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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 agricultural 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, foliowed 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 

stahilization 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 Iowa 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 Iowa Legislature in 1993. Membership in the Authority is comprised 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. 



CONTENTS 

ABSTRACT 

SECTION ONE 
1.0 Introduction 

1.1 Goal and Objectives 
1.2 Report Organization 
1.3 Background and Study Area 
1.4 Acknowledgments 

2.0 Recommendations for Future Activities 
REFERENCES 

SECTION TWO 
Aerial Reconnaissance 
Assessment of Channel Stability 
Geographic Information System Development 

SECTION THREE 
Stream Stabilization Research 

Robert A. Lobnes, Iowa State University 
Research Assistants: Brad Levich, and Jeff Magner 

SECTION FOUR 
Impact of Degrading Western Iowa Streams on Private 
and Public Infrastructure Costs 

C. Phillip Baumel, Iowa State University 
Research Assistants: Landon L. Morris, Marty J. McVey, 
and Xing Yang. 

Estimates of Future Impacts of Degrading Streams in the Deep 
Loess Soil Region of Western Iowa on Private and Public 
Infrastructure Costs 

C. Phillip Baume1,Robert A. Lohnes, Iowa State University 
Research Assistants: Landon L. Morris, M m y  J. McVey 

Estimated Benefits and Costs of a Grade Stabilization Structure 
on Keg Creek in Western Iowa 

C. Phillip Baumel, Robert A. Lohues, Iowa State University 
Research Assistants: Landon L. Morris, Many J. McVey 

SECTION FIVE 
Organizational Structure and Administrative Procedures 



1.0 INTRODUCTION 

1.1 Goal and Objectives 

The stream channels of the deep loess soils region of western Iowa 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 Iowa. 

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 Report 0 - . . 
r a n t - m  

This report is presented in sections that address the project objectives. 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 



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 Iowa. 

1.3 Ba-und and Study Area 

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 thedeep 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 Iowa: Southern Iowa Drift Plain, Loess Hills, and a portion of the Northwest Iowa 

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 Natural 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 



channel erosion is occurring in western Iowa (Figure 1.2). Exceptions may occur outside of the defined 

boundary. 

Figure 

I I 

Figure 1.2. Approximate area where significant stream channel erosion is occurring in western Iowa. 
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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: 

1. 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. 

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

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

reconnaissance investigation in this research project. 

5 .  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. 

6. Conduct detailed study of existing grade control structures in the region to determine their 

performance and effect on stream channel erosion. Test hydrodynamic and empirical 

methods for predicting upstream aggradation. 

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

region. 

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

1.1 Pumose and Scope 

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 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 Iowa 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 Methods 

A helicopter service from Omaha was contracted to fly the streams. Golden Hills RC&D 

personnel conducted the videography using a hand-held W S  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 o i  the adjacent 

floodplain. 

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 videography 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 topographic maps and then digitized for the Geographic 

Information System (GIs). The streams were then classified based on a sixstage model of stream 

channel evolution discussed in section 2.0. 



Table 1.1. List of streams videotaped during 1993 aerial reconnaissance. 



Table 1.2. List of streams videotaped during 1994 aerial reconnaissance. 



Table 1.2. List of streams videotaped during 1994 aerial reconnaissance (cont.). 



Figure 1.1. Streams covered by aerial reconnaissance in 1993. 

Figure 1.2. Streams covered by aerial reconnaissance in 1994. 



2.0 ASSESSMENT OF CHANNEL STABILITY 

2.1 Stream Channel Evolution 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 Iowa 

(Bettis, 1993, Simon, 1994). Therefore the use of these models is appropriate in classifying western 

Iowa'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 Model of Channel 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 Reconmissance Video 
. . . .  

Following completion of the aerial reconnaissance and d ~ g ~ t ~ z ~ n g  of the stream reaches covered by 

the reconnaissance (described in section 1.2), the streams were classified based on the sixstage channel 

evolution model 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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Figure 2.1. The six-stages of bank-slope 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  various streams. 

2.3.1 Induced &ggs 

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 



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. 

2.3.2 Key indicators during classification procedure 

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 III, and Stage IV), some pipelines 

have been exposed. The bridge-related 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 

I. Premodified 

11. Constructed 

Ill. Degradation 

Key indicators 

Meandering channel geometry; shallow bank to bed depth; 

alternate channel bars; herbaceous and or woody vegetation 

to the flow line; no evidence of channel modification. 

Evidence of recent channel modifications including spoil 

material; linear bank surface; lack of vegetation, or 

herbaceous vegetation to the flow line. 

Linear bank surface similar to 11, 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. 



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

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; foliowed by Stage 111-Degradation with 16.37% 

in 1993, and 10.29% in 1994. Figures 2.2,2.3, and 2.4 show examples of the Stages III, IV, and V from 

ground level reconnaissance photos of streams in western Iowa. 

Stage 

IV. Threshold 

V. Aggradation 

VI. Restabilization 

i Induced stage V 

VI-i Induced stage VI 

Key indicators 

Obvious major bank retreat, slab and rotational bank 

failures, knickpoints and riffle zones; linear flow line; tilted 

and fallen vegetation, damaged infrastructure, approaches 

added to original bridge lengths. 

Major bank retreat and bank failures similar to IV, but with 

development of a meandering flow line, and initial deposition 

of alternate bars; sands andlor gravels apparent on alternate 

bars; re-establishment of vegetation at the slough line; 

similar bridge-related damages as in IV. 

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. 

Stable stream reach upstream of grade control structure; 

primarily herbaceous plant growth on the banks; minor bank 

erosion 

Stable stream reach upstream of grade control structure; 

well developed herbaceous and woody plant growth little 

evidence of bank erosion. 



Table 2.3. Results by county of the classification of the 'I993 reconnaissance video. 



Table 2.3. Results by county of the classification of the 1993 reconnaissance video (cont.). 



Table 2.3. Results by county of the classification of the 1993 reconnaissance video (cont.) 

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



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



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



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

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

Stages of Stream Channel Evolution 1993 

2.41% 2.31° 

stage I stage 2 stage 3 stage 4 stage 5 stage 6 stage 5i stage 6i 

1993 Totals 

stage I 
stage 2 
stage 3 
stage 4 
stage 5 
stage 6 
stage 5i 
stage 6i 

Miles 

19.22 
16.82 
90.16 

307.59 
90.99 
0.00 

13.26 
12.74 

Totals 550.78 

Kilometers % of Total 



Table 2.6. Results of the classification of the 1994 reconnaissance video (combined county totals). 

Stagesof Stream Channel Evolution 1994 

60.00% , 7 

0.00% 
stage 1 stage 2 stage 3 stage 4 stage 5 stage 6 stage 5i stage 6i 

1994 Totals 

stage 1 
stage 2 
stage 3 
stage 4 
stage 5 
stage 6 
stage 5i 

Miles Kilometers % of Total 

42.25 67.98 4.27% 
0.78 1.26 0.08% 

101.84 163.86 10.29% 
553.05 889.86 55.91% 
230.59 371.02 23.31% 

14.23 22.90 1.44% 
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 Ill stream reach, East Soldier River Tributary, Crawford County. 



Figure 2.3. Example of a stage iV-threshold stream reach, Walnut Creek at Hwy 6, Pottawattamie County. 



Figure 2.4. Example of Stage V-Aggradation stream reach. Willow Creek, Harrison County 



2.5. Stream Bed Sampling 

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) which are cut through loess derived sediments and lack a coarse sediment-load for 

aggradation tend to aggrade extremely slow following degradation. 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 material samples: West 

m Page, Montgomery Counties, and Atchison County in Missouri; 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 

correlated with the identified stage of channel evolution, 2) to note changes in the composition of the 

bed material throughout the stream system. 

Figure 2.5. Streambed sample collection sites on West Tarkio Creek. 

2-22 



Figure 2.6. Streambed sample collection sites on Willow Creek. 

1 

Figure 2.7. Streambed sample collection sites on Keg Creek 



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. 

s . 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 presented 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 Wthreshold. 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 n-constructed, Stage ID-degradation, and Stage IV-threshold. 

2.6 Discussion of Channel Stability Assessment 

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 interpretation 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 ID, 

may be the most appropriate areas to concentrate grade control measures. These reaches have yet to 

experience the severe widening associated with Stages N, 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 N-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 2.10. Correlation of stream bed data with stage of channel evolution, West Tarkio Creek. 

"Stage of channel evolution identified from field reconnaissance 



Table 2.11. Correlation of stream bed data with stage of channel evolution, Willow Creek. 

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

ID# 

Monona County, lowa 
L37 
W-34 

Harrison County , lowa 
L16 
F20L 
M-14 
F32 
M-27 
C-15 
F50 

Particle 
size (mm) 

0.01 4 
0.380 

0.032 
1.500 
0.800 
0.01 8 
2.200 
0.750 
0.375 

ID# 

Pottawattamie County , lowa 
G30 

Size class 

silt 
sand 

silt 
sand-gravel 

sand 
silt 

sand-gravel 
sand 
sand 

Particle 
Size(mm) 

0.040 
IV-threshold 
IV-threshold 
V-i Induced 
IV-threshold 

NO-20 
HA-1 
HA-1 €3 

HA-2 
HA-9 
HWY6 
HA-1 8 

Stage of 
Channel Evolution 

IV-threshold 
V-i Induced 

IV-threshold 
V-aggradation 

V-i Induced 
VI-i Induced 

V-aggradation 
V-aggradation 
V-aggradation 

Mills County, lowa 
IN-8 
GL-27 

Size class 

silt 
0.01 2 
0.040 
0.045 
0.062 

Stage of 
channel evolution 

IV-threshold 
silt 
silt 
silt 

sand-silt 
IV-threshold 
IV-threshold 
IV-threshold 

0.380 
0.230 
0.060 

'stage of channel evolution identified from field reconnaissance. 

0.750 
0.750 

sand 
sand 

sand-silt 

sand 
sand 

IV-threshold 
V-aggradation* 



2.6 Discussion of C h a n d  Stability Assessma$ (cant.) 

Only a minor percentage of the stream miles covered in the reconnaissance were classified as Stage I, 11, or 

VI. Simon (1989) points out that the six-stage model does not suggest that each adjusting reach will undergo all 

six stages but implies that specific trends of bed-level response will result in a series of mass wasting processes and 

definable bank and chanrlel 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 msconsinan 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 important 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 timescale, 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 Iowa fluvial system has undergone gully and entrenched 

stream development several times during the Holocene; therefore reaching a final form of stage VI. 



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 

3.2.1 Hunenr 

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 Iowa. Significant stream channel erosion (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. 



3.2.2 Golden Hills RC&D GIs 

Golden I-Iills 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 REO-650 optical storage drive, CTX 

14" color monitor, AT&T "dumb" terminal, ALTEK model AC31 Digitizing Table, and 

TEKTRONM 4696 color printer. GIs software is the NRCS version of Geographic Resources 

~ n d ~ s i s  Supporr System (GRASS) 4.0, and 4.1. The software is run on AT&T UNM SYSTEM V 

release 3.2.3 operating system. 

3.2.3 GIs staff and background 

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 Iowa 

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 County Conservation 

Board's Raccoon River Greenbelt project. Gregg served as Golden Hills RC&D project specialist from 

June to September 1992 for the Loess Hills Landscape Resource Study, and has served as RC&D project 

director since September 1992. 

Diane Whited is the GIS technician for the Hungry Canyons Project. Diane received her Bachelor 

of Landscape Architecture from Iowa State University in May 1993. She is currently working on her 

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. 

3.2.4 Learning GRASS/GIS 

Gregg and Diane have learned features of GRASS/GIS without the benefit of software training. 

The GRASS User's Reference Manual OJSACERL, 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 completely reorganized with the release of GRASS 4.0. 

Technical support concerning the use of GRASS has been received from Dale Ceoila and Shelly Coon 

from the NRCS, Des Moines, and Ken Sibley and Jim Carrington from the NRCS National 

Cartography and GIs Center in Ft. Worth. 



3.3 Procedure 

u.1 Pilot study area for GIs 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 county'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 Dieital 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 a format that could he readily convened into GRASS 

map layers. Data has been acquired at no cost from several sources including the Iowa Department of 

Transportation (DOT), NRCS, U.S. Geological Survey EROS Data Center, Iowa Department of 

Natural Resource (DNR), 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 D O T  

Drawing exchange Format @XF) files, NRCS Digital Line Graphs @LG's), U.S. Department of 

Census TIGER files, and Defense Mapping Agency Digital Elevation Models @EM). Conversion 

routines and data descriptions of the various digital data are described in Appendix B. Other data layers 

were developed by digitizing analog 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 



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 d.3d. Raster files were also created from convened vector files 

using u. 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 u.digit and ALTEK digitizing table. 

GRASS "site list" or  point data files were generated from analog data that was f is t  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 u.digit , the resultant vector file was then 

converted to a site file using u.to.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 following interpretation of the aerial 

reconnaissance video tape, including stream knickpoint locations, and stabilization sites. 

Paint label files were generated in d.lubelr a GRASS Display Program that allows text labels to be 

placed and displayed on the graphics monitor or  printed usingp.map. Paint icon files were created using 

the UNM 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 $.icons, or printed as site symbols in 

p.mup. 

Region definition files were generated in g.region, 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 monitor or printed usingp.mup. 

3.3.4 GIs data laver evalu* 

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 D O T  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). 



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 coarsescale 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 

planning of grade control structure location. 

3.3.5 CTS anal* 

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.woss which was used to generate a slope classification map. 

r.slope.aspect was used to derive a map layer from the Digital Elevation Model data that defines slope 

percentages, r.reclass was used to derive map layers with reclassified category values, e.g., 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. r.mapca1c 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.mearure 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. 

W m p J m m ~ t a t i u n  of 22 COUP@ GIS 

In addition to the map layers developed for Pottwattamie 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, Taylor, 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. 



Stream data from IDOT dxf file 

Stream data from USDC TIGER file 

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

3.3.7 PONTIS management sy8.t.cn 

The project director worked with Marlee and Roger Walton of the W O T  in investigating the 

possibility of acquiring data developed by the WOT's PONTIS bridge management system for 

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

3.4 M i c a t i o n  o f  GIs 

The GIS been has been utilized for several different components of the Hungry Canyons project. 

The GIs has been used to assist the Iowa 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. 



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 E W  sites, and 

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

3.5 Evaluation of G E  

3.5.1 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: r.mapcalc, ?.combine, r.cross, r.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, 

particularly 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.rcport 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 not included with the software, including r.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. 



3.6.1 Hardware lrc~mmendations 

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. 

3.6.2 Software recommendations 

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 

to 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 R e m e n d a t i o n s  

It has become obvious that there 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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Appendix A 



Approximate scale 1"=5 miles 

Adair County 1993 Miles Kilometers % of Total 

W&# stage3 1.05 1.69 4.93% 
stage 4 17.98 28.93 84.41% 
I stage 5 2.27 3.65 10.66% 

Totals 21.30 34.27 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Adarns County 1993 Miles Kilometers % of Total 

staoe 4 7.46 12.00 73.79% - 
stage 5 2 65 426 2621% 

Totals 10 11 16.27 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Adams County 1994 Miles Kilometers % of Total 

stage 4 3.09 4.97 13.24% 
stage 5 20.25 32.58 86.76% 

Totals 23.34 37.55 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RCBD, Oakland, Iowa 



Approximate scale 1"=4 miles 

. . -  Audubon County 1993 Miles Kilometers % of Total 

stage 2 1.03 1.66 13.12% 
stage 3 6.82 10.97 86.88% 

Totals 7.85 12.63 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 

A-4 



Approximate scale 1"=4 miles 

Audubon County 1994 Miles Kilometers % of Total 

stage 1 1 .OO 1.61 1.78% 
BXiW stage 3 14.6 23.49 25.96% 

stage 4 28.76 46.27 51.14% - stage 5 11.88 19.11 21.12% 
Totals 56.24 90.49 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 

A-5 



Approximate scale 1"=5 miles 

Carroll County 1994 Miles Kilometers % of Total 

&\W stage 1 5 22 8.40 22.27% 
mila stage 3 9.92 15.96 42.32% 

stage 4 8.01 12.89 34.17% 
I stage 5 0.29 0.47 1.24% 

Totals 23.44 37.71 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RCELD, Oakland, Iowa 



Approximate scale 1"=5 miles 

CaSS County 1993 Miles Kilometers % o f  Jofal 

stage 5 15.59 25.08 100% 
Totals 15.59 25.08 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miies 

Cass County 1994 Miles Kilometers % of Total 

stage 4 48.83 78.57 55.84% - stage 5 37.04 59.60 42.36% 
stage 5i 1.57 2.53 1.80% 

Totals 87.44 140.69 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RCBD, Oakland, Iowa 



Approximate scale 1"=5 miles 

Crawford County 1993 Miles Kilometers % of Total 

L?S@ stage 1 0.60 0.97 1.44% 
KZEB stage 2 2.83 4.55 6.78% 
R%m stage 3 7.84 12.61 18.79% 

stage 4 20.88 33.60 50.05% - stage 5 9.57 15.40 22.94% 
Totals 41.72 18.13 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RCSD, Oakland, Iowa 



Approximate scale 1"=5 miles 

Crawford County 7994 Miles Kilometers % of Total 

sm stage 1 0.54 0.87 0.93% 
mfs stage 3 3.87 6.23 6.66% 

stage 4 26.38 42.45 45.42% - stage 5 27.29 43.91 46.99% 
Totals 58.08 93.45 100% 

Stages of Stream Channel Evolution 
classified from March 1984 aerial reconnaissance video 

by Golden Hills RCBD, Oakland, Iowa 



Approximate scale 1"=5 miles 

Fremont County 1993 Miles Kilometers % of Total 

llssla stage 4 3.78 6.08 16.36% - stage 5 15.16 24.39 65.60% 
-stage 6i 4.17 6.71 18.04% 

Totals 23.11 37 18 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Frernont County 1994 Mifes Kiton7eters % of Total 

stage 1 6.84 11.01 16.89% 
stage 3 5.03 8.09 12.42% 
stage 4 14.93 24.02 36.87% 
staae 5 4.15 6.68 10.25% - 

#MI stage 6i 9.54 15.35 23.56% 
Totals 40.49 65.15 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Harrison County 1993 Miles Kilometers % of Total 

a@a?J stage 3 6.02 9.69 17.38% 
stage 4 6.05 9.73 17.47% - stage 5 9.56 15.38 27.61% 
stage 5i 6.56 10.56 18.94% 

"886 stage 6i 6.44 10.36 18.60% 
Totals 34.63 55.72 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Harrison County 1994 Miles Kilometers Y/u of Total 

BiXS 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 15.61 14.15% 
@&@stage 6i 8.79 14.14 12.82% 

Totals 68.57 110.33 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=4 miles 

Ida County 1994 Miles Kilometers % of Total 

stage 1 4.68 7.53 30.53% 
stage 3 2.76 4.44 18.00% 
stage 5 0.89 1.43 5.81% 

&SS3S stage 6 7.00 11.26 45.66% 
Totals 15.33 24.67 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RCBD, Oakland, Iowa 



Approximate scale 1"=5 miles 

Mills County 1993 Miles Kilometers % of  Total 

stage 4 24.03 38.66 88.02% 
I. stage 5 3.27 5.26 11.98% 

Totals 27.30 43.93 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RCaD, Oakland, Iowa 



Approximate scale 1"=5 miles 

Mills County 1994 Miles Kilometers % o f  Total 

stage 3 3.08 4.96 6.86% 
BBasai stage 4 22.93 36.89 51.07% - stage 5 10.37 16.69 23.10% 

stage 5i 4.25 6.84 9.47% 
gtm stage 6i 4.27 6.87 9.51% 

Totals 44.90 72.24 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Monona County 1993 Miles Kifomefers % of Total 

~ g a s ~ a  stage 4 21.53 34.64 73.21% 
I.I stage 5 2.60 4.18 8.84% 

stage 5i 3.15 5.07 10.71% 
stage 6i 2.13 3.43 7.24% 

Totals 29.41 47.32 100% 

Stages of Stream Channel Evolution 
classifled from April 1993 aerial reconnaissance video 

by Golden Hilts RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Monona County 1994 Miles Kilometers % of Total 

stage 1 1.03 1.66 2.37% 
stage 4 34.86 56.09 80.27% - stage 5 1.14 1.83 2.62% 

.- stage 6 3.27 5.26 7.53% 
stage 5i 2.58 4.15 5.94% 
stage6i 0.55 0.88 1.27% 

Totals 43.43 69.88 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Montgomery County 1993 Miles Kilometers % of Total 

stage 3 3.83 6.16 15.52% 
m stage 4 11.35 18.26 46.01% - stage 5 9.49 15.27 38.47% 

Totals 24.67 39.69 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Montgomery County 1994 Miles Kilometers % of Total 

stage 1 6.25 10.06 11.62% 
Stage 2 0.78 1.26 1.45% 
stage 3 13.90 22.37 25.85% 

m stage 4 25.65 41.27 47.70% 
stage 5 6.48 10.43 12.05% 

@Zi% stage 5i 0.71 1.14 1.32% 
Totals 53.77 86.52 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scaie 1"=5 miles 

Page County 1993 Miles Kilomefers % of Total 

stage 3 1.87 3.01 3.47% 
BIBBI~~~ stage 4 51.95 83.59 96.53% 

Totals 53.82 86.60 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RCaD, Oakland, Iowa 



Approximate scale 1"=5 miles 

Page County 1994 Miles Kilometers % of Total 

stage 1 3.46 5.57 3.94% 
staae 3 7.23 11.63 8.23% - 
stage 4 63.44 102.07 72.18% 

'I. stage 5 13.76 22.14 15.66% 
Totals 87.89 141.42 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RCBD, Oakland, Iowa 



Approximate scale 1"=6 miles 

Plymouth County 1994 Miles Kilornoters % of  Total 

-stage 3 2.04 3.28 100% 

Totals 2.04 3.28 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 
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Approximate scale 1"=5 miles 

Shelby County 1993 Miles Kilometers % o f  Total 

VBZ~ stage 2 2.33 3.75 2.88% 
, Bifm stage 3 40.92 65.84 50.66% 

'8astl stage 4 36.72 59.08 4546% 
""X stage 5i 0.8 1.29 0.99% 

Totals 80.77 129.96 100% 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Shelby County 1994 Miles Kilomofers % of Total 

&SS stage I 2.17 3.49 2.07% 
stage 3 3.87 6.23 3.70% 
stage 4 68.85 110.78 65.83% 

'II stage 5 28.9 46.50 27.63% 
%mz stage 5i 0.8 1.29 0.76% 

Totals 104.59 168.29 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Taylor County 1993 Miles Kilometers % of Total 

mrw stage 3 1.07 1.72 6.43% 
stage 4 15.56 25.04 93.57% 

Totals 16.63 26 76 1 OO"/, 

Stages of Stream Channel Evolution 
classified from April 1993 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 



Approximate scale 1"=5 miles 

Taylor County 1994 Miles Kilometers % of Total 

ma stage 3 1.49 2.40 3.57% 
W stage 4 34.73 55.88 83.11% 

stage 5 5.57 8.96 13.33% 
Totals 41.79 67.24 100% 

Stages of Stream Channel Evolution 
classified from March 1994 aerial reconnaissance video 

by Golden Hills RC&D, Oakland, Iowa 
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Appendix B 



Golden Hills RC&D Geographic Information System 

Pottawattamie County Data Layers 

Projection: UTM 

Spheroid: Clark66 I 
Resolution: 25 meters 



A. Digital Elevation Model for Pottawattamie County 

Raw DEM data for the state of Iowa 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 1-degree by 1-degree units. The 
data consist of a regular array of elevations referenced horizontally using the geographic 
fJatitude/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 elevatio'ns per profile. The 1- 
degree DEM data has an absolute accuracy of 130 meters horizontally and 30 meters vertically. (LT.S. 
Geological Survey, Earth Science Information Center) 

1. 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/cOsO the raw DEM's were loaded into 
$LOCATION. 

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

3. 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. 

4. The DEM data referenced using latitude and longitude coordinates were converted to a UTM-referenced 
map layer using: r.in.11 input=41095.rot output=41095.model bpc=2 corner=sw,4~1:00N,95:OOW 
dimension= 1201,1201 res=3,3 spheroid=wgs72. This step was repeated for 41096. 

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

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

7. 41095.model and 41096.model were joined using: r.patch 



B. IDOT DXF fies to GRASS vector format 

The Iowa Department of Transportation (IDOT) provided their county Highway and Transportation 
CADD files translated to Drawing exchange File (DXF) ASCII 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 D O T  files were developed from USGS digital line graphs (DLG). 

1. The DXF files were loaded from diskette using: cpio -iudmvcB </dev/rdsk/f03ht to 
$LOCATION/dxf and nncompressed using: gunzip. 

2. The ASCII 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. Apointsftle was created using the UNJX vi text editor in the user's $LOCATION/points directory. The 
format and an example of thepointfile 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.transformn 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. 



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 FPS code. 

1. The files for Pottawattamie County were first sorted for use in GRASS using: sort -0 t19155.1 
tgr19155.1. The sorted file "t19155.1" was moved to the user's $LOCATION/tiger directory. This 
step was repeated for tgr19155.2. 

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

3. A program called 1ist.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 
v.import, for example the "A31" entries are for undivided county roads; a map layer showing these roads 
can then be generated in v.import. 



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

Roger Greenough of the NRCS Digital Cartographic Production Facility in Ames provided Hydrologic 
Unit data in ASCII Digital Line Graph (DLG) f ie  format. 30 DLG's representing the 30 7.5' 
quadrangles that cover Pottawattamie 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. 

1. The DLG's were loaded into $LOCATION/dlg using: cpio -iudmvcB < /dev/nnt/cOsO. 

2. The process of convening 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. 

3. 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 DLG's that would allow for the 
display and analysis of an entire watershed. The individual DLG's could be patched together using 
v.patch following conversion to GRASS vector format, however the 7.5' quadrangle boundary lines 
dissected the individual watersheds. 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 Ft. Calhoun files to read as zone 15, and then patch all 30 files together to display unique 
watersheds. 

1. The 30 DLG files were converted to GRASS vector format using v.irnport option #1 

2. The Modale and Ft. Calhoun files were converted to ASCII format using v.out.ascii so that they were in 
a format that can be used in v.transform. 

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

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

5. The files were converted to GRASS vector format using: v.import option 6'3. 

6. The 30 files were patched together using: v.patch. Topology was built for the resultant f i e  ushg: 
v.support. 

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

8. 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 coven 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 he 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 videoqott93 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 Iowa 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 control 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 are related in a second flow chart. 
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1.0 INTRODUCTION 

1.1 Obiectives 

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. 

1.2 Geologv of the Studv Area 

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 ft) 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 

geologically as the DeForest Formation. The DeForest Formation consists of four members: Camp Creek, 

Roberts Creek, Corrington, and Gunder listed from youngest to oldest (Bettis, 1990). These stratigraphic 

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 Watkiis and Hatcher beds. Cut into the Gunder 

member is the Roberts Creek member containing both Mullenix and Turton beds. Cut into the Roberts 

Creek member is the Camp Creek member representing the youngest fill consisting of "post settlement 

alluvium". The Corrington member is limited to alluvial fans where small and moderate sized valleys enter 

major 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 outcrop discontinuously along the stream as both the process of degradation and 

stratigraphy of the members are not uniform. 
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Figure 1.1. Small valleyllargevalley stratigraphic comparison of the Deforest Formation. 
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Figure 1.2. Sequence of cuts and tills comprising the Deforest Formation. 



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 Corringon member seldom appears i n  

stream channels, i t s  description i s  limited to that given in Table 1.1. 

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

MEMBER BED LITHOLOGIC PROPERTIES 

Camp Creek stratified silt loam to clay loam (texture varies according to local source 

material); calcareous to noncalcareous; very dark gray to brown 

(10YR 311-513); no surface soil to very poorly expressed surface sot1 

developed in upper part of unit. 

Roberts Creek Turton stratified silty clay loam to loam; calcareous to noncalcareous in upper 

part; very dark gray to dark grayish brown (10YR 3111112); thin dark 

colored surface soils developed in upper part. 

Mullenix stratified silt loam and clay loam with thin lenticular sand and gravel 

bodies in lower part; noncalcareous grading downward to calcareous, 

very dark gray to dark grayish brown (IOYR 31442); coarse columnar 

structural unitsevident on weathered sections; thick dark-colored 

surface soils in upper part. 

Corrington stratified to massive; calcareous to noncalcareous; loam to clay loam 

with lenses of sand and gravel; very dark brown to yellowish brown 

(10YR 215-514); several buried soils; thick well horizonated surface soil 

with brown B horizons developed in upper part; found in alluvial fans in 

large valleys. 

Gunder Hatcher massive (to planar bedded in its lower part), calcareous to 

noncalcareous silt loam; brown to yellowish brown (IOYR 413-514); 

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 (5GY 411) to olive brown (2.5Y 414); 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 it). 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 ft) 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 

Iowa 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 estimating undrained shear strength, cu, of clays 

was also evaluated. The vane shear test relates strength to the torque required to induce failure of a 

cylindrical volume of soil surrounding a four vane apparatus that has been inserted into the base of a 

borebole. 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 s~milar 

variability in the results. 

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 Degra&h 

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. Lohues et al. (1977) indicate that the Missouri 

River south of Omaha, Nebraska has had vertical stability and the majority of tributaries in western Iowa 

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 fill supports this as a possibility 

(I-Iallberg 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 indude Kansas, Illinois, 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" Fitter, 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 cause the deposition of 

suspended sediments or aggradation. Aggradation upstream from the structure depends on channel 

characteristics and stream profiie. A sediment prism forms with depth equal to the height of the 



stabilization structure at the crest. This sediment prism extends upstream until a 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 each to construct (Hanson, 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 stabiliation 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 II - "Constructed" The stream channel has been re-shaped (channelized) with a trapezoidal cross- 

section; vegetation has been removed. 

Stage DI - "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 N - "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 flood plain. 



2.2 Use of Classificatim for Yg&aihm 

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. 
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Figure 2.1. Six-stage model of bank-slope development. (From Simon, 1989) 



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 G e o m o r p M e t h o d  

Hack (1957) observed that the longitudinal profile of a stream can he expressed by a simple equation: 

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-bodegraded profde, the amount of 

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

Figure 3.1. Ideal application of the Hack model 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 

Iowa 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 riven 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 Model 

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: 

where X = distance from the headwater in kilometers and W/D = the width to depth ratio. 
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Figure 3.3. Keg Creek and Walnut Creek longitudinal profiles plotted on logarithmic scale 
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Figure 3.4. Indian Creek and Maple River longitudinal profiles plotted on logarithmic scale. 



A second assumption is that the channel is trapezoidal with one to one side slopes and the bottom width is: 

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, z, is: 

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 venical equilibrium because it was aggrading 

downstream of the section. From the Willow survey data, a 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/mZ and 76.46 m3/s respectively. 

Manning's equation is used to calculate the flow rate of the cross section: 

where Q = discharge (m3/s), n = Manning roughness coefficient, A = area of the cross section (m3, R = 

hydraulic radius = wetted area /wetted perimeter (m), and S = slope of the channel. 

This discharge was used to back calculate a recurrence interval, RI, from the following discharge equation 

Lara (1973): 

where LF = land use factor = 0.80, D, = drainage area 0, and Q in m3/s. The RI 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 calculated shear stress the section is lowered by an increment of 7.62 cm and the 

shear stress recalculated. The section is lowered until the calculated 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: 

and equation 5 as modified by the assumption of a trapezoidal cross section to give equation 8: 

where V = Mannings velocity (m3/s), n = Mannings roughness coefficient = 0.035, B = channel bottom 

width (m), D - depth of flow (m), and S - 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 

k ~ / 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: 

where B,,, = new bottom width (m), B, = bottom width prior to lowering (m), DD = change in depth 

(m), W/D = constant width to depth ratio, S,,, = new slope, S,= 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 he run on any personal 

computer but preferably an IBM compatible 386 or 486. 



3.2.1 -ns of tr- 

This program was run on Widow 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 

a 1965 U.S.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 a maximum of 1.68 

meters (5.6 it) 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 

Willow Creek 
Keg Creek 
Walnut Creek 
Indian Creek 
McElhaney Creek 

Year from which the degradation 
is calculated 

1966 
1954 
1976 
1976 
1965 

Maximum Future 
Degradation 

(meters) 
3.35 
1.68 
0.61 
0.076 
3.58 

Distance from 
headwater (km) 

20.92 
55.70 
53.27 
32.19 
5.52 
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Figure 3.5. Willow Creek predicted stable longitudinal profile. 

Figure 3.5a. Willow Creek predicted stable longitudinal profile (detail). 
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Figure 3.6. Keg Creek predicted longitudinal profile, 
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Figure 3.6a. Keg Creek predicted longitudinal profile (detail). 



Figure 3.7. Walnut Creek predicted longitudinal profile. 
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Figure 3.8. Indian Creek predicted longitudinal profile. 



Figure 3.9. McElhaney Creek predicted longitudinal profile. 

3.2.2 of erosion resistance 

Massoudi (1981) calculated an erosion resistance of 0.041 k~/rn' 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 calculated for Keg Creek, Walnut Creek, Indian Creek, and McElhaney 

Creek assuming that the funhest 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. 



The erosion resistances for Keg Creek, Walnut Creek, Indian Creek, McElhaney Creek and Willow 

Creek are shown in Table 3.2. 

Table 3.2. Calculated erosion resistance. 

It 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 

channel 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 

varied from 4.95 meters (16.5 ft) on Indian Creek to 0.53 meters (1.76 ft) on Walnut Creek. 

Stream 

Willow Creek 
Keg Creek 
Walnut Creek 

~~~ ~ 

lndianCreek 
McElhaney Creek 

Table 3.3. Maximum predicted degradation using Tractive Force Model. 

Calc. Erosion 
Res. 

0.041 
0.043 

-- 0.043 
0.019 
0.059 

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 Walnut. Inspection of 

Figure 3.3 shows that Keg Creek's slope tends to be somewhat steeper than that of Walnut Creek. This 

Stream 

Keg Creek 
Walnut Creek 
Indian Creek 
McElhaney Creek 

Distance from 
headwater (km) 

26.94 
70.33 
30.90 
51.95 
13.86 

Calculated Erosion 
Resistance (k~lm') 

0.043 
0.043 
0.019 
0.059 

Channel slope 

0.12 
0.08 
0.08 
0.04 
0.32 

Maximum 
Predicted 

Degradation 
(meters) 

1.45 
0.53 
4.95 
1.75 

Clay 

28 
22 
35 
- 

26 
27 

Loess Thick. 
(m) 

22.86 
22.86 
7.01 
10.67 
<3.00 

Distance from 
headwater (km 

55.70 
53.27 
32.19 
12.87 

Percent of 
Stream 
Length 

54.4 
51.5 
65.9 
37.1 



again points to channel slope as the most important variable controlling the predictions from the Tractive 

Force Model. 

3.3 Conclusions -egradation Predictiw 

Two models to 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 he 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 

he identified, detailed cross sectional data must he 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 

easier to apply. 



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 geometxy, 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 

evolution as described in section 2.1. 

Figure 4.4. Flow chart for assessing the need for a grade control structure. 

Condition of Stream? 
I 

I I i 

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 I1 - constructed, stage ILI - degradation, or stage N - 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 mode@) 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($ 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 he based on potential damages at the site, including damage to infrastructure 

and land loss. 

4.2 Obiectives o f  Grade Contro l  Struchlre$ 

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 stabilization 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 Control Structure Needed 

I 
J 

- site visit 
- recent profile and cross sections 

I 

Objective 
Extended Reach 

I or 
Specific Target I 

I I - - ldentify eciir%&l locations structure height w:ll control depth of sedlment prism 1 
use liberal stable slope estimates I 1.- use conservative estimate of horczontal pro,ect~on , ' 1  

I 
I 

I 

I I -vary structure heights at several locations I I to estimate stable slope I I 

Extended Reach Objective 
-prevent land voiding along a reach 

- protect a group of bridges, utility crossings, etc. 
- inundate a series of knickpoints 

I 
. 

I I 
I I 

I 

Select structure type based on 
availibility of materials and construction 
limitations set by needed height 

Specific Target Objective 
-protect a single bridge, utility crossing, etc. 

inundate a single knickpoint 

Figure 4.2. Flow chart for grade control planning 

I I 



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 materiai. Voids left behimd 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 units and therefore may be the most 

desirable foundation soil of the DeForest Formation. 

Figure 4.3. Seepage paths at geologic contacts. 



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 ft) 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 Methods for Estimatin~ Stable Slope 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 estima~ion 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 Horizon-on method 

The horizon~al projection provides a lower bound for estimating channel control. It 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: 

where R = length of reach controlled (m), d - structure drop (m), and S ,  = stream slope ( d m ) .  Figures 

4.4 and 4.5 provide a graphical estimate for the length of controlled reach by horizontal projection given 

the stream slope and grade control drop. 

4.4.2 Hydrodynamic 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: 

where i, = Hydrodynamic stable slope ( d 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 



I Estimated Controlled Reach from Horizontal Projection 
as a hnction of stream reach slope, (s) 

0 2 4 6 8 10 

structure drop, (m) 

Figure 4.4. Reference chart for stable slope estimate with horizontal projection. 

1 Estimated Controlled Reach from Horizontal Projection 
as a function of stream reach slope, (s) 

S = 2  
S = 3  
S = 5  

0 I 2 I 4 I 

smcture drop, (m) 

Figure 4.5. Reference chart for stable slope estimate with horizontal projection. 



erosion starts, 1.06 for noncolloidal, alluvial silts has been chosen (m/s), B = width of stream (m), n = 

roughness coefficient (s/ml"); 0.04 has been used in this repon, 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: 

where R = length of reach controlled (m), d = structure drop (m), So - stream slope ( d m ) ,  and Shydio= 

Hydrodynamic stable slope, i, ( d 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) 

shydt0 = 0.45 m/km d = 6  

-8- 
d - I 0  

0.5 I 1.5 2 2.5 3 3.5 4 

stream slope, (milan) 

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

4.4.3 E& method 

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. 



A linear fit on logarithmic scales is a power function: 

where y is topset bed slope, x is original dope, 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 stre& slope at the time of grade control placement. This 

empirical fit (Figure 4.7) gives the following equation: 

y = 0.112x"93 15 

with a correlation coefficient of 0.89. This empirical relationship provides an additional stable slope 

estimating method applicable to western Iowa. 

The reach controlled can then be estimated by the equation: 

where R = length of reach controlled (m), d = structure drop (m), So = stream slope ( d m ) ,  and 

y = estimated stable slope ( d m ) .  

Log slope of original channel vs. Log slope 

OOOOl 00002 0.0001 0.0001 0.001 0.002 0.003 0.005 0.01 

original channel slope 

Figure 4.7. Observed sedimentation slopes upstream of structures placed in loess derived alluvium 



4.4.4 C o m u h  of observed and &mated 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 

reasons 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. 

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 control plan. 

Again, the solid line represents perfect agreement between observed and predicted slopes. The 

horizontal projection method shows a trend similar to the lime 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 controlled 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 imponance 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. 



4.5 Extended Reach Stabilization 

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. 

........... .... .... 
...... ....._.......~. 

'- 
.......... top of bank 

......... ...... .... 

stream* 

/ 
a) series of knickpoints 

.......... ............ ................. 
..... ...... \top of bank 

b) single high head 

....... .... 

knickpoints inundated 

c) stepped low heads 

Figure 4.10. Examples of structure placement to provide grade control for an extended reach. 



In 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 rn drop structures 
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Figure 4.11. Reference chart for estimating differences in controlled reach by projection method used. 

4.6 Protection of Soecific Structure or Knickpoint Inundah  

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. 



Bridge Spanning Actively Degrading Channel 

' Bank failure due to 
undercutting of the toe 

Agradation Upstream of Grade ControI Structure 

around pilings 

Grade control structure 

Figure 4.12. Example 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. 



hydrodynamic control 
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horizontal control 

hydrodynamic projection 
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Figure 4.13. Stable slope projection with corresponding control. 



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 tighten budgets, cost effective grade 

stabilization structures will dominate design selection. Plate numbers 1 through 6 show different designs in 

use throughout western Iowa. The designs were grouped into six categories: 1) reinforced concrete flumes 

(see example plate I), 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 S), 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 suucture site physical characteristics related to the stream channel and basin were 

included. Two sepante data sets exist. The first set in Table A1 (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 aructure 

locations, however their corresponding data were not available. Some of these structures create an 

impoundment and are not considered full flow. Tables A1 and A2 do not include all hydraulic struclures 

found in western Iowa. 

5.1 Economic Cornoarison of Grade Stabilization Struchzres 

5.1.1 Method of analysis 

Data on alternative stabilization structure designs 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 = 

asss, where a = drainage area (km2 ) / cross sectional flow area (m2 ) of design Q, S, = stream slope 

( d k m ) ,  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). 



Plate 1. Reinforced concrete "Greenwood" flume, Willow Creek L16 bridge, Harrison County. 

Plate 2. Sheet pilelriprap structure, Walnut Creek, section 34 Lincoln NVP, Pottawattamie County. 



Plate 3. Double sheet pilelriprap structure, Little Walnut Creek, M47 bridge, Pottawattamie County. 

Plate 4. H-pilelriprap structure, Elm Creek near Decatur Nebraska. 



Plate 5. Gabion flume, Keg Creek, section 1 Hardin NYP, Pottawattamie County. 

Plate 6. Rock sill, Baughman Creek, section 7 Pleasant TWP, Cass County. 



Design flow was determined from the equation by Lara (1973): 

where Q = flow (cms), LF = land factor equal to 0.8, RI = recurrence interval in years equal to 50, and 

DA = drainage area @I?). 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, 

used in the continuity equation, 

yielded a Q equal to the design flow. The resulting 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: 

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

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,O) 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 H 

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. Whiie 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 



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 
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Figure 5.1. Economic comparison of stabilization structure design. 
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Table A?.. List of hydraulic structures in western Iowa. - 
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box fluma TSlNR40W shgjo.6 not m c d  

box nume TS1N R40W s h w . 6  not m c d  

box 0-e T79N R42W har j435 banir grogro.3 

boxllvme T78NR41W har.ms.10 rn-?Ji- 

box Ulmx T79N R42W hmjcSI 1 nh mila 

boxf lme  T81NR43W hPr.dL3 stoul~ 1903 7 8' 

box l lum WUNR39W k f a j l 3  dutch brmch 25 2 

box Oume T78N R39W k f a i l l  mc h c h w  llish 

box flume T81N R42W har.lk36 mud 1947 31 1' 

box 0- T78NR43W bar.lngll banirgmuc 

box bm T81NR40W -,6 wlmd 

b x l l u m e  TSONR4lW har.&&20 . pleyme 

box llumc TSlNR42W k . l k 3 l  d l m a  

box flume T78N R39W aimfajail1 nd m c d  

twnbox llumc T7lN R43W millyo.ZSR4 wsuhrnat 

(mbox Uumc T20N R40W she.w.7 P-0 $176,542 81 IP88 5 2  25 3 3 4 

rn box llumc T73N R40W nuI.Hn429 not oand $llS.mOW 1992 4 6  

m box l l m c  m w . 9 1 1 6  not m e d  1x2 1 9  4 9 



Table A2. (continued) 
h t i o n  P l e d  on Main Bnnch &, Dmp Barin A m  Above Sbcam Cradicn( Suu- T w  Legal heation (munty.mhp,wc) o r T n i w o I  (mcbn)  s m m r e i q l r m )  (&) 

brohbrohback T79N R4oW &*-.28 not named 

bmkm bask T78N R40W rh0.3h421 not named 

biokm back T80N R39W &c,ran.l4 n d  named 

b m h k o k  T81NR40W ahagm.10 mrmil 

bmkm back T8ON R37W &xpo1.9 langbranch 51 8' 

bmCcn bask TSONR40W dx.war.27 himmqUn0 141.18330 1992 4 0  1 1 

bmkm back T7TN R38W &ehc,-3 not named $23,087 70 1988 3 2  

bmkn baok TXIN R40W shw.29 f R P W ' +  8 0  

d m p a c t  T8LNR39W rile,mill t r iunllw 

d r o p a d  T79NR37W h j q 3 1  ndnamod 

dmp hiid Tl9N R39W rhe,l&l trim. fmk akhm 

dmp a n  ~ 8 0 ~ ~ 4 0 ~  rhc.vas.34 trun&o 

& o p a c l  T78NR38W & c m 3  not named 

&op%et T79NR38W he.-25 nor m e d  

dmp hlct 

mop h l a  

&op a n  

dmp au  

dmp a e ,  

dmp a n  

mop s e t  

drop a n  

dmp a e t  

dmp a n  

"Of wmd 

a m  W o  

no, named 

him- 122,38508 1992 1.5 4.1 

trilangbran~h 

no, named 

trim. NIhnab0-m 

bid1 

*Icy 

&elk 

dmp T7FNR40W he,-.I8 not named 

d m p d c i  T8lNR37W Ihcjcf7 &elk 

d i o p a a  T~ONR)?W ah0.~1.8 tiiioq.bmoh 

mop h l n  T80N R37W h.pol .4 hilongbranch 

drop h l a  ~ 7 9 ~ ~ 3 7 ~  rhcjac.30 not named 



Table A2. (continued) 
-1 h t i o n  e l a d  on& B& C_l sop a u i t ~ r c a  Abave S u m w i o n i  

S-Tp (counfy.ms+.-) a ~ n b u q  of (meten) swc (rl hn) (m/bn) 

-wood 0- n 9 N  R43W h . d . 3 6  hamp p v e  4.6 36.3 

g-ad flume ~ B N  ~ 4 1  w har,-.~ I m e  5.7- 0.9 

-wood flume T80N R43W &,mag23 willow S177.109.M ,1972 7.3 255.1 1.6 

-wood l l m e  T80N R44W k i s g l  l 8ke~ 1963 6.1 20.7 

~ d l l u m e  T81N R42W h ,F i29 /20  willw S146.146.M 1972 179.5 1 9  

&wewad lime T80N R43W bar-9 hiallcn 

&wewood O m <  T79N R41 W h . s r . 2 5  hi& 

-rvwd Oumc T80NR40W she,-16 Pigwn 

gnenazad flume T79N R41 W h.ea524 %P+ 

&wewood f l m e  T80N R44W h a r m 2 2  If% 

-wood flume T80N R42W hY.boy.2 mboya  

V v o o d  Omc n 9 N  R43W har.d.16 t i iu i l lm 

-wad emc T ~ O N  R ~ W  hjragi25 d i m  m k  

ffcc~wood flume T80N R43W harlmae/4 dial crcek 

-wood flume moni%pr/25/26 clk CTCC~ 

-woad rims n m  ~ 4 4 ~  har,~$.2s hicurlid 

Bnmwoai Oumc T81N R43W hajall.21 mbb 

ffd flume T80N R4dW h . r ag36  sllm 

grrmumodflmc T81N R41 W hY.hY.8 m b o ~  

-wood Oumc l79N R43W har.d.26 hog 10 4 

&wewad flume T80N R40W she,wy23 himaquh 31 1 

 wood f lme  T81N R43W h.mag30 dlc. 38.9 

-wood l l m  l78NR44W h.atj,2 mbT- 

&wewad flume T78N ~ 4 2 w  b.mi.33 pidamn $326.981 00 1979 146.3 1 5  

-wood 8-e T80N R40W s h c . q l 4  tnmaquiiuii 2 5 9  



Table A2. (continued) 

S m r u r c  T p  Lacatian Placedon W B m c h  C_t h o p  BBILi Area Abovc SVeamOndi~ilt 
L a c a h  (counfy,rml~p..icc) oiTnbularyol (mctw) srmdd(rqhn) (h) 

p d o r R C B  T7lNR43W d . l y o 3 5  waubomie 46.6' 

gnwd or RCB T72N R42W d . -3  hirilver 

gnwd orRCB WlNR42W d.raw.26 spibig d i c y  7.8' 

&or  RCB T l l N  R42W d.mw.36 S F %  d l c Y  

gnladmRCg T7lNR41W rmidl.31 sp+ .alley 

p d o r R C B  T7lNR41W miLdl.38 hlpawlo 

p d  or RCB Tl2N R43W dLg10,36 not r m c d  

p d o i R C B  T7lNR41W mildl.34 hlpbic 

mwd or RCB T72N R41 W d . s i l .6  abomc 

p d  a RCg T72N R4OW d.kd.36 a i m d i m  

p d o r ~ ~ ~  ~ 7 3 ~ ~ 4 3 ~  rml,&ls '=LW"Y 

& or RCB T72N R42W mdi.oc~32 wuboiuis 

gnwdmRCB TlZNR40W rml.dcc.1 oluidian 

gnwd orRCB T73N R41W d ,mg30 PmC 

p d  or RCB T73N R41 W d q . 3 3  abome 

p d  or RCB T72N R43W rmilgir.36 not -4 

p d  oiRCB T73N R41 W rml.q.19 P m c  

mmetc nme %at0,14 not m c d  

-dam T81NR40W rho.gm.33 PI-= 

sadam 180N W9W ihe.ws.7 not m c d  

-dam T81NR40W ahe.gc%i.32 piayu"yu" 

-dam T78N R40W ihe.ihc.30 h i e .  brwch keg 

*dam ISINR40W **.go,.) bee- 

= dam T8lN R40W shsgro.33 h ipreyme 

-dam T81NR40W ihcgr0.5 hid1 

xs dam T78N R40W %hc.ihe,20 h ie .  brarich keg 
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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 

Iowa. 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 

streams in western Iowa 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 recognizing 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 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. 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 Iowa 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 Iowa residents retell stories told by their parents about animals and 

property floating down the flooded rivers. One version of a telephone party-line conversation described 

a "play-by-play" of what was floating down the floodwater of Indian Creek -- "Oh, there goes another 

cow - a couple of hogs - another cow - O h  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 Iowa 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, Iowa, in 

1916-1917, had a bottom width of 10-feet, one-to-one side slopes, 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 15-feet to 120-feet or  more. Map 1 shows the approximate boundary 

of where stream degradation is occurring in the deep loess region of western Iowa. 
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2.0 PURPOSE O F  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 Iowa 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 O F  ANALYSIS 

3.1 Studv Stream Selectioia 

Five western Iowa 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 

Keg Creek 
Mosquito Creek 
Willow Creek 
Indian Creek 
McElhaney Creek 

Degrading drainage area intervals 
included in the analysis (square miles) 

59.6 - 190.0 
4.5 - 23.0 
7.1 - 129.0 
33.0 - 68.0 
13.5 -1 9.0 



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 Iowa. 

These five streams represent a purposive sample of degrading streams in western Iowa. 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 Iowa. 



3.2 Studv Stream Conditions and Measureme& 

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-hank 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 2 15 feet wide at the barren 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 widths. These adjustments were based on recent stream 

drawings by county engineer personnel showing the top-of-hank 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 Deeradation Cost Estimates 

3.3.1 Infrastructure and land voiding 

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 



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 Iowa 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 function (equation 1) was used to estimate the rate of stream degradation over time for 

each drainage area interval on each study stream. 

where: 

SW(t) = top-of-bank stream width in feet at time t, 

IW = initial channelized top-of-bank stream width in feet (obtained from historical 

records), 

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, 

to = year corresponding to initial channelization of stream, 

n = 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: 

where: 

ACk = acres of land lost by each stream drainage area i in year y, 

Li = length of drainage area i in feet, 

SW, = top-of-bank stream width in feet at time t. 



The estimated time value total cost of land voiding was obtained from equation (3): 

where: 

LC= estimated annual total cost of land voiding, 

AC,= total number of acres voided in year y, 

(9 / P r, 1992-y) = future value of a given amount of money in year y, 

Vy = 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): 

I992 

COST =x 4) (C*A ~ ~ ~ ) * C ) ( l j l P r , 1 9 9 2 - y ) ,  

where: 

COST = estimated total cost of stream degradation, 

DSWW = change in stream width in year y, 

C = per unit cost of the infrastructure in year y, 

PY = index to account for inflation, 

Y = year corresponding to width change in the stream, 

r = long run interest rate, 

(PI P r, 1992-y) = future value of a given amount of money in year y. 

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. 

3.3.2 Rerouted Bridge Traffic 

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 



been closed for 60 days for these repairs and expansions. Thus, travelers incurred additional costs to the 

close circumvent 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 =C C C (VC,~)(M,~)(TP~~)~ 
d v r  

where: 

TC = total travel cost, 

VC = variable vehicle cost for vehicle type v, road type r, 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 2 five square miles. 

Most tributaries are less than 15 feet wide at the top-of-barren soil level. Therefore, the aerial 

photographs could not he 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. 



4.0 THE DATA 

43, Initial Channelized Stream W i d t h  

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 chan~lelized widths. N o  

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. Estimates of initial top-of-bank widths by size of drainage area. 

4.2 Estimated 1992 Stream Widths 

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: 

where: 

TW = estimated 1992 top-of-bank stream widths, 

NRCSW = NRCS estimated top-of-barren soil widths, 

b = adjustment coefficient. 

The constant (a) 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). 

Generalized channel 

widths (feet) 

<I 5 

15 

20 

26 

34 

42 

42 

42 

42 

Drainage area in 

square miles 

0-5 

6-10 

11-20 

21-40 

41-70 

71-100 

101-130 

131-170 

171-220 

Range of documented 

channelized widths (feet) 

N A 

N A 

N A 

26 

2642 8 3440 

42 

42 

3642 

36 



Table 3. Regression results from equation (6). 

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

interval were obtained by equation (7): 

Stream 

McElhaney 

Indian 

Willow 

Keg 

Mosquito 

where: 

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

N = number of NRCS measurements within each drainage area interval, 

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

L, - total length (feet) of the drainage area interval, 

W, = 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. 

O n  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. 

Regression 
coefficient 

1.97 

1.45 

3.13 

2.47 

2.58 

R~ 

0.45 

0.56 

0.61 

0.53 

0.87 

"t" statistic 

10.3 

13.6 

9.6 

18.5 

4.5 



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

Estimated width 

124 

108 

124 

98 

116 

116 

116 

121 

111 

Field measured 
width (feet) 

85 

90 

80 

95 

140 

130 

124 

95 

105 

Stream 

Keg Creek 

Estimated 
width as 

percent of 
field 

measured 
width 

146 

120 

154 

103 

83 

89 

94 

127 

106 

Location 

Mills Countv 

T73 R42 Sec 5.8 

T73 R42 Sec NL5 

T72 R43 Sec NW24 

T72 R43 Sec 13 

T72 R42 Sec NL6 

T73 R42 See 30131 

~ 7 3  R42 See NL30 

~ 7 3  R42 Sec NW17 

T73 R42 Sec 8 

T74 R39 See SL34 

Montgomeiy Countv 

T73 R39 Sec 314 

45 

42 

45 

48 

100 

88 



Table 4. Comparison of estimated top-ofbank stream widths and field measured top-of-bank stream widths 
(cont.). 

$.,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). 

The estimated parameters were: 

a = 0.73, 
2 R = 0.84, 

,, $8 t statistic - 13.6. 

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



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

Source: Daniels, 1960: 1992 widths are calcuiated using equations (6) and (7). 

Year 

1919 

1919 

1920 

1929 

1931 

1933 

1936 

1942 

- 1950 
1952 

1958 

1992 

4.4 Tributary d e p d a t i o n  cos& 

N o  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: 

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 Larilner 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 

Upper Willow Drainage District No. 1 

T79N R43W 

42 

42 

72 

80 

110 

139 

Upper Willow Drainage District No. 2 

T80N R43W 

42 

42 

57 

100 

123 

T81N R43W 

34 

50 

80 

96 

128 

T81N R42W 

34 

100 

110 

120 

128 



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): 

where: 

DA = drainage area in square miles, 

M - the planimeter measurement, 

24,000 = map scale of 1:24,000, 

2.49"' = 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. 

Source: Baumel, et al., 1991 

Vehicle Type 

Single axle truck 

Tandem axle truck 

Semi-tractor-trailer 

Tractor-wagon 

Table 7 shows the distribution of types of trips assumed 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, Iowa. Traffic volumes for each bridge were taken from the most recent county engineer bridge 

inspection reports. 

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). 

State 

Type of Road 

Paved County 

42.8 

58.7 

66.9 

113.0 

Gravel 

Autol~icku~ 20.2 

44.9 

61.6 

70.3 

118.7 

21.6 

62.5 

85.7 

97.7 

165.0 

28.1 



Table 7. Percentage of travel by purpose and vehicle type. 

Source: Baumel, et al., 1989 

Type of travel 
Household 

Auto 
Pickup 
Truck single axle 

Subtotal 
Farm 

Auto 
Pickup 
Truck 

Single axle 
Tandem axle 
Semi 

Tractor-wagon 
Subtotal 

Other 
School bus 
Post Office 

Subtotal 
Grand total 

4.6 Per unit infrastructure costs 

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. 

Percent of total 

58.9 
7.5 
2.0 

68.4 

0.6 
23.4 

1.93 
0.75 
0.22 
0.28 

29.7 

0.8 
1.1 

1.9 
100.0 

4.7 Land Values 

County landvalues 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). 



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

Varied by years. 

"' Reported damages. 

"'* Obtained from table 6 

Cost oer unjt 

$40 - 

1,300 

bfrastructure 

Hiqhwav bridges 

Railroad bridges 

Land voiding 

Pipelines 

per unit measurement 

Square foot 

Linear foot 

Acre 

Linear foot 



5.0 RESULTS 

Ll Time neutral costs o f  the five study s&s.m 

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 onemile 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. 

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 Mosquito Creek. Of the total 

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

rap. 

Streams 

Mosqulto 

$432,300 

1,919,700 

1,604,900 

2,100 

5,500 

800 

400 

135,200 

$4,100,900 

Type of cost 

Land vo~dlng 

Hlghway brldges 

Rallroad bridges 

and rlght-of-way 

Plpellnes 

Telephones 

Electrlc 

Rural water 

County brldge 

trafflc re-routlng 

Total 

W~llow 

$356,200 

1,615,300 

0 

0 

400 

4.100 

0 

75,200 

$2,051.200 

$1,319,800 

5,801,500 

1,719,300 

84,600 

18,900 

7,700 

400 

462,600 

$9,414,800 

Keg 

$412,000 

1,943,400 

91 000 

61,900 

12,700 

0 

0 

163,600 

$2,684,600 

McElhaney 

$14.000 

178,200 

0 

7.500 

0 

2,800 

0 

23,600 

$226,100 

lndlan 

$105,300 

144,900 

23,400 

13,100 

300 

0 

0 

65,000 

$352,000 



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 a 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. 



Table 10. 
E

stim
ated tim

e neutral costs o
f degradation by county for the five study stream

s. 

. Type of cost 

Land voiding 

H
lghw

ay br~dges 

R
ailroad 

bridges 
and 

right-of-w
ay 

P
lpellnes 

Telephones 

E
lectric 

R
ural w

ater 

C
ounty bridge traffic 

re-routlng 

Total 

P
ottaw

allam
ie 

$585,600 

2,121,500 

942,500 0 

16,100 

0 

0 

143,200 

$3,808,900 

H
arrlson 

$290,900 

1,729,000 

187,200 

2.100 

400 

3,400 

100 

65,200 

$2,278,300 

M
lils 

$226,100 

$967.200 

114,400 

63,600 

1.900 0 0 

164.600 

$1,537,800 

Shelby 

$72,300 

218,500 

475.200 0 

200 0 

300 

24,200 

$790,700 C
ounties 

M
onona 

$76,700 

388,900 0 0 0 

500 0 

28,200 

$494,300 

W
oodbury 

$14,000 

178,200 0 

7,500 0 

2.800 0 

23.600 

$226,100 

C
raw

ford 

$44,200 

164,600 0 0 0 

1,000 0 

8,000 

$217,800 

M
ontgom

ery 

$10,000 

33,600 0 

1 1,400 

300 0 0 

5,600 

$60,900 



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 

estimate of the total degradation costs. 

Table 41. Estimated time value costs of degradation for the five study streams from date of stream straightening 

through 1992. 

O n  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 

Streams 

Type of 

cost 

Land voiding 

McElhaney 

$45,300 

Indian 

$824,900 

Keg 

$1,490,300 

Willow 

$1,626.000 

Mosquito 

$3,021,900 

Total 

$7,008,400 



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 essentially 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 

time neutral costs was calculated as follows: 

3 

(time value costs) 
mst ratio= I;' 

" 
(time neutral msts) 

hi 

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. 
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c . g m  

A total of 150 non-study streams in western Iowa have been identified as degrading. Of this total, 

112 streams had drainage areas > 5square 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 Iowa 

Department of Natural Resources 

- information provided by county engineers. 

Total time neutral and time value degradation costs for the five study streams were 

convened 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 million 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. 



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

Degrading stream I Time neutral cost I Time value cost 
. Nishnabotna River I $24,405,2001 $160,282,800 



Table 13. Time neutral and time value costs of degradation for 150 non-study streams (cont.). 



Table 13. Time neutral and time value costs of degradation for 150 non-study streams (cont.). 



Table 13. Time neutral and time value costs of degradation for 150 non-study streams (cont.). 

* 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 Iowa. 

Total time value costs 

$61,834,800 

$1,087,007,300 

$1,148,842,100 

Five study streams 

150 non-study streams 

TOTAL 

Total time neutral costs 

$ 9,414.800 

165,507,700 

$174,922,500 



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 agricultural land and from the opportunity to invest 

infrastmcture repair costs into higher return investments. 

Table 15 shows the incidence of stream degradation costs by county. Twenty-one western Iowa 

counties have suffered large stream degradation costs. The largest time neutral costs were $20.0 million 

for Crawford County and the smallest was $163 thousand in Sac County. The average per county tlme 

neutral cost was $8.3 million. 

Table 15. Ettimated time neutral and tlme value degradation costs of 155 streams by county. 



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 $903 million - an average of $90.4 million 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 

and private infrastructure crossing degrading streams in the western Iowa 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 Pottawattarnie 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 fioin 

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 Iowa. 

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. 



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 he 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 invested in 

productive activities which would have generated a substantial amount of additional income to these 

Iowa 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 Iowa. 

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 he incurred 

should no action be taken to address the problem of stream channel degradation. The second type was a 

time value cost which provides an accurate estimate of the future costs of stream channel degradation in 

1992 dollars. The estimated time neutral future degradation costs for the 106 actively degrading streams 

and their tributaries in western Iowa 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, Shelby, 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 Iowa 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 b 
degradation of actively degrading streams in the deep loess soil region of western Iowa and the associated 

land voiding and private and pubiic infrastructure costs. 

2.0 Method of Andysis 

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 

infrastructure. In the current study, expected changes in stream widths are used to estimate future land 

voiding and private and public infrastructure costs. Thus, predicting future stream widening is critical in 

predicting future degradation costs. 

In this study, 155 degrading streams from the previous study were segmented into three groups: 

I. 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. 

JIl. 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 IU. 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 Estin&&g&eam Widening for Streams that Continue to Degrade (Group 11) 

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 occur 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). 

A 
Stable Downstream 

D i s h e  hrom headwater 
C 

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

HI@ is estimated by extrapolating the stable downstream profile beyond the knickpoint and 

underneath the unstable, upstream profile. Estimates of HI@ were obtained from a tractive 

force 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 hack 

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 is 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: 

SL?sm Date 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, @I) 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 

1:l. 



where: 

H - existing stream channel depth, in feet, 

BW = the channel bottom width as a function of the distance from the drainage divide X, in feet, 

= 12.79 + 1.67X (Massoudi), 

W/D = 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, I-IMP, 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 a 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 

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

Stratigraphic units 

Post settlement 

Mullenix 

Hatcher 

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): 

s.usm Sorltvoe 
McElhaney Creek Post settlement 

Indian Creek Hatcher 

Willow Creek Mullenix 

Keg Creek Mullenix 

Soil cohesion (c) 

( P ~ O  

Mean angle of internal 

friction 

(phi) 

Saturated unit weight 

of soil 

(PCO 

iource: Levich. 1994. 

139 

221 

190 

29 

27 

28 

115 

119 

121 



The Lohnes model was computerized in FORTRAN language and used to simulate additional 

widening from vertical degradation of each streamsegment. The additional widening was added to the 

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

2.2 Allocating Stream Degradation Over Time 

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

SWc, = CW + (FW-CW) --- L:;-I;.J 
where: 

SW(,, = 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 ti, 

to = the time degradation began on previously degrading segments, and 

t f = to + 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 to is unknown and was estimated by equations (3) and (4). 

where: 

PW(t) = the width of the stream at the date of the profile, 

CW = the estimated channelized width, 

FW = the final width, 

t = date the stream profile was taken, 

ti = 1992, and 

to = date degradation began. 



Given an estimate of CW, PW(t), and FW, the date that degradation began, (to) was estimated as follows: 

where all terms were defined previously. 

2.3 Estimated De~radation Costs on Previously Degrading Streams 

Degradation costs are estimated by equation (5): 

DCa = 
I992 A Swi 

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 hack 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 Iowa streams. These newly degrading segments were assumed to have begun degrading in 1992 and 

degradation costs are estimated for 64 years into the future, i.e., 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). 



Changes in stream width on newly degrading stream were estimated in equation (6) as a function of 

the drainage area served by the stream segment. 

ASW = a + b (DA), (6) 

where: 

ASW = change in stream width, 

a = 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): 

ASW = 20.32 + 0.486@~)' 

(4.135) (25.69) 

where: 

ASW = change in stream width, 

DA = drainage area in square miles. 

The r2 value was 0.8955 and the numbers in parentheses are "t" values. 

The final width was defined as: 

where: 

FW = find width, 

W,,, = estimated 1992 width. 

Equation (9) was used to allocate the change in stream width over the 64 years. 

For a given reach of stream, 

SW@ = IW + (FW - IW) 
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where: 

SW(t) = width at time t, 

IW = the initial width at the start of degradation in 1992, 

FW = final stream width at tf, 

= 1992 width + ASW, 

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

= 1992 on newly degrading stream, and 

t f = t, + n yean 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). 

2.5 Generalizin~ t o  the Deg& S e p e n t s  of 102 Streams in Western I o w  

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 [our 

study strmms 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 Iowa. 



3.0 RESULTS 

3.1 Previously De~rading Streams 

The estimated vertical degradation (I-IMP) of previously degrading segments are presented in table 2. 

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

year from the predicted find 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 previously degrading segments of four study 

streams. 

Stream 

Keg Creek 

Profile date 

1980 

1980 

Drainage Area 
in square miles 

91.4 

95.23 

Predicted final 
streambed 

elevation in feet 

1.076.85 

1,070.45 

Streambed profile 
elevation in feet 

1,100.10 

1 090.95 

Expected vertical 
degradation 

(HMP) 

23.25 

20.50 



Table 2. Stream profile elevations and predicted final elevations of previously degrading segments of four study 

streams (cont). 

II 1 I I I elevation in feet 1 (HMP) 
I I I 

Stream 

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 by the Lohnes model and the beginning degradation dates were estimated by equation (4). The 

dates to which costs were estimated are 64 years beyond to, 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 61 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 streams 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. 

Profile date 

Creek 

Drainage Area 
in square miles 

Predicted final 
streambed 

Streambed profile 
elevation in feet 

15.71 

18.34 

19 

Expected vertical 
degradation 

1,182.00 

1.154.17 

1,150.00 

1965 

1965 

1965 

1,160.00 

1,150.92 

1,150.00 

22.00 

3.25 

0.00 



Table 3. 
E

stim
ated additional w

idening and dates of previously degrading stream
s. 

S
tream

 

M
cElhaney 

Indian 

Indian 

Indian 

W
illow

 

K
eg 

D
rainage area intetval 

P
rofile 

Initial 

channelized 

Final 

13.5- 19.0 

33.0 - 37.4 

37.4 - 50.0 
50.0- 61.4 

29.1 - 53.9 

91.4-111.0 

1965 

1976 

1 976 

1976 

1966 

1980 

P
rofile date 

W
idths in feet 

20 

26 

34 

34 

34 

42 

7.3 

10.4 

19.9 

13.0 

27.3 

53.0 

1955 

1967 

1971 

1961 

1938 

1954 

P
redicted land 

voiding in acres 

2019 

2031 

2035 

2025 

2002 

2018 

B
eginning date 

of degradation 

45 

4
4

 

42 

48 

83 

117 

D
ate to w

hich 

cost6 w
ere 

estim
ated 

58.0 

63.5 

56.2 

57.7 

113.1 

140.8 



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

streams 

3.2 Newlv deeradins s t r w  

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. O n  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 paumel, et a]., 1994). 



Table 5. Estimated additional widening of newly degrading segments of four study streams. 

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



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

c 
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.S.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): 

where: 

T G ,  - 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 tributary of the study streams 

was calculated from equation (11): 



where: 

T G ,  = 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. 

. . 
3.3.1 Gener- of trib-adation costs to non-studv s t r e w  

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

1. Equations (10) and (11) were used to estimate the tributary costs on the study streams. 

2. The estimated tributary costs on the study streams were then converted to cost per square mlle 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 

McEIhaney 

3.4 Generalization of the Four Study Stream Costs to Total D-n Costs 

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. 

Drainage 
area 

Willow 

Keg 

Total 

Cost per square mile 

19 

Tributary 
drainage area 

146 

190 

423 

8.29 

indian 

Time neutral 
costs 

34.21 68 

60.51 

98.53 

201.54 

Time value costs 

$122.800 

506.600 1 229.900 

$55.700 

905.200 

1,459,035 

$2,993,635 

$7,077 

406.600 

662,800 

$1,355,000 

$3,203 



Table 8. Estimated future degradauon costs on 102 degrading streams and their tributaries in western Iowa. 



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

4-60 



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

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. 



Table 9. Estimated time neutral and time value future degradation costs on four study streams and 102 non-study 

streams 

IlType of stream Estimated degradation costs 11 
II I Time neutral I Time value II 

Table 10 shows estimated time neutral and time value degradation costs by county. 9 of the 21 

counties 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. 

Four study streams 
Study stream tributar~es 
Non-study streams 
Non-study stream tributaries 
Total 

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

county in western Iowa. 

$ 3,631,200 
$ 2,993,600 
$ 94,286.100 
$ 76,382,300 
$177,293,200 

$ 1,346,400 
$ 1,355,000 
$32,870,800 
$34,570,100 
$70,142,300 



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

county in western Iowa (cont.). 

4.0 SUMMARY AND CONCLUSIONS 

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 Iowa. This study 

is an extension of a previous study estimating the historical degradation costs on 155 streams in this area. 

The 155 streams were segmented into three groups. 

I. 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. 

III. 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 focused on stream segments II and III. 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, Monoua and Harrison Counties; 

Indian Creek in Pottawattamie, Montgomely 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. 



The basic problem in this study was to predict future stream widening. Expected vertical stream 

degradation was provided by a tractive force model. Expected venical degradation was then used in the 

Lohnes model to predict future stream widening. The soil characteristics used in the Lohnes model 

resulted in the wont 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 paurnel, 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, Mils, Montgomery, 

Pottawattamie, Shelby, and Woodbu~y. 

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 Iowa (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 Lohnes et al. (1994) to predict future stream degradation and widening. 

Benefits of channel stabilization were estimated 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 a 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, railroads and utility firms have incurred large losses 

from the widening and deepening of streams and rivers in western Iowa (Baurnel, 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, Iowa. 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 Conservation and 

Development, and the Iowa Interstate Railroad Ltd. @IS). 



2.0 PROCEDURES 

A site on Keg Creek has been selected as a possible location for a grade control structure. Figure 1 

shows the approximate location of the proposed site in Norwalk Township (T76N, R42W, Sections 22, 

23, 25 and 26) in Pottawattamie County, Iowa. 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. 

Pottawattarnie 

Montgornety 

location 

Figure 1. Proposed location for a grade stabilization structure on Keg Creek, Pottawattamie County. 



Table 1. Profile characteristics of the Keg Creek site for the proposed grade control structure, summer, 1994 

profile characteristics I Feet 
I 1 

Top of bank width 

Vertical depth 

Streambed width 

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 t 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. 

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 

Location 

Miles from 
drainage divide 

28 

30 

Predicted 
vertical 

degradation in 
feet 

11.3 

6.5 

Drainage Area in 
square miles 

83.9 

87.6 

Elevation in feet 

1994 

1126.4 

1112.1 

Predicted 
stable 

1115.1 

1105.6 



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 iand on the 1.5 mile stretch of Keg 

Creek. These results, of course, are based on the assumption of no 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. 

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

Characteristic 

Soil cohesion 

Mean angle of internal friction 

Saturated unit weight of soil 

where: 

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

h, = streambed elevation above base level at time to , 
-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(4 = IW + (FW -IW) -- I t:-:o J 

Unit 

Psf 

phi 

~ c f  

Values 

221 

27 

118.5 



where: 

sW(t) = width at time t, 

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

FW = final stream width at ti, 

to = 1994 

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

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

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

1994). 

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

" SW(t + I) - SW(4 
D C j = z [  1994 ,, (1 + i)" 

where: 

DC, = total discounted degradation costs, 

C = per unit cost of repairing degradation damage to infrastructure j, 

j = type of infrastructure, 

Q = physical units of infrastructure j, 

i = interest rate, 

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 perper~dicular 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. 



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 O F  A STABILIZATION STRUCTURE 

The benefits 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 N O  20 

The 19.48 feet of widening would require Bridge N O  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 ;?-feet of vertical degradation. Using equation (I), 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 N O  20 in 2003 was estimated by equation (4): 

Present value of N O  20 span addition - 

(1 9.48 linear feet)($Z,OOOper foot) [ l i ]  = $279373 

where: 

l/(l+i)" = 0.7026, the 4 percent discount factor to convert 2003 costs into 1994 dollars. 

4.2 Bridge N O  21 

Bridge N O  21 sits at a bend on Keg Creek. About two-thirds or 13-feet of the widening at N O  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, a mound of earth at the top of the bank, and the 



west side has 8 feet of berm. Given a 3-foot minimum berm, a 10-foot 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 &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- 

feet of widening would occur by 2004. Equations (5) and (6) were used to calculate the cost of 

protecting N O  21 without a grade control structure. 

Present value of span addition = 

(lOfeeg($2,000per linear foot)(O. 7026) = $14,051 

Present value of rip-rap cost = 

(300tons)($35 / per ton)(0.6756) = $7,094 

The total cost of protecting bridge N O  21 is estimated to be $21,152. 

4.3 Gabion Droo Struc- 

T o  prevent erosion of the four ditches parallel to bridges N O  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 = 

tL4 Railroad B r i k  

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 (I), 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). 



Present value of railroad pier protection cost = 

(2)($95,000(0.6006) = $114,114 

&J Traffic Reroufiaag 

Traffic must be rerouted during the time that spans are being added to 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 = 

Total = $2,108 

4.6 Iand Voiding 

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 to is 1994 and t r  is 2058. 

where: 

P I F=Present value discount factor. 



5.0 BENEFIT-COST ANALYSIS 

A benefit-cost ratio is expressed as 

Benefits 
B / C  = 

Costs (11) 

where: 

B/C - - benefit cost ratio, 

Benefits = present value of land voiding and infrastructure cost savings from building a 

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, Iowa. 

The estimated cost of building the grade control structure is $150,000. The benefit/cost ratio is 

calculated in equation (13): 

Type of cost 

Land voiding 
Bridge NO 20 
Bridge NO 21 
Gabion drop baskets 
Railroad bridge 
Traffic rerouting 

Total 

Present value of savings 

$ 1,756 
$ 27,373 
$ 21,145 
$ 57,690 
$114,114 
$ 2,108 
$224,186 



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 N O  20 and N O  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 N O  20 and N O  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, Sections 22, 23, 25, 26 in Pottawattamie County, Iowa. 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 he 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 LAIS 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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SECTION FIVE 



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 Iowa. 

To that end, 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 Iowa. 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 Iowa. 

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 personnel 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 

Consemation Authority. 



CONTENTS 

ABSTRACT 

List of Maps 

List of Appendices 

1.0 INTRODUCTION 

2.0 THE DEGRADING STREAMS TASK FORCE 

3.0 THE HUNGRY CANYONS ALLIANCE 

4.0 THE LOESS HILLS DEVELOPMENT AND CONSERVATION 

AUTHORITY 

5.0 SUMMARY AND CONCLUSIONS 



List of Maps 

Map 1 Counties participating in the Degrading Streams Task Force 

p. 5-5 

Map 2 Member counties in the Hungry CanyonsAlliance 

p. 5-9 

Map 3 Member counties in the Loess Hills Development and Conservation Authority 

p. 5-15 

List of Appendices 

Request for Proposals Outline - Degrading Streams Task Force 

p. 5-19 

Revised Request for Proposals Outline - Hungry Canyons Alliance/Loess Hills Development and 

Conservation Authority 

p. 5-20 



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 Stabilzzation in Western Iowa 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 Iowa. 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. 



2.0 THE DEGRADING S T M M S  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 DSTF 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 Iowa. 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 Iowa (map 1). These counties represented a large percentage of those in which damages to 

infrastructure and land loss caused by stream channel erosion has been most severe. 

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 channel erosion in western Iowa: 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 Iowa 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 



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 

Iowa affected by stream channel erosion, state legislaton 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), Iowa 

Division of Soil Conservation (DSC), Iowa 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 efforts. 

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 Iowa 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 impact 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 Iowa. 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 

farmland. This research has been supported financially by the Highway Division of the Iowa DOT and 

the Iowa Highway Research Board, the NRCS, and member counties in the DSTF. These entities and 

others including Iowa State University (ISTI), 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, ISU, and Iowa 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; c.) 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. 

Once a 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 planning and design, project administration including 

contracting and laud 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 a more formal organizational structure to carry on 

the work of the DSTF. DSTF 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 member counties formed a grass- 

roots, non-profit organization called the Hungry Canyons Alliance in October of 1992. 



3.0 THE HUNGRY CANYONS ALLIANCE 

The Hungry Canyons Alliance (HCA) 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 channel degradation in the deep loess soils region of western Iowa. Specific 

goals of the HCA 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 NCA expanded from the original 8 counties that 

participated in the DSTF to include21 counties in western Iowa impacted by stream channel erosion 

(map 2). 

----- - - - 

Map 2. Member counties in the Hungry Canyons Alliance 



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 committee are selected from among the directors and are to consist of a county supervisor, a 

soil and water consemation district commissioner, a county engineer, an individual actively engaged in 

farming, and an at-large 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 HCA has carried out the following major activities in pursuit of its 

goals and in continuing the work initiated by the DSTF: 

1. The IHCA 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 DSTF. 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 additional funds to continue to 

construct demonstration stream channel erosion control projects. As with the financial support secured 

previously by the DSTF, 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 Counry, 

McElhaney Creek in Woodbury County, Deer Creek in Mills County, Ninemile Creek in Adair 

Counry. These projects were selected following their review and evaluation by the 



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 initiated by the 

DSTF. 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 Iowa DOT and the Iowa Highway Research Board, the NRCS, and member 

counties. The HCA 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 Iowa. 

Several of these potential research topics include the need to: a.) verify the various approaches utilized to 

~redict  stream channel degradation such as the geomorphic and tractive force methods; b.) test and 

modify models used to ~redict  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 slope 

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 ~otential 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 committees 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 (a 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 described 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 a maximum of 20 points. 

Counties that had not appointed a representative nor provided financial support to the FICA were 

awarded between 0 and 7 points. Counties that had appointed a representative but had not provided 

financial support to the HCA 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 projeci; 

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. 

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. Funding in a 

given fiscal year 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. 



b. A project on the priority list can be removed if the sponsoring county is not able to provide 

the required local contribution. The county can resubmit the proposal in subsequent request 

for proposal cycles. 

c. The scoring and executive committees resenre the right to vary from the raw scores in ranking 

and approving projects for funding. The primary reasons for making such a 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 a 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 I lCA 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 Iowa, 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 I lCA 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. 



b. The NRCSs Emergency Watershed Protection (EW) 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 E W  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 E W  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 related to stream channel erosion and its control. More specifically, the HCA 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. It 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 

Legislation 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 HCA 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 Authority's 

member counties. 

Map 3. Member counties in the Loess Hills Development and Conservation Authority. 



The authorizing legislation also enabled the Loess Hills Development and Conservation 

Authority to meet, organize and adopt rules and procedures as deemed necessary to 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 Iowa 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 otijectives 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 development, and protect 

public and private infrastructure that are closely related to stream channel erosion and stabilization 

measures. 



5.0 SUMMARY AND CONCLUSIONS 

Efforts at the region-wide planning and implementation of stream channel erosion control 

measures in western Iowa 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 Iowa. 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 Iowa. 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 DSTF and continued the work of the DSTF 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 ecnphasize 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 

Iowa 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 



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 to 

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, Iowa 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 operation 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 alternative 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 

I. 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) 

11. Potential Damages (Score 0-40) 

A. Extent of erosion 

1. O n  main channel 

2. O n  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. 

111. Local Support (Score 0-35) 

A. Willingness of local governments or other entilies 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 



Revised Request for Proposals Outline 

Hungry Canyons Alliance/Loess Hills Development and Conservation Authority 

I. Project Scope and Cost 

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 

(cost effective measures are encouraged; preliminary concepts are acceptable) 

11. Areas to Benefit 

A. List the communities and counties that will benefit from the project 

III. Potential Damages (Score 0-60) 

A. Extent of erosion (Score 0 to 30) 

1. O n  main channel 

2. On tributaries 

B. 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) 

C. 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) 

W .  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) 



Revised Request for Proposals Outline 

Hungry Canyons Alliance/Loess Hills Development and Consemation 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 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 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) 




