost of $5,198 per
bridge. The range of the per bridge costs, however, was from a high of $45,539 to 2 low of $57. For
this reason, the impact of rerouting varied widely among bridges.

The fifth largest cost was for pipelines. Almost three-fourths of those pipeline costs were on Keg
Creek, mostly for large natural gas lines in Mills County.

The sixth largest cost was for telephone lines. Almost 68 percent of all telephone costs were on Keg
Creek,

The seventh largest cost was for electrical lines. These were actual expenditures by electric
companies, mostly during the 1980s. The electric companies had no records of earlier costs. Since most
electric lines are overhead, it was not logical to estimate electric line cost on a per linear foot of stream
degradation. Almost 54 percent of all electric costs were on Willow Creek.

The smallest cost was for water lines. There were no water line crossings on McElhaney, Indian or
Willow creeks. There were large water line costs reported on non-study streams during the 1993 floods,
especially on West Tarkio Creek. However, no large water line costs were reported on the five study
streams prior to 1993. It is possible that waterline costs for the entire western Iowa area may be
underestimated, because of the small number of waterline crossings on the five study streams.

Total time neutral cost for the five study streams was estimated to be $9.4 million. Mosquito Creek
had 44 percent of the total time neutral costs. Mosquito Creek had a relatively large share of the total
cost because of its high railroad and highway bridge costs.

Table 10 shows the time neutral costs by county. Pottawattamie and Harrison counties had the
largest costs, $3.8 and $2.3 million, respectively. Pottawattamie had the largest highway and railroad
bridge and land voiding costs. The other counties with large degradation costs from the five study
streams were Harrison, Mills, Shelby, Monona and Woodbury. Crawford and Montgomery counties
had the smallest costs; only small portions of Willow and Mosquito creeks are located in Crawford

County and only a small portion of Indian Creek is located in Montgomery County.
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Tabile 10. Estimated time neutral costs of degradation by county for the five study streams.

Counties

Type of cost Pottawattamie Harrison Mills Shelby Monona Woodbury Crawford Montgomery
Land voiding $585,600 $290,900 $226,100 $72,300 $76,700 $14,000 $44,200 $10,000
Highway bridges 2,121,500 1,729,000 $967,200 218,500 388,900 178,200 164,600 33,600
Railroad bridges and
right-of-way 942,800 187,200 114,400 475,200 0 0 0 0
Pipelines 0 2,100 63,600 0 0 7,500 0 11,400
Telephones 16,100 406 1,800 200 0] 0 0 300
Electric 0 3,400 0 0 500 2,800 1,000 0
Rural water 0 100 | 0 300 o 0] 0 0
County bridge traffic
re-routing

143,200 65,200 164,600 24,200 28,200 23,600 8,080' 5,600
Total $3,808,900 - $2,278,300 $1,537,800 $790,700 $494,300 $226,100 $217,800 $60,900
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5.2 Time value costs on the five study streams

Table 11 presents the estimated time value costs by stream and source of cost. The estimated time
value cost for the five streams from the date of stream straightening was $61.8 million. This is almost
$52 million, or 6.6 times more than the time neutral costs. The reason for the large time value relative
to the time neutral costs is that the early costs, beginning at the stream straightening dates, were charged
a compound interest rate and were multiplied by an inflation rate to place all annual costs at 1992 dollar
values. While the time neutral costs are easier to understand, the time value costs are a more accurate

estitnate of the total degradation costs.

Table 11. Estimated time value costs of degradation for the five study streams from date of stream straightening

through 1992,
. Streams

Type of
cost McElhaney Indian Willow Keg Mosquito Total
Land voiding $45,300 $824,900 $1,626,000 $1,490,300 $3,021,900 $7,008,400
Highway bridges

474,800 1,261,800 11,420,000 11,486,200 186,602,800 $44,332,200
Railroad bridges 0 207,000 0 614,100 10,945,900 $11,767,000
and right-ofway
Pipelines 19,200 37,600 b} 144,600 ' 4,800 $208,200
Telephones 0 2,700 2,600 58,700 45,300 $109,300
Electric 8,400 0 12,300 0 2,400 $23,100
Rural water 0 ; 0 0 700 $700
‘County  bridge
traffic re-routing 70,800 195,100 225,600 490,800 405,600 1,387,900
Total $615,300 $2,548,900 - $1 3,356,500 $14,284,700 $31,029,400 $61,834,800

On a time value basis, highway bridge costs were $41.3 million or 67 percent of the total time value
cost. Thus, bridge costs were a higher percent of the total time value cost than the 62 percent of the
time neutral costs.

Land voiding costs, on a time value basis, were $7.0 million or 11.3 percent of total time value cost

compared to 14 percent on a time neutral basis. The reason for the lower percent of the time value cost
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is that land values were very low during the early years following stream straightening. Therefore, the
time value cost of land voiding was low in the early years and the 4 percent compound interest cost did
not accumulate rapidly.

Railroad bridge and right-of-way costs were 19 percent of total time value cost and 18.2 percent of
time neutral costs. Thus, there was essentiaily no difference in the railroad share of total time neutral
and time value costs.

Pipelines, telephone, and rural water were relatively small proportions of both time value and time
neutral costs. The reasons were that the telephone and pipeline costs were relatively small in both the
time neutral and time value measurements and the pipelines had relatively little time to accumulate
compound interest costs.

Electric companies had no records of the dates of electrical repairs; therefore, electric time value
costs were calculated based on a ratio of time value to time neutral costs of similar infrastructures
including telephone lines, pipelines and rural water lines. The ratio of the electric time value costs to

tirne neutral costs was calculated as follows:

3

3" (time value costs)

cost ratio=—"1

3" (time neutral costs)
£1

(11

$316,200
$103,900 °

3.0,

il

where:
i= 1= telephone lines,

2 = pipelines,

3 = rural water lines.

The time neutral electric costs were multiplied by a factor of 3.0 to obtain an estimate of time value

costs. The result was a total of $23,100 of time value electric costs, less than 0.04 percent of total time

value cost.

County bridge re-routing time value costs were estimated to be $1.4 million or 2.2 percent of total
time value cost.

Table 12 shows the time value costs of the five study streams by county. Pottawattamie County
had the largest costs — $27.1 million. Most of these high costs were for highway and railroad bridges,
and land voiding. Harrison County had the second largest costs of $16.9 million, also mostly from
highway and railroad bridges and land voiding. Mills County had estimated costs of $8.3. Shelby and
Monona counties had costs of $3.9 and $3.2 million, respectively. Crawford, Woodbury, and

Montgomery counties had the smallest costs of $1.4, $0.6 and $0.4 million, respectively.

4-28



Table 12. Estimated time value of stream degradation for the five study streams from date of stream straightening through 1892 by county.

Counties

Type of cost Pottawattamie Harrison Mills Shelby Monona Crawford Woodbury Montgomery
Land voiding $3,165,400 $1,421,800 $1,216,700 $541,800 $338,400 $192,300 $45,300 $86,700
Highway bridges

15,564,000 13,744,100 5,885,800 1,767,900 2,748,200 1,173,400 471,600 297,200
Railroad  bridges 7
and right-of-way 7,835,400 1,556,300 821,100 1,554,200 8] G 0 0
Pipelines 0 4,800 156,100 0 _ 0 G 18,200 26,100
Telephones 91,800 2,600 11,100 1,160 0 3 o 2,700
Electric 4 10,200 0 0 4,500 3,000 8,400 0
Rural water 0 200 0 500 0 0 0 0
County bridge
traffic
re-routing 429,600 165,600 483 BOC 72,600 84 800 24,000 70,800 16,900
Total $27,086,200 $16,935,600 $8,264 6800 $3,038,100 $3,172,700 $1,392,700 $615,300 $429,600
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5.3 Generalization of the Study Stream Cost to Total Degradation Cost

A total of 150 non-study streams in western Jowa have been identified as degrading. Of this total,
112 streams had drainage areas > 5-square miles. The 38 streams < 5-square miles were assumed to be
tributaries. The estimated degradation cost of the five study streams and the NRCS estimated
degradation cost of the tributary streams were used to estimate the total degradation cost in the
following manner:
Degradation costs on the 112 non-study streams > 5 square miles:
Only the degrading portions of the 112 non-tributary streams were used to estimate
degradation costs. The degrading sections of the 112 streams were identified from:
- video tapes shot from helicopter flights over some streams
- information provided by the Iowa Geological Survey of the lowa
Department of Natural Resources
- information provided by county engineers.
Total time neutral and time value degradation costs for the five study streams were
converted to an average cost per square mile of drainage area. These average per square
mile were $14,803 for time neutral and $97,225 for time value costs. To estimate the
degradation costs on the 112 non-study streams, these average costs per square mile
were multiplied by the square miles of drainage area for the degrading portions of each
of the 112 non-study streams with > 5 square miles of drainage area.
Degradation costs on the 38 non-study streams with < five square miles of drainage area:
Time neutral costs for the 38 tributaries were estimated by equation (9).
Time value costs for the 38 tributaries were estimated by multiplying the time neutral
costs from equation (9) by the ratio of time value to time neutral costs from the five

study streams. This ratio was 6.6.

Table 13 shows the estimated time neutral and time value costs of degradation on the 150 degrading
streams in western Iowa. The estimated time neutral costs totaled $165.5 millior and time value costs
totaled $1.1 billion. Since these estimates were based on the number of square miles of drainage area,
the larger the drainage area of a stream, the larger the estimated cost of degradation. The largest
degradation costs were estimated for the West and East Nishnabotna, Boyer and West Nodaway rivers.
These four rivers had an estimated $67 million or 40.5 percent of the total time neutral degradation
costs. These same four rivers had an estimated $439.8 million of the $1.1 billion in time value

degradation costs.
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Tabie 13. Time neutral and time value costs of degradation for 150 non-study streams.

Hﬁegradi ng stream Time neutral cost | Time value cost “
]W. Nishnabotna River $24,405,200 $160‘282,800"
I]E. Nishnabotna River 16,890,400 11 1.585.600"
HBoyer River 13,778,800 90,493,200“
’W. Nodaway River 11,785,600 7"’"7',468,400"
HSoldier’ River 7,118,800 46,753,200"
“\N Fork Little Sioux 5,905,200| 38,782,800
I[Midd!e Nodaway River 5,048,800 33,145,200
“E. Nodaway River 4,943,200 32,464,800
}?iiver Creek 4,173,600 - 27,410,400“
. Branch W. Nishnabotna 3,359,600 22,(364,400!’
IIWaInut Creek 3,300,400 21 ,675,600“
W. Fork 102 River 3,137,600 20,606,400’1
Tarkio River 3,048,800 20,023,200“
Indian Creek (Cass) ' 2,723,200 17.884,800"
"W Fork W. Nishnabotna 2,234,800 1 4.677,200]!
Pidgeon Creek 1,083,200 _13,024.800}]
Turkey Creek _ 1,883,200 13.024,500“
E. Boyer River 1,838,800 12,733,200“
'Troublesome Creek b 1,938,800 12,733,200“
JW. Fork Middle Nodaway 1,908,200 12,538,800“
WWest Branch 102 River 1,850,000 12.150,300“
Sevenmile Creek 1,835,200 12,052,800”
Farm Creek 1,805,600 11,858,400‘1
Walf Creek 1,746,400 11,469,600
Sixmile Creek 1,465,200 9,622,800
E. Soldier River 1,456,300 9,564,500
}W. Tarkio Creek 1,369,000 8,991,000
IiBrok&n Kettle Creek 1,332,000 8,748,000
!]Middle Silver Cresk 1,108,500 7,280,300
HBig Whiskey Creek 923,500 6,065.300"
HMiddle Fork 102 River 919,100 6,036,100“
“David's Creek 902,800 5,929.200“
"E{Hot Creek 867,300 5,695,900
"E. Tarkio Creek 861,400 5.657,000
HF’erry Creek 806,600 5,297,400
[lGraybilE Creek 782,900 5,141,900
BMiddie Branch 102 River : 763,700 8,015,500
Dry Creek 744,400 4,889,200
FPicayune Creek 691,200 4,538,200
Hotter Creek 673,400 4,422 600
"Buck Creek (Cass) 627,500 4,121,300
"Paradise Creek 560,900 3,683,9001’
"Miil Creek (Harrison) 553,500 3,635,300]!
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Table 13. Time neutral and time value costs of degradation for 150 non-study sfreams {cont.).

[Degrading stream Time neutral cost | Time value cost ||
Mill Creek 552,000 3,625,600"
hMud Creek 547,600 3,596,400“
Elkhorn Creek 528,800 3,4’79,800“
Efk Creek 522,400 3,431 ,200‘]
Deer Creek 510,800 3,353,400"

IBacon Cresk 487,300 3,265,900”
Jordan Creek 494,300 3,246,500“

iCrooked Creek 485,400 3,188.200"

||Buffalo Creek 467,700 3,071 ,500“

|[Potato Creek 467,700 3,071,500}
Waubonsie Creek 449,900 2,954,90()“
Jordan Greek (Monona) 448,400 2,945,200“
IWestﬁeld Creek 447,000 2,935,400“
Beaver Creek 447,000 2,935,400
{.ong Branch 421,800 2,770,200
Bliegrass Creek 370,000 2,430,000
Fiddie Creek 367,000 2,410,600

“Mm Creek (Page) 365,600 2,400,800

HMiddle Soldier River 364,100 2,39 ,100!1

!iReynoEds Creek 362,600 2,381,400

anmey Creek {Pottawattamie) 361,100 2,371,700
Moser Creek 361,100 2,371,700
L:isher Creek 347,800 2,284,200
Allen Creek 319,700 2,098,500
Neele Branch 309,300 2,031,500
EBuck Creek 307,800 2,021,800,

{[Willow Cresk {Shelby) 284,200 1,866,200

}Snake Creek 272,200 1,788,500“
iHoney Creek (Fremont) 267,900 1,759,300!!

uRamp Creek 254,600 1,671,800

ﬂPorter Creek 253,100 1,662,100

“E. Ctter Creek 253,100 1,662,100
Little Silver Creek 242,700 1 .594,100“
Little Tarkio Creek 239,800 1,574,600
Pony Creek 235,300 1,545,500

!]Ooon Creek 235,300 1,545,500
Ninemile Creek 233,800 1,535,800
Steer Creek 222,000 1 ,458,000[!
South Willow Greek 220,500 1,448,300[5

]Crabapple Creek 213,100 1,398,700

HBrushy Creek 210,200 1,380,200

"Emigrant Creek 201,300 1,321,000

“iker Branch 180,900 1,253,960
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Table 13. Time neutral and time value costs of degradation for 150 non-study streams (cont.).

Degrading sfream Time neutral cost] Time value cost _”
Jim Branch 182,006 1 .195,6091'
Long's Branch 162,800 1,069,200]]
Trinkle Creek 162,800 1,069,20%
Rocky Run 161,300 1,059,50%
iMiddie Tarkio Creek 158,900 1 ,030,300"
South Picayune Creek 151,000 991,400,
Miller Creek 148,500 981 ,?"06«
Ii:ooper Creek 144,400 948,700“
Little Keg Creek 140,600 923,400
North Picayune Creek 137,800 90_4,909"
Rush Cresk 134,100 880,60%]
uLittie Mosquito Creek 133,500 876,709“
heeler Creek 128,800 845,600”
Middie Willow Creek 126,700 832.000"
Buck Creek {Page) 425 500 824,300"
Little Walnut Creek 120,000 788,300"
"Creek 7 69N 37W (Page) 111,600 732,900”
er:Teek 7 69N 37W (Page) 111,000 729,00%]
Possum Creek _ 107,300 704,700J]
Timber Creek 102,900 ' 675‘500]!
Hog Creek 100,500 sso,ooﬂl
[Creek 21 72N 40W (Mills) 94,700 622,10%]
Creek 14 66N 30w (Page) 93,200 612,409"
Fulton's Creek 82,100 539,50%
"c:reek 24 86N 42W (Woodbury) 77,000 505,40%
“Koker Creek 76,200 500,600“
’{c;reek 26 BON 40W* (Shelby) 45,100 324.100“
“Creek 26 75N 41W* (Pottawattamie) - £4 200 294 ,“moﬁ
"Creek 18 77N 4TW* (Pottawattamie) 37,400 246,8@0“
I[Creek 3 79N 40W** (Shelby) 36,400 240,2{30"
”Geek 16 78N 4TW** (Harrison) _ 36,400 z::o,zeﬂ[
][Creek 32 79N 40W** (Sheiby) 35,400 233,600“
uCreek 16 76N 40W* (Pottawattamie) 35,400 233.600“
: Eeek 28 89N 44W* (Woedbury) 31,500 207,900“
Hay Creek™ 30,600 202,000“
Creek 33 68N 30W™ (Page) 27,600 152,20%
uC_reek 30 74N 41V {Pottawattamie) 25,700 168,500
[[Creek 34 82N 42W* (Monona) 23,700 156,400
H(Tmek 4 74N 42W* [Pottawattamie) ) 22,800 _ 150,50&}
||Creek 18 73N 420 (Milis) 22,800 _ ‘[50,50(_)"
I!Creek 4 74N 42W* (Pottawattamie) 19,800 130,70(3"
HCreek 20 78N 41W** (Harrison) 19,800 130,70ﬂ|
HCreek 22 TAN 41W* (Pottawattamie) 17,960 118,109"
nCreek S B7N 39W* (Page) 17,800 118,100
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Table 13. Time neutral and time value costs of degradation for 150 non-study streams {cont.).

Degrading stream Time neutral cost] Time value cost
Creek § 67N 38W** (Page) 15,900 104,800
Creek 21 70N 40W** (Shelby) 14,000 92,400"
HCreF.*k 22 68N 39W** (Page) 14,000 92,400"
Hcreek 0 74N 42W* (Pottawattamie) 13,000 85,800"
"Creek 3 81N 42W* (Harrison)} 12,000 79,200
“Creek 17 67N 30W* (Page) 17,100 73,300
“Creek 10 79N 40W** (Shelby) 11.1 73,300
“Creek 35 8ON 40W** {Shelby) 10,100 66,7{}0“
uCreek 18 79N 40W** (Shelby) ‘ 10,100 _ 66,700“
“Greek 23 75N 41W* {Pottawattamie) 10,100 56,7{)0"
"Creek 35 80N 40W* (Shetby) 9,100 60,100"
"Creek 29 81N 42W** (Harrison) 8,100 53,500"
”Creek 31 73N 42W (Mills) 7,200 47,500”
Creek 22 82N 42W* (Monona) 7,200 47.500"
Creek 9 81N 42W* (Harrison) 6,200 40,900“
Creek 12 76N 41W** (Pottawattamie) 6,200 40.900"
llCreek 34 82N 42W** (Monona) 6,200 40,960"
“Creek 20 72N 40W* (Mills) 5,200 34,390“
“Creek 23 BON 40W* (Shelby) 3,300 21,800"
Creek 32 81N 42W** (Harrison) 2,300 15,200
TOTAL _ $165,507,700 $1,087,007,300

* Stream names taken from Larimer.
** Denotes a tributary in the study with drainage area less than 5 square miles.

Table 14 shows the estimated combined study and non-study stream degradation costs. The total
time neutral costs are estimated to be $174.9 million and the total time value costs are estimated to be

$1.1 billion.

Table 14. Estimated total time value and total time neutral costs of degradation of study and non-study streams

in western lowa.

Total time neutral costs Total time value costs
Five study streams $ 9.414,800 $61,834,800
180 non-study streams 185,507,700 $1,087,007,300

TOTAL $174,922.500 $1.148,842,100
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The estimated $1.1 billion of time value costs are undoubtedly more accurate than the $174.9
million of time neutral costs. This is because the time value costs recognize that a dollar received {or
lost) in 1925 is of greater value in 1992 because of compound interest. Losses or repair costs in earlier
years could have been earning interest or invested in productive activities. The time value estimates
include a 4 percent interest on those costs. Thus, stream degradation has generated a very large cost to
western Iowa. Undoubtedly, this cost has been a barrier to economic growth in western Iowa because
it has absorbed a great number of dollars for infrastructure repair and has generated large opportunity
costs from the loss of highly productive agricuitural land and from the opportunity to invest
infrastructure repair costs into higher return investments.

Table 15 shows the incidence of stream degradation costs by county. T'wenty-one western Iowa
counties have suffered large stream degradation costs. The largest time neutral costs were $20.0 miilion
for Crawford County and the smallest was $163 thousand in Sac County. The average per county time

neutral cost was $8.3 million.

Table 15. Estimated time neutral and time value degradation cosis of 155 sireams by county.

nCounty Time negtral cost Time vaiue cost
Crawford $20,026,000 $131,484,900
I?’ottawattamie 19,846,800¢ 132,423,600
Cass . 16,552,500 108,710,500
iMantgomery 14,382,100 94,485,200
Mills 13,087,300 84,1 ‘[8,000“
Shelby 12,720,400 82,293.2{30"
I'Harrison 10,909,400 73,824,9{30"
"Woodbuw 10,713,100 69,490,490"
iFremont 10,317,200 67‘759.‘100"
Page 9,026,100 59,281 ,700"
Taylor 7.472,500 49,0?6,300"
tAudubon 6,640,700 43,61 3.700"
IAdair : 5,620,700 36.914,700“
Mononra 5,378,500 35,250,400“
Adams 5,081,200 33,436,800f
Piymouth 2,585,600 16,880,800
Sioux 2,209,600 14,512,000
Carroli A 938,300 6,162,500
lda 874,700 5,744 500
Cherokee 367,000 2,410,600
Sac ‘ 162,800 1,069,200
TOTAL $174,922,500 $1,148,842,100
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The largest time value cost was $132.4 million in Pottawattamie County and the smallest cost was
$1.1 million in Sac County. The average time value cost per county for the 21 counties was $54.7
million. Ten counties suffered the largest losses. These ten counties in descending order were:
Pottawattamie, Crawford, Cass, Montgomery, Mills, Shelby, Harrison, Woodbury, Fremont, and Page.

The combined losses of these ten counties were $203 million — an average of $90.4 miilion per county.

6.0 SUMMARY AND CONCLUSIONS

The purpose of this study was to estimate the total cost of stream degradation on land voiding and
public and private infrastructure crossing degrading streams in the western Jowa deep loess soil region.
Detailed analyses were made of the degrading portions of five streams including McElhaney Creek in
Woodbury County; Willow Creek in Crawford, Monona, and Harrison counties; Mosquito Creek in
Shelby, Harrison, and Pottawattamie counties; Keg Creek in Pottawattamie and Mills counties and
Indian Creek in Montgomery and Mills counties.

Degradation costs were calculated by first estimating the change in widths of the five study streams
from the time they were first straightened until 1992. The initial widths were obtained from original
straightening contracts, from veteran county engineers, and from previous engineering studies. The
1992 widths were estimated using Natural Resources Conservation Service (NRCS) aerial photographs
and county engineer bridge inspection reports. A decay function was fitted to data from Willow Creek
to estimate the rate at which the streams widened since the original stream straightening dates. The
decay function provided estimates of the year-to-year change in stream width. Data were collected from
county engineers and from railroad, telephone, electric, pipeline, and waterline companies on the per
unit costs resulting from stream widening. In addition, a time series of data were collected on annual
land values from the original straightening dates until 1992. Finally, data on the degradation costs of a
set of small tributaries were obtained from the NRCS. These values, combined with the rate of stream
widening, permitted the estimation of time neutral and time value costs of degradation on the five study
streams. The average degradation cost per square mile of drainage area from the five study streams and
from the NRCS tributary cost data were used to estimate the degradation costs of 150 non-study
degrading rivers and streams in western lowa.

The estimated time neutral cost for the 155 degrading streams in western Iowa was $174.9 million.
The estimated total time value cost from the degrading streams was $1.1 billion. The time value
estimate is the more accurate of the two estimates because it includes a 4 percent compound interest

charge on the degradation losses during years prior to 1992.
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The degradation costs for the 21 counties were estimated up to 1992. The lost income from the
voided land and from the repairs that have been or will be made on the public and private infrastructure
will continue through time. Thus, the costs up to 1992 do not tell the full story because these costs will
continue indefinitely. -

Undoubtedly, stream degradation has been and will continue to be a substantial drag on the
economic growth of these 21 western Iowa counties. The dollars invested in repairing the damaged
infrastructure and the opportunity cost of the lost land and repair dollars could have been iavested in
productive activities which would have generated a substantial amount of additional income to these

Towa counties. Cost will continue to rise if these streams are allowed to continue to degrade. -
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ABSTRACT

A previous study (Baumel, et al., 1994), provided estimates of the costs associated with the impact
of past stream degradation on public and private infrastructure and land voiding in the deep loess soils
region of western Iowa. These costs were estimated from the dates of stream channel straightening until
1992. The purpose of this study was to estimate the costs associated with damages to infrastructure and
land voiding resulting from future degradation on actively degrading streams and their tributaries in the
deep loess soils region of western Iowa.

This study examined in detail four streams and their tributaries in western Iowa. A predictive
model together with field data were used to estimate future stream widening associated with channel bed
degradation on the four streams. The costs associated with future damages to public and private
infrastructure and land voiding resulting from predicted stream widening were then estimated. The
results from these four streams and their tributaries in terms of future degradation and associated costs
were generalized to the remaining 102 actively degrading streams in the deep loess soils region of
western Jowa,

This study estimated two types of costs associated with future degradation. One was a simple time
neutral cost which provides an indication of the magnitude of future costs which will be incurred
should no action be taken to address the problem of stream channel degradation. The second type wasa
time value cost which provides an accurate estimate of the future costs of stream channel degradation in
1952 dollars. The estimated time neutral future degradation costs for the 106 actively degrading streams
and their tributaries in western Jowa was $177.3 million. The estimated time value future degradation
costs for these streams and their tributaries was $70.1 million. The study found that damages to
infrastructure and land voiding in 9 of the 21 western Iowa counties located in the deep loess soils region
accounted for 73.0% of the total time neutral and time value future degradation costs. These counties

are Cass, Crawford, Fremont, Harrison, Mills, Montgomery, Pottawattamie, Sheiby, and Woodbury.
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1.0 INTRODUCTION

Many streams in the deep loess soil region in western Iowa were straightened in the early to mid-1900s.
Since straightening, many of these streams have deepened and widened substantially. This degradation has
caused damage to bridges, pipelines, waterlines and communication lines. In a previous study (Baumel, et
al. 1994), cost estimates were provided of the impact of degradation of 155 western Jowa streams on land
voiding and public and private infrastructure from the dates of straightening until 1992. Public
infrastructure included bridges crossing county and state roads. Private infrastructure included railroad
bridges and roadbeds and electric, telephone, cable, pipeline and waterline crossings. The research
methodology from the previous study is modified and extended in the present study to estimate future
degradation of actively degrading streams in the deep loess soil region of western lowa and the associated

tand voiding and private and public infrastructure costs.
2.0 Method of Analysis

The basic procedure in the previous study {Baumel, et al., 1994) was to estimate the change in stream
width from the dates of stream straightening to 1992. The estimated changes in stream widths were then
used to estimate the acres of land voided as well as the additional lengths required on highway and railroad

bridges. They were also used to estimate the costs of damage to pipeline and communications
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voiding and private and public infrastructure costs. Thus, predicting future stream widening is crizical in
predicting future degradation costs.
In this study, 155 degrading streams from the previous study were segmented into three groups:

1. Segments of these streams are no longer actively degrading and are becoming stable. These
stream segments were eliminated from this analysis because these segments are unlikely to
degrade in the future.

I Segments of these streams that continue 1o degrade.

M. Segments of these streams that are newly degrading. Generally, these are the upper segments

of these streams. In this analysis, these streams are assumed to have begun degrading in 1992.

This analysis focuses on stream segments II and II. Detailed analyses were made on four study streams.

These streams include: McElhaney Creek in Woodbury County; Willow Creek in Crawford, Monona and
Harrison counties; Indian Creek in Pottawattamie, Montgomery and Mills Counties and Keg Creek in
Shelby, Pottawattamie and Mills Counties. The results from these four study streams were generalized to

the remaining streams that have segments that continue to degrade or newly degrading segments.
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2.1 Estimati eam Widening for Streams tha inue to D e (Group II
A model for predicting stream widening due to degradation was used to estimate future land loss and
stream widening from channel degradation (Lohnes, 1991). The Lohnes model assumes that widening
results from mass bank movement and is based upon well established principles of soil mechanics and slope
stability analyses. A soil mass becomes unstable if the shearing stresses within the mass exceed the shear
strength. The shear strength of soil is manifest in cohesion and friction angle while the stresses result from
the unit weight of the soil. In general, higher and steeper slopes will be the most likely to be unstable. As
the streams degrade, their channel side slopes become higher and steeper until landslides oceur to produce
less steep slopes. The process continues until the slope angles are gentle enough to be stable.
"The Lohnes model requires the following data inputs to estimate future stream widening:
1. Initial stream channel side slopes {AB). By assumption, the initial side slopes were set at 80
degrees.
2. Expected vertical degradation (HMP). Figure 1 illustrates the concept of expected vertical
degradation (Lohnes, 1991).

Unstable Stable Downstream
Upstream :
B e o

g P
- S 3 - .
g ______ Location of Knickpoiat
sf M

[ S,
: S

3

§ Pradicted

] Slable

i Praofile

®

Pistance from headwater

Figure 1. Longitudinal profile of a degrading stream (Lohnes 1991),

HMDP is estimated by extrapolating the stable downstream profile beyond the knickpoint and
underneath the unstable, upstream profile. Estimates of HMP were obtained from a tractive
foree model, {Levich, 1994).
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The tractive force model, an analytical method developed by Massoudi (1981) to estimate depth of
degradation, is based on hydraulic principles of stream channel erosion. This model depends on back
calculating erosion resistance of the stream from the geometry of a stable reach of the degrading stream. At
the stable reach, the calculated tractive force is equal to the erosion resistance. The upstream unstable
channel s divided into equal segments. The cross sectional area, the discharge at each cross section, stream
bed elevation, drainage area, channel slope, and distance from the headwater are measured or calculated at
each segment. Starting at the stable section; the tractive force of the unstable upstream segment is
calculated using the discharge, channel cross sectional area and channel slopes. The tractive force is
compared to the erosion resistance. If the tractive force is greater than the erosion resistance, the channel
bottom is lowered and the tractive force recalculated. The new tractive force will be less than the previous
tractive force because of the increased channel capacity and decreased slope resulting from the lowering the
channel bottom of the upstream section. The calculations are repeated at each section and the channel
bottom is lowered until the calculated tractive force is less than or equal to the erosion resistance. The
channel will degrade until the tractive force equals the erosion resistance. This section is now considered
stable and the iterative process is repeated for each successive upstream segment.

Longitudinal profiles were obtained for the four study streams for the following dates:

Stream Deate of profile
McElhaney Creek 1965
Indian Creek 1976
Willow Creek 1966
Keg Creek _ 1980

Given these longitudinal profiles on the specified dates, the tractive force model was used to predict the
final equilibrium longitudinal profile of each stream. The differences between the predicted elevations
from the tractive force model and the measured elevations from the longitudinal profile at the above
specified dates provided an estimate of the predicted vertical degradation along each stream. These
differences were then used as the estimated vertical degradation (HMP) in the Lohnes model.

3. Existing channel depth, (H) is defined as the difference between the streambed elevation and
the floodplain elevation in feet.

The value of H was estimated by the following equation where channel side slopes were assumed to be
i:1.

BW

H=(m), (1)
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where:

BW

W/D

existing stream channel depth, in feet,

the channel bottom width as a function of the distance from the drainage divide X, in feet,
1279 + 1.67X (Massouds),

width to depth ratio of the stream channel as a function of distance from the drainage
divide X,

5.23 + 077X (Massoudi).

In addition to the variables AB, HMP, and H, the Lohnes model requires data on soil characteristics,

These soil characteristics include soil cohesion, angle of internal friction, and unit weight of the soil. The

unit weight of the soil was a saturated unit weight to create 2 maximum degradation scenario. Three

stratigraphic units of loess derived alluvium were included in this analysis and the characteristics of each are

listed in table 1.

Table 1. Soil characteristics of the study streams used in the computer simulation of stream widening

Mean angle of internal Saturated unit weight
Soil cohesion {c) friction of soil
Stratigraphic units (psf} {phi) {pcf}
Post settlement 139 29 115
Mullenix 221 27 119
Hatcher 190 28 121

Source: Levich, 1994.

The soil characteristics in table 1 represent conditions most likely to cause bank instability.

Consequently, the estimated degradation and stream widening will represent the worst case scenario. The

following soil type assignments were given to the streams included in the analysis (Levich, 1994):

Stream Soil type
McElhaney Creek  Post settlement
Indian Creek Hatcher
Willow Creek Mullenix
Keg Creek Mullenix
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The Lohnes model was computerized in FORTRAN language and used to simulate additional
widening from vertical degradation of each stream segment. The additional widening was added to the

stream width at the profile dates to obtain a final stream width.

2.2 ing Stream D dation r Time

Equation 2 was used to estimate the rate of degradation for each drainage area interval over time:

@73
I~
SW, = CW + (FW -CW) L tt:I , @)
. fis

where:
SWy = width at time t, date of profile,
CW = the initial width,
= 1992 widths for newly degrading streams,

= channelized widths for previously degrading streams,

FW = final stream width at ¢,
to = the time degradation began on previously degrading segments, and
I = t, + 64 years, where 64 is the average number of years over which costs were estimated in

the previous study (Baumel, et al., 1994).

No records exist indicating the date that degradation began on the streams that continue to degrade.

Therefore, the expression t, is unknown and was estimated by equations (3) and (4).

0.73
Pw, = CW + (FW~CPIO[ ""'} , @)
tr=1s
where:
PW{t) = the width of the stream at the date of the profile,
Cw = the estimated channelized width,
W = the final width,
t = date the streamn profile was taken,
& - 1992, and
t, = date degradation began.
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Given an estimate of CW, PW(t), and FW, the date that degradation began, (t,) was estimated as foliows:

. [(PW—IW) ]”'”..t

(FW -CW)
t g 1 ¥ (4)
(PW -CW) o7 7
(FW -CW)
where all terms were defined previously.
3 Estima egradati on Previg egrading Streams

Degradation costs are estimated by equation (5):

| S -swiO | o L
DCs ;”[ e }[( )(DA) (1+i)"]’ )

where:
DC; = total discounted degradation costs on previously degrading stream i,
C = degradation cost per square mile of drainage area taken from the previous study
(Baumel, et al., 1994),
= $14,803 per square mile,
DA = total square miles of drainage area,
i = interest rate, and
n = years after 1992.

Equation (5} uses the percentage change in stream width to allocate total degradation costs over time. Costs
occurring after 1992 are discounted back to current dollars from each year they occur and summed to
obtain an estimate of present value costs of degradation in 1992 dollars on streams which continue to

degrade.

2.4 Newly Degrading Streams

Newly degrading stream segments were identified from low altitude aerial videos of the degrading
western Jowa streams. These newly degrading segments were assumed to have begun degrading in 1992 and
degradation costs are estimated for 64 years into the future, ie., 2056, The 64 years is the average number

of years over which stream degradation was estimated in the previous study on historical degradation costs
(Baumel, et al., 1994).
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Changes in stream width on newly degrading streams were estimated in equation {6) as a function of

the drainage area served by the stream segment.

ASW = a+ b (DA), ©

where:
ASW = change in stream width,
= constant,
b = coefficient,
DA = drainage area in square miles.

Change in stream width in equation (6) was estimated using data from Willow Creek, Mosquito
Creek, Keg Creek, McElhaney Creek, Indian Creek and Maple River. The estimated coefficients are

shown in equation (9):

7
ASW = 20.32 + 0.486(D4) )
(4.135) (25.69)
where:
ASW = change in stream width,
DA = drainage area in square miles.
The r* value was 0.8955 and the numbers in parentheses are “t” values.
The final width was defined as:
FW = Wi + ASW, 8)
where:
FW = final width,
Wiess = estimated 1992 width.
Equation (9) was used to allocate the change in stream width over the 64 years.
For a given reach of stream,
; 0.73
SW@ = IW+,(FW-IPIO[ "‘”} , ©)
{ r- Lo
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where:
SW(E) = widthattimet,
Iw = the initial width at the start of degradation in 1992,
Fw = final stream width at t;
= 1992 wideh + ASW,

ty = the time degradation began on drainage intervals expected to degrade,

1992 on newly degrading stream, and

t t, + n years where n is the number of years in the future to estimate costs on newly
degrading streams,
= 2056.

-The cost of degradation on newly degrading streams was estimated by equation (5).

eralizing to th ing Segments of 102 Streams i Io

There were 155 degrading streams in the previous study on historical degradation costs. It was
determined that some of these streams were no longer undergoing significant channel degradation and were
therefore not included in this analysis. In addition, all tributaries were combined with their main stem
streams. The net effect resulted in 102 degrading non-study streams in this analysis.

The estimated costs for both previously degrading and newly degrading drainage intervals on the four
study streams were totaled and divided by the total drainage area of those drainage intervals. This provided
an estimate of the cost per square mile for those drainage intervals which continue to degrade and for the
newly degrading drainage intervals. These cost estimates were then multiplied by the total square miles of
drainage area on the previously degrading and newly degrading drainage intervals of the non-study

degrading streams in western lowa.
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3.0 RESULTS

3.1 Previously Degrading Streams
The estimated vertical degradation (FHIMP) of previously degrading segments are presented in table 2,

The expected vertical degradation (HMP) in table 2 was obtained by subtracting the elevation in the profile

year from the predicted final elevation. For all four streams, the upper segments are predicted to degrade

more than the lower stream segments. The reason is that the lower segments are generally previously

degrading intervals and are closer to reaching equilibrium.

Table 2, Stream profile elevations and predicted final elevations of previousiy degrading segments of four study

streams.
Stream Drainage Area Streambed profile | Profile date Predicted final Expected vertical
in square miles elevation in feet streambed degradation

elevation in feet {HMP)

Keg Creek 814 1,100.10 1980 1,076.85 23.25
95.23 1,090.95 1980 1,070.45 20.50

99,5 1.080.18 1980 1,063.93 16.25

103.76 1,070.10 1980 1,058.26 11.84

111 1,060.30 1980 1,048.80 10.50

Willow Creek 28.22 1,214.00 1966 1,470.50 43.50
30.03 1,187.00 1966 1,157 50 39.50

31.84 1,178.00. 18686 1,145.75 32.25

33.68 1,164.00 1966 1,135.50 28.00

48.25 1,150.50 16868 1,125.00 25.50

52.08 1,139.50 1966 1,118.00 21.50

55.75 1,130.50 1966 1,111.25 19.25

59.06 1,124.00 1966 1,105.00 19.00

62.08 1,118.00 1966 1,098.75 19.25

64.87 1,112.00 1966 1,082.50 19.50

67.48 1,106.50 1966 1,086.25 20.25

69.95 1,098.50 1966 1,078.75 18.75

indian Creek 33 1,062.30 1976 1,046.30 16.00
33.38 1,060.18 1976 1,043.93 16.26

34.48 1,0580.76 1976 1,036.519 14.25

35.59 1,042.69 1976 1,029.69 13.00

37.4 1,029.80 1876 1,018.80 11.00

38.94 1,027.38 1976 1,016.63 10.75

43.21 1,020.67 1978 1,010.67 10.00

50 1,007.25 1976 1,001.50 575

53.08 1,004.50 1976 998.75 4.75

61.4 997.4 1976 995.15 2.25
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Table 2. Stream profile elevations and predicted final elevations of previously degrading segments of four study

streams {cont.).

Stream Prainage Area Streambed profile | Profile date Predicted final Expected vertical
in square miles elevation in feet streambed degradation
elevation in feet {(HMP)
l’:\ncsnhaney 13.5 1,198.00 1965 1,169.50 28.50
Creek
16.71 1,182.00 1865 1,160.00 22.00
18.34 1.154.17 1865 1,150.82 3.25
19 1,150.00 1865 1,150.00 0.00

Table 3 presents the estimated change in width of the previously degrading drainage intervals of the
four study steams along with the estimated beginning degradation dates. The change in widths were
estimated bj/' the Lohnes model and the beginning degradation dates were estimated by equation (4). The
dates to which costs were estimated are 64 years beyond t,, the estimated beginning degradation date. For
example, the estimated beginning date of degradation on McElhaney Creek is 1955. Thus, degradation
costs were estimated for 64 years beyond 1955 or until 2019. The reason for selecting 64 years beyond 1955
is that, in the previous study (Baumel, et al., 1994), the degradation costs were estimated for an average of
64 years up to 1992. The 64 year period does not mean that the streams will have reached equilibrium by
that time. Rather, the 64 year period was chosen so that the estimated costs from the previous study and
the current analysis would cover approximately the same lengths of time.

The estimated discounted future costs of degradation after 1992 on the four study streams are
presented in table 4. The estimated discounted degradation cost of $16,700 on McElhaney Creek was for
the period from 1992 through 2019. The time periods for the other streams are shown in table 3. The
average discounted cost per square mile of drainage area on the four study streamns from 1992 to these dates

is shown in table 4. The average discounted cost per square mile over the four study streams was $2,854.
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Table 3. Estimated additicnal widening and dates of previously degrading streams.

Stream Drainage area interval Initial Profile Final Profiie date | Beginning date Date to which Predicted land
channelized of degradation costs were voiding in acres
estimated
Widths in feet

McEihaney 13.5- 18.0 20 45 58.0 1985 1955 2018 7.3
Indiar: 330- 374 26 44 63.5 1976 1967 2031 104
Indian 37.4- 500 34 42 56.2 1976 1871 2035 18.9
Indian 50.0- 614 34 48 57.7 1876 1961 2025 13.0
Witlow 28.1- 838 34 83 113.1 1966 1938 2002 273

Keg 91.4-111.0 42 117 140.8 1980 1954 2018 53.0




Table 4. Estimated discounted future degradation costs on previously degrading segments of the four study

streams

Stream Drainage area Estimated
discounted

degradatio

n cost
interval | Sguare miles

McElhaney Creek 13.5-19.0 55 $
18,700
Indian Creek 33-37.4 4.4 3
17,400
37.4-50.0 12.6 $
53,500
50.0-61.4 11.4 $
40,500
Willow Creek 29.1-53.9 248 3
: 36,200
Keg Creek 91.4-111.0 19.6 3
59,400

Total 78.3 $
223,500
Average cost per $
square mile 2,854

3.2_Newly degrading streams
Table 5 shows the newly degrading segments of the four study streams. The table also shows the 1992

stream widths, the predicted additional widening, and final stream widths.

Table 6 shows the estimated degradation costs on the newly degrading segments of the four study
streams. The average cost per square mile on the newly degrading streams—$6,724-is 2.4 times higher than
the cost per square mile on the previously degrading streams. This is because the full degradation costs
from 1992 to 2056, discounted back to 1992, are charged to the newly degrading streams. On the
previously degrading streams, a large share of the total degradation costs occurred prior to 1992, Therefore,
future degradation costs on previously degrading streams will naturally be less than on the newly degrading
streams. The degradation costs prior to 1992 on previously degrading streams were included in the

estimates in the previous study (Baumel, et al., 1994).
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Table 5. Estimated additional widening of newly degrading segments of four study streams.

Stream Drainage 1992 Predicted Final
area widening
intervals
Width in feet

McEihaney 0-8.5 35 235 58.5
6.5-13.5 50 769 76.9

Indian 06.7 25 23.5 48.5
6.7-15.0 ‘ 35 276 66.6
15.0-19.8 38 76.9 679
19.8-33.0 45 36 81

Witiow 0-26.1 68 33 107
26.1-29,1 84 345 1168

[Keq 0-10.4 a7 254 £9.7|
10.4-20.2 52 36.1 754
202-29.4 65 3 894
29.4-50.4 72 44.8 978
50.4-59.6 57 493 833
59.6-70.5 69 546 952
70.5-81.0 76 59.7 102.3
810014 102 847 127.7*’

Table 6. Estimated discounted degradation costs on newly degrading segments of the four study streams.

Stream Drainage area Estimated
discounted
degradation cost
Interval Square
miles
McElhaney Creek 0-6.5 6.5 $ 44,000
8.6-13.5 6.9 $ 46,700
indian Creek 0-6.7 6.7 $ 45,300
6.7-15.0 15 3 55.5601;
15.0-19.8 432 $ 32,300
19.8-33.0 13.2 3 88,800
Willow Creek 0-26.1 26 $ 174,800
26.1-29.1 3.1 $ 20,900
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Table 6. Estimated disccunted degradation costs on newly degrading segments of the four study streams (cont.).

Stream Brainage area Estimated
discounted
degradation cost
interval Square
miles
Keg Creek 0-10.4 10.4 $ 69,900
10.4-20.2 9.8 $ 65,900!|
20.2-28.4 9.2 3 61 ,900“
29.4-50.4 21 $ 141 .200"
50.4-59.6 9.2 $ 61 ,QOOH
58.6-70.5 10.9 % 73,300
70.5-81.0 10.5 $ 70,600,
§1.0-91.4 10.4 $ 69,900
Total 166.9 $ 1,122,800
Cost per square mile $ 6,724
3.3 Fsu d Puture Tri € tion t

Tributary degradation costs were estimated from tributaries in the drainage basins of the four study
streams. The tributaries were defined as streams with a cumulative drainage area less than 5 square miles.
Tributaries that are controlled by grade control structures or are stable were omitted from the analysis.

Drainage areas for the study tributaries were calculated from U.8.G.S. 1:24,000 scale topographic maps.
The time neutral costs for the expected future degradation costs for each tributary of the study streams

were calculated by equation (10):

TCw = ($14,803)DA, (10)
where:
TCpy = the total time neutral cost of future degradation on the study stream tributary,
DA = the total drainage area of the tributary.

The $14,803 was taken from equation (5).
The time value costs for the expected future degradation costs for each iributary of the study streams

was calculated from equation (11):

TCr = (36,724)DA, (11)
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where:

TCry = the total time value cost of future degradation on the study stream tributary,

DA = the total drainage area of the tributary.
The $6,724 was taken from table 6.

Tributary degradation costs on non-study streams were estimated in the following manner:

1. Egquations (10) and (11) were used to estimate the iributary costs on the study streams,

2. The estimated tributary costs on the study streams were then converted to cost per square mile of
total drainage area of the four study streams by dividing the estimated tributary costs by the total
drainage area of the four study streams. As shown in table 7, the estimated tributary cost per
square mile of total drainage area for the four study streams were $7,077 for time neutral costs and
$3,203 for time value costs,

3. The estimated average tributary cost for the entire drainage area of the four study streams were

then multiplied by the total drainage area of each non-study stream.

Table 7. Estimated tributary degradation costs on the four study streams

Stream . Drainage Tributary Time neutral Time value costs
area drainage area costs

McEihaney 19 829 $122,800 $55,700
indian 68 34.21 506,500 * 229,900
Wilow 146 - 6051 905,200 ' 406,600
Keg 190 088.53 1,459,035 862,800
Total 423 201.54 $2,893,635 $1,355,000
Cost per square mile : . $7,077 $3.203

Two types of cost estimates are provided in table 8. One is a time neutral cost obtained by
multiplying the square miles of drainage area by $14,803, the estimated time neutral cost per square mile of
drainage area on newly and previously degrading stream segments from the previous study (Baumel, et al.,
1994). The second cost estimate is a time value cost obtained by multiplying the square miles of drainage
area on previously degrading streams and on newly degrading streams by the appropriate discounted
average cost per square mile of drainage area in tables 4 and 6. The appropriate estimate of tributary cost

was added to the estimated degradation cost of the main stem streams.
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Table 8. Estimated future degradation costs on 102 degrading streams and their tributaries in western lowa.

Stream - | Estimated degradation costs
Time neutral | Time value
IAlien Creek $ 972,300 § 357,900
Bacon Creek $ 579,700 $ 174,600"
“Beaver Creek $ 660,800 § 2?&9?2
Rig Whiskey Creek $ 1365300 § 576,200
Bluegrass Creek $ 547,000 $ 247,600
Boyer River $ 9,132,800 $ 3,947,300
"Broken Kettle Creek $ 2,031,500 § 577,500
"Brushy Creck $  310,700| $ 86,700"
"Buck Creek $  185500] $ 84,00(}!]
@k Creek $ 927,700 § 41 9,900”
Buffalo Creek $  691,400| % 283,70921
Coon Creek $  390,400| $ 116,20(}“
Cooper Creek $ 257,000 § 79,200
[ICrabappie Creek $ 35100 $§ 1428600
“Crooked Creek $ 717600 § 324,900
"David's Creek $ 1,334,700| § 604,100
"Deer Creek $ 754900| $ 341,700
"Dry Creek $ 1,100,600 $ 307,000
"Elk Creek 3 772,300f § 348,600
"ﬁlkhom Creek $ 783,300 § 354,600
“Eliiot Creek $ 1,282,200 3 580,300
][Emigrant Creek $  207,500| § 134,700
E. Boyer River $ 2,679,800 § 763,000
E. Branch W. Nishnabotna $ 3,530,800| § 1,560,100
HE. Nishnabotna River $ 11,011,000 % 4,983,500
E. Nodaway River $ 4,880,200 § 1,662,800
£, Otter Creek $ 3741001 § 104,400
E. Soldier River § 2,183,06000 § 974,500
!IE. Tarkic Creek $ 12734001 § 576300
!iFarm Creek $ 2,669,400 $ 1,208,200
HFEddEe Creek $ 542,600 § 151,300
liFEsher Creek $ 514200f $ 232,800
HFulton’s Creek $  121,500] $§ 33.900“
Graybill Creek $ 1,157.5000 3 497,200!!
Hog Creek $ 148600] $ 41 ,400[;
Honey Creek $  552900] $ 157,6008
!llker Branch $ 282300] $ 78,700
fiindian Creek $ 3,773.800| $ 1,465,100
Jim Branch 3 268,106 § 121,800
Jo:_‘dan Creek {Pottawattamie) | § 730,660, § 330,800
Jordan Creek (Monona) $ 883,500 § 300,600




Table 8. Estimated future degradation costs on 102 degrading streams and their tributaries in western lowa {cont.).

”E‘Ttream Estimated degradation costs
Time neutral | Time vafue
Koker Creek $ 134700 $ 61,000
Litila Keg Creek $ 207800 % 94,1001]
LitHe Mosquito Creek $  197,300] $ 89}30013
Little Silver Creek % 358,500] $ 162,@]
| ittle Tarkio Creek $ 354400 $ 160,400
Little Wainut Creek ] 177,500 $ 80,300
Long Branch $  B819200] $ 280,200
l.ong's Branch $ 240800 & 67.1 GDH
Middie Branch 102 River $ 1,129,000 $ 511 ,GOO"
Middie Fork 102 River $ 1,358,100 $ 614,700“
"Middle Nodaway River $ 6,809,800] $ 2.188,0&”
"’de!e Siiver Creek $ 1638900] $ 693,100
Middle Soldier River $ 538300 $ 243,60(%]
Middie Tarkio Creek $ 231,900{ % 105,00{3“
Middie Willow Creek $ 178,500 $ 48,400“
Mill Cresk % 540,400 & 244,600”
Miller Creek $ 221,000 §  6i ,?_oﬂ]
Moser Creek $  B33000] § 241 ,‘mcﬂ]
Mosquito Creek $ 5294300] $ 1,657.900”
HMud Creex $ 809,500 % 366,400“
“Neele Branch $  457,300] $ 206,906“
“Ninemﬂe Creek $ 345700] § 158, 50%‘
“North Picayune Creek $  203,700] $ 56,800“
[Otter Creek $  832,700f 3 245,800“
Paradise Creek % 820,200 $ 375,300“
Perry Creek $ 1,603,800 % 447,400“
uPicayune Creek N $ 1,021,800] 3% 462,50(31
ngeon Creek § 2,796,000 % 1,1(}{3,6{)011
Porter Creek $ 3741000 % 104,400“
Possum Creek $  158,600{ % 44‘200.}]
Paotato Creek [ 691,400 & 21 2,900“
Ramp CreeK | $ 376,3001 $ 105,0001]
Reynolds Creek $ 536,300) $ 149,600!]
Rocky Run $ 238,500 & 66,500,
1[@5?1 Creek - $ 198200 8 89,700
“Sevenmile Creek $ 2,713,100 $ 954,000
"Si|ver Creek $ 4,837,900 $ 1,748,400“
HS ixmile Creek $ 2,168,100 $ 604, 30_0“
“Snake Creek 3 402600[ § 182,200”
iSoldier Creek $ 8823400( % 3,871,900“
South Picayune Creek $ 223,200] % 62300“
South Willow Creek $  328000] $ 147 500]]
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Table 8. Estimated future degradation costs on 102 degrading streams and their tributaries in western lowa (cont.}.

Stream Estimated degradation costs

Time neutral | Time value
Steer Creek $ 315600 $ 85,800

Tarkio River 4,507,300 $ 1,510,300“
Timber Creek 152,100} % 42,500“
Trinkle Creek 2406001 $ 671 OOI[
[Troublesome Creek 2,512,500} $ 1,053,600“
Turkey Creek 2,831,800] % 1,243,400n
Walnut Greek 2,798,000 $ 1,1531 00“

3

$

$

$

3

$
aubonsie Creek $ 665100 $ 158,600‘!
“Westﬁetd Creek $ 660,800] $ 184.300”
!iWheelerCreek $ 106,500} $ 36,700!1

$

$

$

$

$

$

$

$

$

H\Niliow Creek 420,100 $ 190,100“

olf Creek 2,581,900} $ ?,1(}7,80(}“

. Branch 102 River 2,735000f & 1,237.906"
|W. Fork 102 River 4,386,900] § 1.4{}1.80(}”
HW Fork Litlle Sioux 6,746,500 § 2,901 ,50(}“
i]W Fork Middie Nodaway 2822500f § 1,277.5(}(}”
||W Fork W. Nishnabolna 3,303,900] § 1,354,800
"W Nishnabotna River 16,288,500 $ 6,492,800
"W Tarkio Creek 2,023,900] § 916,100

I"VE’OTAL -1 $170,668,400{ $67,440,900

As presented in table 8 the estimated time neutral costs of the 102 streams and their tributaries is $170.7
million and the estimated time value costs are $67.4 million. Consideration of the time value of money
results in the present value of future degradation costs being substantially less than the time neutral
estimate of those costs. Time value costs, in other words, provide an accurate estimate of future
degradation costs in current dollars. Time neutral costs, on the other hand, provide an estimate of future
degradation costs without regard to the year in which the costs are incurred. For that reason, while time
neutral estimates give an indication of the degradation costs which will be incurred without the
implementation of control measures, time value estimates should be used for making decisions regarding
the investment of resources to avoid future degradation costs.

Table 9 shows the combined total future degradation costs of the four study streams and the 102 non-
study streams including their tributaries. The estimated total time neutral costs were $177.3 million and
the time value costs were $70.1 million. Based on the soil characteristics used in the Lohnes model, these

cost estimates represent the worst case scenario.
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Table 8. Estimated time neutral and time value future degradation costs on four study streams and 102 non-study

streams
Type of stream Estimated degradation costs
Time neutral Time value
Four study streams $ 3,631,200 3 1,346,400
Study stream tributaries $ 2,993,600 $ 1,355,000|
Non-study streams - $94,286,100]  $32,870,800|
iNon-study stream tributaries $ 76,382,300 $34,570,100)
Total $177,293,200; - . $70,142,306]|

Table 10 shows estimated time neutral and time value degradation costs by county. 9 of the 21
countties in table 10 are estimated to each have over $10 million in time neutral degradation costs. These
counties are Cass, Crawford, Fremont, Harrison, Mills, Montgomery, Pottawattamie, Shelby, and
Woodbury. These 9 counties have 73.0 percent of the total $177.3 million time neutral future degradation
costs. The average estimated time neutral future costs for the 21 counties with degrading streams in the
deep loess soil region of western Iowa is $8.4 million per county.

Nine of the 21 counties are estimated to have over $4.0 million each in discounted future degradation
costs. These are the same counties that have over $10 million in time neutral costs. These 9 counties are
expected to incur 73.0 percent of the total time value costs. The average discounted future degradation

costs is $3.3 million per county.

Table 10. Estimated future degradation costs for 106 degrading western lowa streams and their tributaries by
county in western lowa.

County Estimated degradation costs
Time neutrai Time value

Adair $ " 5,661,200] $ 2,251,600
Adams $ 5,159,200 § 2,041 ,'mon
Audubon $ 6,737,100 $ 2,665,400"
Carroll 3 957,400 $ 378,800][
Cass $ 16,754,200{ % 6,635,500]!
Cherokee $ 407,800 3% 154, 300"
I?rawford $ - 20,300,100 % 8,024,300"
Fremont $ 10,460,300] & 4,1 38.400"
"Hafrison $ 14,083,100 $ 4.496,100"
Fda $ 885,500] 8 359,700[!
Mills $ 13,261,500] 3 5,134,400“
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Tabie 10. Estimated future degradation costs for 106 degrading western lowa streams and their tributaries by
county in western lowa {(cont.).

HCounty Estimatect degradation costs
Time neutral Time value
Monona $ 5442900 $ 2,153,400
[Montgomery $ 14573500 § 5,765,700)
}Page $ 9,148,300| 3 3,61 9,300"
Plymouth $ 2,623,800 & 1,038,1 O()u
!]Pottawattamie $ 20,122,800 $ 8,087,400"
HSac $ 159,600 $ 63,1 00"
nShelby $ 12,889,200] $ 5,022,200"
Sioux $ 2,233,900| % 883,800'[
Taylor $ 7,670,400 % 2,995,1 00][
fWoodbury $ 10,850,300 § 4,243,600
Total $ 177,293,200 $ 70,142,300
4.0 RY A LUSI

The purpose of this study was to estimate the future cost of degradation on land voiding and public and
private infrastructure crossing degrading streams in the deep loess soil region of western Towa. This study
is an extension of a previous study estimating the historical degradation costs on 155 streams 1o this area.

. 'The 155 streams were segmented into three groups.

1. Segments of these streams are no longer actively degrading and are becoming stable. These
stream segments were eliminated from this analysis because these segments are unlikely to
degrade in the future.

II. Segments of these streams that continue to degrade.

IIl. Segments of these streams that are newly degrading. Generally, these are the upper segments
of these streams. In this analysis, these streams are assumed to have begun degrading in 1992.

This anatysis focused on stream segments Il and IIT. By eliminating streams no longer experiencing active
degradation and combining tributaries with their main stems, the total number of streams analyzed
declined from 155 to 106,

Detailed analyses were made on four study streams and their tributaries. These streams include:
McElhaney Creek in Woodbury County; Willow Creek in Crawford, Monona and Harrison Counties;
Indian Creek in Pottawattamie, Montgomery and Mills Counties and Keg Creek in Shelby, Pottawattamie
and Mills Counties. The results from these four study streams were generalized to the remaining streams

and their tributaries.
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The basic problem in this study was to predict future stream widening. Expected vertical stream
degradation was provided by a tractive force model. Expected vertical degradation was then used in the
Lohnes model to predict future stream widening. The soil characteristics used in the Lohnes model
resulted in the worst case scenario cost estimates. A decay function, along with the estimated cost of
degradation on land voiding and private and public infrastructure from a previous study (Baumel, et al.,
1994) were used to estimate future stream widening and time neutral degradation costs over time.
Estimated future degradation costs were then discounted back to 1992 to provide estimates of future
degradation costs in 1992 dollars.

Estimated time neutral degradation costs on 106 western Iowa streams and their tributaries were $177.3
million. Time value degradation costs were estimated to be $70.1 million. Almost 75 percent of the $70.1
million of time value degradation costs are expected to occur in 9 of the 21 counties in the deep loess soil
region in western Iowa. These 9 counties are Cass, Crawford, Fremont, Harrison, Mills, Montgomery,
Pottawattamie, Shelby, and Woodbury.

This study develops a procedure to estimate future degradation costs. It also presents two types of
degradation cost estimates. One is a time neutral cost that does not consider the dates on which the
degradation costs are incurred, The second is a time value cost which considers the dates on which the
costs are incurred and then discounts these costs back to 1992 dollars. Time neutral cost estimates provide
an indication of the costs which will be incurred should no action be taken to address the problem of
channel degradation. The time value costs provide accurate estimates of the cost of future degradation in
1992 dollars and should be used for investment decision purposes regarding implementation of measures to

control degradation.
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ABSTRACT

Two recent studies predicted that channel degradation and the accompanying stream widening will
continue to cause significant damage to public and private infrastructure and valuable farmland in the
deep loess soils region of western fowa (Baumel, et al., 1994 and Lohnes, et al., 1994).

Measures to stabilize stream channels such as grade control structures have been found to be
effective in reducing damages caused by channel degradation and widening. The purpose of this study
was to develop procedures to estimate the benefits and costs of implementing stream stabilization
measures such as grade control structures. The study applied these procedures to evaluate the benefits
and costs of installing a grade control structure on Keg Creek in western Iowa.

The study used models from Loknes et al. (1994) to predict future stream degradation and widening.
Benefits of channel stabilization were estirnated in terms of the avoidance of damages to infrastructure
and lost farmland which would have occurred due to continued channel degradation and widening. The
estimated costs were those associated with the installation of the selected stream stabilization measure.
The benefit-cost analysis performed for 2 grade control structure on Keg Creek found that the present
value of future degradation costs avoided by the structure, which included lost farmland, damages to
two highway bridges and one railroad bridge, and traffic rerouting costs, exceeded the cost of installing

the structure by $74,193, resulting in a benefit-cost ratio of 1.49.
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1.0 INTRODUCTION

‘Land owners, state and county governments, raifroads and utility firms have incurred large losses
from the widening and deepening of streams and rivers in western Iowa (Baumel, et al. 1994). Two
recent studies predicted continued stream widening, accompanied by large land losses and damage to
infrastructure crossing these streams (Lohnes, et al,, 1994 and Baumel, et al., 1994). Grade control
structures can reduce the damages caused by stream degradation on the reaches of the stream affected by
the structures.

The purposes of this study are to:

1. develop procedures to estimate future benefits and costs of grade control structures, and
2. apply these procedures to evaluate the benefits and costs of a grade control structure on
Keg Creek in western Iowa.

This study uses models from Lohnes, et al. (1994) to predict future stream deepening and widening
of a 1.5 mile stretch of Keg Creek in Pottawattamie County, lowa. The benefits of a proposed grade
control structure on Keg Creek are based on estimated costs in Baumel, et al. (1994) and from data
provided by Pottawattamie County Engineers Office, Golden Hills Resource Comnservation and

Development, and the lowa Interstate Railroad Ltd. (IAIS).
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2.0 PROCEDURES

A site on Keg Creek has been selected as a po..ssible location for a grade control structure. Figure 1
shows the approximate location of the proposed site in Norwalk Township (T76IN, R42W, Sections 22,
23, 25 and 26) in Pottawattamie County, lowa. This location contains a new knickpoint at
approximately 87.6 square miles of drainage area, a distance of 29 miles from the drainage divide. A
detailed survey of the proposed site was conducted in the summer of 1994 by USDA Natural Resources

Conservation Service (NRCS). Table 1 shows the stream characteristics from the survey.

N
w-Gge
S
Harrison Shelby
County County
g.
I
o
p Ke
E;_ Cre?ek -%—— Proposed location
0 Poitawattamie
-, County
<
® Montgomery
- County
Milis County

Figure 1. Proposed location for a grade stabilization structure on Keg Creek, Pottawattamie County.
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Table 1. Profile characteristics of the Keg Creek site for the proposed grade control structure, summer, 1994

Stream profile characteristics | Feot
Top of bank width - 70
Vertical depth 25
Streambed width 20

A final stable profile of the proposed erosion control segment between 28 and 30 miles from the
drainage divide was predicted by a tractive force model (Lohnes, et al., 1994). This model predicts
vertical degradation based on hydraulic principles of stream channel erosion. The model predicts that
vertical stream erosion will occur until the tractive force is equal to the erosion resistance. Once erosion
resistance > shear force, the stream becomes stable. A shear force of 0.4 was used in the tractive force
model to predict vertical degradation and will result in predicting a worst case degradation scenario.

Table 2 shows the predicted stable streambed elevations from the tractive force model for the
affected segment between 28 and 30 miles from the drainage divide for the proposed grade stabilization

structure. The average predicted vertical degradation was 8.9 feet over the 2.0 mile stream segment.

Table 2. Predicted vertical degradation of the proposed grade stabilization structure site and control segments.

Location Elevation in feet Predicted
vertical
degradation in
feet
Miles from Drainage Area in 1994 Predicted
drainage divide square miles stable
28 83.9 1126.4 11151 11.3
30 87.6 11121 1106.6 6.5

The predicted vertical degradation in table 2 was used in the Lohnes model (Lohnes, 1991) to
predict stream widening. The Lohnes model also requires data on the initial stream channel slopes,
assumed to be 80 degrees, existing stream depth and the stream soil characteristics shown in table 3. The

values in table 3 represent conditions most likely to cause bank instability, Consequently, the estimated
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stream widening and degradation costs will represent the worst case scenario. The Lohnes model
predicted additional widening of 19.5 feet and the loss of 3.5 acres of land on the 1.5 mile stretch of Keg

Creek. These results, of course, are based on the assumption of nio action to control degradation of the

1.5 mile stretch of Keg Creek.

Table 3. Soil characteristic values used in the Lohnes model of stream widening.

Characteristic Unit Values
Soil cohesion psf 221
Mean angle of internal friction
phi 27
Saturated unit weight of soil
pef 1185

Equation (1) was used to estimate vertical degradation over time (Lohnes, et al., 1980):

In [f'i] = -k, ®

@

where:

h; = streambed elevation above base level at time ¢,

h, = streambed elevation above base level at time ¢,

-k = the rate of vertical degradation,

t = time in years.
The rate (-k} of vertical degradation was estimated from bridge inspection reports over time. The rate
for Keg Creek was -.001208 (Yang 1994). The average elevation above base level for the stream segment
was used to calculate vertical degradation for specific years where the base level is defined as the
elevation above the mouth of stream.

Equation (2) was used to allocate stream widening over time.

SW = IW + (FW-mo[ "‘”} , @)
fr-it,
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where:

SW(t) = width at time t,

IW = the initial width at the start of degradation in 1994,

FW = final stream width at t;,

= 1994

t; = t, + B years where n is the number of yéars to stabilization or 2058, whichever occurs first.

= 2058 where 64 years is the number of projected years.

The 64 year time period was selected 10 be consistent with the previous analyses (Baumel, et al. May
1994).

The cost of degradation after 1994 was estimated by equation (3).

. Liswa+1)-SWwe - 1
DC; ;94[ YT }[( HO) Ty “i),,} 3)

where:
DC; = total discounted degradation costs,
C = per unit cost of repairing degradation damage to infrastructure j,
j = type of infrastructure,

QQ = physical units of infrastructure j,

n = years after 1994.
Equation (3) uses the percentage change in stream width to allocate total degradation costs over time.
Costs occurring after 1994 are discounted back to current dollars from each year they occur and

summed to obtain an estimate of present value costs of degradation in 1994 dollars.

3.0 PROPOSED GRADE STABILIZATION STRUCTURE

The stream profile data in table 2 indicate an existing slope of 14.3-feet over two miles. The steep
channel slope on this reach of Keg Creek is creating active degradation. Two H-pile cribbed rip-rap
structures are proposed for this stream segment. Conceptually, each structure would consist of a double
row of H-pile. Rows will be 8-feet apart with the piling within each row to be approximately 8-feet
apart. The rows of H-pile would be driven perpeadicular to the centerline of the creek. The rows
would extend across the stream bottom and up the channel side slopes to design high water elevation.

The rows of piling across the stream bottom would be driven to the desired grade control elevation.
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Heavy gauge welded wire panels would be attached to each row of H-pile to form a crib containing rip-
rap. The stream bottom and side slopes immediately up and down from the structure would also be
armor coated with rip-rap. The preliminary cost estimates are approximately $150,000 for the two H-

pile structures and rip-rap to protect the 1.5 miles of stream grade.

4.0 ESTIMATED BENEFITS OF A STABILIZATION STRUCTURE

The benelits from the proposed grade stabilization structure include the avoidance of the loss of 3.5
acres of land as well as damage to transportation and communication infrastructure crossing the stream
in the 1.5 mile reach impacted by the structure. The 1.5 miles of stream above the proposed grade
stabilization project contains two highway bridges, four Gabion drop structures on either side of the
two highway bridges, a railroad bridge and aerial telephone lines crossing the stream. The aerial
telephone lines are unlikely to be affected by the stream widening. Therefore, the telephone lines were

omitted from the analysis.

4.1 Bridge NO 20
The 19.48 feet of widening would require Bridge NO 20 to have new spans added to each end of the

bridge. Pottawattamie County Engineer officials indicated that these spans would need to be added
when the stream incurs 2-4eet of vertical degradation. Using equation (1), vertical degradation of 2-feet
was estimated to occur in 2003, The cost of the added bridge spans was estimated to be $2,000 per linear
foot by the Pottawattamie County Engineers Office. The estimated present value cost for adding 19.48
feet of length to Bridge NO 20 in 2003 was estimated by equation (4):

Present value of NO 20 span addition =

#] = $27,373 @

(19.48 linear feet)($2,000 per fooﬂ( -
a+i)"

where:

1/{1+1)" = 0.7026, the 4 percent discount factor to convert 2003 costs into 1994 dollars.

4,2 ﬁzjidge NO 21
Bridge NO 21 sits at a bend on Keg Creek. About two-thirds or 13-feet of the widening at NO 21

will occur on the east side of the stream and the remaining one-third or 6 feet will erode on the west

side. The east side currently has a 6-foot wide berm, a2 mound of earth at the top of the bank, and the
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west side has 8 feet of berm. Given a 3-foot minimum berm, a 10foot span would need to be added to
the east end of the bridge in the year 2003, On the west side, the 6 feet of land voiding would reduce
the 8-foot berm to 2-feet. However, an armor coating of 300 tons of rip-rap would need to be applied
after 5-feet of widening to protect and maintain a 3-foot berm on the west bank. Using equation (2), 5-
teet of widening would occur by 2004. Equations (5) and (6) were used to calculate the cost of
protecting NO 21 without a grade control structure.

Present value of span addition =

(10feet) (32,000 per linear foot)(0.7026) = $14,051 (5)

Present value of rip-rap cost =
(300tons)(335 / per ton)(0.6756) = $7,094 (6)

The total cost of protecting bridge NO 21 is estimated to be $21,152.

4. ion Dr r nd 21

To prevent erosion of the four ditches parallel to bridges NO 20 and NO 21, there are currently 8
gabion drop baskets—wire baskets full of rocks-located at the point where drainage water enters into
Keg Creek. Without the grade control structure, these 8 gabion drop baskets are estimated to begin
sliding into Keg Creek after one additional foot of stream widening. Using equation (2), one additional
foot of widening is estimated to occur in 1995. The cost of shoring up these gabions is estimated to be
$30,000 per bridge. The present value of this cost is estimated in equation (7).

Present value of gabion protection =

($60,000)(0.9615) = $57,690 @)

4.4 Railroad Bridge

A railroad bridge owned by the IAIS crosses Keg Creek in the 1.5 mile area above the proposed
grade control structure site. Engineering personnel from the IAIS indicated that 3 additional feet of
vertical degradation would require that sheet piling be driven around each of the two bridge piers to
prevent exposure of the pier footings. The estimated cost of driving the sheet piling is $95,000 for each
pier. Using equation (1), three additional feet of vertical degradation is estimated to occur in 2007. The

present value of the cost of protecting the two piers is estimated in equation (8).
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Present value of railroad pier protection cost =

(2)(895,000(0.6006) = $114,114 ®)

4.5 Traffic Rerouting

Traffic must be rerouted during the time that spans are being added 1o a bridge. Traffic rerouting
was assumed to take place for 60 days while spans were added to each bridge. Average daily traffic
{ADT) was 45 vehicles per day on NO 20 and 30 vehicles per day on NO 21, The average rerouting
cost per ADT was estimated to be $40 over a 60 day period (Baumel, et al., 1994). The present value of
the rerouting costs on the two bridges are estimated in equations (9) and (10).

Present value of rerouting costs =

NO20 = (45)(840)(0.7026) = $1,265 ()

NO 21 = (30)($40)(0.7026) = $843 )
Total = $2,108

4.6 idin

Land voiding was estimated by the Lohnes model of stream widening, The total predicted land
voiding was 3.54 acres. The value of the land voided was based on Duffy, et al. (1993). The high land
values were chosen in the analysis. The discounted cost of land voiding (DCLV) was estimated by

equation {11) where t, is 1994 and t; is 2058.

ty + -
DCLYV = I:SW(t 1) SW(Q] [(81,093)3.54)](P\F,n4%) = $1,756 (10)
. ASW
where:
P | F=Present value discount factor.
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5.0 BENEFIT-COST ANALYSIS

A benefit-cost ratio is expressed as

B/c= Bt )
Costs
where:
B/C = benefit cost ratio,
Benefits = present value of land vo;ding and infrastructure cost savings from building 2
grade control structure, | |
Costs = present value of building the grade control structure.

A ratio > 1 means that the present value benefits of the investment exceed the cost of the structure and
that, in the absence of budget constraints, the structure should be built.

Table 4 presents the present value estimates of the land voiding and infrastructure cost savings from
building a grade control structure on Keg Creek in Norwalk Township in Pottawattamie County,

Iowa.

Table 4. Estimated present value of land voiding and infrastructure cost savings from a grade control structure

on Keg Creek in Pottawattamie County, lowa.

Type of cost Present value of savings
Land voiding $ 1,756
Bridge NO 20 $ 27,373
Bridge NO 21 : . $ 21,145
Gabion drop baskets $ 57,690
Railroad bridge $114,114
Traffic rerouting $ 2,108

Total $224,186

The estimated cost of building the grade control structure is $150,000. The benefit/cost ratio is

calculated in equation (13):

$224,186
$150,000

B/C = = J.49 (12)
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The 1.49 B/C ratio means that one dollar invested in the grade control structure would return $1.49 in
1994 in reduced land voiding and infrastructure costs.

A more detailed engineering analysis may lead to a higher benefit-cost ratio. For example, the
proposed grade control structure may control degradation on tributaries flowing into Keg Creek as well
as the 1.5-mile stretch of main stream above the structure, thereby increasing benefits from the
structure,  Secondly, a detailed engineering analysis could lead to the conclusion that vertical
degradation will undermine the structural integrity of either or both bridges NO 20 and NO 21, Thus,
in the absence of a grade control structure, one or both of the bridges might need to be replaced, rather
than merely adding spans as was assumed in this analysis. In this case, the estimated present value of

savings to bridges NO 20 and NO 21 and therefore benefits of the proposed structure would increase.

6.0 SUMMARY AND CONCLUSIONS

This study evaluates the benefits and costs of constructing a grade control structure on Keg Creek
in T76N, R42W, Scctions 22, 23, 25, 26 in Pottawattamic County, lowa. This reach of Keg Creek is
actively degrading. This degradation is estimated to result in Keg Creek widening 19.48 feet. This will
result in the loss of an estimated 3.54 acres of land and substantial damage to two highway bridges and
one railroad bridge. In addition, repairs to the two highway bridges will result in a 60 day closure
which, in turn, will cause vehicles normally crossing these bridges to be rerouted.

The extent of vertical stream degradation is estimated by a tractive force model. The coefficients in
the tractive force model projected a worst case scenario. The stream widening is estimated by the
Lohnes model. Infrastructure damages and related costs were estimated by the Pottawattamie County
Engineers Office, Golden Hills Resource Conservation & Development, officials of the IAIS railroad,
and from data in Baumel, et al.(1994). All future degradation costs were discounted back to 1994
dollars. The benefit-cost analysis indicated that the benefits from the grade control structure would
exceed the costs by $74,193 resulting in a benefit-cost ratio of 1.49. This ratio will be higher (lower) if

the construction costs of the stabilization structure are lower (higher) than $150,000.
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ABSTRACT

Efforts to control stream channel degradation and associated widening in western Iowa have
been carried out since the 1970's. Much of this early work was undertaken by individual county
governments, utility companies, and the state to address specific cases of stream channel erosion
impacting public and private infrastructure. These isolated efforts did not have a significant impact on
the overall problem of stream channel erosion that occurred throughout the region. The region-wide
planning and implementation of stream channel erosion control measures in western Iowa has been
severely impeded by the lack of an organized approach to addressing the problem and developing
alternative solutions. Local governments and agencies concerned about the issue of stream channel
erosion determined that such an approach was essential given the need to plan control measures based
on an assessment of a stream's overall characteristics and the condition of affected land and
infrastructure, facilitate the exchange of information concerning alternative erosion control measures,
and secure the technical and financial resources required to address an issue of the magnitude of stream
channel erosion in western lowa.

To that cnd, the current research project had as one its principal objectives the development of
an organizational structure and administrative procedures which would be used to plan, coordinate,
implement, and administer stream stabilization projects and programs in western Jowa. Activities
carried out during the research project resulted in the creation and evolution of three organizations with
their corresponding administrative procedures. The three organizations, the Degrading Streams Task
Force, Hungry Canyons Alliance, and Loess Hills Development and Conservation Authority, have
successfully planned, directed resources toward, and carried out educational, research, and
demonstration projects and activities related to stream channel erosion and its control in western Jowa.
More specifically, these organizations have developed information systems and internal procedures to
assess the extent of stream channel erosion, its impact on land and infrastructure, and the need for
control measures; organized and conducted educational activities which have significantly increased the
awareness and understanding of stream channel erosion among elected officials and agency persongnel at
the local, state, and federal levels; and secured considerable financial and technical support for
demonstration erosion control projects and stream channel erosion research. The organizational
structure and administrative procedures sought after and developed during the course of the research
project have been incorporated into and put into operation through the Loess Hills Development and

Conservation Authority.
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1.0 INTRODUCTION

Efforts to control stream channel degradation and associated widening in western Iowa have
been carried out since the 1970's. This early work, for the most part, had been undertaken by
individual counties, utility companies, and the state in an effort to address specific cases of stream
erosion impacting public and private infrastructure. While these isolated efforts were effective in
protecting targeted infrastructure, they did not have a significant impact on the overall problem of
stream channel erosion that occurred throughout the region. One of the most frequently cited reasons
that no region-wide approach to stream channel erosion in western Iowa had been undertaken was the
lack of an organized effort among concerned parties to attract attention and direct resources to the
problem. Local governments and other entities working on stream channel erosion found that such an
approach was essential given the need to: 1.} plan and design erosion control measures based on an
assessment of a stream system's overall characteristics and the condition of and potential impact on land
and infrastructure; 2.) facilitate the exchange of information concerning alternative designs for stream
stabilization measures in an effort to reduce the cost of conventional channel erosion control structures;
and 3.) pursue and secure the considerable technical and financial resources required to successfully
address an issue of the magnitude of stream channel erosion in western Iowa.

In an effort to address these needs, the research project Stream Stabilization in Western Jowa had
as one of its principal objectives the development of an organizational structure and administrative
procedures which would be used to plan, coordinate, implement, and administer stream stabilization
projects and programs in western lowa. Such a structure and associated procedures would facilitate: 1.)
the region-wide assessment of stream channel erosion and related damages; 2.) the identification of
priority stream segments in need of erosion control measures; 3.) the efficient and effective allocation of
technical and financial resources on stream erosion control projects; and 4.) the exchange of information
among public and private entities and professionals concerned with and working to carry out stream

channel erosion control activities.
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2.0 THE DEGRADING STREAMS TASK FORCE

The Degrading Streams Task Force (DSTF) was organized in May, 1990 with assistance from
Golden Hills Resource Conservation and Development (RC&D), Inc. The DSTFE was formed for the
specific purposes of initiating, encouraging, and supporting region-wide efforts to address the problems
caused by eroding stream channels in western Towa. Participants in the DSTF included supervisors,
engineers, and soil and water conservation district commissioners from the 8 counties in the RC&D area
in southwest lowa (map 1). These counties represented a large percentage of those in which damages to

infrastructure and land loss caused by stream chanrel erosion has been most severe.
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Map 1. Counties participating in the Degrading Streams Task Force

The DSTF identified and pursued the following priority activities in carrying out its work:

1. Assemble and develop information related to stream chanrel erosion in western Towa: The
DSTF focused its efforts in this area on the preliminary inventory of streams in western Iowa that were
experiencing varying degrees of channel erosion. During this inventory, efforts were also made to
identify damages to public infrastructure, particularly highway bridges and culverts, caused by stream
channel erosion. Information was also assembled regarding alternative stream channel erosion control
measures, Much of this information was gathered from county engineer offices, soil and water
conservation districts, and the Jowa Department of Transportation. Information on alternative erosion
control measures was also obtained from other cooperating state and federal agencies. This initial

inventory provided the informational base needed to plan and carry out future activities such as the
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recruitment of additional counties impacted by stream channel erosion, development and funding of
research activities related to the problem of stream erosion, and the identification of priority streams
and sites for the demonstration of channel erosion control measures.

2. Inform and educate elected officials and representatives of public agencies and private entities
regarding the problems associated with stream channel erosion: Educational and informational activities
of the DSTF targeted non-participating counties {supervisors, engineers, and commissioners) in western
lowa affected by stream channel erosion, state legislators in 18 house and 11 senate districts,
congressional representatives in districts 3, 4, and 5 and the state's 2 senators. These activities were also
directed at agency personnel in the USDA Natural Resources Conservation Service (NRCS), lowa
Division of Soil Conservation (DSC), Jowa Department of Transportation (DOT), and Iowa
Department of Natural Resources (DNR). Representatives of private utility companies with
infrastructure impacted or threatened by stream channel erosion were also targeted by these efforss.
Major informational and educational activities carried out by the DSTF included planning and
conducting field tours to demonstrate the effects of stream channel erosion and alternative approaches
to its control and the development of slide and video presentations and their use at local, regional, and
state meetings such as those held by the Towa State Association of Counties and Iowa Association of Soil
and Water Conservation Districts. In addition, informational sessions were frequently held between
representatives of the DSTF and small groups of legislators, agency personnel, and utility
representatives.

3. Secure the necessary technical and financial resources to: a.) perform much needed research on
the imp#ct of eroding streams and alternative methods to control the problem and b.) plan, design, and
demonstrate promising stream channel stabilization measures: The initial technical and informational
work accomplished by the DSTF led to the development and funding of research activities related to
stream channel erosion in western lowa. Most significant among these activities has been the research
conducted to: 1.} collect and integrate information pertaining to stream channel erosion such as stream
characteristics and conditions and impacted or threatened infrastructure; 2.} develop technical guidelines
for preliminary planning and cost forecasting of stream channel erosion control measures; and 3.)
evaluate the economic impact of past and continued stream channel erosion on infrastructure and
farmiand. This research has been supported financially by the Highway Division of the lowa DOT and
the Jowa Highway Research Board, the NRCS, and member counties in the P)STF. These entities and
others including Towa State University (ISU), Iowa DNR, the US Army Corps of Engineers (ACOE),
and the US Geological Survey (USGS) have provided much of the technical support required to carry

out the DSTFs research activities,



The DSTF was successful in identifying and securing the technical and financial resources

needed to plan, design, and implement stream channel erosion control measures on 3 streams in western
Iowa. These streams included Walnut Creek in Pottawattamie, Moser Creek in Shelby County, and
Middle Soldier River in Crawford County. The purpose of these projects was to demonstrate cost
effective alternative methods of controlling stream channel erosion. Funding for these projects in the
amount of $400,000 per year was provided from federal appropriations to the DSTF through the NRCS
in fiscal years 1992 and 1993, Participating counties contributed at least 20 percent of these projects’
total cost. The planning, design, and construction of the demonstration projects brought together the
technical expertise of private engineer firms and county engineering offices with that of assisting
agencies including the NRCS, 18U, and lowa DNR. This high degree of cooperation was achieved
primarily through a series of DSTF facilitated project planning sessions and frequent updates
throughout the projects' installation.
4, Develop an organizational structure and procedures necessary to continue to plan and carrying
out the activities described above in order to implement a long range approach to the problem of stream
channel erosion and its control: Two internal committees which dealt with technical and legislative
issues were established by the DSTF in order to address the need for a permanent organizational
structure and associated administrative procedures. In addition, in August of 1992 the DSTF employed
a full time Director to plan, coordinate, and carry out day-to-day activities of the research and
demonstration projects and to arrange for and provide assistance to DSTF members and committees.

The committee concerned with technical issues consisted of county engineers and supervisors,
conservation district commissioners, and personnel from the NRCS and RC&D. In addition to being
responsible for technical aspects of the DSTFs activities, this committee was charged with establishing
the initial procedures and criteria used by the DSTF to prioritize demonstration stream channel erosion
control projects for funding and implementation. The procedures established involved: a.) the
distribution of a request for proposals outline to member counties; b.) the development and submittal
of proposals from member counties interested in participating in a demonstration project; ¢.) the
evaluation and ranking of proposals by a scoring subcommittee; and d.) review and approval of the
DSTF membership based on the results of the scoring subcommittee's evaluation and ranking. The
criteria used to develop, evaluate and prioritize project proposals was incorporated into the request for
proposals outline found on page 5-19. In addition to the raw score and ranking which resulted from the
evaluation of proposals, the scoring subcommittee took into consideration other factors in arriving at a
final list of priority projects. Among these factors were the: a) overall cost of projects relative to

available funding; b.) the ability of a given county to meet the local contribution requirement in the



case of more than one project being located in a single county; and c¢.) the desire to locate stream
channel erosion control projects throughout the affected area in western Iowa for the purposes of
demonstrating and evaluating control measures under different resource conditions as well as for the
educational and informational value of doing so. The initial request for and review of proposals resulted
in 6 demonstration stream channel erosion control projects being selected for funding. These projects
included Walnut Creek in Pottawattamie County, Moser Creek in Shelby County, Middle Soldier River
in Crawford County, Keg Creek in Pottawattamie County, West Tarkio Creek in Page County, and
Mosquito Creek in Harrison County.

This DSTF committee was also responsible for working with the NRCS to develop the
procedure by which available funds could be accessed by counties in order to implement demonstration
stream channel erosion control projects. Federal funds appropriated for the demonstration projects
were administered by the NRCS. As such, member counties in the DSTF that participated in
demonstration projects received administrative and technical assistance as needed from the NRCS.
On¢e 2 member county's proposed project was approved by the DSTF, a project agreement between
the county and NRCS was entered into. The purpose of the agreement was to outline the roles and
responsibilities of each entity in planning and carrying out the proposed project. In general, the
county's responsibilities under the agreement included providing a minimum of 20 percent of the total
cost of the project, being responsible for project pianning and design, project administration including
contracting and land rights acquisition, complying with all applicable local, state, and federal laws and
regulations, performing construction inspection, and providing for long term operation and
maintenance of the completed project. The NRCS, in turn, was responsible for contributing a
maximum of 80 percent of the total cost of the project as well as providing the technical and
administrative assistance needed to ensure its successful completion.

The DSTFs legislative committee also consisted of county engineers and supervisors,
conservation district commissioners, and personnel from the NRCS and RC&D. In addition to
concentrating on meeting with, providing information to, and gaining the support of legislators and
agency personnel at the local, state, and federal levels regarding the issue of stream channel erosion,
committee members were responsible for developing 2 more formal organizational. structure to carry on
the work of the DSTF. DSTE member counties determined that such a structure would contribute
toward the development of a long term approach and solution to the problem of stream channel erosion
by providing a greater degree of permanence to DSTF activities and by facilitating the search for and
acquisition of financial support for these activities. As a result, DSTF mermber counties formed a grass-

roots, non-profit organization called the Hungry Canyons Alliance in October of 1992.
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3.0 THE HUNGRY CANYONS ALLIANCE

The Hungry Canyons Alliance (FICA)} incorporated, expanded, and formalized the
organizational structure and administrative procedures initially established by the DSTF and described
above. The HCA was organized as a not-for-profit corporation in accordance with Chapter 504{A) of
the Code of Iowa and the Iowa Non-Profit Corporation Act. As described in the HCAs articles of
incorporation, the purpose of the organization is to focus attention on the problems of, and develop
solutions related to, stream changel degradation in the deep loess soils region of western Iowa. Specific
goals of the HHCA as outlined in the organization's constitution and bylaws are to: 1.) foster regional
cooperation related to the degrading streams issue; 2.) communicate with state and federal legislators on
issues relating to degrading stream; 3.) focus technical and financial resources on the problems associated
with degrading streams; and 4.) serve as an advocacy group for acquiring resources necessary for stream
degradation control projects. Membership in the HCA expanded from the originai 8 counties that
participated in the DSTF to include 21 counties in western Towa impacted by stream channel erosion

(map 2).
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Map 2. Member counties in the Hungry Canyons Alliance
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The HCA established a board of directors which consisted of one representative from each
member county. Directors are appointed by the county supervisors in consultation with local soil and
water conservation districts. An executive committee composed of 5 county representatives has also
been established to supervise and carry out the daily operations of the organization. Members of the
executive comumittee are selected from among the directors and are to consist of a county supervisor, a
soil and water conservation district commissioner, a county engineer, an individual actively engaged in
farming, and an atdarge member. The HCA continues to employ a full time Director to assist the
executive committee with the day-to-day management of the Alliance's activities and projects. The
organization's constitution and bylaws established guidelines for the election of officers, terms of office,
officer duties, and conditions for removal as well as for meetings of the executive committee (monthly},
board of directors (quarterly), annual meeting, and special meetings. Operating funds for the
organization consist primarily of annual membership fees from participating counties. Standing
technical, legislative, and stream erosion control project scoring committees have also been established
by the organization. Membership in the technical and legislative committees is voluntary and includes
county supervisors, county engineers, conservation district commissioners, and representatives from
cooperating organizations and agencies. The HCA executive committee appoints the members of the
project scoring committee. The executive committee determined that membership in the scoring
committee should represent the entire HCA region and would consist of 2 county supervisors, 2 county
engineers, 2 conservation district commissioners, and 2 technical personnel from the NRCS.

Since its formation, the HHCA has carried out the following major activities in pursuit of its

goals and in continuing the work initiated by the DSTF:

1. The HCA has coordinated and supervised completion of the demonstration stream channel
erosion control projects on Walnut Creek, Moser Creek, and Middle Soldier River that were initiated
by the DSTE. As a result of the legislative committee's on-going work with state and federal legislators
and agency personnel, the HCA has been successful in obtaining-'a&ditional funds to continue to
construct demonstration stream channel erosion control projects. Aswith the financial support secured
previously by the DSTE, these funds were in the form of federal appropriations administered by the
NRCS. These federal appropriations were in the amount of $400,000 annually for both fiscal years 1994
and 1995. These funds were assigned to the following demonstration projects; Keg Creek in
Pottawattamie County, West Tarkio Creek in Page County, Mosquito Creek in Harrison County,
McElhaney Creek in Woodbury County, Deer Creek in Mills County, Ninemile Creek in Adair

County. These projects were selected following their review and evaluation by the
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HCAs scoring committee. Final approval of the projects was made by the HCAs executive committee
based upon the results of their review and evaluation. As with previous demonstration projects,
financial, technical, and administrative assistance was provided to participating counties through the
execution of a project agreement with the NRCS.

2. The HCA has also directed and supervised the completion of research activities inittated by the
IDSTE. ‘'These research activities included assembling and integrating information related to stream
channel erosion, developing technical guidelines for planning erosion control measures, and evaluating
the economic impact of channel erosion. Financial support for this research was provided by the
Highway Division of the JTowa DOT and the Iowa Highway Research Board, the NRCS, and member
counties. The FICA has also worked with cooperating agencies and entities to identify future areas of
research important to understanding and addressing the issue of stream channel erosion in western Jowa.
Several of these potential research topics include the need to: a.} verify the various approaches utilized to
predict stream channel degradation such as the geomorphic and tractive force methods; b.) test and
modify models used to predict stream channel widening in order to account for rotational and planar
slope failures; c.) test hydrodynamic and empirical methods of predicting the upstream effect of stream
channel erosion control measures; d.) verify the model that describes the various stages and processes in
the evolution of stream channel erosion; e.) develop planning and design standards for stream channel
erosion control measures; and f) identify, evaluate, and demonstrate alternatives to strictly structural
stream channel erosion control measures such as the use of bio-engineering techniques and channel stope
and shape alterations.

3. The HCAs technical and scoring committees reviewed and modified the request for proposals
outline and procedures used to evaluate and rank demonstration stream channel erosion control
projects. Modifications were based upon suggestions from DSTF members and cooperating agency
personnel who participated in the initial development, review, and scoring of project proposals.
Revisions in the request for proposals outline were also made in order to incorporate results from
ongoing research activities such as the improved ability to estimate future stream degradation and
widening and the associated costs of damaged infrastructure and lost farmland. The revised request for
proposals outline is included on page 5-20.

The technical and scoring committees determined that the sections of the request for proposals
that described project scope, cost, and areas to benefit from the project provided necessary background
information but were not essential items in evaluating the potential benefits and success of a project. As
such, these sections remained in the request for proposals but were not assigned point values for the

purpose of scoring and ranking projects. The commistees decided that a measure of the



potential benefits of a proposed project, as expressed in terms of damages avoided, was the most
significant factor in its evaluation. Therefore, the section of the request for proposals that described
potential damages was weighted most heavily (a maximum of 60 points). Regarding specific damages,
extent of erosion was assigned the greatest weight (2 maximum of 30 points) followed by threatened
infrastructure {maximum of 21 points) and increased transportation costs {maximum of 9 points).

The committees decided that the potential success of a proposed project was the second most
important factor in its evaluation. Support for a project as indicated by the willingness of local
governments, other entities, and land owners to participate, not only in the project itself but in the
overall efforts of the HCA, was determined to be the most acceptable measurement of a project's
potential for success. As such, the section of the request for proposals that descriiﬁeci local support was
assigned the remaining evaluation points (maximum of 40 points). Willingness to participate was, in
turn, divided into two components each with its own weight or portion of the total points assignable
for the evaluation of local support. The first component which described the willingness of local
governments to participate in the HCAs regional efforts was assigned 2 maximum of 20 points.
Counties that had not appointed a representative nor provided financial support to the HCA were
awarded between 0 and 7 points. Counties that had appointed a representative but had not provided
financial support to the FICA were awarded between 8 and 14 points. Counties that had both
appointed a representative and provided financial support were awarded between 15 and 20 points. The
second component of the local support section described and awarded a maximum of 20 evaluation
points for the: a.} financial contribution committed by local sponsors toward the cost of the proposed
project; b.) willingness of local sponsors to assume the future operation and maintenance of the project;
c.) existence of complementary work completed or planned in the area of the proposed project such as
upland conservation treaument; and d.} willingness of land owners in the areas affected by the project to
cocperate with its implementation.

In addition, the committees established the following procedures for the development,

submittal, evaluation, and approval of future demonstration project proposals:

a. The list of priority projects selected for funding is in effect for one year. Projects not funded
during a given year are not carried over to subsequent request for proposal cycles. Fundingina
given fiscal vear will be used to support as many of the projects as possible in the order in
which they appear on the priority list. For projects not funded, a county will need to resubmit
a proposal to be considered in subsequent years. This will allow new proposals to compete

equally with previously submitted proposals.
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b. A project on the priority list can be removed if the sponsoring county is not able to provide
the required Jocal contribution. The county can resubmit the proposal in subsequent request

for proposal cycles.

c. The scoring and executive committees reserve the right to vaty from the raw scores in ranking
and approving projects for funding. The primary reasons for making such 2 decision will be to:
1) balance the amount of funds available with the estimated costs of proposed projects; 2.) take
into consideration the ability of a single sponsor to satisfy the local contribution requirement
for multiple projects; and 3.) locate stream channel erosion control projects throughout the
HCA area for the purposes of demonstrating control measures under different resource
conditions and to 1 wider audience. Reasons for any variations will be made known to the
membership of the HCA as well as to the counties whose proposals are affected by such

decisions.

The second request for proposals cycle which made use of the revised format resulted in 5
projects being selected for funding. These projects included McElhaney Creek in Woodbury County,
Deer Creek in Mills County, Ninemile Creek in Adair County, Long Branch in Shelby County, and
Pigeon Creek in Harrison County.

4, The HCA has, through its research activities and demonstration projects and advocacy efforts,
become a recognized leader and source of technical assistance and information with respect to stream
channel erosion control. As a result, the HCA has played a central role in many important regional
activities and events related to stream channel erosion and alternative control measures. More

specifically, the most significant of these activities and events have included the following:

a. A HCA organized and sponsored multi-state stream channel erosion conference was held in
Omaha in March, 1993. The conference was attended by elected officials and representatives of
governmental agencies at the local, state, and federal levels from fowa, Nebraska, Kansas, and
Missouri. The purpose of the conference was to initiate multi-state cooperation in addressing
the issue of stream channel erosion. In addition to the frequent exchange of technical
information which has occurred as a result of the conference, the HCA has provided extensive
assistance to the Natural Resource Districts in southeastern Nebraska in support oftheir efforts

to implement stream channel erosion control activities similar to those underway in Iowa.
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b. The NRCSs Emergency Watershed Protection (EWP) program, which is responsible for
assisting local governments with. repairing damages to infrastructure caused by the flooding in
1993, has relied extensively upon the HCAs information and expertise to guide the planning
and implementation of EWP sponsored stream channel erosion control projects in western
Iowa. HCA assistance has included the use of the its aerial reconnaissance and geographic
information system (GIS) as well as its experience with demonstration projects and the results
of HCA directed research activities. In addition, at the request of the NRCSs EWP program,
the HCA organized and conducted a one day technical workshop on stream channel erosion
and alternative control measures. This workshop was attended by county engineers and their
staffs, private engineering consulting firms, and technical personnel from the NRCS and other

cooperating agencies at the local, state, and federal levels.

c. The HCA has been able to provide information and assistance to other entities carrying on
research refated to stream channel erosion and its control. More specifically, the HICA has
cooperated extensively with researchers with the Federal Highway Administration (FHwA)
and the USGSs Water Resources Division who are undertaking a project to assess stream
channel instability in the deep loess soils region of the Midwest. Frequent exchanges of
information and assistance have also taken place between the HCA and the ACOEs Omaha
District which will help the District to evaluate and classify stream channel erosion in
Nebraska and develop standards for alternative channel erosion control measures. The results
of these HCA. assisted research activities will contribute enormously to the Alliance members'
improved understanding of stream channel erosion and their ability to plan and implement

control measures.

5. The HCA, in cooperation with the entities responsible for providing much of the Alliance's
financial support, identified the need for establishing an entity and associated mechanisms within the
state bureaucracy that could receive and administer funds to support activities and projects related to
stream channel erosion control. Tt was determined that the creation of such an entity would facilitate
the procurement of funds needed to carry out current and future activities and projects, increase
awareness of the problem of stream channel erosion and the alternative solutions among state legislators
and agency heads, and further emphasize the need to support a sustained, long term approach to the
problem of stream channel erosion. As a result, the HCA worked successfully with state legislators and

cooperating entities to establish the Loess Hills Development and Conservation Authority.



4.0 THE LOESS HILLS DEVELOPMENT AND CONSERVATION AUTHORITY

Legistation authorizing the establishment of the Loess Hills Development and Conservation
Authority, House File 214, was passed unanimously by the Iowa Legislature and signed into law by the
Governor in May, 1993. According to the authorizing legislation, the Loess Hills Development and
Conservation Authority is responsible for the development and coordination of plans for projects
related to the unique natural resource, rural development, and infrastructure problems of counties in the
deep loess region of western Iowa. More specifically, the legislation identifies the erosion and
degradation of stream channels, associated damages to natural resources and infrastructure, and
alternative control measures as the primary concern of the Authority. Membership in the Authority is
open to 22 counties in the deep loess soils region of western Iowa. These counties include all of the
member counties of the HHCA with the addition of Lyon County in the northwestern corner of the
state. Member counties of the Loess Hills Development and Conservation Authority are indicated on
map 3. In addition to the Authority itself, the legislation also created the Loess Hills Development and
Conservation Fund in the state treasury. Furthermore, the legislation enabled the Authority to accept
and deposit contributions into the fund and to administer the resources available in the fund for the
planning and implementation of development and conservation activities or measures in the Authoritys

member counties.
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Map 3. Member counties in the Loess Hills Development and Conservation Authority.
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The authorizing legislation also enabled the Loess Hills Development and Conservation
Authority to meet, organize and adopt roles and procedures as deemed necessary 1o carry out its duties.
In order to facilitate implementation of the legislation, member counties decided that the goals, internal
structure, and administrative procedures previously established for the HCA and described in the
Alliance's articles of incorporation and constitution and bylaws could be appropriately adopted by the
Authority. These governing documents were amended as necessary to include the relevant portions of
the authorizing legislation including the mission of the Loess Hills Development and Conservation
Authority, addition of Lyon County, and the creation and administration of the Loess Hills
Development and Conservation Fund. The constitution and bylaws of the Loess Hills Development
and Conservation Authority, therefore, incorporate the contents of the HCAs articles of incorporation
and constitution and bylaws and the authorizing legislation into a single document which governs the
organizational structure and administrative procedures of the Authority. The HCA, while still an
active not-for-profit organization, continues to carry out its efforts to address issues and problems
associated with stream channel erosion in western lowa through the Loess Hills Development and
Conservation Authority.

Member counties in the Loess Hills Development and Conservation Authority have developed
and are aggressively pursuing the implementation of a 5-year plan of work to address the problems
related to stream channel erosion in western Iowa. The Authority's plan of work builds upon the
information and experience acquired through the past efforts of the DSTF and HCA. The plan of work
details a series of specific objectives which will enable the Authority to accomplish the following goals:
1) demonstrate cost effective alternative methods of protecting public and private infrastructure,
agricultural land, and natural areas from damages caused by stream channel erosion; 2.) promote,
sponsor, and carry out research activities which support the protection of public and private
infrastructure, agricultural land, and natural areas from damages caused by stream channel erosion; 3.)
plan and carry out region-wide implementation of measures to protect public and private infrastructure,
agricultural land, and natural areas from damages caused by stream channel erosion; and 4.) plan and
carry out projects and activities to conserve natural resources, promote rural dew}elopment, and protect
public and private infrastructure that are closely related to stream channel erosion and stabilization

Measures.
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5.0 SUMMARY AND CONCLUSIONS

Efforts at the region-wide planning and implementation of stream channel erosion control
measures in western fowa were severely impeded by the lack of an organized approach to addressing the
problem and developing alternative solutions. Local governments and agencies working on the issue of
stream channel erosion found that such an approach was essential given the need to plan and design
control measures based on an assessment of a stream's overall characteristics and the condition of
affected land and infrastructure, facilitate the exchange of information concerning alternative designs for
erosion control measures, and secure the technical and financial resources required to address an issue of
the magnitude of stream channel erosion in western lowa. This perceived need led to the creation and
evolution of a series of organizational structures and corresponding administrative procedures.

The first of these organizations, the Degrading Streams Task Force (DSTF), was created in
May, 1990 and consisted of the 8 counties in the Golden Hills Resource Conservation and Development
(RC&D) area in southwest Jowa. The DSTFs success in drawing attention to the problem of stream
channel erosion and obtaining support for demonstration erosion control projects and research activities
led to the creation of the Hungry Canyons Alliance (HCA) in October, 1992. The HCA is a grass-
roots, not-for-profit organization whose membership consists of 21 counties in western Iowa which are
impacted by stream channel erosion. The HCA formalized the structure and procedures initially
developed by the DSTT and continued the work of the DSTT to address issues related to stream channel
erosion and its control. In May 1993, the HCA worked successfully to gain passage of legislation which
authorized the Loess Hills Development and Conservation Authority. Creation of the Authority was
considered an essential step in the overall approach to addressing stream channel erosion in western
Iowa as its existence would emphasize the need for a sustained, long term approach to the problem of
stream channel erosion, facilitate the acquisition of funds needed to support stream channel erosion
control related activities and projects, and increase awareness of the problem and its alternative solutions
among state legislators and agency heads.

These 3 organizations, the Degrading Streams Task Force, Hungry Canyons Alliance, and
Loess Hills Development and Conservation Authority, have been successful in planning, directing
technical and financial resources toward, and carrying out educational and research activities related to
stream channel erosion and the demonstration of channel erosion control measures in western Iowa.
The organizations have developed information systems and internal procedures to help assess the extent
of stream channel erosion and its impact on associated land and infrastructure in order to prioritize the
implementation of proposed control measures. The 3 organizations have, through their educational
efforts, significantly increased the awareness and understanding of stream channel erosion in western
Towa among elected officials and agency personnel at the local, state, and federal levels. These-

educational efforts have generated widespread support for their activities. As a result, more than §1.6
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million in federal funds have been appropriated for projects to demonstrate stream channel erosion
control measures. In addition, at least $400,000 in funds from local governments have been used to
implement these demonstration projects. The organizations have also acquired funds to support,
actively participated in, and been responsible for planning and carrying out research activities related w0
stream channel erosion and its control. Technical assistance from numerous local, state, and federal
agencies including county engineer offices, soil and water conservation districts, Iowa Departments of
Transportation and Natural Resources, fowa State University, USDA Natural Resources Conservation
Service, US Geological Survey, and US Army Corps of Engineers has also been secured to support the
educational, research, and demonstration activities and projects of the three organizations.

The organizational structure and administrative procedures sought after and developed during
the course of the research project have been incorporated into and put into operatioﬁ through the Loess
Hills Development and Conservation Authority. The most significant challenge now facing member
counties of the Authority and cooperating entities is the continued acquisition of financial support
sufficient to carry out current and future activities and projects related to stream channel erosion
control in western Iowa. To that end, the Authority, in consultation with cooperating entities, has
developed and is actively pursuing the financial support required to implement its 5-year plan of work.
The Authority's 5-year plan of work details specific goals and objectives which address the need for
projects to demonstrate cost effective measures to control stream channel erosion, continued research
activities to gain a better understanding of stream channel erosion processes and alterpative control
measures, and region-wide implementation of stream channel erosion control measures based upon the

results of demonstration projects and research activities.



Request for Proposals Outline

Degrading Streams Task Force

L Project Scope and Cost (Score 0-15)
A Stream Size
1. Drainage area: total at mouth and at proposed stabilization site
2. Channel length from beginning to end of degrading segment
B. Proposed stabilization measures planned and their cost (preliminary concepts are
acceptable)
IL. Potential Damages (Score 0-40)
A. Extent of erosion
1. On main channel
2. On tributaries
B. Private and public infrastructure and other property threatened (bridges, culverts,

roads, pipelines, cables, buildings, etc.)

1. Number of each
2. Anticipated repair and replacement costs {estimated)
C. Imminent threat to any infrastructure, homes, or other buildings

D, Potential loss of life
E. Anticipated extra transportation costs caused by failures of infrastructure cited above.
I Local Support (Score 0-35)

A Willingness of local governments or other entities to commit funds for part of project
cost (include likely amount of local share)

B. Willingness of local governments or other entities to assume responsibility for
operation, maintenance, and repairs of erosion control structures after installation

C. Complementary work done or planned in the area of the proposed stream by local

entities such as upland conservation treatment

D. Willingness of landowners in affected areas to cooperate
1. Willingness to grant easements
2. Other indications of cooperativeness

Iv. Areas to Benefit {Score 0-10)

A. List the communities and counties that will benefit from the project
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Revised Request for Proposals Outline

Hungry Canyons Alliance/Loess Hills Development and Conservation Authority

Project Scope and Cost

A,

Stream Size

1. Drrainage area: total at mouth and at proposed stabilization site
2. Channel length from beginning to end of degrading segment
Proposed stabilization measures planned and their cost

(cost effective measures are encouraged; preliminary concepts are acceptable)

Avreas to Benefit

A.

List the communities and counties that will benefit from the project

Potential Damages (Score 0-60)

A

Extent of erosion (Score 0 to 30)

1. On main channel

2. On tributaries

Private and public infrastructure and other property threatened including bridges,
culverts, roads, pipelines, cables, buildings, etc. (Score 0 to 21)

1. Number of each

2. Anticipated repair and replacement costs (estimated)

Anticipated effects on essential community services caused by failure of infrastructure
cited above such as mail delivery, emergency medical services, fire protection, school
bus routes, delivery of agricultural supplies and commodities, extra transportation

costs, etc, (Score 0 to 9)

Local Support (Score 0-40)

A,

Willingness of local government to participate in regional stream stabilization efforts

according to the following (Score 0 to 20)

1. Counties that have not appointed a representative nor provided financial
support to the Hungry Canyons Alliance (Score 0 to 7)

2. Counties that have appointed a representative but have not provided
financial support to the Hungry Canyons Alliance (Score 8 to 14)

3. Counties that have appointed a representative and have provided financial

support to the Hungry Canyons Alliance (Score 15 to 20)
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Revised Request for Proposals Outline

Hungry Canyons Alliance/Loess Hills Development and Conservation Authority

Iv. Local Support contd.

B.

Additional indication of local support including the: a.) financial contribution
committed by local sponsors toward the cost of the proposed project; b.) willingness of
local sponsors 1o assume the future operation and maintenance of the project; c.)
existence of complementary work completed or planned in the area of the proposed
project such as upland conservation treatment; and d.} willingness of land owners in the
areas affected by the project to cooperate with its implementation such as the granting

of easements (Score 0 to 20)
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