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EXECUTIVE SUMMARY 
 

Mad Creek, Section 205 Flood Damage Reduction Study, Muscatine, Iowa 
Detailed Project Report with Environmental Assessment 

July 2002 
 
 
This Detailed Project Report (DPR) presents the results of a feasibility study of flooding problems 
along Mad Creek in the City of Muscatine, Iowa.  The Rock Island District of the U.S. Army Corps 
of Engineers prepared an initial appraisal dated November 16, 1998 and initiated the feasibility 
study in March 2000.  The study is authorized under Section 205 of the 1948 Flood Control Act, as 
amended. 
 
The Mad Creek watershed drains approximately 17.3 square miles in the eastern portion of the City 
of Muscatine and areas to the north in Muscatine County.  Due to the nature of the watershed and 
intensive development in the downtown area, Mad Creek is prone to flash flooding, experiencing 
flooding events in 1990 and 1993. 
 
Throughout a feasibility study, the U.S. Army Corps of Engineers strives to inform, educate, and 
involve the many groups who may have an interest in the study.  This coordination is paramount to 
assuring that all interested parties have the opportunity to be part of the study process.  A public 
open house was held on April 11, 2000, in the City of Muscatine, Iowa.  The study team used the 
feedback from the open house to develop and evaluate alternatives. 
 
Alternative plans were developed and evaluated based on appropriate engineering, economic, 
environmental, cultural, and social factors.  The selected plan is the alternative judged to have the 
greatest net economic benefit while being consistent with protecting the Nation’s environment. 
 
Alternative D-2 was identified as the selected plan.  Major components include raising the height 
of approximately 2,300 linear feet of existing levees and 1,700 linear feet of existing floodwalls by 
approximately 2 feet, 230 linear feet of new floodwall, a new bulkhead closure gate to replace the 
existing panel closure at Mississippi Drive, a new overhead closure gate to replace an existing 
floodgate at 2nd Street, a new swing gate to replace the panel closure across the abandoned railroad 
just upstream on 2nd Street and installation of a new closure structure across the railroad south of 
Washington Street.  Minor modifications to the existing pump houses and gatewells along the 
Mississippi River and Mad Creek may be required due to the increase in flood protection height.  
The selected plan also includes improving a section of the Mad Creek channel upstream of 2nd 
Street to reduce flood stages and installation of an enhanced flood warning system.  The project 
cost estimate is $3.45 million and the estimated benefit-cost ratio is 3.4 to 1. 
 
The selected plan is satisfactory to the public, complies with United States law including 
appropriate environmental requirements, and meets all Corps of Engineers criteria.  A 
recommendation is made by the District Engineer that the selected plan be constructed under the 
authority of Section 205 of the 1948 Flood Control Act, as amended, with such modifications as, in 
the discretion of the Chief of Engineers, may be advisable. 
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DETAILED PROJECT REPORT 
WITH ENVIRONMENTAL ASSESSMENT 

 
SECTION 205 FLOOD DAMAGE REDUCTION STUDY 

 
MAD CREEK 

MUSCATINE, MUSCATINE COUNTY, IOWA 
 
 
 
1.  INTRODUCTION 
 

a.  General.  This Detailed Project Report (DPR) presents the results of an investigation of 
the flooding problems along Mad Creek in the City of Muscatine, Muscatine County, Iowa.  The 
Rock Island District of the U.S. Army Corps of Engineers (the District) received a request in 
November of 1996 from the City of Muscatine, Iowa, to assist in investigating flood damage 
reduction measures along Mad Creek.  The District performed field reconnaissance, met with city 
officials, prepared an initial appraisal dated November 16, 1998, and an addendum dated December 
15, 1998.  The feasibility study was initiated in March 2000.  
 

b.  Study Authority.  The Mad Creek Flood Damage Reduction Study in the City of 
Muscatine, Iowa, is undertaken through the U.S. Army Corps of Engineers (Corps) Continuing 
Authorities Program (CAP).  This effort is in response to requests for Federal flood protection 
assistance from officials of the City of Muscatine, Iowa.  The study was authorized under Section 
205 of the 1948 Flood Control Act, as amended. 
 

c.  Study Purpose and Scope.  The purpose of the feasibility study is to determine if there is 
a Federal interest in a flood damage reduction water resources project within the area and to 
describe the scope and scale of such a project.  This DPR documents analyses performed in 
previous and current studies and contains the recommendation for project (plan) approval. 
 

d.  Type and Detail of Investigation.  This DPR summarizes the results of analyses in the 
areas of planning, hydrology and hydraulics, foundations and materials, engineering, economics, 
and natural and cultural resources.  The study was conducted in sufficient detail to determine the 
feasibility of an economical flood damage reduction plan (project), recommending a selected plan 
for implementation.  An environmental analysis and gross real estate appraisal were also 
conducted.  This DPR contains sufficient project design detail to serve as a basis for preparing 
construction plans and specifications. 
 
According to the results of the project’s initial appraisal, four primary alternatives were considered 
for reducing flood damages: 
 

A. Raise the existing levee/floodwall system and improve closures along Mad Creek 
only.  

B. Construct two storm water detention dams in the Mad Creek and Geneva Creek 
watersheds. 

C. Combination of Alternatives A and B. 
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D. Raise the existing levee/floodwall system and improve closures along Mad Creek and 
the Mississippi River in combination with channel improvements immediately 
upstream of the 2nd Street Bridge. 

 
Additionally, all alternatives include installing an enhanced flood warning system on Mad and 
Geneva Creeks. 
 

e.  Study Area.  The Mad Creek study area is located in the westerly watershed of the 
Mississippi River in the City of Muscatine, Muscatine County, Iowa (see Figure 1 on page 3).  The 
Mad Creek watershed drains approximately 17.3 square miles in the eastern portion of the City of 
Muscatine and areas to the north of the City of Muscatine in Muscatine County.  The upstream 
portion of the Mad Creek watershed, north of the City of Muscatine, is primarily agricultural land 
but is rapidly being converted into residential subdivisions and commercial developments.  The 
lower portion of the Mad Creek watershed is located within the Muscatine city limits, flowing 
through an area of mixed commercial, industrial, and residential uses near the downtown area 
before emptying into the Mississippi River.  Low-lying areas along Mad Creek and Geneva Creek, 
its main tributary, are subjected to flash flooding. 
 

f.  Prior Studies, Reports and Existing Water Projects.  Studies and reports that are 
pertinent to this feasibility study include: 
 

(1) General Design Memorandum for Muscatine, Iowa (Mad Creek) Local Flood 
Protection.  Rock Island District, U.S. Army Corps of Engineers.  28 May 1956. 

 
(2) Detailed Project Report for Flood Control at Muscatine, Iowa under Provisions of 

Section 205 of the 1948 Flood Control Act, as amended.  U.S. Army Engineer 
District, Rock Island, Corps of Engineers.  9 September 1970. 

 
(3) Mad Creek Muscatine, Iowa Local Flood Protection.  Supplement No. 1 to the 

Detailed Project Report.  U.S. Army Engineer District, Rock Island, Corps of 
Engineers.  23 February 1981.   

 
(4) Mad Creek, City of Muscatine, Muscatine County, Iowa Flood Mitigation 

Preliminary Investigation.  U.S. Department of Agriculture, Natural Resources 
Conservation Service.  August 1996.   

 
(5) Title 10 Zoning, Chapter 4 FP Flood Plain District, City of Muscatine.  March 3, 

1988. 
 

(6) City of Muscatine Revised Flood Control Manual, In Draft, City of Muscatine.  July 
2001.   

 
(7) Flood, June 16, 1990.  Chronology of Events.  Ray Childs, City of Muscatine. 
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Figure 1.  Study area



2.  PLAN FORMULATION 
 

a.  Assessment of Water and Land Resource Problems and Opportunities. 
 

(1)  Existing Conditions.  The Mad Creek watershed has a total drainage area of 
17.3 square miles and enters the Mississippi River near river mile 546.  Geneva Creek, a 3.1-
square-mile tributary to Mad Creek, flows through parts of the City of Muscatine and enters Mad 
Creek within the city.  Geneva Creek enters Mad Creek in a commercial area of the city, with Mad 
Creek continuing through additional commercial and residential areas until it enters the Mississippi 
River. 
 
Two areas adjacent to Mad Creek are protected by previous Federal projects.  In 1961, the Rock 
Island District completed construction of floodwalls and levees along the lower portion of Mad 
Creek to protect the City from Mississippi River floodwaters backing up the creek.  One section of 
this system is along the Mississippi River (460 feet), while the other continues along the west bank 
of Mad Creek (3,000 feet).  In 1983, the system was extended upstream and upgraded to provide 
further protection from Mad Creek flooding.  This includes a levee and floodwall near the 
confluence of Geneva Creek with Mad Creek.   
 
The project study area from Geneva Creek to the confluence of Mad Creek with the Mississippi 
River is composed of mixed commercial, industrial, and residential areas.  Low-lying areas are 
subjected to flash flooding.  In addition, increased commercial and industrial development in 
downtown Muscatine has increased the potential for flood damages since the construction of 
previous Federal projects.  Flooding was experienced in 1990, 1993, 1997, and 2001. 
 

(a)  Creek Study Reaches.  The project study area divided Mad Creek into four 
separate reaches as depicted on Figure 2 (page 5).  Reach 1 includes Mad Creek from its mouth at 
the Mississippi River to the end of the existing levee (see Figure 3 on page 6).  Reach 2 follows the 
railroad tracks from the end of Reach 1 to a point approximately 200 feet upstream from 
Washington Street, where the tracks enter the Heinz plant and high ground.  Reach 3 follows the 
existing levee and high ground adjacent to Mad Creek and Geneva Creek to Isett Avenue.  Reach 4 
includes the existing Mississippi River levee and floodwall from the mouth of Mad Creek 
southwesterly to Mulberry Avenue (see Figure 4 on page 6).  
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Figure 2.  Mad Creek study reaches 
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Figure 3.  Reach 1 - Levee upstream of 5th Street 
 

 

 
Figure 4.  Reach 4 - Floodwall adjacent to the Mississippi River 
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(b)  Hydrology and Hydraulics.  The hydrology and hydraulics within the study area 
are complex in that there are three waterways of concern—the Mississippi River, Mad Creek, and 
Geneva Creek.  Profiles were modeled for flooding occurring on both Mad Creek and the 
Mississippi River. 
 
Peak discharges are not recorded on Mad Creek, although large floods occurred on both June 30, 
1961, and June 16, 1990.  The gage on the Mississippi River at Muscatine is located at river mile 
453.  The 10 highest recorded stages at this gage since 1878 appear in Table 1.  A zero gage 
reading corresponds to an elevation of 530.74 feet MSL (mean sea level), in 1929 datum.  The City 
of Muscatine uses a city datum.  Adding 249.1 feet to an elevation in city datum converts it to an 
elevation in the 1929 datum.  All elevations in this report have been converted to the 1929 datum. 
 
 

Table 1.  Peak stages on the Mississippi River at Muscatine, Iowa (NGVD 1929) 
 

Rank Date 
Peak Stage 

(Feet) 
Elevation MSL  

(Feet) 
1 07/09/1993 25.61 556.35 
2 04/29/1965 24.81 555.55 
3 04/251973 21.63 552.37 
4 04/26/1969 21.20 551.94 
5 04/21/1997 21.09 551.83 
6 04/28/1952 21.05 551.79 
7 04/26/1951 21.00 551.74 
8 05/09/1975 20.96 551.70 
9 10/07/1986 20.59 551.33 

10 04/16/1967 19.40 550.14 
 
 
Discharge data for the Mississippi River at Muscatine and river stages at the mouth of Mad Creek 
appear in Table A-4 in Appendix A.  These data are from a report prepared by the Corps of 
Engineers in 1979 for the Technical Flood Plain Management Task Force of the Upper Mississippi 
River Basin Commission and used for studies on the Mississippi River (listed as Reference 7 on 
page A-22 in Appendix A).  Data in the original report were converted to 1929 datum for this table.  
Some points were interpolated. 

 
(c)  Previous Hydrologic Studies of Mad Creek by the Corps of Engineers.  Mad 

Creek has no recording stream gage.  The District developed discharge-frequency relationships for 
Mad Creek using HEC-IFH computer programs.  
 
For this study, the District developed an HEC-HMS model of Mad Creek.  This model used two 
dams that were coordinated with the local sponsor.  The loss rates in the HEC-HMS model were 
verified on a gaged basin, however, insufficient rainfall data prevented calibrating any unit 
hydrograph parameters.  The “without project” discharges from the future condition (year 2020) 
computed by the HEC-HMS model appear in Table 2.  The difference between year 2000 and year 
2020 discharges was so small that year 2020 discharges were used for both existing and future 
conditions.  The adopted discharges for the mouth of Mad and Geneva Creeks are provided in 
Table 3. 
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Table 2.  “Without” project HEC-HMS discharges used in the Mad Creek Study 
 

Discharge 
Probability 

% 

Return 
Interval 

Yr. 

Mouth of 
Mad Creek 

1960’s 
cfs 

Mouth of 
Mad Creek 

HMS 
cfs 

U/S Conf. 
Geneva 
HMS 

cfs 
50 2 1,400 1,581 1,125 
20 5 2,700 3,135 2,296 
10 10 4,000 4,252 3,135 
4 25 6,100 5,638  
2 50 7,900 7,613 5,480 
1 100 10,200 8,733 6,525 

0.4 250 14,500 12,093  
0.2 500 17,000 18,327 13,610 

     
Mi2  17.3 16.93 13.33 

 
 

Table 3.  Adopted discharges for Mouth of Mad Creek and Mouth of Geneva Creek 
 

Probability 
%  

Mad Cr 
Without 

Dams 
Yr. 2020 

cfs 

Mad Cr 
With 
Dams 

Yr. 2020 
cfs  

Geneva Cr 
Without 

Dams 
Yr. 2020 

cfs 

Geneva Cr 
With 
Dams 

Yr. 2020 
cfs 

50  1,580 1,240  393 286 
20  2,880 2,200  797 501 
10  3,974 3,000  1,188 640 
4  5,636 4,300  1,798 840 
2  7,089 5,400  2,356 1,069 
1  8,733 6,600  3,010 1,201 

0.4  11,240 8,400  4,043 1,700 
0.2  13,411 10,000  4,968 2,285 

 
 

(d)  Human Resources, Development, and Economy.  The City of Muscatine is 
located on the westerly bank of the Mississippi River in Muscatine County, Iowa.  The City has a 
year 2000 population of 22,697 people according to the U.S. Census Bureau.  Major state and 
Federal highways, railway and waterway systems serve the City of Muscatine.  The interstate 
highway system and major airline transportation systems are also within close proximity.  Data 
indicate that the Muscatine area labor force is concentrated in the manufacturing, retail trade, and 
service industries.  More detailed information can be found in Appendix B - Economic Analysis.  
 

(e)  Floodplain Development.  Based on observations from site visits, reviews of 
project area maps, and discussions with local citizens, it appears that in several locations over the 
past 10-20 years, areas within the Mad Creek floodplain and floodway have been filled in (see 
Figure 5).  Many businesses and other facilities are located outside the existing flood protection 
system and within the area identified as floodplain and/or floodway on the Flood Boundary and 
Floodway Map, National Flood Insurance Program, dated January 5, 1978.  The encroachment of 
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fill into the channel upstream of 2nd Street and subsequent sediment buildup under the easterly 
span of the bridge, significantly affected the Mad Creek flood profile.   

 
 

      
 

 Figure 5.  Silt buildup under the 2nd Street bridge crossing 
 
 

(f)  Cultural Resources.  The Office of the State Archaeologist (OSA) conducted an 
archeological site file search for the District under Contract DACW25-98-D-0015, Delivery Order 
No. 3 (Site File Search 134).  By a letter dated November 20, 2000, the OSA identified 39 sites 
within a mile of the project feature locations; however, no sites were recorded within the area of 
potential effect (APE) of the undertaking.  Consultation was initiated with the State Historical 
Society of Iowa (SHPO), relevant federally recognized tribes, and the interested public regarding 
the undertaking’s potential effects on historic properties and particularly tribal concerns about 
properties that may be of religious and cultural significance (36 CFR 800.4(a)(3-4)).  Responses 
were received from the SHPO (R&C#: 010170032), the Sac and Fox Nation, and the Iowa Tribe of 
Oklahoma.  No additional historic properties were identified as a result of that consultation.  
 
Subsequent to consultation, project modifications involving floodwall construction necessitated 
revising the APE to include two historic structures and associated limestone wall.  According to 
Historic Architecture of Muscatine, Iowa, as prepared for the city of Muscatine in 1977 by 
Environmental Planning and Research, Incorporated, the house located at 501 East Mississippi 
Drive, referred to as the Judge Woodward House, was constructed in 1848 with additions built in 
1874.  The second house, located next door at 505 East Mississippi Drive, was built around 1846 
and is referred to as the Cornelius Cadel House.  It is thought that the limestone wall dates to the 
mid 1870’s with the paving of Mississippi Drive and the construction of the Judge Woodward 
House improvements.  A National Register of Historic Places eligibility determination has not been 
rendered on any of the standing structures, and the lots surrounding these structures have not been 
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surveyed previously for archeological remains.  The revised APE was provided to the SHPO, 
relevant federally recognized tribes, and the interested public for comment by letter dated April 23, 
2002.  A draft programmatic agreement (PA) addressing the Corps compliance requirements 
specific to the revised APE was attached for review and comment.  Responses were received from 
the SHPO (R&C#: 010170032) and the Peoria Tribe of Indians of Oklahoma.  The SHPO 
comments were addressed and the draft PA was provided to the Advisory Council on Historic 
Preservation (Council) for comment by letter dated June 24, 2002.  The Council notified the Corps 
by letter dated July 12, 2002, that Council participation in the execution of the PA was not 
required.  The final PA was filed with the Council by letter dated November 25, 2002. 
 

(g)  Environmental Setting and Natural Resources.  
 

Climate.  Southeastern Iowa’s climate is classified as humid continental and is 
characterized by cold winters and hot, humid summers.  Seasonal contrasts are strong, 
and the area is subjected to frequent short-term fluctuations in temperature, humidity, 
cloud cover, and wind direction.  Mean monthly temperatures range from 22.3 °F in 
January to 75.5 °F in July.  The average annual temperature is 50.7 °F.  The average 
annual precipitation is 31.88 inches.  The mean annual snowfall for the City of 
Muscatine is 28.5 inches.  Additional information regarding climate can be located in 
Appendix A - Hydrology and Hydraulics.   
 
Air and Noise Quality.  The project area is principally located in an industrial area; 
therefore, existing air and noise quality is fair.   
 
Aquatic Community.  Mad Creek drains approximately 17 square acres of land known 
as the Mad Creek watershed.  The existing water quality of Mad Creek is generally 
poor due to runoff from agricultural fields and the highly industrialized areas 
surrounding the lower portion of the creek.  Mad Creek has a limited fishery with a 
limited number of species, such as minnows, found in certain portions of the stream.   
 
Terrestrial Habitat and Wildlife.  Vegetation located within the existing levee 
alignment is comprised of mowed grass with limited forbs.  The area bordering upper 
Mad Creek is comprised of typical bottomland forest species and pasture.  Terrestrial 
wildlife is typical of that found elsewhere in the Mississippi River watershed 
bottomland forests. 
 
Threatened and Endangered Species.  No threatened or endangered species would be 
impacted by the proposed action.  For specific information, see Section VI.  Affected 
Environment, of the Environmental Assessment (Appendix D).   
 
(h) Hazardous, Toxic, and Radiological Waste (HTRW) Assessment.  The Corps’ 

Engineering Regulation (ER) providing guidance for the conduct of Civil Works Planning Studies 
is contained in ER 1105-2-100.  The policies and authorities outlined in ER 1165-2-132, 
Hazardous, Toxic, and Radioactive Waste (HTRW) Guidance for Civil Works Projects, and 
ER 405-1-12, Real Estate Handbook, were developed to facilitate the early identification and 
appropriate consideration of HTRW issues in all of the various phases of a water resources study or 
project. American Society for Testing and Materials (ASTM) Standards E1527-00 and E1528-00 
provide a comprehensive guide for conducting Phase I Environmental Site Assessments (ESAs).  
When the Phase I ESA identifies potential environmental concerns, a Phase II ESA is initiated in 
which sampling of the project area is performed to determine the presence of any HTRW 
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contamination.  Phase II sampling is completed in accordance with the U.S. Army Corps of 
Engineers Engineering Manual (EM) 200-1-3, Environmental Quality - Requirements for the 
Preparation of Sampling and Analysis Plan (CEMP-RT/CECW-E, February 1, 2001).  The policy 
of the U.S. Army Corps of Engineers is to avoid construction of Civil Works projects when HTRW 
is located within project boundaries or may affect or be affected by such projects. 
 
Several Phase I and Phase II ESAs were performed for this project as the scope was modified.  
These reports include the following: 
 

• U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, 
Toxic, and Radioactive Waste Documentation Report Addendum, June 2002. 

• U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, 
Toxic, and Radioactive Waste Documentation Report Addendum, August 2001. 

• U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, 
Toxic, and Radioactive Waste Documentation Report, December 2000. 

• Daily & Associates Engineers, Inc., Preliminary Phase IIA Environmental Site Assessment, 
Mad Creek Flood Damage Reduction Project, June 2001. 

• Missman Stanley & Associates, P.C., Preliminary Phase IIA Environmental Site 
Assessment, Mad Creek Flood Reduction Project, Muscatine, Iowa, December 2001. 

 
These Phase I and Phase II ESAs covered the following areas: 
 

• Right descending bank of Mad Creek from Isett to the confluence with the Mississippi 
River;  

• Left descending bank of Mad Creek near 2nd Street; 
• Right descending bank of the Mississippi River from the confluence with Mad Creek to 

Mulberry Street; 
• Geneva Creek Retention Area; 
• Mad Creek Retention Area; 
• Mad Creek Borrow Site; and 
• Geneva Creek Borrow Site. 

 
On the right descending bank of Mad Creek from 5th Street to the Mississippi River, only the 
arsenic concentration exceeded the Iowa Land Recycling Plan (LRP) statewide standard.  However, 
the concentrations were below the ingestion and inhalation standards for construction workers 
under the Illinois TACO standards.  This would indicate that short-term exposure during 
construction of improvements would be well under published guidelines.  These contaminants 
appear to be at or near natural background levels and do not appear to be associated with a specific 
source of contamination or a spill.  No institutional controls are recommended with the conditions 
as known at the end of the Phase II-A ESA.  The results of the sampling indicate that the properties 
adjacent to the right descending bank of Mad Creek may have contributed some contamination to 
the existing levee and banks.  Contaminants found were at levels below the Iowa LRP statewide.  
Therefore, contamination by human activities may have occurred, but the contamination is minimal 
and requires no cleanup action and restricted use of the site.  
 
On the left descending bank of Mad Creek, just upstream of 2nd Street, one Volatile Organic 
Carbon (VOC) constituent and several polynuclear aromatic hydrocarbon (PNA) constituents were 
detected on the site.  Toluene, the detected VOC constituent, was detected at a concentration less 
than the statewide standard for soil published by the Iowa DNR.  It is recommended that the 
remediation of toluene is not warranted.  One PNA compound was detected at a concentration that 
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exceeded statewide standards for soil.  Under a different laboratory procedure that is more precise, 
this PNA was less than the statewide standard.  For this reason, it is recommended that further 
assessment or remediation of PNAs is not warranted. 
 
The properties sampled are owned by the city of Muscatine and were owned by the city prior to 
initiation of this feasibility study.  Under Iowa’s Voluntary Land Recycling Program, the City of 
Muscatine may request that the Iowa DNR review the results of the Phase I and Phase II-A ESAs 
and issue a letter of no further action.  The Iowa DNR will determine a background standard for the 
site pursuant to IAC 567-137.4(455H).  They would also identify any special handling 
requirements, if required, of excavated materials if they are proposed to be removed from the site.  
Any removal of contaminated material or documentation to the Iowa DNR is beyond the scope of 
this flood protection project. 
 
Recommendations.  The HTRW due diligence process did not reveal any evidence of significant 
concentrations of hazardous substances, HTRW, or other regulated contaminants in connection 
with the Mad Creek Flood Damage Reduction Study areas.  Therefore, the Mad Creek Flood 
Damage Reduction Project may proceed without implementing any limitations or special 
construction techniques commonly associated with HTRW contamination. 
 
Disclaimer.  No ESA can wholly eliminate uncertainty regarding the existence for recognized 
environmental conditions concerning a property.  The HTRW due diligence process intends to 
reduce, but not eliminate, uncertainty regarding the existence of recognized environmental 
conditions in connection with a property within reasonable limits of time and cost.  Continuing the 
HTRW due diligence process beyond the Phase IIA ESA may not necessarily reduce uncertainty, 
nor reveal unidentified environmental liabilities.  If any previously unaddressed recognized 
environmental condition should arise, this HTRW due diligence process will be revisited and 
amended. 
 

(i)  Utility Crossings.  There are numerous utility crossings along the levee.  These 
utilities should be avoided during construction.  If any unusual odor or discolored soil is noted 
during construction, all activities should cease until the environmental conditions are made known. 

 
(j)  Wastewater Treatment.  Wastewater treatment lagoons are located adjacent to 

the proposed Mad Creek Retention Pond.  The system serves Ripley’s Mobile Homes (also referred 
to as Clear View Mobile Home Park) located at 30 Clearview Court.  If these lagoons are 
overtopped with floodwater, there could be a release of partially treated wastewater, which, while 
not an HTRW concern, could be a biological pathogen concern.  Impacts on sewage lagoons and 
future wastewater treatment activities at Ripley’s Mobile Homes shall be minimized.  If, during the 
planning process, it is determined that these wastewater facilities will be impacted, appropriate 
mitigation efforts shall be completed.  It was recommended that actions be taken during all 
planning and implementation phases of the Section 205 project to avoid impacts on the wastewater 
treatment system at Ripley’s Mobile Homes. 

 
(2)  Future Conditions without Project Alternatives.  As stated previously, low-

lying areas in the City of Muscatine are subjected to flooding from Geneva Creek, Mad Creek, and 
the Mississippi River.  Levee closure structures exist on 2nd Street and 5th Street, but the lack of 
adequate warning time during flash flooding along Mad Creek has made maintaining operation 
problematic (see Figure 6).  Both Isett Avenue and a nearby service entrance that crosses Geneva 
Creek, have sandbag closures. 
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The City of Muscatine plans to raise 5th Street starting in 2002.  It is assumed that the bridge raise 
will take place in the future, and the District is providing the City with recommended parameters 
for the bridge span.  With the preferred plan, this area will still flood.  The road raise by the City of 
Muscatine will help traffic flow but may increase upstream water levels.  Raising 5th Street in 
accordance with these parameters will eliminate the need for a closure structure at this location.   
 
Future conditions without the project alternative are anticipated to be status quo, with the continued 
threat of flooding from Mad Creek, Geneva Creek, and the Mississippi River.  Damages will 
continue to occur in low-lying areas along these waterways. 

Figure 6.  5th Street inundated during spring 2001 flooding 
 
 

b.  Specific Problems and Opportunities.  The water resources problem considered in this 
study is the potential for flash flooding from Mad Creek and Geneva Creek during intense rainfalls.  
In addition, flood stage elevations on the Mississippi River, which have increased since 1961, were 
considered in combination with the coincidental flooding of the creeks.  Flooding of industrial and 
commercial properties in the project area has the potential to cause substantial damages to 
structures, loss of commercial businesses, temporary layoffs, and transportation detours.  The City 
of Muscatine expressed its concern regarding possible damages that a significant flood might 
cause.  The City has demonstrated its commitment to seeking additional flood protection by 
participating in this study, which it has cost-shared 50/50 with the Federal Government.  
 

c.  Planning Objectives and Constraints. 
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(1)  National Objectives.  The national objective of water and related land resources 
planning is to contribute to economic development consistent with protecting the Nation’s 
environment.  Contributions to National Economic Development (NED) are shown as increases in 
the net value of the national output of goods and services, expressed in monetary units.  
Contributions to NED are the direct benefits and costs that accrue in the project area and the rest of 
the Nation. 

 
(2)  Specific Objectives.  Specific planning objectives are derived from an analysis of 

the problems, needs, and opportunities of the specific study area that can be addressed to enhance 
the NED objective.  The NED plan with the greatest net economic benefits is required to be the 
plan recommended for Federal action, unless an exception is deemed appropriate.  The specific 
planning objective for this study is to reduce potential economic losses resulting from flooding 
while giving equal consideration to the environment. 

 
(3)  Planning Objectives.  The following specific planning objectives have been 

identified based on an analysis of the problems and needs of the Mad Creek study area: 
 

• Provide a flood damage reduction project within the study area that satisfies Corps of 
Engineers’ criteria for net benefits. 

 
• Preserve and enhance, when practicable, existing natural ecological systems and cultural 

resources in the area. 
 

• Recreation in the form of a multipurpose trail on the top of the upgraded levee adjacent 
to Mad Creek was considered as a possible project feature but not pursued due to some 
constraints in the study area and an undefined path alignment. 

 
(4)  Planning Constraints.  The authority under Section 205 provides for the 

construction of projects for flood control and related purposes.  Each project is limited to a Federal 
investment of not more than $7 million.  This Federal investment limitation includes all project-
related costs for investigations, inspections, engineering, preparation of plans and specifications, 
supervision and administration, and construction. 
 
Water resources planning studies are bound by all applicable laws of the United States and of the 
State of Iowa, all Executive Orders of the President, the Water Resources Council’s Principles and 
Guidelines, and all engineering regulations of the U.S. Army Corps of Engineers. 
 

d.  Development of Alternative Plans. 
 

(1)  Available Measures to Address Problems and Opportunities.  Both 
nonstructural and structural measures are available to alleviate flooding. 
 

(a)  Nonstructural Measures.  These measures are defined as those which reduce or 
eliminate flood damages, without significantly altering the nature or extent of flooding, by 
changing the use of floodplains or accommodating existing uses into the flood hazard.  Examples 
of nonstructural measures are flood proofing, permanent evacuation, flood warning systems, and 
regulation of the use of the floodplains. 
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(b)  Structural Measures.  These measures are designed to prevent flood damages by 
altering the physical ability of flooding to produce the damages.  Structural measures may include 
dams, channel modifications, levees, and floodwalls.   
 
During the initial assessment and development of a Project Study Plan (PSP) for the feasibility 
study, several measures were considered.  It was determined that structural measures (levee and 
floodwall raises) were likely to be technically feasible.  The following measures were evaluated in 
the feasibility study: 
 

• Raising the existing floodwall and levee system 
• Constructing stormwater detention dams 
• Enhanced early flood warning system 
• Improved closure structures 
• Existing channel improvements 

 
(2)  Screening of Alternative Plans.  Alternatives considered in the feasibility study 

included the following: 
 

(a)  No Federal Action.  Under the No Federal Action alternative, the Corps will not 
participate in efforts to provide additional flood protection to the study area.  The no action plan is 
the “without project” alternative that serves as the basis for developing and comparing the impacts 
of other plans.  It is assumed that under the no action plan, no project would be implemented to 
reduce flood damages and therefore the study area would continue to experience flood damages.   
 

(b)  Nonstructural.  Some nonstructural measures are implementable for the Mad 
Creek study area in combination with the structural measures already in place.  Regulation of 
floodplain use with or without a levee raise is recommended and complies with the non-Federal 
responsibilities outlined in Section 4 of this report.  An improved flood warning system was 
developed for the study area and is described in detail in Appendix A - Hydrology and Hydraulics. 
 

(c)  Structural.  The following structural alternatives were evaluated in detail during 
the feasibility study.  A flood warning system may be combined with any of the alternatives.  
 
Alternative A - Raise the existing levee/floodwall system adjacent to Mad Creek and install a 
positive closure structure on Geneva Creek. 

 

 

Reach Measure Description 
1 Raise Levee/Floodwall  Raise the existing levee/floodwall adjacent to 

Mad Creek 1, 2, or 3 feet.  Install an improved 
closure structure at 2nd Street.   

2 Railroad Raise Raise railroad embankment 1 foot. 
3 Closure Structures (Geneva Creek) Install positive closure structures at Isett Avenue 

and the Heinz Service road.   
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Alternative B - Construct two storm water detention dams along Mad and Geneva Creeks. 
 

Reach Measure Description 
1,2,3 Mad Creek Dam Construct 1% event dam on Mad Creek. 
1,2,3 Geneva Creek Dam Construct 1% event dam on Geneva Creek 

immediately downstream of the Highway 61 
bypass.   

 
Alternative C - This alternative is a combination of Alternative A (levee raise) and Alternative B 
(detention dams).   
 

Reach Measure Description 
1 Raise Levee/Floodwall  Raise the existing levee/floodwall adjacent to 

Mad Creek 1, 2, or 3 feet.  Install an improved 
closure structure at 2nd Street.   

2 Railroad Raise Raise railroad embankment 1 foot. 
3 Closure Structures (Geneva Creek) Install positive closure structures at Isett Avenue 

and Heinz service road.   
1,2,3 Mad Creek Dam Construct 1% event dam on Mad Creek. 
1,2,3 Geneva Creek Dam Construct 1% event dam on Geneva Creek 

immediately downstream of the Highway 61 
bypass.   

 
Alternative D - Raise the existing levee and floodwall system (1, 2, or 3 feet) along Mad Creek and 
the Mississippi River in combination with channel improvements upstream of the 2nd Street 
Bridge. 
 

Reach Measure Description 
1 Raise Levee/Floodwall Raise the existing levee/floodwall adjacent to 

Mad Creek 1, 2, or 3 feet.  Install an improved 
closure structure at 2nd Street.   

4 Raise Levee/Floodwall Raise the existing levee/floodwall adjacent to 
the Mississippi River 1, 2, or 3 feet.   

1 Channel Improvement Clean out 2nd Street Bridge and improve Mad 
Creek channel upstream of the bridge.   

 
 

(3)  Plan Evaluation.  The study alternatives in this report were evaluated for their 
ability to meet the project objective of reducing flood damages and also from an economic 
standpoint.  The National Economic Development (NED) plan is defined as the plan with the 
greatest net economic benefit while being consistent with protecting the Nation’s environment, and 
thus contributes the most to national economic development.  A detailed discussion of the 
economic evaluation of the project alternatives is found in Appendix B - Economic Analysis.   
 
Table 4 summarizes the planning, administration, and real estate costs associated with each plan 
alternative, thereby giving a total plan cost including construction.  Construction costs for the 
different alternatives as represented in Appendix G - Cost Estimates - Alternatives and Selected 
Plan, are used to establish planning and administration cost estimates.  Real estate costs are then 
figured by the alternative’s land needs and subsequent administration, thereby giving a total plan 
cost.  The selected plan (Alternative D-2) has a total plan cost of $3,445,000. 
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Table 4.  Plan costs including planning, administration, and real estate 

Plan Alternatives

Construction 
Cost including 

Line Item 
Contingencies

* Planning, 
Engineering and 

Design (20%)

Supervision and 
Administration 

(9%)

Lands, Easements, 
Right-of-way, 

Relocations, Dredge 
Disposal

Federal Real Estate 
Administration

Total Plan 
Costs

A-1a Mad Creek 1 ft Levee 
Raise - Reach 1 $1,072,000 $214,000 $96,000 $367,000 $26,000 $1,775,000
A-1b Mad Creek 2 ft Levee 
Raise - Reach 1 $1,314,000 $263,000 $118,000 $367,000 $26,000 $2,088,000
A-1c Mad Creek 3 ft Levee 
Raise - Reach 1 $1,879,000 $376,000 $169,000 $367,000 $26,000 $2,817,000
A-2 Mad Creek Railroad Raise -
Reach 2 $828,000 $166,000 $75,000 $130,000 $8,000 $1,207,000
A-3 Geneva Creek Closures - 
Reach 3 $531,000 $106,000 $48,000 $31,000 $5,000 $721,000
B Reservoirs, Mad & Geneva 
Creek $4,006,000 $801,000 $361,000 $2,765,000 $109,000 $8,042,000
C-1 Reservoirs and 1 ft Levee 
Raise - Reach 1 $4,920,000 $984,000 $443,000 $3,168,000 $140,000 $9,655,000
C-2 Reservoirs and 1 ft Levee 
Raise - Reach 2 $4,670,000 $934,000 $420,000 $2,895,000 $117,000 $9,036,000
C-3 Reservoirs and Reach 3 
Closures $4,373,000 $875,000 $394,000 $2,796,000 $114,000 $8,552,000
D-1 Mad Creek Channel 
Improvements & 1 ft Levee 
Raise - Reaches 1&4 $1,994,000 $484,000 $179,000 $505,000 $93,000 $3,255,000

D-2 Mad Creek Channel 
Improvements & 2 ft Levee 
Raise - Reaches 1&4 $2,141,000 $513,000 $193,000 $505,000 $93,000 $3,445,000
D-3 Mad Creek Channel 
Improvements & 3 ft Levee 
Raise - Reaches 1&4 $2,759,000 $637,000 $248,000 $505,000 $93,000 $4,242,000

*  Planning, Engineering and Design includes $85k for cultural mitigation on alternatives D-1, D-2 and D-3 is above and beyond the 20% 
rate indicated. 

 
 

Table 5 summarizes the costs and benefits of each alternative.  The net benefit is the difference 
between the average annual economic benefit and the average annual cost of a plan.  Alternative 
A-1’s different levee elevations are all economically justified, having annual benefits exceeding 
annual costs.  However, Alternative D-2, which includes a 2-foot levee raise, has the greatest net 
benefits and is therefore the selected NED plan.   
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Table 5.  Costs and benefits by alternative 
(June 2002 prices, 6-1/8% discount rate, 50-year evaluation period) 

 

Alternative 
Project 
Costs, $ 

Total 
Annual 
Costs, $ 

Total 
Annual 

Benefits, $ 
Net 

Benefits, $ 
Benefit-Cost 

Ratio 
No Action  0 0 0 0 0 

A-1.  Mad Creek Levee Raise - Reach 1 
a.  1-foot raise 1,775,000 121,764 121,200 -564 0.995 
b.  2-foot raise 2,088,000 143,236 265,200 121,964 1.85 
c.  3-foot raise 2,817,000 193,245 397,400 204,155 2.06 

A-2.  Railroad Raise,1 foot (Reach 2) 1,207,000 80,303 300 -80,003 0.00 
 

A-3.  Geneva Creek Closures (Reach 3) 721,000 47,969 11,100 -36,869 0.23 
 

B.  Mad & Geneva Creek Dams (.01) 8,042,000 584,670 456,100 -128,570 0.78 
 

C.  Dams (.01) and 1-foot Levee Raise  
C-1.  Dams and Reach 1 raise (1 foot) 9,655,000 698,796 500,500 -198,296 0.72 
C-2.  Dams and Reach 2 raise (1 foot) 9,036,000 654,999 456,300 -198,699 0.70 
C-3.  Dams and Reach 3 Closures 8,552,000 620,754 456,300 -164,654 0.73 

   
D.  Raise Mad Creek/Mississippi 
Levee/Floodwall and Improve Mad Creek 
Channel   

D-1.  1-foot raise (Reaches 1 and 4) 3,255,000 227,362 691,600 464,238 3.04 
D-2.  2-foot raise (Reaches 1 and 4) 3,445,000 240,426 823,000 582,574 3.42 
D-3.  3-foot raise (Reaches 1 and 4) 4,242,000 295,150 828,500 533,350 2.81 

 
 

(4)  Associated Evaluation Criteria.  Alternative plans were also evaluated by the 
following criteria: 
 

- Completeness - Completeness is the extent to which a given alternative plan provides 
and accounts for all the necessary investments or other actions, to ensure the 
realization of the planned effects.  Each of the plans evaluated are complete.   
 

- Effectiveness - Effectiveness is the extent to which an alternative plan alleviates the 
specified problems and achieves the recognized opportunities.  The planning objective 
of this study was to reduce flood damages within the project area.  With the exception 
of the “without project” alternative, each of the other alternatives reduces flood 
damages to some degree.  Alternative D-2 provides the highest net benefit.   
 

- Efficiency - Efficiency is the extent to which an alternative plan is considered a cost-
effective means of solving the specified problems and of realizing the recognized 
opportunities.  Alternative D-2 yields the greatest net benefits and is therefore the 
most cost-effective plan from an NED perspective. 
 

- Acceptability - Acceptability is the viability of an alternative plan with respect to the 
desires of the state, local government, and the public.  In order to be acceptable, the 
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plan must be in accordance with existing laws, regulations and public policies.  All 
alternatives evaluated were considered acceptable. 

 
(5)  Risk-Based Analysis.  Evaluation of the existing condition and proposed 

alternatives was conducted using a risk-based analytical framework as described in Engineering 
Manual 1110-2-1619, Risk-Based Analysis for Flood Damage Reduction Studies.  The analysis is 
described in detail in Appendix A - Hydrology and Hydraulics and Appendix B - Economic 
Analysis. 

 
(6)  Residual Risks of Selected Plan.  With memories of recent floods still fresh, 

risks of catastrophic events need to be visited.  For any level of flood protection provided, there is a 
risk of an event that would overtop or breach the protection system.  The probability of exceedance 
(flood protection system is overtopped) in any given year is very low with the recommended plan 
to increase the top of the existing levee (see Table 6).  However, the results of an overtopping event 
would be disastrous (see Appendix B, Table B-5), given the huge value and diversity of the 
properties protected by the levee.  It is important that parties concerned realize the risks and 
potential consequences of a structural flood damage reduction project. 
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3.  DESCRIPTION OF THE SELECTED PLAN 
 

a.  Plan Components.  Major components include raising the height of approximately 
2,300 linear feet of existing levees and 1,700 linear feet of existing floodwalls by approximately 
2 feet, constructing 230 linear feet of new floodwall, replacing the existing panel closure at 
Mississippi Drive with a new bulkhead closure gate, replacing an existing floodgate at 2nd Street 
with a new overhead closure gate (see Figure 7), replacing the panel closure across the abandoned 
railroad just upstream on 2nd Street with a new swing gate, and installing a new closure structure 
across the railroad south of Washington Street.  Minor modifications to the existing pump houses 
and gatewells along the Mississippi River and Mad Creek may be required due to the increase in 
flood protection height.  The selected plan also includes improving a section of the Mad Creek 
channel upstream of 2nd Street to reduce flood stages and installing an enhanced flood warning 
system.  In a separate but supporting effort, the City of Muscatine would raise the roadway and 
bridge at the 5th Street crossing of Mad Creek.  This would allow the removal of the existing 
floodgate at 5th Street, thereby eliminating a high-risk closure. 
 
The selected plan (project) would follow the alignment of the existing flood protection system.  
Plate X103 in Appendix L shows the general flood damage reduction plan.  Plates C102 through 
C105 show plans and profiles, plate C106 shows typical levee and floodwall sections, and plate 
C101 shows boring logs. 
 
Additional benefit protection provided by the selected plan would accrue to small businesses and 
industry in the downtown area. 
 
Minor modifications to the existing pumphouses along the Mississippi River may be required due 
to the increase in flood protection height.  Additionally, three gatewells along Mad Creek may 
require increases in height due to the levee raise (see plate S501, Appendix L). 
 
The selected plan (project) alignment D-2 would provide protection to elevation 561.5 feet NGVD.  
Elevation 561.5 feet would remain constant along the designated Mississippi River reach and the 
reach from the mouth of Mad Creek up to its termination point north of 5th Street due to the 
backwater effect of the Mississippi River.   
 
The selected plan begins with a temporary earthen levee approximately 270 feet in length located 
halfway up the block from Mississippi Drive on Mulberry Avenue.  The temporary levee would 
only be constructed for flood events that are projected to exceed 555.0 feet NGVD and built to a 
top elevation 561.5 feet NGVD.  The temporary earthen levee would extend to a new floodwall 
that starts about mid block on the eastern side of Mulberry Avenue.   
 
The new floodwall would replace an existing retaining wall that runs along two historic properties 
at the corner of Mulberry Avenue and Mississippi Drive (see plates C102 and C106).  The 
floodwall would extend south down Mulberry Avenue to Mississippi Drive where it would turn 
east until it ties into the existing flood control system.  The existing panel closure across 
Mississippi Drive would be removed and replaced with a new bulkhead gate closure (see plates 
C102, S301, and S302).  The project would continue easterly following the existing floodwall 
along the Mississippi River to where it ties into an existing section of levee.  The floodwall, 
approximately 840 feet long, would be raised 2 feet to bring it up to the 561.5 feet NGVD elevation 
(see plates C102 and C106).   
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The floodwall along the Mississippi River transitions into a levee section approximately 400 feet 
west of the mouth of Mad Creek.  This levee section follows Mad Creek by turning north, where it 
transitions into a floodwall section at 2nd Street.  This levee, approximately 600 feet long (total), 
would be raised to match the adjoining floodwall elevation, while staying within the existing levee 
footprint.  The current levee side slope is 3 horizontal to 1 vertical (3H:1V) with an 8-foot top 
width.  This existing impervious clay levee would be raised in height by steepening the side slopes.  
Final side slopes would be approximately 2.5 horizontal to 1 vertical (2.5H:1V).  Although a 3 to 1 
slope is preferred for a levee of this nature, a 2.5 to 1 slope is acceptable, and due to the limited site 
clearances, the 8-foot-wide top would be maintained.  
 
The existing floodwalls adjacent to 2nd Street, both upstream and downstream, would be modified 
in similar fashion as those found along the Mississippi River.  The existing floodgate at 2nd Street 
(Figure 7) would be removed and replaced with a vertical lift gate to facilitate quicker and more 
reliable closure under flash flood conditions, as is frequently experienced along Mad Creek.  
Vertical lift gates have been successfully installed in the Des Moines, Iowa, metro area on similar 
flash flood streams (see plate S101).  In addition, the abandoned railroad and associated panel 
closure would be eliminated and replaced with a new swing gate closure to facilitate future trail 
plans through this opening (see plate S101). 
 
 

 
Figure 7.  Existing panel closure structure at 2nd Street 
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Silt buildup beneath the 2nd Street Bridge on the left descending bank has severely reduced the 
capacity of the bridge to pass design flows, thereby causing higher water levels during Mad Creek 
flooding events.  This restriction would be removed as a part of the project, with continuing 
maintenance procedures established to ensure that any recurrence is addressed similarly (see 
plate C107). 
 
The levee section between 2nd and 5th Streets would be raised to the design elevation to match the 
levee section found at the mouth of Mad Creek.  The footprint would remain the same, thereby 
requiring the steeper side slope of approximately 2.5 horizontal to 1 vertical (2.5H:1V) as along the 
Mississippi River. 
 
The existing floodwalls adjacent to 5th Street would be modified similar to those found along the 
Mississippi River.  The floodgate at 5th Street would be removed and would not be replaced.  The 
City of Muscatine is nearing a contract award to build a new 5th Street Bridge designed high 
enough to eliminate the need for a closure at this location.  The new 5th Street Bridge is scheduled 
to be completed prior to the start of the selected plan outlined in this report.  However, should the 
5th Street Bridge project not be completed prior to the completion of the selected plan as outlined in 
this report, the City of Muscatine will be required to provide a temporary or permanent closure at 
this location that provides protection up to elevation 561.5 feet NGVD. 
 
The levee section north of 5th Street would be raised to the design elevation to match the levee 
section found at the mouth of Mad Creek.  The footprint would remain the same, thereby requiring 
the steeper side slope of approximately 2.5 horizontal to 1 vertical (2.5H:1V) as along the 
Mississippi River.  This existing section of levee was previously constructed under two different 
contracts and to different design heights.  The southern section of the existing levee would require 
more fill as it is approximately 1.5 feet lower than the more recent northern levee. 
 
An earlier Mad Creek flood protection project included the raising of the railroad and roadway at 
the intersection of Mad Creek with Washington Street.  Consideration was given to accomplishing 
an additional raise in order to provide passive closure at this location; however, it was determined 
that it would be impractical to raise the railroad an additional 2 feet.  Therefore, it is recommended 
that a railroad closure be constructed at the termination point of the existing levee (see plates S201, 
S202, and S203). 
 
Protection of the low-lying areas west of Mad Creek along Washington Avenue was not 
determined to be economically feasible; therefore, no work would be accomplished in this area. 
 
High ground east of the Heinz plant provides natural protection to that stretch of Mad Creek from 
the southeast corner of the plant to a point west of the confluence of Mad Creek and Geneva Creek.  
A previous contract provided flood protection along the southerly descending bank of Geneva 
Creek north of the Heinz plant.  This levee system provides adequate protection and would not be 
modified.  Analyses of the openings at Isett Avenue and the bridge access to the Heinz plant 
revealed that no improvement to the current sandbag closure methodology is economically 
justified. 

 
b.  Design and Construction Considerations.  Plans and specifications will be completed 

after completion of the feasibility study.  A Design Documentation Report (DDR) will be 
completed during the plans and specifications phase. 
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(1)  Design Considerations.  Due to the need to raise the existing floodwall 
approximately 2 feet, an overturning analysis was performed to confirm the floodwall’s stability 
caused by the additional loading.  Sufficient capacity exists to resist this overturning.  Confirmation 
of the wall’s internal structural strengths and sizing of the wall extension reinforcing was checked 
and determined to be not adequate to support the additional loads resulting from a 2-foot raise.  The 
existing floodwall will need to be strengthened with buttresses for earth berms on the landside of 
the floodwall. 
 
Landscaping needs for the project would be minimal due to the nature of the project; however, 
coordination for the required landscaping may be needed to make allowances for the future 
recreational trail that the City of Muscatine is proposing along Mad Creek. 
 

(2)  Utilities.  The initial construction of the levee and floodwall system during the 
1970’s and 1980’s required the relocation of numerous utilities and structures.  The criteria for 
current modifications show that the proposed improvements of the selected plan (project) are 
located within the existing levee footprint.  This requirement results in minimal disruption to 
existing utilities and structures.   
 
Modifications to the existing pumphouses may be required to allow for the raise in protection.  It is 
anticipated that the three gatewells located along Mad Creek from its mouth to 5th Street would 
require height adjustment to match the new protection level.   
 

(3)  Construction Considerations.  Special coordination would be required during 
modification of the levee and floodwalls, especially near HON Industries, in order to minimize 
impact to their manufacturing processes. 
 
Additional coordination would be required for construction of the closure structure at the railroad 
tracks as it affects rail access into the Heinz plant.  This would require close coordination with the 
railroad company. 
 

(4)  Value Engineering.  Value Engineering (VE) is an organized, systematic effort to 
reduce project costs without sacrificing quality, function, reliability or operation and maintenance 
requirements.  A VE study has been completed on the recommended plan.  The VE study 
recommends several proposals for further consideration during the plans and specifications stage of 
the project.  The proposals include:  reducing the length of the 2nd Street vertical lift gate by 20 
feet, using a double leaf swinging miter gate instead of the vertical lift gate at 2nd Street, using pre-
cast concrete panels doweled to the existing floodwall to raise it 2 feet instead of cast-in-place 
concrete, using a concrete walkway and parapet wall on top of the existing levee to raise it 2 feet 
instead of raising the levee with clay fill, and finally eliminating gatewell modifications. 
 

c.  Operation and Maintenance Considerations.  The City of Muscatine would perform 
regular operation and maintenance practices after project construction.  Some of the items to be 
addressed would include:  levee gate closure during flood events, silt deposit removal from the 
channel of Mad Creek, placement of sandbags at the Heinz access bridge and the Isett closure, and 
maintenance of the flood warning system.  
 
Levee maintenance would involve mowing the grass cover, removing brushy growth, controlling 
burrowing animals, and repairing the damage they may have caused to the levee.  Mowing of the 
new 2.5H:1V levee side slopes would likely require special equipment.  The City indicates they 
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have the capability to mow this steep of a slope.  These maintenance tasks are required to preserve 
the integrity of the levee and to allow for periodic inspections. 
 
The flood warning system for the Mad Creek and Geneva Creek basins would be used in 
conjunction with the NED Plan to provide additional response time for required operation of the 
levee system closures.  The flood warning plan would be finalized during the construction plans 
and specifications phase.  See pages A-18 thru A-21 of Appendix A for operation and details of the 
flood warning system. 
 
The flood damage reduction project along Mad Creek includes channel modifications at and 
upstream of the 2nd Street Bridge to improve the hydraulic capacity of the bridge and channel 
through this reach.  These channel improvements would result in a decrease in flood profile 
heights.  The City of Muscatine must maintain the improved channel to at or near as-built design 
condition in order for the project to function as intended.  The channel improvements are shown on 
plate C107.  Periodic mowing of the improved channel reaches to inhibit brush and tree growth 
must be performed on an as-needed basis (1-2 times per year).  Such maintenance would enhance 
the life of the channel/bridge improvements.  Cleanout maintenance would occur when sediment 
deposits in the improved channel accumulate to a depth of 2 feet or more above the restored as-
built channel dimensions.  To facilitate the noting of silt deposition depths, paint markings on the 
2nd Street Bridge pier and abutments should be placed to provide a field visual aid in recognizing 
when maintenance activities are required.  Failure to maintain the channel improvements would 
result in increases in the design flood profiles, resulting in possible overtopping of the flood 
protection system.  It is estimated that channel cleanout may be required every 2 years. 
 
Operation and maintenance costs were not factored into the economic analysis for the selected plan 
or any of the alternatives.  The alternatives involving detention dams (reservoirs) have very low 
benefit-cost ratios, so insignificant operation and maintenance costs would not change their status.  
The remaining alternatives are almost identical in the operation and maintenance associated with 
them, so operation and maintenance costs were not considered as a factor for determining the 
selected plan.   
 

d.  Plan (Project) Cost Estimate.  The selected plan, D-2 Mad Creek Channel 
Improvements and 2-Foot Levee Raise - Reaches 1 & 4, has a March 2002 MCACES estimated 
total project cost of $3,445,000 (see Table 6).  The fully funded estimate for the selected plan, 
MCACES summary estimates for all alternatives, and a detailed MCACES estimate of the selected 
plan can be found in Appendix G - Cost Estimates - Alternatives and Selected Plan.   
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Table 6.  Project cost distribution 
Plan D-2, channel improvements with 2-foot levee raise 

Muscatine, Iowa 
 
Total Project Cost Estimate $3,445,000 
 
Federal Cost Estimate 2,239,250 
 
Non-Federal Cost Estimate 1,205,750 
 

Lands, Damages, & Relocations $505,000 
Cash Contributions $700,750 
 
Non-Federal Share Percent of Total Cost: 35% 

 
 

e.  Plan Accomplishments.  Construction of a levee/floodwall system would substantially 
reduce damages due to flooding from both Mad Creek and the Mississippi River.  The City seeks 
flood protection for its central business district and its two largest employers.  Table 7 shows that 
the selected plan would provide the following levels of protection for the proposed improvements 
on Reaches 1 and 4.  
 
 

Table 7.  HEC-FDA performance statistics for proposed plan 
 

       Conditional Non-Exceedance Probability by Events 
 Long Term Risk       Crest 

Reach 10-yr 25-yr 50-yr 10% 4% 2% 1% .4% .2% Feet 
1 .019 .05 .09 1.00 1.00 1.00 1.00 .99 .99 561.4 
4 .0028 .0071 .014 1.000 1.000 1.000 0.9996 0.996 0.993 561.5 

 
 
The long-term risk gives the probability of the levee being exceeded during a 10-, 25-, or 50-year 
period.  The conditional non-exceedance probability looks at performance by event.  It gives the 
chance of the levee containing (not being overtopped by) the specified exceedance probability. 
 

f.  Economic Effects.  The NED Plan will reduce annual flood damages by $823,000 while 
requiring an annualized cost of $240,426 for a benefit-to-cost ratio of 3.4.  This results in a net 
benefit (annual benefit minus annual cost) of $582,574.  A detailed economic analysis is provided 
in Appendix B. 

 
g.  Social Effects. 

 
(1)  Community and Regional Growth.  No adverse impacts to the growth of the 

community or region would be realized as a direct result of the selected plan (project).  
 
(2)  Community Cohesion.  The project would be expected to somewhat enhance 

community cohesion by reducing further damages from flooding and securing the economic 
viability of businesses located in the floodplain/floodway. 
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The lower portion of Mad Creek is located within the Muscatine city limits, flowing through an 
area of mixed commercial, industrial, and residential uses near the downtown area before emptying 
into the Mississippi River.  The city administration and area property owners have expressed 
support for the project.  Coordination with Federal and state agencies has not revealed any 
objections or concerns.  
 

(3)  Displacement of People.  The project involves raising the existing flood control 
levee and floodwall, plus some channel improvements.  No residential displacements would occur 
as a result of the project. 

 
(4)  Property Values and Tax Revenues.  The potential value of property in the 

project vicinity could increase as a result of the project construction.   
 

(5)  Public Facilities and Services.  The project involves upgrading the existing levee 
and floodwall system, thus improving public facilities while other public facilities and 
infrastructure located within the protected area would benefit from reduced flood damages 
following project construction. 
 
A public marina, boat ramp, and city park are located on the Mississippi River adjacent to the 
existing floodwall.  The project would not adversely affect access to, or use of, these public 
facilities.  
 

(6)  Business and Industrial Activity.  The project would positively impact existing 
business and industrial activity by further reducing the threat of flooding.  Significant 
commercial/industrial expansion in the project area is not expected due to the current density of 
use.  No business relocations would be required due to the project. 

 
(7)  Employment and Labor Force.  The project would temporarily increase area 

employment during the 2-year construction phase.  There would be no significant long-term effect 
on employment or labor force within the City of Muscatine or Muscatine County. 

 
(8)  Farm Displacement.  The project is located in an urban area; thus, no farms 

would be affected. 
 

(9)  Life, Health and Safety.  Upgrading the existing flood protection system would 
further reduce life, health, and safety concerns faced by area residents and business owners. 
 

(10)  Noise Levels.  The project would temporarily increase noise levels over the 2-
year construction period.  The project area is primarily developed for industrial uses and no 
significant or long-term noise impacts to residents or sensitive receptors are expected. 
 

(11)  Aesthetics.  The project would raise the existing levee and floodwall and clean 
out a portion of the existing channel.  The appearance of the finished project would not be much 
different than what is already in place; therefore, no significant change to the aesthetic resources of 
the area is expected. 
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h.  Environmental Effects. 
 

(1)  Natural.  The existing land use in the study area is predominantly urban with 
some agricultural usage.  The agricultural land provides food and shelter for wildlife, while the 
developed areas provide habitat for small mammals and birds. 
 
The majority of the project area is contained within the urban and heavily developed city limits of 
Muscatine.  The proposed levee and floodwall alternatives are generally confined to a within levee 
cross-section upgrade, thus minimizing the overall impacts to the surrounding environment.  
However, the proposed detention basins would likely impact existing wetlands and pasture. 
 
The proposed channel improvements would improve hydraulics in the area around the 2nd Street 
Bridge, thus reducing the occurrence of flooding within the City.  Following vegetation removal 
and excavation of the filled in area, the bankline would be graded and reseeded with native wetland 
vegetation (see Figure 8).  
 
The U.S. Fish and Wildlife Service’s Fish and Wildlife Coordination Act Report (FWCAR) states 
that there are federally listed endangered or threatened species in Muscatine County, although none 
would be adversely impacted as a result of the selected plan (project).  The FWCAR, along with a 
more detailed description of existing environmental conditions, can be found in Appendix D - 
Environmental Assessment. 
 
The industrialized and residential areas within the Mad Creek levee district will be positively 
affected by reduced flooding impacts as a result of upgrading the levee system. 

 

 
Figure 8.  Channel excavation of fill at 2nd Street Bridge 
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(2)  Cultural.  Section 106 of the National Historic Preservation Act of 1966, as 

amended, and its implementing regulations 36 CFR Part 800 require Federal agencies to take into 
account the effect of an undertaking on significant historic properties if that project is under the 
direct or indirect jurisdiction of the agency or has been licensed or assisted by that agency.  The 
District determined that the proposed undertaking had potential to cause effects to significant 
historic properties (36 CFR 800.3(a)) and provided that determination along with proposed 
research measures to the SHPO, relevant federally recognized tribes, and the interested public for 
review and comment.  The SHPO concurred with the District’s determination by letter dated 
January 29, 2001 (R&C#: 010170032) and both the Sac and Fox Nation and the Iowa Tribe of 
Oklahoma indicated interest in the undertaking and the results of the archeological investigation. 
 
The District contracted for an archeological survey with Bear Creek Archeology (BCA) of Cresco, 
Iowa, under Contract DACW25-98-D-0001, Delivery Order 25.  The investigation evaluated the 
potential borrow areas and resulted in the documentation of four newly recorded prehistoric 
archeological sites.  Based on recommendations presented in the BCA report, the District 
determined that these historic properties were not eligible for listing on the National Register for 
Historic Places and that further archeological investigation was not warranted.  The BCA report 
and District determination were provided to the SHPO for review and comment.  The SHPO 
concurred with the District’s determination by letter dated June 11, 2001, with the exception that 
the SHPO recommended archeological survey of the potential retention basin sites.  The retention 
basin project features, however, are not part of the preferred alternative and therefore are not part of 
the area of potential effect of this undertaking. 
 
Subsequent to consultation, project modifications involving floodwall construction necessitated 
revising the APE to include two historic structures and associated limestone wall.  A National 
Register of Historic Places eligibility determination has not been rendered on any of the standing 
structures, and the lots surrounding these structures have not been surveyed previously for 
archeological remains.  The District and the Iowa SHPO have signed a PA (Programmatic 
Agreement) (Appendix I) regarding implementation of the project and the revised area of potential 
effect (APE).  This PA is an appropriate vehicle for addressing historic property concerns for this 
undertaking at the historic wall and historic structure locations within the revised APE.   
 
While the District is assured that no significant historic properties would be affected by the 
preferred alternative, if any undocumented historic properties are identified or encountered during 
the undertaking, the Corps would discontinue project activities and resume coordination with the 
consulting parties to identify the significance of the historic property and determine any potential 
effects. 
 

(3)  Hazardous, Toxic, and Radiological Waste (HTRW) Assessment.  Based on 
the findings of the Preliminary Phase II-A Environmental Site Assessment, the Mad Creek Flood 
Damage Reduction Project may proceed without limitations or special construction techniques, 
which are associated with HTRW contamination.  The HTRW Documentation Report is on file at 
the Rock Island District office. 
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4.  PLAN IMPLEMENTATION 
 

a.  Implementation Requirements.  To implement the selected plan (project), a number of 
steps would be required, starting with report approval through operation and maintenance by the 
project sponsor.  The following milestone schedule depicts the necessary steps.   
 

Project Completion Schedule 
 

Task Duration 
 
Execute Project Cooperation Agreement 8 weeks* 
Complete plans and specifications 48 weeks 
Right-of-way acquisition by sponsor 48 weeks 
Award construction contract 9 weeks 
Complete construction 102 weeks 
 
* Following approval of the DPR and commitment of funds 

 
b.  Implementation Responsibilities. 

 
(1)  Federal Responsibilities.  The preparation of plans and specifications for 

construction will be financed up front 100 percent by the Federal Government, following approval 
and receipt of funds, with the local cost-sharing portion repaid beginning with the first fiscal year 
of construction.  Project construction will be cost-shared 65 percent Federal/35 percent local.  The 
Federal share is estimated to be $2,239,250.  The Corps of Engineers will supervise and administer 
the construction contracts in accordance with the Project Cooperation Agreement and available 
funding. 

 
(2)  Non-Federal Responsibilities.  The Project Cooperation Agreement (PCA) is the 

formal assurance between the Federal and non-Federal partners.  Within the PCA, the sponsor must 
agree to: 
 

• Provide, without cost to the Government, during the period of construction, all lands, 
easements, rights-of-way, and utility and facility alterations and relocations required for 
construction and maintenance of the project, regardless of their value. 

 
• Make a cash payment of not less than 5 percent of the total project costs during the 

period of construction, regardless of the value of the items listed above.  If the value of 
the items listed above is less than 30 percent of total project costs, the sponsor shall, 
during the period of construction, make such additional cash payments as are necessary 
to bring its total contribution in cash and value of lands, easements, rights-of-way, and 
utility and facility alterations and relocation, to an amount equal to 35 percent of the 
total project costs. 

 
• Contribute all project costs in excess of the Federal statutory limitation of $7,000,000. 

 
• Hold and save the Government free from all damages arising from the construction, 

operation, maintenance, and rehabilitation of the completed project, except for damages 
due to the fault or negligence of the Government or its contractors. 
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• Operate, maintain and rehabilitate the project upon completion in accordance with 
regulations or directions prescribed by the Secretary of the Army. 

 
• Accomplish, without cost to the United States, all alterations and relocations of 

buildings, transportation facilities, storm drains, utilities, and other structures and 
improvements made necessary by construction of the project. 

 
• Prevent encroachment on any of the flood protection structures, including ponding areas, 

and if ponding areas are impaired, provide substitute storage capacity or equivalent 
pump capacity promptly without cost to the United States.   

 
• Prescribe and enforce regulations to prevent obstruction or encroachment on channels 

which will reduce their flood-carrying capacity or hinder maintenance and operation. 
 

• Participate in and comply with applicable Federal floodplain management and flood 
insurance programs.  Publicize floodplain information in the areas concerned and 
provide this information to zoning and other regulatory agencies for their guidance and 
leadership in preventing unwise future development in the floodplain and in adopting 
such regulations as may be necessary to ensure compatibility between future 
development and protection levels, including ponding areas, provided by the project. 

 
• Annually inform residents of the potential flood risks. 

 
• Comply with the applicable provisions of the Uniform Relocation Assistance and Real 

Property Acquisition Policies Act of 1970, Public Law 91-646, approved January 2, 
1971, in acquiring lands, easements, and rights-of-way for construction and subsequent 
operation and maintenance of the project and inform all affected persons of applicable 
benefits, policies, and procedures in connection with said Act. 

 
• Comply with Section 601 of Title VI of the Civil Rights Act of 1964 (Public Law 88-

352) and Department of Defense Directive 5500.11 issued pursuant thereto and 
published in Part 300 of Title 32, Code of Federal Regulations, in connection with the 
construction, operation, and maintenance of the project. 

 
• Prior to construction, and in accordance with the provisions of Section 221 of Public 

Law 91-611, the sponsor will enter into a contract with the Government whereby the 
sponsor will grant the Government a right to enter, at reasonable times and in a 
reasonable manner, upon land which the sponsor owns or controls for access to the 
project, for the purpose of inspection, and, if necessary, for the purpose of completing, 
operating, repairing, maintaining and rehabilitating the project.  If an inspection shows 
that the sponsor, for any reason, is failing to complete, operate, repair, maintain or 
rehabilitate the project in accordance with the assurances hereunder, the Government 
will send a written notice to the sponsor.  If the sponsor persists in such failure for thirty 
(30) calendar days after receipt of the notice, then the Government shall have a right to 
enter, at reasonable times and in a reasonable manner, upon the land that the sponsor 
owns or controls for access to the project for the purpose of completing, operating, 
repairing, maintaining and rehabilitating the project.  No completion, operation, repair, 
maintenance, or rehabilitation by the Government shall operate to relieve the sponsor of 
responsibility to meet its obligations as set forth in the Agreement, or to preclude the 
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Government from pursuing any other remedy at law or equity to assure faithful 
performance pursuant to the Agreement. 

 
The City of Muscatine has reviewed the draft model Section 205 PCA and has found its provisions 
to be acceptable, as stated in their letter dated November 20, 2002 (Appendix B). 

 
3)  Financial Analysis.  The City of Muscatine, Iowa, has the willingness and 

capability to finance its share of the cost of constructing this local flood protection project.  A 
Statement of Financial Capability and Financing Plan will be submitted, along with the PCA, with 
the final Detailed Project Report (DPR).   
 

(4)  Real Estate Requirements.  The City of Muscatine is the local sponsor for the 
Mad Creek at Muscatine, Iowa, Section 205 Flood Damage Reduction Project.  The proposed 
project will require 7.80 acres Temporary Work Area Easement, 4.13 acres Borrow Easement, 
0.6 acre Channel Improvement Easement, 0.15 acre Floodwall Easement, 0.378 acre Flood 
Protection Levee Easement, and 0.9 acre Fee simple title.  The estimated cost for lands, easement, 
rights-of-way, relocations and dredged material placement areas (LERRD) is $598,000.  A model 
Project Cooperation Agreement will be executed after project approval.  Detailed real estate 
requirements are included in Appendix F - Real Estate Plan. 
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5.  SUMMARY OF COORDINATION, PUBLIC VIEWS AND COMMENTS 
 

a.  Coordination.  Throughout a feasibility study, the Corps of Engineers strives to inform, 
educate, and involve the many groups who may have an interest in the study.  This coordination is 
paramount to assuring that all interested parties have the opportunity to be part of the study 
process.   
 
One process used for coordination is the public involvement process.  Public involvement is the 
exchange of information with various segments of the public.  It attempts to reduce unnecessary 
conflict and achieve consensus by opening and maintaining channels of communication with the 
public in order to give full consideration to public views and information in the planning and 
decision-making processes.  Content analysis is the method employed to identify public opinion, 
study concerns, and potential controversy.  It ensures that the public involvement plan is responsive 
to the level of interest and concern expressed by the public, and it assesses the effectiveness of the 
public involvement techniques.   
 

b.  Public Views and Comments.  In an earlier study (the Initial Assessment), the Corps of 
Engineers identified four primary alternatives for increasing flood protection to the areas along 
Mad Creek and Geneva Creek.  These alternatives were further studied in the Section 205 Flood 
Reduction Study.  The main forum for receiving comments during this study was through the study 
team’s coordination with the non-Federal sponsor, the City of Muscatine.  Meetings were held 
between the Corps of Engineers study team and city officials and representatives at critical stages 
throughout the study.   
 
A broader forum for soliciting comments was a public open house, described in more detail below.  
The open house process and comments are described in more detail below.  The open house 
attendees were offered comment sheets to express their concerns and comments.  Following the 
open house, the comment sheet responses were documented and analyzed and the results were 
distributed to all study team members for use in the plan formulation process.   
 
In March 2000, an open house invitation was mailed to a distribution list of nearly 250 addresses 
including congressional representatives; Federal, State, county, and city officials; businesses, 
media; and members of the public.  The purpose of the open house was to meet with the public to 
exchange information about the study and potential benefits and problems that may be associated 
with any of the alternatives.   
 
The open house was held on April 11, 2000, in Muscatine, Iowa.  Approximately 25 members of 
the public attended the open house.  A comment sheet was offered to the public for feedback; 
9 were returned. 
 
Overall, the majority of those who returned a comment sheet agreed: 
 

• That they were able to discuss the alternatives with Corps of Engineers representatives 
on a one-to-one basis; 

• That their questions about the alternatives were answered; and 

• That the information provided about the alternatives was relayed in an understandable 
manner and that they had a better understanding of the alternatives after attending the 
open house. 
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The comment sheet also included a statement about the acceptability of the four primary 
alternatives for reducing flood damages.   
 

• Respondents either agreed or were neutral that “raising the existing floodwall and 
levee system along Mad Creek” was acceptable. 

• A strong majority agreed that “constructing stormwater detention reservoirs north of 
Muscatine to reduce peak flows” was acceptable. 

• A majority of the respondents agreed that “a combination of floodwalls and levees and 
stormwater detention reservoirs” was acceptable. 

• However, the majority of respondents disagreed that “an enhanced early flood-warning 
system to better react to flash floods” was acceptable. 

 
Other comments received at the open house included concerns about flash flood protection, 
backwater flooding, storm sewer backup, and impacts of runoff.  A comment about dredging and 
straightening some areas of Mad Creek was offered, as well as the need to keep flood plain data up 
to date. 
 
The comments received at the open house were provided to the study team members for 
consideration and use in their analysis of the potential alternatives. 
 

c.  Draft Detailed Project Report Released.  In August 2002, an announcement was mailed 
to a distribution list of nearly 250 addresses including congressional representatives; Federal, State, 
county, and city officials; businesses, media; and members of the public.  The mailing announced 
the completion of the draft Detailed Project Report, the study findings and selected plan, and 
offered the public the opportunity to comment on the report.  A copy of the announcement and the 
comments received are located in Appendix H. 
 

d.  Summary.  The goals of the coordination process for the Mad Creek, Muscatine, Iowa, 
Flood Damage Reduction Study were to inform, educate, and involve the public and solicit 
feedback through open communication and to include in the plan formulation process all publics 
interested in and affected by the study recommendation(s).  These goals were met by providing 
City officials and representatives and the public opportunities to become informed and educated 
about, and involved in, the study by providing feedback to the study team.  The feedback was used 
by the study team to shape the plan formulation process and to develop the recommended plan.  
The study plan that is included in this report has been influenced by the public involvement 
process.   
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6.  RECOMMENDATION 
 
I recommend that the “selected plan” described herein be constructed under the authority of Section 
205 of the 1948 Flood Control Act, as amended, with such modifications as, in the discretion of the 
Chief of Engineers, may be advisable, at a total cost to the United States presently estimated at 
$3,445,000, with all annual operation, maintenance, and replacement costs to be the responsibility 
of the non-Federal sponsor. 
 
Section 205 local flood protection projects are subject to cost sharing in accordance with Public 
Law 99-662, the Water Resources Development Act of 1986.  The non-Federal share of the cost 
will be $1,205,750, which is comprised of credits for lands, easements, rights-of-way, relocations 
and disposals (LERRDs), and a minimum 5 percent cash contribution. 
 
Accordingly, I recommend that the project be funded and constructed subject to cost-sharing and 
financing arrangements that are acceptable to the Chief of Engineers, the Secretary of the Army, 
and the non-Federal sponsor. 
 
The recommendations contained herein reflect the information available at this time and current 
Departmental policies governing formulation of individual projects.  They do not reflect program 
and budgeting priorities inherent in the formulation of a national Civil Works construction 
program, nor the perspective of higher review levels within the Executive Branch.  Consequently, 
the recommendations may be modified before they are transmitted to the Congress as proposals for 
authorization and implementation funding. 
 
 
 
 
_______________________________ William J. Bayles 
                        (Date) Colonel, U.S. Army 
 District Engineer 
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DETAILED PROJECT REPORT 
WITH ENVIRONMENTAL ASSESSMENT 

 
SECTION 205 FLOOD DAMAGE REDUCTION STUDY 

 
MAD CREEK 

MUSCATINE, MUSCATINE COUNTY, IOWA 
 

APPENDIX A 
HYDROLOGY AND HYDRAULICS 

 
 
 

1.  PURPOSE AND SITE DESCRIPTION 
 
This appendix documents efforts to reduce flood damage in the City of Muscatine from flooding  
by the Mississippi River and by Mad Creek.  The City of Muscatine is on the Mississippi River 
approximately 1 mile downstream from Lock and Dam 16.  A location map of the study area 
appears on Figure 1 of the Detailed Project Report showing retention (basin) locations.  A vicinity 
and location map along with the retention locations can be found on the plates, Appendix L.  Mad 
Creek (drainage area about 17 square miles) starts in the hills above Muscatine, flows through the 
city, and enters the Mississippi River at river mile 546.  Geneva Creek, a tributary to Mad Creek, 
has a drainage area of 3 square miles.  Geneva Creek flows southwesterly into the city and enters 
Mad Creek; this confluence is in a commercial area of the city.  Mad Creek continues downstream 
about 6,000 feet to its mouth.  Storm water from a portion of the city, including residential and 
downtown areas, does not contribute flow to Mad Creek due to an existing levee system. 
 
2.  CLIMATE, FLOODS OF RECORD, AND DATUM 
 
The temperature summary at Muscatine (National Weather Service station 5837) is based on the 
period from 1948 to 1999.  The average monthly temperature ranges from 22 degrees Fahrenheit 
(January) to 76 degrees Fahrenheit (July).  The mean daily temperature is 51 degrees Fahrenheit.  
Extremes include two days between 105 to 114 degrees Fahrenheit and one day between -40 to  
-31 degrees below zero. 
 
Peak discharges are not recorded on Mad Creek.  Large floods occurred on June 30, 1961, and on 
June 16, 1990.  The gage at Muscatine on the Mississippi River is at mile 453.  The 10 highest 
recorded stages at this gage since 1878 appear in Table A-1.  The gage zero is elevation 530.74 feet 
MSL. 
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Table A-1.  Peak Stages on the Mississippi River at Muscatine, Iowa 
 

Rank Date Peak Stage 
1 07/09/1993 25.61 
2 04/29/1965 24.81 
3 04/25/2001 23.50 
4 04/251973 21.63 
5 04/26/1969 21.20 
6 04/21/1997 21.09 
7 04/28/1952 21.05 
8 04/26/1951 21.00 
9 05/09/1975 20.96 

10 10/07/1986 20.59 
 
 
More that one datum exists at Muscatine.  Measurements of stage on the Mississippi River are in 
MSL (1912 datum).  This datum was used for earlier reports and drawing of levees along the 
Mississippi River.  Elevations on USGS quad sheets are in NGVD (1929 datum).  At Muscatine, 
subtracting 0.49 foot from an elevation in 1912 datum converts it to an elevation in 1929 datum.  
The City of Muscatine uses a city datum.  Adding 249.1 feet to an elevation in city datum converts 
it to an elevation in 1929 datum.  Elevations in this appendix are in or have been converted to 
1929 datum. 
 
3.  EXISTING FEDERAL PROJECTS 
 
Two Federal projects are located within the City of Muscatine.  The design stage appears to have 
been 3 feet higher than the 1% probability event at the time of design for both projects.  (Refer to 
plates X101 thru X105 in Appendix K for project maps.)  The oldest system was finished in 1961 
and improved in 1983; it protects downtown Muscatine from flooding by the Mississippi River and 
by Mad Creek.  The protected area is triangular-shaped.  One levee is along the Mississippi River 
(460 feet); the other is along the right bank of Mad Creek (3,000 feet).  A second levee system was 
finished in 1983 and mainly protects the Heinz plant where Geneva Creek enters Mad Creek.  
Geneva Creek enters Mad Creek about 6,000 feet upstream from the mouth of Mad Creek.  Stages 
for the Mississippi River have increased since the 1961 report. 
 
4.  PROPOSED FEDERAL ALTERNATIVES 
 
Four alternatives to reduce flood damage are examined in this report.  Alternative A proposes 
raising the existing levees along Mad Creek, improving the closure structures, and improving the 
flood warning system.  Alternative B proposes building one storm water detention reservoir on 
Geneva Creek and one storm water detention reservoir on Mad Creek.  The reservoirs will only 
store water during a flood event.  Alternative C examines a combination of reservoirs and levee 
raise.  Alternative D proposes raising levees on both Mad Creek and the Mississippi River, plus 
improving the channel, the closure structures, and the flood warning system. 
 
The Corps of Engineers also plans to model several alternatives for the City of Muscatine to 
evaluate raising the 5th Street Bridge and the roadway within the floodway of Mad Creek. 
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5.  PREVIOUS HYDROLOGIC STUDIES OF MAD CREEK BY THE CORPS OF 
     ENGINEERS 
 
Mad Creek has no recording stream gage.  The Rock Island District has developed discharge-
frequency relationships for Mad Creek on several occasions.  The first hydrologic study by the 
District was made in the 1950’s (reference 1).  The peak discharge for the 1% chance event was 
4,900 cfs.  This discharge was increased during the 1960’s for the existing Federal projects.  The 
discharge-frequency relationship was based on a flood flow frequency analysis of Mill Creek in 
Milan, Illinois (drainage area 62.5 sq. mi.).  A representative standard deviation (S) of 0.342 and 
the log of the mean annual flood (M) 3.142 were used to compute the discharge-frequency curve.  
The log of the mean annual flood for Mad Creek was based on a ratio of the drainage areas 
(references 2 and 3).  This methodology is no longer the preferred method of the Corps of 
Engineers. 
 
Discharges used in a 1977 flood insurance study (reference 4) were based on a Corps of Engineers 
regression analysis of bluff streams along the Mississippi River.  The discharges were from 
“expected probability discharges” equations, which give larger values than “computed probability 
discharges.” 
 
In 1996, the NRCS (Natural Resources Conservation Service) made a basin model for the City of 
Muscatine, which evaluated many different dam sites (reference 5).  However, the loss rates and 
unit-hydrograph parameters in this model were not verified on a similar, gaged basin.  In 2000, the 
Corps of Engineers developed an HEC-HMS (reference 6) model of Mad Creek.  This model used 
the two dams from the NRCS model that would be most likely to reduce flood damage.  The sites 
were coordinated with the local sponsor.  The loss rates in the HEC-HMS model were verified on a 
gaged basin; however, insufficient rainfall data prevented calibrating any unit hydrograph 
parameters.  The engineers at the Corps’ Hydrologic Engineering Center at Davis, California, 
prefer the regression analysis for computing the absolute value of discharges.  HEC-HMS is good 
for evaluating variations in discharge, but is not recommended for determining the absolute value 
of discharge.  The without-project discharges from the future condition (year 2020) computed by 
the HEC-HMS model appear in Tables A-2 and A-3.  Discharge-frequency data that were available 
for the other methods appear in the same tables.  “RI” stands for recurrence interval in years. 
 
 

Table A-2.  Comparison of discharges on Mad Creek 
 

Discharge 
Probability 

% 
RI 
Yr. 

Mouth 
of 

Mad 
1960’s 

cfs 

Mouth 
of 

Mad 
FIS 
cfs 

Mouth 
of 

Mad 
HMS 

cfs 

U/S 
Conf. 

Geneva 
1960’s 

cfs 

U/S 
Conf. 

Geneva 
FIS 
cfs 

U/S 
Conf. 

Geneva 
HMS 

cfs 
50 2 1,400  1,581   1,125 
20 5 2,700  3,135   2,296 
10 10 4,000 3,140 4,252  2,780 3,135 
4 25 6,100  5,638    
2 50 7,900 6,100 7,613  5,370 5,480 
1 100 10,200 7,700 8,733 6,600 6,820 6,525 

0.4 250 14,500  12,093    
0.2 500 17,000 12,100 18,327  10,800 13,610 

        
Mi2  17.3 17.50 16.93 13.8 14.00 13.33 
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Table A-3.  Comparison of discharges, Mouth of Geneva Creek 
 

Discharge 
Probability 

% 

Geneva 
1960’s 

cfs 

Geneva 
FIS 
cfs 

Geneva 
HMS 

cfs 
50   468 
20   906 
10  1,140 1,222 
4   1,615 
2  2,330 2,110 
1 3,600 3,020 2,487 

0.4   3,426 
0.2  4,960 5,090 

    
Mi2 2.9 2.90 3.05 

 
 
6.  MISSISSIPPI RIVER HYDROLOGY AND HYDRAULICS 
 
Discharge data for the Mississippi River at Muscatine and river stages at the mouth of Mad Creek 
appear in Table A-4.  These data are from a report prepared by the Rock Island District in 1979 for 
the Technical Flood Plain Management Task Force of the Upper Mississippi River Basin 
Commission and used for studies on the Mississippi River (reference 7).  Data in the original report 
were converted to 1929 datum for this table.  Some points were interpolated. 
 
 

Table A-4.  Discharge and stage, Mississippi River at Muscatine, Iowa (NGVD 1929) 
 

Probability 
% 

Discharge 
cfs 

Stage 
ft NGVD 

50 153,000 548.10 
20 203,000 550.46 
10 235,000 552.21 
4 273,000 554.65 
2 308,000 556.26 
1 335,000 557.50 

0.4 370,000 559.20 
0.2 400,000 560.36 

 
 
7.  HYDROLOGIC MODELING 
 
Daily and Associates of Peoria, Illinois, prepared the HEC-HMS modeling and written summary 
under contract to the Corps of Engineers.  The original report (reference 8) is on file at the Rock 
Island District office. 
 

a.  HEC-HMS Without-Project and With-Project Modeling.  Two HEC-HMS 
(reference 6) models were prepared for this study.  The first modeled the existing basin.  The 
“without-project model” was used to evaluate the existing levees.  Moreover, since raising levees 
does not alter the discharge-frequency relationship, it was also used to evaluate Alternatives A and 
D.  The “with-project model” was used to evaluate Alternatives B and C (alternatives with water 
detention reservoirs). 
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All HEC-HMS models used the SCS Type II rainfall distribution with a 24-hour duration.  This 
distribution produces the highest peak flows.  The synthetic rainfall amounts came from Bulletin 71 
(reference 9).  Discharges were computed at the mouth of Mad Creek, the mouth of Geneva Creek, 
and on Mad Creek upstream of the confluence of Geneva Creek. 
 

(1)  Gimlet Creek at Sparland Used to Check Loss Rates.  Since Mad Creek is 
ungaged, loss rates were verified using an HEC-HMS model of Gimlet Creek at Sparland, Illinois.  
This basin with similar soils and terrain is located approximately 41 degrees latitude along the west 
bank of the Illinois River.  Gimlet Creek, USGS 05559000, has a drainage area of 5.66 square 
miles, a slope of 53.86 feet per mile, and a channel length of 4.81 miles.  The gage recorded 
36 annual peak discharges in years 1924, 1946, 1947, and 1950-1982.  Discharges were analyzed 
using a flood flow frequency analysis and are summarized in Table A-5.  The 24-hour rainfall for 
Gimlet Creek came from Bulletin 71 for the central region of Illinois (see Table A-5). 
 
 

Table A-5.  Gimlet Creek flood flow frequency results and rainfall 
 

Expected 
Probability (%) 

Peak Discharge 
cfs Storm Probability Rainfall in Inches 

50 809 0.500 3.02 
20 1,280 0.040 5.32 
10 1,580 0.010 6.92 
5 1,870   
2 2,230   
1 2,500   

0.2 3,100   
 
 
The Clark unit hydrograph transformed rainfall excess into runoff.  The time of concentration was 
calculated for each subbasin by breaking the total channel length into parts and estimating velocity 
and travel time for each segment.  The storage coefficient was estimated using reference 10.  For 
the region containing Gimlet Creek, the storage coefficient equals the time of concentration. 
 
The Muskingum method was used for channel routing.  The routing has two parameters:  (1) travel 
time (K) through the routing reach, and (2) a dimensionless constant (X).  If X is 0.0, the maximum 
attenuation occurs; if X is 0.5, no attenuation occurs.  The X value was based on experience.  X 
approaches 0.0 if the channel has mild slopes with flows out of banks and approaches 0.5 for well-
defined channels where the discharge stays within banks.  The travel time was estimated with 
Manning’s equation and typical cross-sectional geometry. 
 
The Green and Ampt parameters used to determined rainfall losses appear in Table A-6.  The 
moisture deficit is the antecedent moisture condition, the wetting front suction measures the ability 
of soil to draw water into the ground before saturation, and hydraulic conductivity measures the 
rate water passes through soil.  Values were not from physical tests, but estimated from soil type 
(silt loams to silty clay loams).  The computed peak at Gimlet Creek for the 100-year, 24-hour 
storm was 2,510 cfs.  It was obtained by varying parameters within acceptable ranges so the 
calculated peak was nearly equal to the flood flow frequency peak.  The parameters were then used 
for all frequency storms.  The impervious area was estimated from Quad maps. 
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Table A-6.  Loss rates derived from Gimlet Creek for HEC-HMS models 

 
Initial 
Loss 

(Inches) 

Volumetric 
Moisture 

Deficit 

Wetting Front 
Suction 
(Inches) 

Hydraulic 
Conductivity 

(In/Hr) 
.05-.1 .22 8 .5 

 
 

(2)  Mad Creek Without-Project Model.  The regional charts in Bulletin 71 show 
that Muscatine receives greater rainfall than the rest of its region.  Regional maps, not regional 
tables, were used for synthetic rainfall (Table A-7).  The partial-series rainfall amounts for the 50% 
through 10% probability events were converted to annual series for this study.  Since synthetic 
rainfall for 99%, 0.4%, and 0.5% probability events is not published, values were extrapolated.  
The extrapolated data were used for informational purposes only. 
 
 

Table A-7.  Rainfall used at Muscatine for 24-hour storms 
 

Probability 
% 

Partial Series 
Rainfall 
Inches 

Annual Series 
(Adjusted) 

Inches 
99.9 2.9  
50 3.2 2.83 
20 4.0 3.80 
10 4.6 4.55 
4 5.5  
2 6.8  
1 7.5  

0.4 9.6  
0.5 13.1  

 
 

(3)  Subbasin Parameters.  The basin map of Mad Creek appears on plate A-1, while 
the schematic of the HEC-HMS With-Project model appears in Figure A-1.  The Clark time of 
concentration (Tc) and the Clark R-value calculated for each subbasin appear in Table A-8.  The 
computation method was described in the paragraph on Gimlet Creek.  All models used the same 
Green and Ampt loss parameters calibrated from Gimlet Creek (see Table A-6). 
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Table A-8.  Mad Creek HEC-HMS subbasin parameters 
 

Subbasin 
ID 

Drainage 
Area 

Sq. Mi. 

Clark 
Tc 

Hours 

Clark 
R 

Hours 

Impervious 
Percent 
Yr. 2000 

Impervious 
Percent 
Yr. 2020 

1 7.06 1.93 1.93   2   5 
2 4.58 1.08 1.08   2   5 
3  1.69 1.13 1.13 10 20 
4 2.09 1.07 1.07   2   6 
5 0.96 0.87 0.87 18 24 
6 0.55 0.92 0.92 35 35 

 
 
Initially, discharge-frequency relationships were computed for the year 2000 and for the year 2020.  
The city engineer predicted development adjacent to Highway 38 and the Highway 61 Bypass.  
The impervious percent was increased (see Table A-8) to reflect future development.  The 
contractor did not believe Tc and R would change as a result of development.  The difference in 
discharges was so slight that only year 2020 discharges were used in this study. 
 
The coefficients used for Muskingum routing through sub-basins appear in Table A-9.  The number 
of sub-reaches depends upon the computation interval, which was 15 minutes. 
 
 

Table A-9.  Muskingum routing values used in HEC-HMS 
 

Reach 
ID 

Muskingum 
K 

Hrs. 
Muskingum 

X 

Number 
of 

Sub-Reaches 
Reach 1 .50 .15 1 
Reach 2 .40 .15 1 
Geneva 3 .45 .20 1 
Mad 4 .35 .15 1 

 
 

(4)  Mad Creek With-Project Model.  Two Modified Puls routings added to the 
without-project model simulated the storm water detention reservoirs in the with-project model 
(see Figure A-1).  Dam 2 on Mad Creek is just outside the current city limit.  Existing sewage 
disposal lagoons on one of the tributaries determined the guide for the limiting pond elevation.  
Since the crest of the lagoon is elevation 636.4 feet NGVD, operation would be restricted at a 
lower elevation.  Dam 1 is on Geneva Creek (just outside of the current city limit).  The elevation 
of Highway 61 Bypass served as the guide for limiting pond elevation. 
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Figure A-1.  Schematic diagram of with-project model 
 
 
Only about half of the total area of Mad Creek is upstream of the proposed storm water detention 
reservoirs.  To influence the discharges within the city, the peak flows at the reservoirs must 
decrease significantly.  The selected outlet consisted of a circular culvert and an emergency 
spillway.  The weir coefficient for the broad-crested emergency spillway was about 2.65. 
 
The primary outlet of the Mad Creek Dam is 48 inches in diameter at the existing flowline of the 
creek.  The crest of the emergency spillway is at elevation 636.5 feet; the weir length is 250 feet.  
The primary outlet of the Geneva Creek Dam is 36 inches in diameter.  It is set in the flowline of 
the existing creek.  The crest of the emergency spillway is elevation 629 feet; the weir length is 
125 feet.  Data (elevation, area, and outflow) used to model the reservoirs appear in Table A-10. 
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Table A-10.   Elevation-area-outflow data for the proposed reservoirs 

 
Elevation 
Ft NGVD 

Mad 
Area Ac 

Mad 
Outflow cfs 

Elevation 
Ft NGVD 

Geneva 
Area Ac 

Geneva 
Outflow cfs 

602 0 0 600 0 0 
610 6.49 164.82 610 5.30 115.61 
620 35.67 285.58 620 18.21 174.57 
630 73.92 368.29 629 35.83 213.78 

   636.5 109.99 412.02 630 37.79 594.14 
637 112.76 649.38 631 40.76 1,158.76 
638 118.30 1,639.11    631.5 42.24 1,532.57 
639 123.85 3,258.00 635 51.00 5,104.00 
640 129.40 4,773.56 640 67.44 12,339.36 
641 134.95 6,766.29 650 124.97 32,163.56 

 
 
b.  HEC-HMS Results from Synthetic Storms and Recommended Discharges.  

Table A-11 summarizes the influence of the proposed reservoirs.  The table lists the computed peak 
inflow and outflow (year 2020).  The table also lists the maximum impoundment elevation 
calculated for each probability event.  Most elevations were rounded to the nearest foot. 
 
 

Table A-11.  Computed inflow, outflow, and peak water surface elevation at proposed reservoirs 
 

Mad Creek Reservoir Geneva Creek Reservoir Storm 
Probability 

% 
Inflow 

cfs 
Outflow 

cfs 
Stage 

Ft NGVD 
Inflow 

cfs 
Outflow 

cfs 
Stage 

Ft NGVD 
50 625 204 613 320 119 611 
20 1,323 286 620 674 140 614 
10 1,823 302 622 928 157 617 
4 2,443 324 625 1,242 176 620 
2 3,331 356 629 1,682 186 622 
1 3,839 371 630 1,930 192 623 

0.4 5,352 398 635 2,665 209 628 
0.2 8,116 2,212 638.35 3,957 1,192 631.04 

 
 
The peak discharges computed at the mouth of Mad Creek and the mouth of Geneva Creek appear 
in Table A-12.  These data produced an erratic line when plotted on discharge-frequency paper.  To 
eliminate problems the scatter could cause when used in the HEC-FDA model, the data were fitted 
to a curved line.  The adjusted data used in this study appear in Table A-13.  A plot of discharge-
frequency from Tables A-12 and A-13 for the mouth of Mad Creek appears on plate A-2.  A 
similar plot for Geneva Creek is on plate A-3. 
 
The difference between year 2000 and 2020 peak discharges was in the range of 1% to 5%.  The 
larger the peak discharge, the less the percent difference.  The influence of future development was 
so small that the future discharges were used for both present and future conditions to evaluate 
alternatives. 
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Table A-12.  Preliminary HEC-HMS discharges,  
mouth of Mad Creek and mouth of Geneva Creek 

 
 Mad Mad  Geneva Geneva 
  
  
  Probability 

%  

Without 
Reservoirs 
Yr. 2020 

cfs 

With 
Reservoirs 
Yr. 2020 

cfs  

Without 
Reservoirs 
Yr. 2020 

cfs 

With 
Reservoirs 
Yr. 2020 

cfs 
50  1,580 1,240  468 286 
20  3,130 2,335  910 501 
10  4,250 3,100  1,220 640 
4  5,638 4,053  1,615 825 
2  7,613 5,388  2,173 1,069 
1  8,733 6,137  2,487 1,201 

0.4  12,093 8,371  3,426 1,597 
0.2  18,327 12,371  5,095 2,285 

 
 

Table A-13.  Adopted discharges for mouth of Mad Creek and mouth of Geneva Creek 
 

 Mad Mad  Geneva Geneva 
  
  
  Probability 

%  

Without 
Reservoirs 
Yr. 2020 

cfs 

With 
Reservoirs 
Yr. 2020 

cfs  

Without 
Reservoirs 
Yr. 2020 

cfs 

With 
Reservoirs 
Yr. 2020 

cfs 
50  1,580 1,240  393 286 
20  2,880 2,200  797 501 
10  3,974 3,000  1,188 640 
4  5,636 4,300  1,798 840 
2  7,089 5,400  2,356 1,069 
1  8,733 6,600  3,010 1,201 

0.4  11,240 8,400  4,043 1,700 
0.2  13,411 10,000  4,968 2,285 

 
 

c.  HEC-HMS Results from Probable Maximum Storm.  Both proposed storm water 
detention reservoirs are upstream of the City of Muscatine.  Since the failure of either dam could 
result in loss of life and property, the dams would be classed as high hazard.  The State of Iowa 
requires such reservoirs to be evaluated using the probable maximum storm.  This storm is the most 
extreme rainfall possible at the site.  A probable maximum storm was routed through the with-
project HEC-HMS model to evaluate the performance of the reservoirs under this extreme event.  
A point was added to the routing of Mad Creek reservoir for elevation 645 feet (200 acres and 
16,888 cfs outflow).  At the Geneva Creek reservoir, computations showed:  inflow 7,360 cfs, 
outflow 6,340 cfs, and pond elevation 635.8 feet NGVD.  At Mad Creek, computations showed: 
peak inflow 18,600 cfs, outflow 15,750 cfs, and pond elevation of 644.6 feet NGVD.  For purposes 
of comparison to synthetic events, the peak discharge at the mouth of Mad Creek (with-project) 
was 32,700 cfs. 
 
8.  HYDRAULIC MODELING 
 
Water surface profiles were computed on HEC-RAS (river analysis system, V 2.2, reference 11).  
The lower channel has not changed since the construction of previous projects by the Corps of 
Engineers.  Cross sections in these areas were taken from Corps of Engineers drawings and city 
topographic maps.  However, upper portions have re-aligned and the floodway has filled.  Sixteen 
cross sections were surveyed between the Route 61 Bypass and Washington Street. 
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Manning’s N-values was based upon judgement.  The N-value for the main channel ranged from 
.035 to .036 while the overbank N-values ranged from .04 to .07 for overbanks covered with grass 
to brush. 
 
The lower Mad Creek model ran from its mouth upstream to the junction of Geneva Creek, about 
6,000 feet.  The model had 5 bridges, 42 cross sections, and started at normal depth.  Discharges 
from Table A-13 were used in the HEC-RAS model. 
 
The Geneva Creek model started at its mouth and ran upstream 3,000 feet.  The model had two 
bridges, six cross sections, and started with known water-surface levels.  The starting elevations 
were at the junction of Geneva Creek from the lower Mad Creek model for the equivalent 
frequency and alternative (see Table A-14). 
 
 

Table A-14.  Starting water surface elevations at the mouth of Geneva Creek 
 

 
 
 Probability 

% 

Without 
Project 
WSEL* 

Feet 

Without 
Project 

Discharge 
cfs  

With 
Project 
WSEL 

Feet 

With 
Project 

Discharge 
cfs 

50 555.23 393  554.50 286 
20 557.47 797  556.37 501 
10 559.00 1,188  557.65 640 
4 560.99 1,798  559.41 840 
2 562.47 2,356  560.74 1,069 
1 563.93 3,010  561.96 1,201 

0.4 565.75 4,043  563.65 1,700 
0.2 567.16 4,968  564.91 2,285 

* water surface elevation 
 
 
In preparing the without-project model, engineers noticed a sandbar blocking half of the 2nd Street 
Bridge.  At the upstream face of the bridge, the sand extended from the center pier to the north 
bridge abutment.  Since it was not certain the sand would wash away, a third model was prepared 
(without-project improved channel).  This model was used to evaluate Alternative D.  The sand 
was removed from 2nd Street, and the channel upstream and downstream of the bridge was 
widened (bottom width of 45 feet with 1 on 3 side slopes). 
 

HEC-RAS Model Results.  The without-project profiles modeled lower Mad Creek using 
future condition discharges and the present channel.  These profiles were used to evaluate the 
existing levee system and Alternative A (levee raise) (see plate A-4).  The with-project profiles 
modeled the proposed reservoirs and the present channel.  These profiles were used to evaluate 
Alternative B and Alternative C on Mad Creek and appear on plate A-5.  Profiles for Alternative D 
used future condition discharges and an improved channel; profiles appear on plate A-6.  Figure A-
2 superimposes the 10% exceedance event for Alternatives A (no reservoirs), B (with reservoirs), 
and D (no reservoirs but improved channel).  Alternative B eliminates the constriction at 2nd Street 
by lowering the discharge; Alternative D eliminates the constriction by increasing the bridge 
opening. 
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Figure A-2.  Profiles of alternatives on Mad Creek for .01 probability event 
 
 
The improved channel lowered the water surface profiles from 2nd Street to above Washington.  
While the improvement lowers the water level, it will not eliminate the sediment problem at the 
bridge.  Maintenance cleaning will be required periodically.  For purposes of estimating 
maintenance costs, cleaning will be required every 2 to 5 years. 
 
The without-project profiles for Geneva Creek appear on plate A-7, and the with-project profiles 
appear on plate A-8.  The improved channel at 2nd Street does not lower the starting water level on 
Geneva Creek significantly.  The decrease in water levels for various events ranged from 0.00 to 
0.06 foot.  For a map showing the locations of HEC-RAS cross sections, refer to plate A-9. 
 
9.  RISK BASED ANALYSIS 
 
This section discusses the hydrologic and hydraulic input used for HEC-FDA (flood damage 
reduction analysis program, reference 12).  After a general discussion on input, the performance 
statistics for the alternatives are presented by economic reach. 
 

a.  Description of HEC-FDA Input. 
 

(1)  Discharge Frequency.  The HEC-FDA computer program (Version 1.2, 
March 2000) was used to evaluate alternatives.  The Rock Island District’s Economic and Social 
Analysis Section identified four reaches at Muscatine.  Reach 1 examined damages in downtown 
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Muscatine from flooding by Mad Creek.  The reach started at the mouth and ended upstream of 
5th Street.  Reach 2, also on Mad Creek, started upstream of 5th Street and ended just upstream of 
Washington Street.  Reach 3 evaluated damages behind the levees near the confluence of Geneva 
Creek and Mad Creek.  Reach 4 also examined damages in downtown Muscatine, but this time 
from flooding by the Mississippi River.  For a discussion of the reaches and a map, refer to 
Appendix B - Economic Analysis. 
 
Hydrologic input included discharge-frequency relationships and variation in discharge for each 
reach.  Hydraulic input consisted of a stage-discharge relationship and an estimate of the standard 
error of stage in feet.  Levee input included the crest elevation of existing or proposed levees.  
Flooding on the Mississippi River and Mad Creek were analyzed as independent events.  Flooding 
on Geneva Creek and Mad Creek were assumed to be concurrent. 
 
The analytical option in HEC-FDA created the without-project discharge-frequency curves.  
Discharges for the 50%, 10% and 1% exceedance-probability events were entered to generate 
discharge-frequency curves.  For Mad Creek and Geneva Creek, these discharges appear in 
Table A-12.  A period of record of 20 years was used on both creeks to generate confidence limits.  
The equivalent record length for HEC-HMS models using regional model parameters is 10 to 
30 years, so the midpoint was used (reference 13).  The without-project discharge-frequency data 
were used for Alternatives A and D.  For the Mississippi River, the appropriate discharges from 
Table A-4 were used with a 70-year period of record.  Seventy years is the average record period of 
the gages used to determine the discharges at Muscatine appearing in Table A-4 from reference 7.  
These discharge-frequency data were used for Alternative D. 
 
Since the with-project discharges are regulated, the graphical instead of the analytical option was 
required for Mad Creek.  To create the with-project discharge-frequency relationship, the 
discharges from the without-project HEC-FDA curve (the 99.9%, 50%, 10%, 1%, 0.4% and 0.2% 
exceedance probability events) were entered into the graphical option.  However, a period of record 
of 10 years instead of 20 was used to generate confidence limits.  The shorter period was used so 
that the confidence limits from both the analytical and graphical methods produced similar 
economic results for the without-project alternative. 
 
Once this was established, a transform feature in HEC-FDA converted the unregulated discharges 
to regulated discharges.  For Mad Creek, the transform correlated each without-project discharge to 
a with-project discharge.  The variation in with-project discharges was described with a triangular 
distribution that listed minimum and maximum values for each entry in the transform table.  This 
variation quantified the error in discharge at the mouth of Mad Creek attributable to the two 
upstream reservoirs.  Variations were determined by estimating the variation in culvert discharge 
and, if applicable, the variation in spillway discharge.  The discharge from the culvert was varied 
by plus or minus 20%.  The variation in spillway discharge was calculated by varying the spillway 
weir coefficient from 2.63 to 3.087.  The without-project discharge-frequency relationship 
evaluated Alternatives B and C in Reaches 1 and 2. 
 

(2)  Stage Discharge.  HEC-RAS profiles provided the stage-discharge data for Mad 
Creek and Geneva Creek.  A standard error in stage of 1 foot was assigned to all stages on Mad and 
Geneva Creeks.  This is high, but the obstruction of bridges could cause this variation.  Stage-
discharge data from Table A-4 were used for the Mississippi River.  A standard error in stage of 
0.5 foot was used for the Mississippi River. 
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(3)  Levee Information.  For each reach, the location where the levee would first 
overtop was identified.  Since the existing levees meet Federal standards, the probable failure point 
equaled the levee crest elevation.  For flood elevations above the crest, the exterior and interior 
water levels were assumed equal.  If the computed damages for the reach were significant, the 
existing crest was increased in 1-foot increments to evaluate raising the levee.  If computations 
revealed insignificant damage and high performance statistics, then raising the levee was not 
evaluated.  The specific overtop locations are discussed in the paragraphs on results. 
 

b.  HEC-FDA Results.  The computed results for each reach included the equivalent 
annual damage and the project performance for each alternative.  Refer to Appendix B - Economic 
Analysis for information on equivalent annual damage and the economic selection of the 
recommended plan. 
 
This section discusses only project performance.  The long-term risk gives the probability of the 
levee being exceeded during a 10-, 25-, or 50-year period.  Obviously, the longer the period, the 
greater the chance of the levee crest being exceeded.  The conditional non-exceedance probability 
looks at performance by event.  It gives the chance of the levee containing (not being overtopped 
by) the specified exceedance probability.  Remember that with risk-based analysis, the .01 
probability event is not one clearly defined stage; instead, it consists of a family of stages.  In order 
for the Corps of Engineers to certify a levee for the Federal Emergency Management Agency, the 
1% event must have conditional non-exceedance probability larger than .95.  Levees can be 
certified without using risk if the levee crest is 3 feet above the water surface profile for the 1% 
event.  This may appear confusing, but with risk-based analysis, each of the plotted profiles in the 
HEC-RAS section has a conditional non-exceedance of about 50%. 
 

(1)  Results for Reach 1:  From Mouth to Upstream of 5th Street.  The failure 
point for the existing levee is at the floodwall immediately downstream of the closure structure at 
5th Street.  The floodwall crest is elevation 559.4 feet NGVD.  The stage discharge data were from 
the cross section 50 feet downstream of the 5th Street Bridge (ID#2158).  After evaluating 
Alternative A (without-project), Alternative C (reservoirs or with-project), and Alternative D 
(without project but improved channel), the levee crest was increased in 1-foot increments.  The 
first increment (crest elevation 560.4 feet NGVD) would require raising 1,000 linear feet of levee.  
The second increment (crest elevation 561.4 feet NGVD) would require raising the entire length of 
the levee.  This is also true of the third increment (crest elevation 562.4 feet NGVD).  The 
performance statistics for the alternatives appear in Table A-15.  Alternatives B and C evaluate the 
reservoirs using the existing channel. 
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Table A-15.  HEC-FDA performance statistics for Reach 1 
 

       Conditional Non-Exceedance Probability by Events 
 Long Term Risk       Crest 

Alt 10-yr 25-yr 50-yr 10% 4% 2% 1% .4% .2% Feet 
A+0 .059 .14 .26 .9999 .98 .93 .81 .58 .41 559.4 
A+1 .044 .11 .20 1.00 .99 .96 .87 .69 .54 560.4 
A+2 .032 .08 .15 1.00 1.00 .98 .93 .82 .72 561.4 
A+3 .020 .05 .10 1.00 1.00 .99 .98 .94 .90 562.4 
D+0 .024 .06 .11 1.00 1.00 .99 .96 .89 .83 559.4 
D+1 .020 .05 .09 1.00 1.00 1.00 .99 .97 .96 560.4 
D+2 .019 .05 .09 1.00 1.00 1.00 1.00 .99 .99 561.4 
D+3 .019 .05 .09 1.00 1.00 1.00 1.00 1.00 1.00 562.4 

B .005 .01 .03 1.00 1.00 .99 .98 .93 .88 559.4 
C B+1 .002 .005 .01 1.00 1.00 1.00 .99 .98 .97 560.4 

 
 

(2)  Results for Reach 2:  From Upstream of 5th Street to Upstream of 
Washington Street.  The failure point for the existing levee is the elevation of the railroad where it 
crosses Washington Street—at elevation 560.5 feet NGVD.  The stage-discharge data were from 
the HEC-RAS model at the upstream face of the Washington Street Bridge.  The performance 
statistics appear in Table A-16.  The alternatives are identical to and defined in the Reach 1 section. 
 
 

Table A-16.  HEC-FDA performance statistics for Reach 2 
 

    Conditional Non-Exceedance Probability by Events 
 Long Term Risk       Crest 

Alt 10-yr 25-yr 50-yr 10% 4% 2% 1% .4% .2% Feet 
A+0 .08 .19 .34 .999 .97 .88 .72 .47 .31 560.5 
A+1 .06 .14 .26 .999 .99 .93 .81 .60 .43 561.5 
A+2 .04 .10 .19 1.000 .99 .96 .89 .73 .60 562.5 
A+3 .03 .07 .13 1.000 .998 .98 .95 .88 .81 563.5 
D+0 .05 .13 .25 .999 .99 .93 .82 .62 .46 560.5 
D+1 .04 .09 .17 1.000 .99 .97 .91 .78 .67 561.5 
D+2 .02 .05 .10 1.000 .998 .99 .97 .92 .87 562.5 
D+3 .02 .05 .09 1.000 .999 .998 .99 .98 .97 563.5 

B .02 .04 .08 1.000 .998 .98 .95 .84 .74 560.5 
C B+1 .005 .01 .03 1.000 .999 .99 .98 .93 .88 561.5 

 
 

(3)  Results for Reach 3:  Mad and Geneva Creeks at Existing Heinz Plant.  The 
failure point of the existing system is immediately downstream of the Heinz access road closure.  
This point, 485 feet upstream from the mouth of Geneva Creek, is 10 feet downstream of the access 
road bridge (cross section 0.6) and has a crest at elevation 572.35 feet NGVD.  The performance 
statistics for the existing levee appear in Table A-17.  Since the conditional non-exceedance 
probability is 99.9% for the 1% event with little damage, no alternatives were examined. 
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Table A-17.  HEC-FDA performance statistics for Reach 3 
 

         Conditional Non-Exceedance Probability by Events 
 Long Term Risk       Crest 

Alt 10-yr 25-yr 50-yr 10% 4% 2% 1% .4% .2% Feet 

A+0 .019 .048 .932 1.0000 1.0000 1.0000 0.9999 0.9998 0.9997 572.35 

 
 

(4)  Results for Reach 4:  Mississippi River.  The top of the levee and flood wall 
along the Mississippi River are at elevation 559.5 feet NGVD and will be overtopped at the same 
time.  The performance statistics for the existing levee (D+0) appear in Table A-18.  Since the 
conditional non-exceedance probability is 89% for the 1% event, the levee crest was increased in 1-
foot increments.  Unfortunately, increasing the crest 3 feet produced so little damage that the model 
became unstable.  For this reason, the third increment increased the crest only 2.3 feet. 

 
 

Table A-18.  HEC-FDA performance statistics for Reach 4, Mississippi River 
 

    Conditional Non-Exceedance Probability by Events 
 Long Term Risk       Crest 

Alt 10-yr 25-yr 50-yr 10% 4% 2% 1% .4% .2% Feet 
D+0 .05 .12 .22 1.000 0.999 0.991 0.89 0.51 0.23 559.5 
D+1 .02 .04 .09 1.000 1.000 0.999 0.98 0.86 0.73 560.5 
D+2 .0028 .0071 .014 1.000 1.000 1.000 0.9996 0.996 0.993 561.5 

D+2.3 .0028 .0069 .013 1.000 1.000 1.000 0.9997 0.998 0.997 561.8 
 
 

c.  HEC-FDA Consequences of Failure to Close Gate.  The consequences of failing to 
close an opening were analyzed by correlating the exterior river stage to the interior flood stage 
(reference 14).  Where there was a choice, assumptions that would produce the highest interior 
stage were adopted.  The relationship between exterior and interior stage was used to estimate 
damage.  This section discusses how the exterior versus interior relationship was developed.  There 
are no risk performance statistics for this section. 
 

(1)  Reach 1, 2nd Street Bridge.  During a storm in 1990, water entered through 
5th Street before the opening could be blocked.  This was the only time this has happened along 
Mad Creek since the project was completed.  This event was used to compute the probability of the 
closure not being made (1/30=.03).  The consequence of not closing the opening at 2nd Street was 
analyzed by relating the exterior stage of Mad Creek to an interior water level if the gate was left 
open.  The interior stage was determined by estimating the volume of water flowing through the 
opening.  Damages were estimated assuming closure would be completed 97% of the time. 
 
Inflow starts at zero when Mad Creek rises to the sill elevation, increases until the exterior stage 
peaks, and then returns to zero as the exterior stage falls below the sill elevation.  The sill is at 
elevation 553 feet NGVD and the levee crest is at elevation 559.5 feet NGVD.  The width between 
abutments is 59.3 feet.  From an examination of the rating curve at the bridge, a discharge of 
10,000 cfs produces a stage of 553 feet NGVD.  The amount of time the discharge is above 
10,000 cfs was obtained from the hydrograph of the .002% chance storm.  Inflow will occur for 
about 3 hours.  To simplify the computations, a triangular stage hydrograph was used for various 
exterior elevations.  The exterior stage started at elevation 553 feet, reached a peak in 1.5 hours, 
and then returned to elevation 553 feet in 3 hours.  The interior stage was computed by routing the 
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inflow into the elevation-volume curve for the protected area.  Unfortunately, the elevation-volume 
had to be estimated using just a few known points. 
 
 

Table A-19.  Elevation-area-volume relationship for interior area at 2nd Street 
 

Interior 
Elevation 

Feet NGVD 

Estimated 
Area 
Acres 

Estimated 
Volume 

Ac-ft 
550 0 0 
551 5.0 1.2 
552 10.7 9.1 
553 20.0 24.4 
554 25.0 16.9 
555 28.5 73.7 
556 31.5 103.7 
557 34.0 136.4 
558 36.0 171.4 
559 37.2 208.0 
560 38.4 245.8 

 
 
A spreadsheet developed to compute the time required to fill a protected area if the levee failed was 
used to estimate interior stage.  The program used the weir equation to compute flow into the 
protected area using 5-minute computation intervals to compute the increase in interior stage.  
Computations used a weir length of 59.3 feet and a weir coefficient of 2.75.  The highest interior 
water level always occurred after the exterior water level had peaked.  The maximum interior level 
occurred when the falling exterior stage equaled the rising interior stage.  The relationship between 
exterior and interior stage appears in Table A-20. 
 
 

Table A-20.   Transform from exterior stage to interior stage at 2nd Street 
 

Exterior 
Elevation 

Feet NGVD 

Interior 
Elevation 

Feet NGVD 
553 550.0 
554 552.4 
555 553.8 
556 554.9 
557 555.8 
558 556.8 
559.5 558.2 

 
 
(2)  Reach 3, Isett and Service Road Openings.  Over the life of the project, water 

has entered the openings on Geneva Creek twice.  In 1990, a fence blocked the service road bridge 
and water entered both openings.  In 1993, the Mississippi River was high when another storm 
overtopped both sills.  Because the ground slopes from Geneva to Mad Creek within the interior, 
the water was not trapped.  Instead, it flowed at shallow depth toward Washington Street, re-
entered Mad Creek, and caused slight damage. 
 
Because of the brief response time and the unlikelihood that sandbags would be placed in time, the 
closures were analyzed under the assumption that both openings always would be open.  The 
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estimate of interior water levels assumed that all inflow was trapped.  Even so, because the sills are 
high and small, the computed interior water level is significantly lower than the exterior water 
level. 
 
The sill of the service road is elevation 567.8 feet NGVD with a width of 42 feet, which increases 
to 63 feet at the levee crest (elevation 572.35 feet NGVD).  The sill of Isett Avenue is elevation 
586.5 feet NGVD with a width of about 60 feet.  Under normal depth conditions on Geneva Creek, 
a discharge of 4,000 cfs overtops both sills.  The duration of an overtopping event is about 1 hour 
based on the hydrograph of the 0.2% chance storm.  In relating exterior to interior water levels, it 
was assumed that for all exterior stages above 567.7 feet, the inflow peaked in .5 hour and returned 
to zero after 1 hour.  The interior is about 1,800,000 square feet (41 acres).  The inflow volume was 
estimated by using twice the calculated inflow through the service road.  The discharge was 
computed using the weir equation with a coefficient of 2.75 and a length of 63 feet.  The 
relationship between exterior and interior levels used in HEC-FDA appears in Table A-21. 
 

 
Table A-21.   Transform from exterior stage to interior stage at Service Road 

 
Exterior 
Elevation 

Feet NGVD 

Interior 
Elevation 

Feet NGVD 
567.7 567 
568.7 567.3 
569.7 568.0 
570.7 568.8 
571.7 569.8 
572.3 570.4 

 
 
10.  FLOOD WARNING 
 

a.  Basin Characteristics.  Discharge hydrographs for both Geneva and Mad Creek appear 
on plate A-10.  These HEC-HMS plots were produced by applying 4 inches of rain during 1 hour.  
Since the time between the center of mass of rainfall and the peak discharge is only 1 to 2 hours, 
the largest warning time will probably be about a half hour.  If the time between bursts of rainfall is 
longer than 6 to 8 hours, the runoff will form two separate events and will not be additive.  
Applying the synthetic rainfall in 1 hour produces higher peaks than periods of 2 or 3 hours.  
However, in real life the total of the past 3 hours will probably be the most important period to 
monitor for the Mouth of Mad Creek. 
 
In an effort to define a relationship between rainfall and peak discharge, the without-project HEC-
HMS model was used to compute peak discharges.  It was produced by applying a series of 1-hour 
storms for rainfall amounts ranging from 1 to 4 inches.  This information appears on plate A-11 for 
the mouth of Geneva and Mad Creeks.  Unfortunately, the relationship between rainfall and runoff 
is complicated by the ability of the soil to absorb moisture.  The Soil Conservation Service 
addresses this problem by totaling the rainfall falling in the 5 days before the storm (reference 15).  
This is then used to adjust the amount of rainfall absorbed by the soil.  Table A-22 is based upon 
this approach; it arbitrarily creates three classes of antecedent moisture conditions.  A curve for 
each class appears on plate A-11. 
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Table A-22.   Total 5-day antecedent rainfall in inches 

 
Condition Dormant Season Growing Season 

Dry Less than 0.5 inches Less than 1.4 inches 
Average 0.5 to 1.1 inches 1.4 to 2.1 inches 
Saturated Over 1.1 inches Over 2.1 inches 

 
 
Low temperatures prevent evaporation and prolong saturated conditions; this introduces error into 
Table A-22.  There is no precise adjustment for temperature.  Nevertheless, one should be aware of 
the temperature during the previous 5 days to evaluate the flood threat. 
 
The plots on plate A-11 can be used with target discharges at various damage centers to determine 
preliminary alarm stages.  The information can also be used to trigger alert, mobilization, and 
closure actions.  Table A-23 lists information on closures for the project.  The information came 
from reference 16 or recent surveys. 
 
 

Table A-23.  Information on closures 
 

 
 

Location 
Closure 

Type 

Sill 
Elevation 
Ft NGVD  

Approx. 
Discharge 

cfs 

Approx. 
Frequency 
Exceedance 

RR Closure 600 ft south of Washington 
Avenue Mad Cr. Sandbag 559.55    
2nd Street closure Mad Cr. Gate 553.0  10,000 See text 
Isett Ave closure on Geneva Cr. Sandbag 568.5  4,250 Below .002 
Heinz service road closure on Geneva Cr. Sandbag 567.8  4,500 Below .002 

 
 
Given the short response time on Geneva Creek, it is unlikely that any type of closure, let alone 
sandbags, could be placed in time.  However, sandbags could be used on Geneva Creek in 
situations where a high Mississippi River could make overtopping the sill elevation more likely. 
 
Most of the time, the peak discharge on Mad Creek will determine when to close 2nd Street.  The 
low steel of the bridge varies from elevation 549.7 to 551.7 feet NGVD.  Under most conditions, a 
discharge of 9,000 cfs will pass under the bridge.  However, when the water level at the mouth of 
Mad Creek is higher than elevation 547 feet NGVD, the discharge required to touch the low steel 
decreases.  Plate A-12 shows a family of rating curves at 2nd Street Bridge for various starting 
water levels.  Stage duration data for the Mississippi River show that 95% of the days of the year 
(on average) the water surface will be below elevation 546.5 feet NGVD (547 feet 1912 datum) at 
the mouth of Mad Creek.  Between a starting water level of 547 feet NGVD and 550.5 feet NGVD, 
the target discharge decreases from 9,000 to 4,000 cfs. 
 

b.  Flood Warning System.  A replacement flood warning system for Mad Creek was 
designed under contract; it is estimated to cost $72,000.  The system uses three recording rainfall 
gages equipped with programmable logic controllers and data transmission devices that convey a 
UHF signal to the Public Safety Building.  There a computer stores and monitors data and signals 
warnings.  The system was to facilitate the frequent closure of 5th Street.  The report, drawings, 
and specifications are on file at the Rock Island District office (reference 8).  It now appears that 
5th Street will be raised, eliminating the closure.  A Value Engineering Team will reevaluate the 
design prior to the completion of the final Detailed Project Report. 
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(1)  Description of System Components.  The flood potential is evaluated from real 

time precipitation at the three sites (see plate A-1).  Two gages are in the upper Mad Creek basin.  
Gage 1 is off Route 38, near the Municipal Golf Course.  Gage 2 is near 2900 180th Street, just west 
of Route 61.  Gage 3 is in the Geneva Creek basin, near the water tower, southeast of the 
intersection of Bypass 61 and Bidwell Avenue.  A tipping bucket style gage is recommended with a 
collector diameter of 8.625 inches.  This gage has resolution of .01 inch (0.25 mm) and an accuracy 
of 0.5% at 0.5 inch (12.50 mm) per hour.  The gage can be heated to record the water equivalent of 
snowmelt if year-round operation is chosen. 
 
A programmable logic controller near the rain gage receives a signal from the tipping bucket rain 
gage for each 0.01 inch of rainfall at the gage.  The controller calculates the precipitation for the 
previous 0.5-hour, 1-hour, 2-hour, 3-hour, and 6-hour periods.  The controller attaches a time 
increment (preferred setting of 1 minute) to the incremental precipitation and calculates total 
rainfall, as well as daily rainfall. 
 
The logic controller sends the information by radio modem to a proposed supervisory control and 
data access system (SCADA) located at the Public Safety Building.  A new computer will compare 
real time precipitation with trigger values and send alerts when the values are exceeded.  Interface 
software on the computer manages the precipitation record and other control data.  It maintains 
quarter-hour records of precipitation for each gage on a daily basis using military time.  The 
recommended length of record is 18 months.  The format of the recorded data will be such that it 
can be loaded directly into a standard spreadsheet program. 
 
The new computer also receives data from an ultrasonic level detector located on the 5th Street 
Bridge.  The stage data will provide an alert for high water at the 5th Street Bridge.  The unit has a 
resolution 0.01 foot with an accuracy of 0.5% of its calibrated span.  The maximum span is 60 feet.  
The gage will be zeroed at 545.0 MSL.  A stage gage should also be installed on the bridge to make 
annual calibration easier.  The stage gage has a programmable logic controller and transmitter as 
part of the electronics package. 
 

(2)  Computer Handling of Precipitation Data and Generation of Alarms.  The 
computer will maintain a real time record of precipitation depth for each gage.  It will also compute 
the total basin rainfall using Thesian polygons for the same time increments, compare totals to 
preset rainfall depths, and generate an alarm signal, if appropriate.  The computer will make 
comparative analysis of the rainfall intensity for the gages to the following data and signal an alarm 
when any value is exceeded.  The comparable values can be set through the computer interface and 
keyboard.  Initial values recommended by the contractor appear in Table A-24. 

 
 

Table A-24.  Initial values for rainfall alarms within Mad Creek basin 
 

0.5 hour: 2 inches per hour 
1 hour: 1.5 inches per hour 
2 hour: 0.75 inches per hour 
3 hour: 0.5 inches per hour 
6 hour: 0.25 inches per hour 
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The computer will indicate real time stage data for Mad Creek.  The stage gage data will be stored 
in 15-minute increments for at least 18 months.  The record form will include date and military 
time.  The storage data format will be loadable to standard spreadsheet programs.  The computer 
analyzes the stage data and signals the central alarm if values in Table A-25 are exceeded.  The two 
stage values recommended by the contractor are intended to provide approximate 90-minute and 
60-minute warnings of a flood level on Mad Creek. 
 
 

Table A-25.  Stage alarms on Mad Creek 
 

Stage Elevation Comment 

3.5 548.5 MSL 14-Year Freq. 

5.9 550.9 MSL 45-Year Freq. 

 
 

(3)  Maintenance for Flood Warning System.  Maintenance of the rain gages 
includes annual cleaning and re-zeroing of the precipitation accumulator.  The local sponsor should 
also plan on inspecting each gage once every 3 months during flood season.  Maintenance of the 
stage gage includes re-zeroing and periodic discharge measurements to calibrate discharge to stage.  
This is not essential, but it would allow the collection of annual peak stage and discharge for Mad 
Creek that will decrease the uncertainty of the rainfall-runoff relationship. 
 
Maintenance of the data transmission system will be minimal.  The system should be checked 
annually for damage. 
 
Maintenance of the computer records requires periodically backing up files. 
 
After an emergency, as conditions permit, the superintendent will initiate a general cleanup of all 
flood control facilities, make a general inspection of the project, and repair all damage to the 
project works.  Demobilization of flood control activities will include the release of emergency 
personnel, an inventory of equipment and supplies, and cleaning, storing, and replenishing 
equipment and supplies.  Procedures will then revert to ordinary inspection and maintenance. 
 
In addition to the semi-annual reports, the superintendent will prepare post-flood reports after 
significant floods and forward one copy to the District Engineer.  The report will be a complete 
flood history and will include a log of operations, a daily tabulation of river stages, a discussion of 
pertinent factors in operating and maintaining the project, and any other useful information.  
Operation and maintenance factors will include problems encountered, weather conditions 
encountered (including effects of ice on operation), damage incurred, repairs required, and other 
significant factors which occurred during the operation and maintenance of the project during the 
flood period.  The report will also include a summary of the numbers, time, and cost of manpower 
and the quantities and costs of supplies and equipment that the protective effort required.  The 
flood report can be useful in future flood fights. 
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1.  INTRODUCTION 
 
This appendix describes the economic analysis of project alternatives for providing flood damage 
reduction measures for the City of Muscatine, Iowa.  Current damages are caused primarily by high 
flows of Geneva Creek, Mad Creek, and the Mississippi River.  The five major sections of this 
appendix summarize the Detailed Project Report analysis conducted by the Rock Island District, 
U.S. Army Corps of Engineers. 
 
Following the introductory section, the second section describes the general characteristics of the 
study area and summarizes historical flooding.  The third section presents the procedures used to 
quantify flood damages and the potential benefits which would accrue to a flood damage reduction 
project.  The fourth section presents the benefit and cost analysis for the recommended plan.  The 
fifth section summarizes the non-Federal financial analysis.  Throughout this analysis, price levels 
are stated as of June 2002, with the required Federal discount rate of 6-1/8 percent for water 
resources project being used to amortize costs for comparison with annualized benefits. 
 
2.  CHARACTERISTICS OF THE STUDY AREA 
 

a.  General.  The City of Muscatine is located on the right bank of the Mississippi River in 
Muscatine County, Iowa.  The City of Muscatine has an estimated year 2000 population of 23,100.  
Table B-1 depicts historical population trends.  The city is served by major state and Federal 
highway, railway and waterway systems.  The interstate highway system and major airline 
transportation are also within close proximity.  
 
 

Table B-1. Muscatine, Iowa, population trends 
 

Year  1950 1960 1970 1980 1990 2000   
 
 

Population 19,041 19,813 22,405 23,467 22,881 23,100 
 
 

b.  Study Area.  As shown on Figure 1 of the main report, the study area is the floodplain 
impacted by Geneva Creek, Mad Creek, and the Mississippi River (at the confluence with Mad 
Creek).  Separate reaches are delineated on Figure 2.  The study area is centrally located within the 
City of Muscatine.  The area is predominantly industrial and commercial, with a few residential 
and public properties.  Table B-3 lists numbers of properties by category.  Reaches 1 and 4 are 
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geographically identical, but impacted by independent Mad Creek and Mississippi River flows, 
respectively.  Reach 2 is impacted by Mad Creek flows, and Reach 3 is impacted by Geneva Creek 
flows. 
 
The following types of properties are included in the area to be protected:  office furnishings 
manufacturing, auto and cycle repair and service, taverns, energy services, retail furniture, 
chiropractic services, freight services, door/awning services, button manufacturing, and public 
roads and sewers.  The study area exhibits fairly dense usage.  Significant growth trends are not 
apparent. 
 
 

Table B-2.  Study area properties by category 
 

 Areas Outside 
Type Reaches 1 & 4 Reach 2 Reach 3 of Reaches 

 
Commercial 13 5  13 
Industrial 2  1 
Residential    7 
Public    1 

 
 
 

c.  Labor Force Data.  As shown in Table B-2, 1990 data indicate that the Muscatine area 
labor force is concentrated in the manufacturing, retail trade, and service industries.  Median 
household income was $40,800 for the Muscatine area, compared to $35,400 for the State of Iowa. 
 
 

Table B-3.  Muscatine County, Iowa, labor force 
2000 projected statistics (Woods & Poole Economics, Inc.) 

 
 2000 Percent 
Employment Category Labor Force Distribution 
 
Construction & Mining 1,080 4.0 
Manufacturing 8,910 33.0 
Wholesale & Retail Trade 4,710 17.4 
Service Industries 6,090 22.5 
Finance, Insurance, Real Estate 840 3.1 
Transportation & Utilities 990 3.7 
Farm and Farm Services 1,130 4.2 
Other 3,270 12.1 

 
Total  27,020 100.0 

 
 
 

d.  Historical Flooding.  Mad Creek, Geneva Creek, and the Mississippi River have 
experienced significant flooding in the past several decades.  Mad Creek and Geneva Creek are 
ungaged streams, which had serious recent flash flooding in 1990 and 1993.  The Mississippi River 
has had severe recent flooding in 1993, 1997, and 2001 (see Appendix A, Table A-1).  The existing 
levees protecting Reach 1 (& 4) and Reach 3 prevented significant damages from occurring during 
the flood events.  Seepage pumping, sandbagging, and levee patrol costs were incurred during these 
events.  
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3.  METHODOLOGY 
 

a.  General Conditions.  This study area was evaluated under the Corps of Engineers’ 
requirements for “Risk and Uncertainty” analysis.  
 
Portions of the project study area are currently protected by a Federal levee/floodwall system.  The 
area has been analyzed as a 4-reach study.  Table B-4 lists reaches, affecting streams, top-of-levee 
elevations, and alternatives analyzed. 
 
 

Table B-4.   Reach alternatives analyzed 
 

 Affecting Top-of-Levee Alternatives 
Reach Stream Elevation (existing) Analyzed 

 
 1 Mad Creek 559.4 1-, 2-, 3-foot levee raise; 

   Upstream dams; 
   Dams and levee raise; 

    Channel work & levee raise 
 
 4 Mississippi 559.5 1-, 2-, 3-foot raise 
 
 2 Mad Creek 560.5 1-foot raise 
     Upstream dams; 
     Dams and levee raise 
 
 3 Geneva Creek 572.4 Positive closures 
    Upstream dams; 
    Dams and closures 
 
 Areas Geneva Creek & No-levee Upstream dams 
 Outside Mad Creek areas 
 Reaches 
 

 
 

b.  Flood Damage Data Collection.  Structure and content values and depth-damage 
estimates were collected for all properties in the study area.  For industrial, commercial, and public 
properties, on-site interviews were used to determine damageable values and depth-damage 
relationships for affected properties (to include structural and content damages, emergency 
preparedness, and cleanup costs).  Ground and floor elevations were determined from property 
records and topographic mapping.  The Mad Creek Reach 1 (Mississippi Reach 4) area contains a 
large, well-maintained manufacturing facility in addition to the many other occupants.  This 
manufacturer has a very significant investment in plant, inventory, and equipment at this location.  
The equipment for manufacture and assembly is generally located on the ground floor of several 
building sites and is permanently placed.  It is not mobile and could not be removed during a flood 
threat.  Inventory is stored at varying heights in several buildings and is at risk during flood threats.  
Therefore, it is assumed that any breach or overtopping of the existing levee during flooding would 
cause immediate and severe damage to this industrial facility, as well as other levee district 
occupants.  Information from study area occupants was used to estimate the range of potential 
damages resulting from an overtopping flood event. 
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For residential structures, ground and floor elevations, structure type, age, size (square footage), 
condition and repair/replacement values were estimated from field survey.  Using this information 
and the Rock Island District’s standard residential depth-damage computer program, elevation-
damage relationships were estimated for the residential properties. 
 

c.  Risk and Uncertainty.  Tables B-5 through B-8 present mean damage estimates and 
standard deviation of damage by category for various flood elevations.  The accepted approach 
with limited data and funding was used to arrive at standard deviations of stage/damage 
relationships (reference IWR Risk/Uncertainty guidance).  Total mean damage and standard 
deviation information was then entered to the Hydraulic Engineering Center - Flood Damage 
Assessment (HEC-FDA) computer model for risk and uncertainty.  The HEC-FDA model was then 
run, sampling various hydraulic and economic variables, resulting in existing and proposed levee-
height reliability statistics and annual damage/benefit information. 
 
 

Table B-5.  Reach 1/4 (two independent stream flows) 
 
 Elevation Approx. Industrial/ Standard 

 (NGVD) Freq. Commercial Deviation 
 
 

Mad Creek Reach 1 (Miss. Reach 4) Existing Damages by Category ($000’s) 
 
 559.0 .0033 0 0 
 560.0 .0027 69,270 18,680 
 561.0 .0023 74,680 18,670 
 562.0 .0020 80,090 18,450 
 563.0 .0017 85,190 18,340 
 564.0 .0015 90,970 18,530 
 
 

Mississippi Reach 4 (Mad Creek Reach 1) Existing Damages by Category ($000’s) 
 
 559.0 .004 0 0 
 560.0 .0028 69,270 18,680 
 561.0 .0015 74,680 18,670 
 562.0 .0008 80,090 18,450 
 563.0 .0005 85,190 18,340 
 564.0 .0002 90,970 18,530 

 
 
 
 

Table B-6.  Reach 2 existing damages by category ($000’s) 
 
 Elevation Approx.  Standard 

 (NGVD) Freq. Commercial Deviation 
 
 560.0 .004 0 0 
 561.0 .0032 110 28 
 562.0 .0027 162 37 
 563.0 .002 209 45 
 564.0 .0017 242 49 

 

 
 

Table B-7.  Reach 3 existing damages by category ($000’s) 
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 Elevation Approx.  Standard 

 (NGVD) Freq. Industrial Deviation 
 
 572.0 .0013 0 0 
 573.0 .001 53,330 13,333 

 

 
 

Table B-8.  Area outside of reaches existing damages by category ($000’s) 
 
 Approx. 

 Freq. Residential Commercial Public 
 
 .5 0 0 0 
 .1 14 17 13 
 .02 35 219 58 
 .01 60 472 76 
 .002 111 974 242 

 

 
 

(1)  Existing Condition Annual Damages and Benefits.  Average annual damages 
are the expected value of flood losses for any given year.  The calculation for existing condition 
average annual damages, under the Hydraulic Engineering Center - Flood Damage Assessment 
(HEC-FDA) model involves using Monte Carlo simulation for computing expected annual flood 
damages (mean damage obtained by integrating the damage exceedance probability curve for the 
study area).  Uncertain parameters (error distributions around the mean) such as flow-frequency, 
flow-stage, and stage-damage are sampled when a simulated overtopping event occurs.  HEC-FDA 
output includes best estimate (mean) of expected annual damage and a distribution of possible 
values about the mean. 
 
That portion of annual damages which can be prevented by construction of a project are the 
benefits accruing to the project.  Residual (with-project ) damages are damages that could occur 
due to the possibility of flood events that would overtop the proposed levee improvement.   
 
Table B-9 lists annual damages and benefits information for the existing condition and alternatives 
considered. 
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Table B-9.  Annual damages and benefits by alternative 

      Total 
   Annual Damages  Annual  
 Existing Condition Geneva Mad Miss.  Damage 
     
  Reach 1/4 469,500 349,300  818,800
  Reach 2 1,500   1,500
  Reach 3 11,200   11,200
  Outside Specific Reaches 200 44,000   44,200
     
 With-Project Conditions   Total 
   Annual Benefits  Annual 
 A. Mad Creek/Geneva Creek Levee Raises Geneva Mad Miss.  Benefits 
           A-1.  Mad Creek Levee Raise - Reach 1   
         A-1-a.  One-foot raise 121,200   121,200
         A-1-b.  Two-foot raise 265,200   265,200
         A-1-c.  Three-foot raise 397,400   397,400
     
           A-2.  Mad Creek Railroad Raise - Reach 2 300   300
     
           A-3.  Geneva Creek Closures - Reach 3 11,100   11,100
     
 B. Dams (.01 design) Mad & Geneva Creek   456,100
  Reach 1 409,700   
  Reach 2 1,200   
  Reach 3 11,200   
  Outside Specific Reaches   34,000   
     
 C.  Dams (.01) and 1-ft Levee Raise   
           C-1.  Dams and Reach 1 raise 454,100   500,500
       Reach 2 benefit 1,200   
       Reach 3 benefit 11,200   
       Outside Specific Reaches   34,000   
     
           C-2.  Dams and Reach 2 raise  1,400   456,300
       Reach 1 benefit 409,700   
       Reach 3 benefit 11,200   
       Outside Specific Reaches   34,000   
     
           C-3.  Dams and Reach 3 Closures 11,200   456,100
       Reach 1 benefit 409,700   
       Reach 2 benefit 1,200   
       Outside Specific Reaches   34,000   
     
 D.  Improve Mad Channel w/Mad/Miss Raise Reach 1/4    
           D-1.  1-foot raise 441,800 239,300  691,600
           D-2.  2-foot raise 466,200 346,300  823,000
           D-3.  3-foot raise 469,300 348,700  828,500
           Reach 2 benefit for all D plans 700   
           Outside Specific Reaches 9,800   
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(2)  Future Condition.  The existing project-protected floodplain along Mad Creek, 
Geneva Creek, and the Mississippi River is densely developed, with significant growth not being 
apparent.  The unprotected areas of the floodplain are regulated, so that at-risk structures are not 
expected to increase.  Therefore, future economic conditions are not expected to change 
significantly. 
 
4.  BENEFIT-COST ANALYSIS 
 

a.  General.  Construction and operation and maintenance costs detailed in this report are in 
June 2002 price levels.  Interest during construction and annualized costs are computed using a  
6-1/8 percent rate as mandated for Federal water resources projects.  A 50-year project life has 
been used for the period of analysis.  Tables B-10 and B-11 summarize the calculations for interest 
during construction and annual charges for Alternative D-2, Channel Improvements with 2-Foot 
Levee Raise for Mad Creek and Mississippi River (Reach 1, 4). 
 
 

Table B-10.  Interest during construction ($000’s) 
Plan D-2, channel improvements with 2-foot levee raise 

(6-1/8% discount rate) 
 
 Project Time to   Accumulated Interest 
 Expenditures ($000’s) Base Year Interest Factor of $1         to Base Year ($000’s)       
Year Federal Non-Federal (Period) Deposited to Base Year Federal Non-Federal Total 
 
 1 1,119.7 602.8 3 .09472 106.0 57.0 163.0 
 2 1,119.6 602.9 1 .0306 34.3 18.6 52.9 
 
Totals 2,239.3 1,205.7 140.3 75.6 215.9 
 
 
 

Table B-11.  Summary of annual charges ($) 
Plan D-2, channel improvements with 2-foot levee raise 

(6-1/8%, 50-year evaluation period) 
 
Description Federal Non-Federal Total 
 
Estimated Construction Cost 2,239,300 1,205,700 3,445,000 
Interest During Construction 140,300 75,600 215,900 
 
   Total Economic Costs 2,379,600 1,281,300 3,660,900 
 
Interest and Amortization  (.06455) 153,600 82,700 236,300 
Operation and Maintenance 0 4,100 4,100 
 
   Total Annual Charges 153,600 86,800 240,400 
 
 
 

b.  Economic Summary.  Table B-12 presents a summary economic analysis for the 
alternatives considered.  As indicated, NED (National Economic Development) benefits are 
maximized with Alternative D-2, Channel Improvements with 2-Foot Levee Raise for Mad Creek 
and Mississippi River (Reach 1, 4).  This alternative provides net NED benefits of $582,600 and a 
benefit-to-cost ratio of 3.4 to 1.0.   
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Table B-12
Costs and benefits by alternative

(June 2002 prices, 6-1/8% discount rate, 50-year evaluation period)

Alternative Total Project Interest Total Annual Annual Total Benefit
Annual Cost During First First O & M Annual Cost

A. Mad Creek/Geneva Creek Levee Raises Benefits Estimate Const. Costs Costs Costs Costs Ratio
          A-1.  Mad Creek Levee Raise - Reach 1

       a.  1-foot raise 121,200 1,775,000 111,241 1,886,241 121,764 0 121,764 0.995
       b.  2-foot raise 265,200 2,088,000 130,857 2,218,857 143,236 0 143,236 1.85
       c.  3-foot raise 397,400 2,817,000 176,545 2,993,545 193,245 0 193,245 2.06

          A-2.  Mad Creek Railroad Raise - Reach 2 300 1,207,000 36,964 1,243,964 80,303 0 80,303 0.00

          A-3.  Geneva Creek Closures - Reach 3 11,100 721,000 22,081 743,081 47,969 0 47,969 0.23

B. Dams (.01 design) Mad & Geneva Creek 456,100 8,042,000 772,402 8,814,402 569,005 15,665 584,670 0.78

C. Dams (.01) and 1-ft Levee Raise
          C-1.  Dams and Reach 1 raise 500,500 9,655,000 927,324 10,582,324 683,131 15,665 698,796 0.72

          C-2.  Dams and Reach 2 raise 456,300 9,036,000 867,872 9,903,872 639,334 15,665 654,999 0.70

          C-3.  Dams and Reach 3 Closures 456,100 8,552,000 821,385 9,373,385 605,089 15,665 620,754 0.73

D.  Improve Mad Channel w/Mad/Miss Raise Reach 1/4 
          D-1.  1-foot raise 691,600 3,255,000 203,995 3,458,995 223,292 4,070 227,362 3.04
          D-2.  2-foot raise 823,000 3,445,000 215,902 3,660,902 236,326 4,100 240,426 3.42
          D-3.  3-foot raise 828,500 4,242,000 265,851 4,507,851 291,000 4,150 295,150 2.81

Notes:
   1. D-1, D-2, D-3 Levee Raise alternatives have O & M costs for siltation removal and temporary tie-off construction.
   2. Dam alternatives cost estimates include $15,700 for access road construction.
   3. Interest During Construction was calculated for mid-year expenditure and appropriate construction  period. 
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5.  FINANCIAL ANALYSIS 
 

a.  Cost Distribution.  Based on current cost-sharing provisions, Federal and non-Federal 
costs will be distributed as shown in Table B-13. 
 
 

Table B-13.  Project cost distribution 
Plan D-2, channel improvements with 2-foot levee raise 

Muscatine, Iowa 
 
Total Project Cost Estimate $3,445,000 
 
Federal Cost Estimate 2,239,250 
 
Non-Federal Cost Estimate 1,205,750 
 

Lands, Damages, & Relocations $505,000 
Cash Contributions $700,750 
 
Non-Federal Share Percent of Total Cost: 35% 

 
 

b.  Ability to Pay.  Based on the provisions of Section 103 of Public Law 99-662, 
Muscatine, Iowa, has the ability to provide the normal share percentage of project costs.  This 
Public Law considers the magnitude of a project benefit-to-cost ratio and the per capita income of 
the state and county of the non-Federal sponsor.  Muscatine does not qualify for reduced cost 
sharing.  Table B-14 summarizes the required calculation. 
 
 

Table B-14.  Ability to pay analysis 
Plan D-2, channel improvements with 2-foot levee raise 

 
Annual Cost $240,400 Cost & Benefits 
Annual Benefits 823,000 for Flood Control 
Total Cost $3,445,000 
Local Share $1,205,700 
Benefit/Cost Ratio (BCR) 3.4 

 
 Base Benefits Floor 85% BCR multiplied by 25% 
 Standard Non-Federal Share 35% 
 
NOT QUALIFIED for reduced cost sharing, as the Benefit-to-Cost Ratio multiplied by 25%, and stated as a percentage, 
is greater than the standard cost-sharing percentage (based upon the benefits test per Section 103 of Public Law 99-662, 
and ER 1165-2-121). 
 
 

c.  Financial Capability.  The City of Muscatine, Iowa, has the willingness and capability to 
finance its share of the cost of constructing this local flood protection project.  The City’s 
Statement of Financial Capability and Financing Plan are included as Attachment 1 to this 
appendix. 
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  Mad Creek, Muscatine, IA Section 205   
         
  ESTIMATED FUNDING SCHEDULE   
         
 Total Non-   Non-Fed Add'l Total  

Fiscal Project Federal Constr. Percent 5% Min. Non-Fed Non-Fed Federal 
Year Impl. Cost LERRD Cash of Total Cash Cash Cash Cash 

         
Prior FYs 0.0 0.0 0.0 0%    0.0
         

2003 955.0 505.0 450.0 0% 0.0 0.0 0.0 450.0
        

2004 1,220.0 0.0 1,220.0 57% 97.8 300.2 398.0 822.0
         

2005 1,245.0 0.0 1,245.0 42% 72.9 223.8 296.7 948.3
        

2006     25.0     0.0     25.0     1%     1.5     4.5     6.0     19.0
         

Totals 3,445.0 505.0 2,940.0 100% 172.3 528.5 700.8 2,239.3
   

 
Notes:   
 
1.  Fiscal year refers to U.S. Government Fiscal Year 1 October thru 30 September 
2.  LERRD refers to lands, easements, relocations, rights-of-way, and damages. 
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1.  PURPOSE AND SCOPE 
 
This appendix presents the general geology and specific geotechnical analyses pertinent to the 
project.  Geological information contained in this report has been obtained and condensed from the 
Iowa Geological Survey reports, bulletins, and circulars.  The scope of the study included a review 
of the Detailed Project Report for Flood Control at Muscatine, dated September 9, 1970.  The 
geotechnical information has been determined from soil borings obtained for the Mad Creek Local 
Flood Control Project during 1948, 1955, 1956, 1968, and 1970; and from additional soil borings 
obtained at the Mad Creek borrow site, on top of the existing levee at the proposed construction 
site, and the Hershey Avenue borrow site during December 2000 and January 2001.   
 
The proposed project includes raising the existing levees, 2,300 linear feet, and floodwalls, 
1,700 linear feet, adjacent to Mad Creek and the Mississippi River; and vertically extending one 
existing floodgate at Mulberry Avenue, replacing one existing floodgate at 2nd Street, and 
installing one new closure structure across the railroad south of Washington Street.  The project 
also requires channel sediment removal underneath and upstream of the 2nd Street Bridge.  The 
project plans and profiles are shown on plates C102 through C105 in Appendix L. 
 
2.  LOCATION AND GEOLOGY 
 
The Mad Creek study area is located along the Mississippi River in Muscatine, Iowa.  The location 
of the project is shown on Figure 2 of the main report.  The Mad Creek watershed drains 
approximately 17.3 square miles in the eastern portion of Muscatine and areas north of Muscatine 
in Muscatine County.  The upstream portion of the watershed north of Muscatine is primarily 
agricultural land, but is rapidly being converted into residential subdivisions and commercial 
developments.  The lower portion of Mad Creek is within the Muscatine city limits, flowing 
through an area of mixed commercial, industrial, and residential uses near the downtown area 
before emptying into the Mississippi River.  Low-lying areas are subject to flash flooding. 
 
The terrain is a maturely dissected area of Illinoian glacial till, covered with loess on the uplands.  
Much of the upland is cultivated for crops.  The steep valley slopes are usually timbered pasture. 
Maximum relief is about 230 feet. 
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3.  PHYSIOGRAPHY 
 
The Mad Creek Valley complex is located in the Southern Iowa Drift Plain physiographic 
province, in an area of Illinoian age (132-300k years BP) glacial till.  This till was deposited by an 
ice sheet entering Iowa from the east and northeast, and in Iowa, extends only along the western 
edge of the Mississippi Valley from roughly the Quad Cities to Keokuk.  The average thickness of 
this drift is approximately 30 feet.  In some areas, this till overlies a more ancient soil complex 
which may express itself as a weathered, iron rich zone on the flanks of valleys.  This area has been 
relieved of ice for a sufficiently long time that most glacial features have been lost or greatly 
modified by erosion and deposition.  During the most recent glacial event of Wisconsinan age, 
ending 10,000 years ago, at the same time that the dissected landscape was developing, wind-
blown deposits of silt, known as loess, were being deposited over the till.  In some locations, the 
loess mantle is thick enough to provide additional relief and alter slope angles.  This leads to 
topography of steeply rolling hills interspersed with areas of uniformly level upland divides and 
level alluvial lowlands.  Individual hillslopes often display a texture of finely etched rills or 
drainageways, which give a furrowed appearance to the terrain.  The Mad Creek Valley complex is 
composed of a 3.5-mile upper section, with a steeper gradient; and a lower section of 2.5 miles 
which begins to flatten out downstream of the juncture of Mad Creek and its western branch below 
McKee Park.  The upper section drops from a divide elevation of roughly 730 feet MSL to 
approximately 600 feet near the juncture.  From here, it flows to the Mississippi, discharging at 540 
feet elevation, depending on river stage.  In the past, this relatively modest gradient was exploited 
by railroad companies that aligned their roadbeds along the valleys to gain elevation to the uplands.  
Several abandoned roadbeds remain throughout the complex.   
 
4.  SUBSURFACE EXPLORATIONS 
 
Numerous borings were taken for the construction of the Mad Creek Local Flood Control Project 
during 1948, 1955, and 1956.  During 1968 and 1970, additional borings were taken to make 
improvements to the existing project.  To further determine subsurface conditions for this report, 
the Rock Island District’s Geotechnical Branch took four 4-inch-diameter hand augers along the 
existing levee, sampling every 1 to 2 feet.  These are Borings MC-01-1 through MC-01-4 that were 
taken January 17, 2001.  The plans and profiles of the preferred plan are shown on plates C102 
through C105 in Appendix L.  Boring logs are shown on plate C101 in Appendix L.  
 
Both Mad Creek borrow site and Hershey Avenue borrow site borings were taken by Terracon, 
Inc., of Cedar Rapids, Iowa.  A CME 850 all-terrain rotary drill rig was used.  Either a flight auger 
or a hollow stem auger with SPT tests (split spoon) taken every 2-1/2 feet was used to obtain 
samples. 
 
Three borings were taken at the Mad Creek borrow site, each between 25 and 30 feet deep.  The 
borings are MCB-00-1, MCB-00-2, and MCB-00-3.  Two borings were taken at the Hershey 
Avenue borrow site, one about 45 feet deep and the other about 20 feet deep.  The borings are 
MCB-00-4 and MCB-00-5, with these boring logs also shown on plate C101 in Appendix L.  All 
borrow site borings were taken December 20, 2000. 
 
Laboratory testing was performed at the Rock Island District Geotechnical Branch soil laboratory.  
Natural moisture content, percent passing the #200 sieve, and Atterberg (liquid and plastic) limits 
were taken as needed from the soil samples. 
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5.  BEDROCK 
 
The bedrock of the project area consists of the Pennsylvanian rocks.  These Pennsylvanian rocks 
for the most part consist of cyclic deposits of shale, siltstone, and sandstone with some limestone.  
Outcrops of Pennsylvanian rocks occur at a few places along Mad Creek.  Bedrock was 
encountered in numerous borings.  The depth of the bedrock encountered along the existing project 
varies approximately from elevation 504 feet MSL to 539 feet MSL. 
 
6.  PROPOSED EMBANKMENTS 
 
The Rock Island District built the original Mad Creek Local Flood Control Project in 1961.  In 
1983, the District extended and upgraded the project, which included a levee and floodwall near the 
confluence of Geneva Creek with Mad Creek.  The levees along the Mississippi River and Mad 
Creek are composed of semi-compacted impervious sandy lean clay (CL).  (See Appendix L for the 
project plans and profiles.) 
 
Rock Island District Geotechnical Branch personnel inspected the existing levee during May 2001 
high-water periods.  The entire levee was found to be in satisfactory condition.  No evidence of 
underseepage or through-seepage distress was observed landward or on the side slopes of the entire 
levee alignment, respectively, during the field inspections.  The levee embankments were also 
noted to be in satisfactory condition with regards to slope stability.  
 
The levee would be raised from 1 to 2 feet above the existing design grade using compacted 
impervious fill.  The compacted impervious fill would be placed on the 1 vertical on 2.5 horizontal 
landside and riverside slopes of the levee, and slopes would be seeded.  The crown of the levee 
would be a minimum 8 feet wide.  (See Appendix L for the plans and profiles and typical cross 
sections of the levee.)  Impervious fill would require moisture and dry density control for the 
proposed levee to ensure that through-seepage would be eliminated.  For moisture control, a range 
of plus 2 to minus 2 percentage points deviation from the optimum moisture content would be 
used.  For required density, the maximum dry density of 95% would be achieved by controlling the 
uncompacted lift thickness using standard compaction equipment. 

 
7.  FOUNDATIONS FOR EMBANKMENTS 
 
The existing levee landside and riverside slopes levee foundation, and the crown (where the levee 
will be raised), will be cleared, grubbed, and stripped to remove unsuitable materials.  All tap roots, 
lateral roots, or other projections over 1.5 inches in diameter within the improved levee foundation 
area will be removed to a depth of 3 feet below natural ground surface.  In order to maintain the 
integrity of the levee, a marginal strip from the slope of the levee would be cleared. 
 
An extensive subsurface investigation was made to ascertain the levee foundation conditions 
during 1948, 1955, 1956, 1968, and 1970.  Four additional hand auger borings, MC-01-1 through 
MC01-4, were taken during January 2001 on top of the existing levee to ascertain the existing 
levee composition.  According to borings, which were pertinent to the levee raise study, the 
foundation material consists of alluvial deposits.  Atterberg limits, moisture contents, and shear 
strength tests indicate no exceptionally weak soils.  (See Appendix L for boring logs.)  The top 
stratum varies in thickness from 7 feet to more than 34 feet and consists of normally consolidated 
impervious and semi-impervious alluvial deposits.  A few borings show a top layer of 2 to 6 feet 
consisting of rubble that is underlain by layers of impervious and semi-impervious alluvial 
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deposits.  One exception to this is boring 75 obtained in February 1956.  It indicates a rubble 
thickness of approximately 30 feet underlain by bedrock. 
 
Impervious and semi-impervious alluvial deposits are underlain by pervious alluvial deposits, 
varying in thickness from 2 to 19 feet deep.  Detailed descriptions of the encountered materials are 
shown on the boring logs on plate C101 in Appendix L.  In borings 33, 63, and 45, a 2-foot-thick 
layer of sand (SP) was found interbedded between impervious and semi-impervious alluvial 
deposits. 
 
An inspection trench will be not required for increasing the flood protection height since the 
U.S. Army Corps of Engineers, Rock Island District, originally built the project.  Original 
construction of the system required an inspection trench excavated along the entire length of the 
project. 
 
8.  FOUNDATION FOR OTHER STRUCTURES 
 
Raising of the Existing Retaining Wall.  The existing retaining wall is to be raised by a maximum 
of 2 feet at several locations as indicated by their stationing.  Borings at these locations indicate the 
following foundation soils under the base of the wall: 
 

a.  Station 0+10 to Station 8+39.  A predominantly lean clay (CL) layer of 0 to 11 feet 
lays directly below the wall base.  Beneath this is a mixture of poorly graded sand (SP) and silty 
sand (SM) until bedrock is encountered about 30 feet below the wall base. 
 

b.  Station 14+87 to Station 15+42.  The soil beneath the wall base is a 12-foot layer of 
predominantly lean clay (CL) with some rubble.  Beneath this layer is well-graded sand (SW).  
Bedrock is encountered about 20 feet below the wall base. 
 

c.  Station 17+01 to Station 17+26.  An 8-foot layer of lean clay (CL) lies beneath the 
wall base.  Beneath this layer is a silty sand (SM).  Bedrock is encountered 20 feet below the wall 
base. 
 

d.  Station 17+55 to Station 20+78.  A lean clay (CL) layer 2 to 3 feet thick lies directly 
beneath the wall base.  Predominantly silty sand (SM) underlays the clay.  Bedrock is encountered 
33 feet below the wall base. 

 
e.  Station 28+20 to 30+46.  A layer 3 to 8 feet thick of lean clay (CL) lies directly 

beneath the wall base.  A silty sand (SM) underlays the clay.  Bedrock is encountered about 28 feet 
below the wall base. 
 

f.  Existing Structure at Mulberry Street (Station 0+25N).  The soil beneath the bottom 
of the structure is predominantly a silty sand (SM).  Bedrock is encountered 25 feet below the 
bottom of the structure. 
 

g.  New Wall and Closure Structure at 2nd Street (Station 15+40 to Station 17+55).  A 
layer 6 to 12 feet thick of predominantly lean clay (CL) underlays the bottom of the structure and 
wall.  Silty sand (SM) lays beneath the clay.  Bedrock is encountered about 17 feet below the wall 
base. 
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h.  I&M Rail Link Railroad Closure (Station 5+70S).  The borings in the vicinity 
indicate a layer of lean clay (CL) beneath the bottom of the structure that is about 10 feet thick.  
Predominantly silty sand (SM) lays beneath this.  Bedrock is encountered about 45 feet beneath the 
bottom of the structure. 
 
9.  GROUNDWATER 
 
Water levels were measured during the boring operation.  The groundwater levels are noted in the 
borings shown on boring logs in Appendix K, plate C101.  They are noted with a “wt” on each 
boring.   
 
The water table was found to be consistent throughout the project area (Station 0+00 to Station 
36+00), ranging between elevations 539 feet MSL to 543 feet MSL.  This put the water table 
between 3 and 10 feet below the base of the existing levee. 
 
The water tables noted were at one specific point in time.  However, groundwater tables tend to 
fluctuate during different seasons in the year.  
 
10.  SLOPE STABILITY 
 
A detailed study of all existing embankment and channel improvement sections and soil profiles 
along the embankment alignment indicated that the existing embankment near Stations 12+00 and 
21+50 and channel improvement at the existing parking lot are the most critical with respect to 
slope stability.  The sections were determined to be in those reaches where the existing levee will 
be raised and the existing channel is needed to be improved.  The selected critical sections were 
analyzed to check the integrity of the existing levee, with UTEXAS4 software program, Spencer 
methods, in accordance with EM 110-2-1902, Engineering Design Stability of Earth and Rockfill 
Dams, dated 1 April 1970. 
 
The maximum height of the embankment at these selected sections is approximately 16 feet.  The 
typical cross sections are shown on plate C106 in Appendix L.  The maximum height of the 
channel at the selected section is 23 feet, and is shown on plate C106. 
 
To estimate the stability of the embankment, a range of conservative undrained shear strengths (Q) 
was assumed for the most severe configuration of compacted embankment and foundation.  The 
Undrained shear strength of the compacted impervious embankment is estimated to be at least 
800 psf with no friction angle; this estimate is based on test results of similar soils from 
construction of similar projects.  The embankment in these reaches was constructed and will be 
raised with compacted sandy lean clay (till).  The foundation along these reaches consists generally 
of sandy lean clay (CL), clayey silt (ML-CL), and silty sand (SM).  Shear strength estimates for 
sandy lean clay (CL) and clayey silt (ML-CL) vary from 450 psf to 600 psf.  For silty sand (SM), 
shear strength is estimated to be 200 psf and a friction angle of 20 degrees based on several soils 
properties, undisturbed soil samples test results of similar soils, and engineering judgment.  The 
selected shear strength values are shown on plates C-1, C-2, and C-3.  It should also be noted that 
the project has not experienced any slope stability problems since the construction of the project 
during 1961 and after upgrading the project during 1983. 
 
Successive trials of various sliding surfaces were analyzed, and determination of the critical failure 
arc having the lowest safety factor was made.  The summary of the slope stability analyses for 
critical sections and the solutions of the most critical arcs appear on plates C-1, C-2, and C-3.  The 
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computed minimum safety factors were found to be 1.83 at Station 12+00, 1.92 at Station 21+50, 
and 1.63 for the channel improvement.  These exceed the 1.3 that is required by EM 1110-2-1913, 
Design and Construction of Levees, dated March 31, 1978.  Therefore, no slope stability problems 
are expected.  A sudden draw down loading and seepage conditions were not evaluated since high 
water levels will be of such short duration that saturation of compacted embankment cannot occur. 
 
11.  UNDERSEEPAGE AND BERM ANALYSES 
 
The underseepage and berm analyses for the Mad Creek Flood Damage Reduction project are 
based on a study of thickness and permeability, and characteristics of the impervious stratum and 
pervious substratum, in addition to the extent of the riverward and landward top strata.  Based on 
geotechnical investigations, which were performed during 1948, 1955, and 1956, and additional 
borings which were taken during 1968 and 1970 to upgrade the existing project during 1983, the 
top stratum varies in thickness from 7 feet to more than 34 feet and consists of normally 
consolidated impervious and semi-impervious alluvial deposits.  The Detailed Project Report for 
Flood Control at Muscatine, dated September 9, 1970, was also reviewed.  It was determined that 
underseepage is not considered to be a problem since the foundation materials are impervious or 
semi-impervious and the duration of flooding is very short.  It should also be noted that the project 
has not experienced any underseepage problems since the construction of the project during 1961 
and after upgrading the project during 1983. 
 
12.  THROUGH-SEEPAGE ANALYSIS 
 
The Mad Creek Flood Damage Reduction project will not be subjected to high water loading for a 
long enough time to cause through-seepage in its impervious compacted materials.  Therefore, 
seepage is not expected through the levee. 
 
13.  SETTLEMENT 
 
The relatively small amount of additional material (1 to 2 feet) to improve the levee will not add an 
appreciable load to the foundation.  Due to the existing load that has been imposed for some 
40 years on the foundation, no significant amounts of settlement are anticipated for the improved 
levee.  Therefore, an overbuild will not be required. 
 
14.  MATERIAL AT PROPOSED BORROW SITES 
 
Two borrow sites were investigated.  Mad Creek borrow site was investigated as a possible source 
of fill for the once proposed Mad Creek and Geneva Creek detention reservoirs (non-selected 
alternative).  No borings were taken at the proposed detention reservoir locations. 
 
Hershey borrow site was investigated as a source of fill for the proposed raising of the existing 
levees along Station 0+00 to Station 36+00.  Both borrow sites were investigated on December 20, 
2000.  The drilling of the borings was performed by Terracon, Inc., of Cedar Rapids, Iowa, using a 
CME 850 all-terrain rotary drill rig.  Three borings were taken at the Mad Creek borrow site 
(MCB-00-1, MCB-00-2, MCB-00-3) and two borings were taken at the Hershey borrow site 
(MCB-00-4, MCB-00-5).  The boring logs are shown on plate C101 in Appendix L. 
 

a.  Mad Creek Borrow Site.  This site is about 45 acres in size and is located at the crest 
of a shallowly sloping hill in the middle of a horse ranch pasture off 180th Street just north of 
Muscatine, Iowa.  It is about 0.5 mile from the once proposed Mad Creek detention reservoir and 
about 4.5 miles from the proposed Geneva Creek detention pond. 
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All three borings taken were about 27 feet deep.  The top 14 feet is predominantly a clayey sand 
(SC) with moisture contents ranging from 8% to 17%, averaging about 10%.  Percent of fine 
materials (silts or clays) in the sand ranged from 8% to 33%. 
 
The sand layer is underlain by a predominantly lean clay (CL) with moisture contents of 16% to 
22%, averaging about 17%.  Percent of fine materials was between 65% and 90% in the lean clay. 
 
The overall soil in the area can generally be considered a glacial till.  The groundwater table was 
only encountered at boring MCB-00-1.  It was encountered at elevation 658 feet NGVD, about 
25 feet below the top of the boring. 
 

b.  Hershey Borrow Site.  This site is about 8.5 acres in size and is located just off 
Hershey Street near downtown Muscatine.  It is a working borrow site in that it has been used in 
the recent past.  Access to the site is at the base of a partially excavated embankment with slopes of 
about 1H:2.5V.  The top of the embankment is about 50 feet.  The site is about 2-1/4 miles from the 
proposed construction site at Mad Creek. 
 
Boring MCB-00-4 was taken near the top of the embankment and is 46 feet deep.  Boring MCB-
00-5 was taken at a bench about a third of the way up the embankment and is 17 feet deep.  No 
groundwater table was encountered. 
 
The soil encountered was predominantly a sandy lean clay (CL) with lenses of clayey sand (SC), 
essentially a glacial till.  The sandy lean clay has moisture contents between 14% and 24%.  Its fine 
soil percentage is between 52% and 83%. 
 
The clayey sand encountered has moisture contents between 5% and 14%.  Its fine soil percentage 
is between 15% and 48%. 
 
Mixing the soil would create a very acceptable lean clay (CL) that could be used for the proposed 
raising of the existing levees at Mad Creek. 
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I.  INTRODUCTION 
 
The purpose of this Environmental Assessment (EA) is to investigate flood damage reduction 
measures along Mad Creek in the City of Muscatine, Iowa.  This effort is in response to requests 
from Muscatine city officials for Federal flood protection assistance.   
 
The Mad Creek study area is located along the Mississippi River in Muscatine, Iowa.  The Mad 
Creek watershed drains approximately 17.3 square miles in the eastern portion of Muscatine and 
areas north of Muscatine in Muscatine County.  The upstream portion of the watershed north of 
Muscatine is primarily agricultural land, but is rapidly being converted into residential subdivisions 
and commercial developments.  The lower portion of Mad Creek is within the Muscatine city 
limits, flowing through an area of mixed commercial, industrial, and residential uses near the 
downtown area before emptying into the Mississippi River.  Low-lying areas along Mad Creek and 
Geneva Creek, its main tributary, are subject to flash flooding.   
 
II.  PURPOSE AND NEED FOR ACTION 
 
The purpose of this project is to increase flood protection levels in the Mad Creek floodplain.  The 
Rock Island District (the District) of the U.S. Army Corps of Engineers performed field 
reconnaissance, met with city officials, and prepared an Initial Appraisal, dated November 16, 
1998, and addendum, dated December 15, 1998.  The initial appraisal indicated that there appeared 
to be a Federal interest in a flood damage reduction project at the Mad Creek Drainage and Levee 
District.  Therefore, the District entered into a cost-sharing agreement with the City of Muscatine to 
complete a feasibility study under Section 205 of the 1948 Flood Control Act, as amended. 
 
In order to comply with the NEPA (National Environmental Policy Act) of 1969, this EA was 
prepared to address potential impacts associated with the levee/floodwall raise, stormwater 
reservoirs, channel improvements, and upgraded early flood warning system.   
 
III.  AUTHORITY 
 
The Mad Creek Flood Damage Reduction Study is undertaken through the Corps of Engineers 
Continuing Authorities Program.  The study is authorized by Section 205 of the 1948 Flood 
Control Act, as amended. 
 
 

D-1 



IV.  PROJECT DESCRIPTION 
 
The Muscatine Local Flood Protection Project, located in Muscatine County, Iowa, is being 
reevaluated under Section 205 of the 1948 Flood Control Act, as amended.  Mad Creek drains an 
area of 17.3 square miles and enters the Mississippi River at River Mile (RM) 455.8.  
Approximately 2.3 miles of the downstream end of the creek is within the Muscatine city limits.   
 
The project is located along the lower reaches of Mad Creek.  The plan of protection provides for 
raising the existing earthen levees and floodwalls, as well as enhancing an early flood-warning 
system. 
 
V.  ALTERNATIVES 
 
Alternatives to the proposed action include: 

 
A.  No Federal Action.  Under the No Federal Action alternative, the Corps of Engineers 

would not participate in efforts to provide additional flood protection to the study area.  The No 
Action plan is the “without project” condition that serves as the basis for developing and 
comparing the impacts of other plans.  It is assumed that under the No Action plan, no project 
would be constructed to reduce flood damages and therefore the study area would continue to 
experience damages.   
 

B.  Raising the Existing Floodwall and Levee System.  This alternative would involve 
raising the existing levees and floodwalls while constructing railroad closures at several sites along 
Mad Creek, and installing a positive closure structure on Geneva Creek. 
 

C.  Constructing Stormwater Detention Reservoirs.  This alternative would involve 
constructing two stormwater detention reservoirs within Mad Creek and Geneva Creek.  The 
detention reservoirs would each require the construction of a dam with an elevation of 640.0 feet.  
This would create an approximate 129-acre detention pond.  The creation of the reservoirs also 
would involve relocating existing sewage lagoons. 
 

D.  Combination of Alternative A (Levee Raise) and Alternative B (Reservoirs).  This 
alternative would involve raising the levees and floodwalls, constructing railroad closures at 
several sites along Mad Creek, and constructing two stormwater detention reservoirs within Mad 
Creek and Geneva Creek. 
 

E.  Raise the Existing Levee/Floodwall System on Mad Creek in Combination with 
Channel Improvements Immediately Upstream of 2nd Street Bridge and Raising the 
Mississippi River Floodwall.  This is the preferred alternative.  This alternative would involve 
improvement of approximately 2,300 linear feet of existing levees and 1,700 linear feet of existing 
floodwalls, 230 linear feet of a new floodwall, a new bulkhead closure gate to replace the existing 
panel closure at Mississippi Drive, a new overhead closure gate to replace an existing floodgate at 
2nd Street, a new swing gate to replace the panel closure across the abandoned railroad just 
upstream of 2nd Street and installation of a new closure structure across the railroad south of 
Washington Street.  In a separate but supporting effort, the City of Muscatine, Iowa, would raise 
the roadway and bridge at 5th Street at Mad Creek.  This would allow the removal of the existing 
floodgate and the elimination of a high-risk closure. 
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Channel clearing and excavation would restore hydraulic capacity of Mad Creek through this 
reach, including the opening underneath the 2nd Street Bridge.  Clearing and grubbing of the trees 
and brush is proposed, along with excavation from approximately 100 feet downstream of the 
2nd Street Bridge, as well as approximately 365 feet upstream of the bridge.  The width of 
excavation would be approximately 20 feet.  The estimated volume of excavated material is 
4,000 cubic yards.  Excavated material is unsuitable for fill, so would be placed off site in an 
upland location. 
 
VI.  AFFECTED ENVIRONMENT 
 

A.  Natural Resources.  The project extends through a highly developed and industrialized 
environment with few remaining natural floodplain characteristics.  Vegetation in the area is 
limited to a band of cottonwood, willow, and silver maple, as well as riverbank grape, jewel weed, 
white mulberry, poison ivy, and Virginia creeper.  Wildlife species in the area are typical of those 
found in urban areas such as squirrels, rabbits, songbirds, and non-game birds. 
 
Two borrow sites are proposed for this project.  The Hershey borrow site (Figure 1, main report) 
has historically been used for non-industrial and agricultural purposes and is considered to be a 
disturbed area.  This historic site would provide the material for the levee raise/improvements only.  
The Mad Creek borrow site (Figure 1, main report) is not a historic site, but would only be needed 
for the construction of the sediment detention basins.  The stormwater reservoirs are not 
economically feasible for this study and are not included in the preferred alternative plans.  
Therefore, there would be no impacts to this borrow site.   
 
The two proposed reservoir areas are located on Mad Creek and Geneva Creek within ravines.  The 
borrow sites are in areas either on or near agricultural fields.  The levee enhancement areas are 
located within city limits with industrial, residential, and commercial areas near or adjacent to the 
levee. 
 
Silt buildup beneath the 2nd Street Bridge (left descending bank) has severely reduced the capacity 
of the bridge to pass design flows, thereby causing higher water levels during Mad Creek flood 
events.  Removal of this blockage would be accomplished as a part of the project, with continuing 
maintenance procedures ensuring that any recurrence is addressed similarly. 
 
A portion of this area has been designated as wetland.  The channel clearing would involve 
removing sediment, fill, and vegetation.  The project has been modified to reduce the impacts to 
less than one tenth (.10) of an acre of wetland (the minimal disturbance to the wetland will not 
require mitigation as it is covered under Nationwide Permit 27, Wetland and Riparian Restoration 
and Creation Activities (see Appendix H - Pertinent Correspondence).  Excavation of fill material 
in the channel will return this area to a more natural state before fill and sedimentation created this 
severe encroachment into Mad Creek.   
 

B.  Endangered Species.  Federally listed species which may be present in the area include:  
bald eagle (Haliaeetus leucocephalus), Higgins’ eye pearly mussel (Lampsilis higginsi), and 
Indiana bat (Myotis sodalis).   

 
Bald eagles winter along the Mississippi River, including Pool 17.  If necessary, clearing and other 
construction activity would be scheduled for periods when eagles are not present.  The proposed 
project would not adversely affect bald eagles or their habitats. 
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The endangered Higgins’ eye pearly mussel prefers sand/gravel substrates with a swift current and 
are most often found in the main channel border or an open, flowing side channel.  Higgins’ eye 
pearly mussels are not likely to be found in Mad Creek; therefore, no adverse effect is anticipated 
for this species. 

 
The endangered Indiana bat is listed as occurring in Muscatine County, Iowa.  During the summer, 
the Indiana bat frequents the corridors of small streams with well-developed riparian woods and 
mature upland forests.  It roosts beneath the loose bark of dead or dying trees.  Any tree clearing 
necessary for this project would not be performed during the April 1 - September 30 timeframe.  
Restricting tree clearing around this window of time would avoid potential adverse impacts to 
summer-roosting Indiana bats. 

 
According to the U.S. Fish and Wildlife Service Coordination Act Report, dated June 26, 2001, 
“the proposed flood damage reduction measures should have no long-term impacts on threatened or 
endangered species” (see Appendix H). 
 

C.  Cultural Resources.  Section 106 of the National Historic Preservation Act of 1966, as 
amended, and its implementing regulations 36 CFR Part 800, require Federal agencies to take into 
account the effect of an undertaking on significant historic properties if that project is under the 
direct or indirect jurisdiction of the agency or has been licensed or assisted by that agency.  The 
District determined that the proposed undertaking had potential to cause effects to significant 
historic properties (36 CFR 800.3(a)) and provided that determination along with proposed 
research measures to the SHPO (State Historic Preservation Officer), relevant federally recognized 
tribes, and the interested public for review and comment.  The SHPO concurred with the District’s 
determination by letter dated January 29, 2001 (R&C#: 010170032) and both the Sac and Fox 
Nation and the Iowa Tribe of Oklahoma indicated interest in the undertaking and the results of the 
archeological investigation (see Appendix H). 
 
Subsequent to consultation, project modifications involving floodwall construction necessitated 
revising the APE to include two historic structures and associated limestone wall.  According to 
Historic Architecture of Muscatine, Iowa, as prepared for the city of Muscatine in 1977 by 
Environmental Planning and Research, Incorporated, the house located at 501 East Mississippi 
Drive, referred to as the Judge Woodward House, was constructed in 1848 with additions built in 
1874.  The second house, located next door at 505 East Mississippi Drive, was built around 1846 
and is referred to as the Cornelius Cadel House.  It is thought that the limestone wall dates to the 
mid 1870’s with the paving of Mississippi Drive and the construction of the Judge Woodward 
House improvements.  A National Register of Historic Places eligibility determination has not been 
rendered on any of the standing structures, and the lots surrounding these structures have not been 
surveyed previously for archeological remains.   
 
The revised APE was provided to the SHPO, relevant federally recognized tribes, and the 
interested public for comment by letter dated April 23, 2002.  A draft programmatic agreement 
(PA) addressing the Corps compliance requirements specific to the revised APE was attached for 
review and comment.  Responses were received from the SHPO (R&C#: 010170032) and the 
Peoria Tribe of Indians of Oklahoma.  The SHPO comments were addressed and the draft PA was 
provided to the Advisory Council on Historic Preservation (Council) for comment by letter dated 
June 24, 2002.  The Council notified the Corps by letter dated July 12, 2002, that Council 
participation in the execution of the PA was not required.  The final PA was filed with the Council 
by letter dated November 25, 2002. 
 

D-4 



VII.  ENVIRONMENTAL IMPACTS OF THE PREFERRED ALTERNATIVE 
 
Table D-1 on page D-6 summarizes environmental effects. 
 

A.  Created Resources.  The majority of the project extends through a created environment.  
Human activities are principally related to industrial, commercial, and transportation developments.   

 
B.  Natural Resources.  The project area occurs in a predominantly urban area with few 

remaining natural floodplain characteristics.  Vegetation in the area is limited to narrow bands of 
trees, weedy vegetation, and scrub shrub which provides habitat for wildlife species such as 
squirrels, rabbits, songbirds, and non-game birds.  Normal flow of Mad Creek is insufficient to 
support use of the creek by migratory waterfowl or shorebirds.  Likewise, a fishery resource is 
essentially nonexistent.  The aquatic ecosystem is considered as typical of a low-flow stream.  No 
significant adverse impacts would result from implementation of the proposed project.   

 
C.  Historic Properties.  The OSA (Office of the State Archaeologist) conducted an 

archeological site file search for the Corps under Contract DACW25-98-D-0015, Delivery Order 
No. 3 (Site File Search 134).  The OSA, by letter dated November 20, 2000, identified 39 sites 
within a mile of the project feature locations; however, no sites were recorded within the APE (area 
of potential effect) of the undertaking (Appendix H).  Consultation was initiated with the SHPO 
(State Historic Preservation Officer) of Iowa, relevant federally recognized tribes, and the 
interested public regarding the undertaking’s potential effects on historic properties and 
particularly tribal concerns about properties that may be of religious and cultural significance 
(36 CFR 800.4(a)(3-4)).  Responses were received from the SHPO (R&C#: 010170032), the Sac 
and Fox Nation, and the Iowa Tribe of Oklahoma.  No additional historic properties were identified 
as a result of that consultation.  
 
The District contracted for an archeological survey with BCA (Bear Creek Archeology) of Cresco, 
Iowa, under Contract DACW25-98-D-0001, Delivery Order 25.  The investigation evaluated the 
potential borrow areas and resulted in the documentation of four newly recorded prehistoric 
archeological sites.  Based on recommendations presented in the BCA report, the District 
determined that these historic properties were not eligible for listing on the National Register of 
Historic Places and that further archeological investigation was not warranted.  The BCA report 
and District determination were provided to the SHPO for review and comment.  The SHPO 
concurred with the District’s determination by letter dated June 11, 2001, with the exception that 
the SHPO recommended archeological survey of the potential retention basin sites (Appendix H).  
The retention basin project features, however, are not part of the preferred alternative and therefore 
are not part of the APE of this undertaking.  
 
Subsequent to consultation, project modifications involving floodwall construction necessitated 
revising the APE to include two historic structures and associated limestone wall.  A National 
Register of Historic Places eligibility determination has not been rendered on any of the standing 
structures, and the lots surrounding these structures have not been surveyed previously for 
archeological remains.  The District and the Iowa SHPO have signed a PA (Programmatic 
Agreement) (Appendix I) regarding implementation of the project and revisions to the APE.  This 
PA is an appropriate vehicle for addressing historic property concerns for this undertaking at the 
historic wall and historic structure locations within the revised APE.   
 
While the District is assured that no significant historic properties would be affected by the 
preferred alternative, if any undocumented historic properties are identified or encountered during 
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the undertaking, the District would discontinue project activities and resume coordination with the 
consulting parties to identify the significance of the historic property and determine any potential 
effects. 
 

D.  Noise Levels and Air Quality.  The project is principally located in an industrial area 
where a temporary increase in construction would have a minimal effect on existing air and noise 
levels.  Minor impacts to the air quality within the project vicinity are common during construction.   

 
E.  Hazardous, Toxic, and Radiological Waste.  Investigations and sampling at the Mad 

Creek project area discovered that there were arsenic concentrations in excess of the Iowa Land 
Recycling Program statewide standard.  However, the concentrations were below the ingestion and 
inhalation standards for construction workers under the Illinois TACO (Tiered Approach to Clean 
up Objectives) standards.  Based on these findings, the Mad Creek flood damage reduction project 
may proceed without limitations or special construction techniques, which are associated with 
HTRW (Hazardous, Toxic, and Radiological Waste) contamination.  Refer to Appendix E for 
further details.  No mining activity is present in the study area, and no mineral resources would be 
affected by the proposed action. 

 
F.  Water Quality.  The water quality in Mad Creek is generally poor due to high runoff 

rates in the upper reaches of the watershed and the heavy industrial areas surrounding it within the 
Muscatine city limits.  The proposed project features would not adversely impact the present 
condition of Mad Creek.   
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Table D-1.  Effects of the proposed action on natural and cultural resources 
 
Types of  Evaluation 
Resources Authorities of Effects 
 
Air Quality Clean Air Act, as amended No significant impacts 
 (42 U.S.C. 1857h-7, et seq.) 
 
Endangered and Endangered Species Act of 1973, as No significant impacts 
Threatened Species amended (16 U.S.C. 1531, et seq.) 
Critical Habitat 
 
Floodplains Executive Order 11988, Flood  No significant impacts 
 Plain Management 
 
Historic and Cultural National Historic Preservation Act of No significant impacts 
Properties  1966, as amended (16 U.S.C. 470, et seq.) 
 
Prime and Unique CEQ Memorandum of August 1980; No significant impacts 
Farmland Analysis of Impacts on Prime or Unique 
 Agricultural Lands in Implementing the 
 National Environmental Policy Act.  Farm- 
 land Protection Policy Act.   
 
Water Quality Clean Water Act of 1977, as amended No significant impacts 
 (33 U.S.C. 1251, et seq.) 
 
Wetlands Executive Order 11990, Protection of No significant impacts 
 Wetlands, May 24, 1977 
 
Wild and Scenic Wild and Scenic Rivers Act, as amended Not present in planning area 
Rivers (16 U.S.C. 1271, et seq.) 
 
 
 

G.  Cumulative Impacts.  The District identified floodplain levee and bankline habit as the 
primary resources impacted by the proposed project.  Mad Creek is a tributary to Pool 17 of the 
Mississippi River, and Pool 17 has been virtually lined by levees on both sides of the pool for its 
20-mile length. 
 
Past levee construction in Pool 17 has been mainly for protection of agricultural lands.  However, 
the Mad Creek Levee on the Iowa side combines with the Muscatine Levee to protect the City of 
Muscatine, Iowa, while the downstream reaches of the Muscatine Levee combine with the Odessa 
levee to protect agricultural land and the large Lake Odessa natural resource complex adjacent to 
Lock and Dam 17.  The Drury Drainage District levee in Illinois begins just above Lock and 
Dam 16 and runs south to roughly RM 451.  At that point, the levee for the Sub-District No. 1 of 
Drainage Union No. 1 starts and continues downstream to the Bay Island Drainage and Levee 
District No. 1 levee, which continues past Lock and Dam 17.   
 
The present actions proposed for the improvement of the Mad Creek levee would improve 
protection of a portion of the City of Muscatine from flash flooding.  This is in line with the recent 
improvements to the mainstem river levee.  Within the reasonably foreseeable future, there is no 
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additional levee construction proposed within Pool 17.  Associated actions in Pool 17 would 
include the recent upgrade of the Muscatine Levee and some minor levee repair to other 
agricultural levees resulting from flood damage within the last 10 years.   
 
The proposed project has identified and taken into account cumulative impacts; considered 
alternative actions that could lessen such adverse impacts, and is, to the extent practicable, 
compatible with state, unit of local government, and private programs and policies to protect 
floodplain urban, agricultural field, and bankline habitats.  Also, since the current levee is only 
being modified and no new levee construction is proposed, and because this construction activity 
only affects an insignificant portion (less than 2%) of the total levee structures found in Pool 17, 
the District finds that the proposed project would not cumulatively exceed any known biological or 
social thresholds. 
 
VIII.  SOCIAL AND ECONOMIC EFFECTS OF PROPOSED ACTION 
 

A.  Community and Regional Growth.  No adverse impacts to the growth of the 
community or region would be realized as a direct result of the proposed project.  The area would 
benefit due to continued economic growth with reduced threat of flooding at major employment 
areas within the city.   

 
B.  Community Cohesion.  The project would be expected to somewhat enhance 

community cohesion by further reducing the threat of damages from flooding and securing the 
economic viability of businesses located in the area to be protected. 
 
The lower portion of Mad Creek is within the Muscatine city limits, flowing through an area of 
mixed commercial, industrial, and residential uses near the downtown area before emptying into 
the Mississippi River.  The city administration and property owners in the area have expressed 
support for the project.  Coordination with Federal and State agencies has not revealed any 
objections or concerns.  
 

C.  Displacement of People.  The proposed project involves raising the existing flood 
control levee and floodwall within the protected area, plus some channel improvements.  The 
project would necessitate no residential displacements. 
 

D.  Property Values and Tax Revenues.  The potential value of property in the project 
vicinity could increase as a result of the project construction.   
 

E.  Public Facilities and Services.  The project involves upgrading an existing levee and 
floodwall, thus improving this public facility.  Other public facilities and infrastructure located 
within the protected area would benefit from reduced flood damages following project 
construction. 
 
A public marina, boat ramp, and city park are located on the Mississippi River and adjacent to the 
existing floodwall.  The proposed project would not adversely affect access to, or use of, these 
public facilities. 
 

F.  Business and Industrial Activity.  The proposed project would positively impact 
existing business and industrial activity by further reducing the threat of flooding.  Significant 
commercial/industrial expansion in the project area is not expected due to the current density of 
use.  No business relocations would be required for the proposed project.  
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G.  Executive Order 11990 (Protection of Wetlands).  No fill would be placed in any 

wetlands or waters of the United States.  Excavation within a wetland will be necessary as a 
component of the channel improvements for Mad Creek.  However, the impacted area would be 
less than a tenth (.10) of an acre; this is in compliance with Nationwide Permit 27 (see Appendix H, 
pages H-73 and H-74). 

 
H.  Clean Water Act of 1977 (Sections 401 and 404), as amended.  Minor increases in 

turbidity as a result of construction may occur during periods of rapid rainfall runoff.  Standard 
erosion protection practices will be used.  These increases would be temporary with no anticipated 
violations to water quality standards. 

 
The project is covered under Nationwide Permit 27.  This permit allows activities in waters of the 
U.S. associated with the restoration of former waters of the U.S.  For this project, the water depth 
around the 2nd Street Bridge would be restored where it has silted in. 
 

I.  Life, Health, and Safety.  Upgrading the existing flood protection system would further 
reduce life, health, and safety threats faced by area residents and business owners. 
 

J.  Noise Levels.  The project would temporarily increase noise levels over the 3-year 
construction period.  The project area is primarily developed for industrial uses, and no significant 
or long-term noise impacts to residents or sensitive receptors are expected. 
 

K.  Aesthetics.  The project would raise the existing levee and floodwall and clean out a 
portion of the existing channel.  The appearance of the finished project would not be much 
different than what is already in place; therefore, no significant change to the aesthetic resources of 
the area would be expected. 
 
IX.  COMPLIANCE WITH ENVIRONMENTAL QUALITY STATUTES.  Tabular 
summation of compliance can be found in Table D-2 on page D-9. 
 

A.  Endangered Species Act of 1973, as amended.  Coordination with the U.S. Fish and 
Wildlife Service and the Iowa Department of Natural Resources has not resulted in the 
identification of adverse impacts to any state or federally listed species.  However, tree clearing 
will be limited to the September 30 - April 1 timeframe to avoid potential disruption to the Indiana 
bat. 
 

B.  National Historic Preservation Act of 1966, as amended.  The preferred alternative, as 
presented herein, would have No Effect on significant historic properties.  This determination has 
been provided to the State Historical Society of Iowa, who concurred by letters dated January 29, 
2001, and June 11, 2001 (R&C# 010170032) (see Appendix H). 
 

C.  Federal Water Project Recreation Act.  The proposed project would have no impact 
on provisions of this Act. 
 

D.  Fish and Wildlife Coordination Act.  The project has been coordinated with the 
U.S. Fish and Wildlife Service, the Iowa Department of Natural Resources, the U.S. Environ-
mental Protection Agency, and other interested agencies, organizations, and individuals.  No 
significant impacts to fish or wildlife would occur as a result of the proposed modifications. 
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E.  Wild and Scenic Rivers Act of 1968, as amended.  No wild or scenic rivers are located 
in the study area. 
 

F.  Executive Order 11988 (Flood Plain Management).  The proposed project would take 
place within a developed urban area which is heavily industrialized.  Space is limited for increased 
development within the existing levee.  The project, therefore, would not directly or indirectly 
induce growth (construction of structures and/or facilities) in the floodplain.  The project, as 
proposed, is the best practicable alternative and is therefore judged to be in full compliance. 
 

G.  Executive Order 11990 (Protection of Wetlands).  No fill would be placed in any 
wetlands or waters of the United States.  Excavation within a wetland will be necessary as a 
component of the channel improvements for Mad Creek.  However, the impacted area would be 
less than a tenth (.10) of an acre; this is in compliance with Nationwide Permit 27 (see 
Appendix H). 
 

H.  Clean Water Act of 1977 (Sections 401 and 404), as amended.  Minor increases in 
turbidity as a result of construction may occur during periods of rapid rainfall runoff.  Standard 
erosion protection practices will be used.  These increases would be temporary with no anticipated 
violations to water quality standards. 
 

I.  Clean Air Act, as amended.  Minor, temporary impacts to air quality would occur from 
increased dust and exhaust during construction.  No air quality standards would be violated. 
 

J.  Farmland Protection Policy Act of 1981.  The project would be located in an intensive 
urban area.  No farmlands would be affected. 
 

K.  National Environmental Policy Act of 1970, as amended.  The completion of this EA 
fulfills NEPA compliance. 
 

L.  National Economic Development (NED) Plan.  The NED Plan is that which best 
satisfies the Federal planning objectives of increasing the Nation’s output of goods and services 
and produces the most improvement to the national economic efficiency.  The proposed plan is 
considered the best to fulfill the NED objective. 
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Table D-2.  Relationship of plans to environmental protection 
statutes and other environmental requirements 

 
Federal Policies Compliance 

 
Archaeological and Historic Preservation Act, 16 U.S.C. 469, et seq. Full compliance 
 
Clean Air Act, as amended, 42 U.S.C. 1857h-7, et seq. Full compliance 
 
Endangered Species Act, 16 U.S.C. 1531, et seq. Full compliance 
 
Federal Water Project Recreation Act, 16 U.S.C. 460-1(12), et seq. Full compliance 
 
Fish and Wildlife Coordination Act, 16 U.S.C. 601, et seq. Full compliance 
 
Land and Water Conservation Fund Act, 16 U.S.C. 460/-460/-11, et seq. Not applicable 
 
National Environmental Policy Act, 42 U.S.C. 4321, et seq. Full compliance 
 
National Historic Preservation Act, 16 U.S.C. 470a, et seq. Full compliance 
 
Rivers and Harbors Act, 33 U.S.C. 403, et seq. Full compliance 
 
Watershed Protection and Flood Prevention Act, 16 U.S.C. 1001, et seq. Full compliance 
 
Wild and Scenic Rivers Act, 16 U.S.C. 1271, et seq. Not applicable 
 
Flood Plain Management (Executive Order 11988) Full compliance 
 
Protection of Wetlands (Executive Order 11990) Full compliance 
 
Environmental Effects of Major Federal Actions (Executive Order 12114) Not applicable 
 
Farmland Protection Act Not applicable 
 
Analysis of Impacts on Prime and Unique Farmland  Not applicable 
(CEQ Memorandum, 11 Aug 80) 
 
NOTES: 
a.  Full compliance.  Having met all requirements of the statute for the current stage of planning (either 

preauthorization or postauthorization). 
b.  Partial compliance.  Not having met some of the requirements that normally are met in the current stage 

of planning.   
c.  Noncompliance.  Violation of a requirement of the statute.   
d.  Not applicable.  No requirements for the statute required; compliance for the current stage of planning. 
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X.  ENVIRONMENTAL IMPACTS OF NONPREFERRED ALTERNATIVES 
 

A.  No Federal Action.  This alternative would result in virtually no alteration of existing 
conditions throughout the project area, barring state or municipal action.  Occasionally, heavy 
precipitation and resultant ponding would continue to damage crops and urban property. 

 
B.  Raising the Existing Floodwall and Levee System.  This alternative would involve 

raising the levees, floodwalls, and constructing railroad closures at several sites along Mad Creek. 
 
C.  Constructing Stormwater Detention Reservoirs.  This alternative would involve 

constructing two stormwater detention reservoirs within Mad Creek and Geneva Creek.  The 
creation of the reservoirs also would involve relocating existing sewage lagoons.  This alternative 
was not selected due to the high cost/low benefit ratio. 

 
XI.  PROBABLE ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE 
       AVOIDED 

 
In order to upgrade the levee, the vegetation and trees that have grown up along the slope would be 
cleared.  
 
Trees and vegetation within the area of the 2nd Street Bridge also would be cleared in order to 
remove material that has accumulated and is constricting flows.  The disturbed bankline would be 
graded and reseeded. 
 
These areas are not considered to be highly productive habitat for fish and or wildlife due to the 
urban areas in which this vegetation removal would take place.  The impacts would be temporary 
and would likely revegetate over time. 
 
XII.  ANY IRREVERSIBLE OR IRRETREVABLE COMMITMENTS OF RESOURCES 
       WHICH WOULD BE INVOLVED IF THE PROPOSED ACTION SHOULD BE 
       IMPEMENTED 
 
Fuel consumed, manpower expended, and the commitment of construction materials are considered 
to be irretrievable. 
 
XIII.  RELATIONSHIP OF THE PROPOSED PROJECT TO LAND-USE PLANS 
 
The project area is zoned for various urban uses such as residential, business-commercial, and 
industrial.  The purpose of this project is to enhance such uses by providing flood protection and is 
therefore compatible with the existing zoning. 
 
XIV.  RELATIONSHIP BETWEEN SHORT-TERM USE OF MAN’S ENVIRONMENT 
          AND THE MAINTENANCE OF LONG-TERM PRODUCTIVITY 
 
Local flood protection is necessary to reduce the flash flood hazard to Muscatine businesses and 
residences along Mad Creek.  Implementation of the proposed features would provide improved 
flood protection and flood warnings in the future. 
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XV.  CONCLUSIONS 
 
Environmental effects are not considered to be significant.  The project design would incorporate 
features to minimize or avoid impacts to natural and cultural resources.  The preferred alternative 
provides for levee raises.  This raise would not extend beyond the existing footprint of the levee. 
 
XVI.  COORDINATION 
 
Coordination has been made throughout the planning and design process with the following 
Federal and State agencies: 
 
 U.S. Fish and Wildlife Service 
 U.S. Environmental Protection Agency 
 Iowa Department of Natural Resources 
 Iowa State Historical Society 
 State Historic Preservation Officer 
 
Appendix H - Pertinent Correspondence contains comment letters regarding this action. 
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FINDING OF NO SIGNIFICANT IMPACT 
 

SECTION 205 FLOOD DAMAGE REDUCTION STUDY 
MAD CREEK 

MUSCATINE, MUSCATINE COUNTY, IOWA 
 
 
I have reviewed the information provided by this Environmental Assessment (EA), along with data 
obtained from cooperating Federal, State, and local agencies and from the interested public.  Based 
on this review, I find that the preferred alternative for the proposed flood control improvements, to 
improve the levee along Mad Creek in Muscatine, Iowa, and restore a portion of the channel and 
bankline near the Second Street Bridge, as proposed in this EA, will not significantly affect the 
quality of the environment.  Therefore, it is my determination that an Environmental Impact 
Statement (EIS) is not required.  This determination will be reevaluated if warranted by later 
developments. 
 
Alternatives considered along with the preferred action were: 

 
- No Federal action; 

 
- Constructing stormwater detention reservoirs; 

 
- Raising existing floodwall and levee system; 

 
- A combination of floodwalls and levees and stormwater detention reservoirs; and  
    an enhanced early flood-warning system to better react to flash floods. 

 
Preferred Alternative.   
 
Factors considered in making a determination that an EIS was not required are as follows: 
 

a.  The project involves a within-levee upgrade. 

b.  Impacts to local wildlife and aquatic communities will be minimal and temporary. 

c.  No endangered species, either State or Federal, will be affected by the project action. 

d.  No significant environmental, social, economic, or cultural impacts are anticipated as a 
     result of implementing the proposed project.   

 
 
 
 
____________________________ William J. Bayles 
                      Date Colonel, U.S. Army 
 District Engineer 
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Executive Summary 
 

The Corps of Engineers’ Engineering Regulation (ER) providing guidance for the conduct of Civil Works 
Planning Studies is contained in ER 1105-2-100.  The policies and authorities outlined in ER 1165-2-132, 
Hazardous, Toxic, and Radioactive Waste (HTRW) Guidance for Civil Works Projects, and ER 405-1-12, 
Real Estate Handbook, were developed to facilitate the early identification and appropriate consideration of 
HTRW issues in all of the various phases of a water resources study or project.  American Society for 
Testing and Materials (ASTM) Standards E1527-00 and E1528-00 provide a comprehensive guide for 
conducting Phase I Environmental Site Assessments (ESAs).  When the Phase I ESA identifies potential 
environmental concerns, a Phase II ESA is initiated in which sampling of the project area is performed to 
determine the presence of any HTRW contamination.  Phase II Sampling is completed in accordance with 
the U.S. Army Corps of Engineers Engineering Manual EM 200-1-3, Environmental Quality – Requirements 
for the Preparation of Sampling and Analysis Plan (CEMP-RT/CECW-E, February 1, 2001).  The policy of 
the U.S. Army Corps of Engineers is to avoid construction of Civil Works projects when HTRW is located 
within project boundaries or may affect or be affected by such projects. 
 
Several Phase I and Phase II ESAs were performed for this project as the scope was modified.  These reports 
include the following: 
 

• U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, Toxic, and 
Radioactive Waste Documentation Report Addendum, June 2002. 

• U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, Toxic, and 
Radioactive Waste Documentation Report Addendum, August 2001. 

• U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, Toxic, and 
Radioactive Waste Documentation Report, December 2000. 

• Daily & Associates Engineers, Inc., Preliminary Phase IIA Environmental Site Assessment, Mad 
Creek Flood Damage Reduction Project, June 2001. 

• Missman Stanley & Associates, P.C., Preliminary Phase IIA Environmental Site Assessment, Mad 
Creek Flood Reduction Project, Muscatine, Iowa, December 2001. 

 
These Phase I and Phase II ESAs covered the following areas: 
 

• Right descending bank of Mad Creek from Isett to the confluence with the Mississippi River;  
• Left descending bank of Mad Creek near 2nd Street; 
• Right descending bank of the Mississippi River from the confluence with Mad Creek to Mulberry 

Street; 
• Geneva Creek Retention Area; 
• Mad Creek Retention Area; 
• Mad Creek Borrow Site; and 
• Geneva Creek Borrow Site. 
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On the right descending bank of Mad Creek from 5th Street to the Mississippi River, only the arsenic 
concentration exceeded the Iowa Land Recycling Plan (LRP) statewide standard.  However, the 
concentrations were below the ingestion and inhalation standards for construction workers under the Illinois 
Tiered Approach to Corrective Action Objectives (TACO) standards.  This would indicate that short-term 
exposure during construction of improvements would be well under published guidelines.  These 
contaminants appear to be at or near natural background levels and do not appear to be associated with a 
specific source of contamination or a spill.  No institutional controls are recommended with the conditions as 
known at the end of the Phase II-A ESA.  The results of the sampling indicate that the properties adjacent to 
the right descending bank of Mad Creek may have contributed some contamination to the existing levee and 
banks.  Contaminants found were at levels below the Iowa LRP statewide.  Therefore, contamination by 
human activities may have occurred, but the contamination is minimal and requires no cleanup action and 
restricted use of the site.  
 
On the left descending bank of Mad Creek, just upstream of 2nd Street, one Volatile Organic Carbon (VOC) 
constituent and several polynuclear aromatic hydrocarbon (PNA) constituents were detected on the site.  
Toluene, the detected VOC constituent, was detected at a concentration less than the statewide standard for 
soil published by the Iowa DNR.  It is recommended that the remediation of toluene is not warranted.  One 
PNA compound was detected at a concentration that exceeded statewide standards for soil.  Under a different 
laboratory procedure that is more precise, this PNA was less than the statewide standard.  For this reason, it 
is recommended that further assessment or remediation of PNAs is not warranted. 
 
The properties sampled are owned by the City of Muscatine and were owned by the City prior to initiation of 
this feasibility study.  Under Iowa’s Voluntary Land Recycling Program, the City of Muscatine may request 
that the Iowa DNR review the results of the Phase I and Phase II-A ESAs and issue a letter of no further 
action.  The Iowa DNR will determine a background standard for the site pursuant to IAC 567-137.4(455H).  
They would also identify any special handling requirements, if required, of excavated materials if they are 
proposed to be removed from the site.  Any removal of contaminated material or documentation to the Iowa 
DNR is beyond the scope of this flood protection project. 
 
Recommendations.  The HTRW due diligence process did not reveal any evidence of significant 
concentrations of hazardous substances, HTRW, or other regulated contaminants in connection with the Mad 
Creek Flood Damage Reduction Study areas.  Therefore, the Mad Creek Flood Damage Reduction Project 
may proceed without implementing any limitations or special construction techniques commonly associated 
with HTRW contamination. 
 
Disclaimer.  No ESA can wholly eliminate uncertainty regarding the existence for recognized environmental 
conditions concerning a property.  The HTRW due diligence process intends to reduce, but not eliminate, 
uncertainty regarding the existence of recognized environmental conditions in connection with a property 
within reasonable limits of time and cost.  Continuing the HTRW due diligence process beyond the Phase 
IIA ESA may not necessarily reduce uncertainty, nor reveal unidentified environmental liabilities.  If any 
previously unaddressed recognized environmental condition should arise, this HTRW due diligence process 
will be revisited and amended. 
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1.  PHASE I INVESTIGATION 
 
A Hazardous Toxic and Radioactive Waste (HTRW) Documentation Report was completed in 
December of 2001 and documents the Phase I HTRW Environmental Site Assessment (ESA) for 
the Mad Creek Flood Damage Reduction Project Plan in accordance with Engineering Regulation 
(ER) 1165-2-132, HTRW Guidance for Civil Works Projects, and ER 405-1-12, Real Estate 
Handbook.  The Phase I Environmental Site Assessment was performed in general conformance 
with the scope and limitations of the American Society for Testing and Materials Standards E 
1527-00 and E 1528-00.  The information was obtained through site reconnaissance, informal 
interviews, a review of maps and aerial photographs, U.S. Army Corps of Engineers records, and a 
search of Federal and State environmental databases.  These screening methods were selected 
based on the particular nature of the flood damage reduction project. 
 
A review of the environmental databases for areas surrounding the project sites discovered several 
facilities with various HTRW type permits within the downtown Muscatine area.  Upon further 
review, it was determined that none of these permitted areas would adversely impact the project 
area.  The detention areas and the borrow sites were in areas either on or near agricultural fields.  
It is assumed that pesticides and herbicides were applied in order to control pests and weeds in a 
manner consistent with normal agricultural activities.  No pesticide or herbicide mixing or cleaning 
platforms were observed at these sites.  Pesticides and herbicides applied to lands during the course 
of normal agricultural activities are exempt from the CERCLA or RCRA regulations, and are not 
considered to be an HTRW concern. 
 
The site reconnaissance revealed that there was some evidence of recognized environmental 
conditions concerning the chosen properties, including unidentified substance containers, storage 
tanks, and indications of solid waste disposal along the current Mad Creek levee.  It was 
recommended that further investigation be conducted along the right descending bank in four 
locations to determine any presence of HTRW.  Photographs and maps indicating these four areas 
are included in the HTRW Documentation Report on the following pages. 
 
2.  PHASE II-A ENVIRONMENTAL SITE ASSESSMENT (ESA) – SPRING 2001 
 

a.  Background.  A Phase II-A Environmental Site Assessment (ESA) was initiated to 
determine the presence of any actual HTRW contamination in the areas shown in Table E-1.  The 
Phase II-A ESA was conducted by Daily & Associates, Engineers, Inc., under contract to the 
U.S. Army Corps of Engineers.  This report is available upon request from CEMVR-ED-DN.  The 
four areas identified below were sampled at a depth of around 5 feet, as this is the depth which 
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would be impacted during construction activities.  In areas where surface runoff appeared to be a 
concern from site visits, a surface soil sample was also obtained.  Samples were obtained on 
April 11, 2001, at the following locations and depths. 
 
 

Table E-1.  HTRW sample locations 
 

Sample Number Location Depths 

B-1 
Right descending bank of Mad Creek in 
the vicinity of HON Industries, 600 East 
2nd Street. 

Samples were taken from a depth of 4 to 
6 feet on the existing levee. 

B-2 

Right descending bank of Mad Creek 
downstream from 5th Street and adjacent 
to JUST, 1004 5th Street. 

Samples were taken from a depth of 
3.5 feet to 5.5 feet on the existing levee 
and in the vicinity of a drum storage area 
located on the adjacent JUST property. 

B-3 

Right descending bank of Mad Creek in 
the vicinity of a concrete slab located 
south of 9th Street. 

Two samples were taken at a depth of 
6 inches to 2 feet and one sample taken 
from a depth of 4.5 feet to 6.5 feet 
adjacent to the concrete slab. 

B-4 

Right descending bank of Mad Creek, 
north of 9th Street and adjacent to D.W. 
Welding. 

Samples were taken at a depth of 6 
inches to 2 feet and on from a depth of 
4.5 feet to 6.5 feet adjacent to 
deteriorated steel drums. 

 
 

Soil samples were collected in accordance with the instructions provided by Severn Trent 
Laboratories, the testing laboratory.  The laboratory also provided sample containers.  The samples 
were logged, and continuous custody was maintained by Daily & Associates, Engineers, Inc., until 
the samples were shipped by Federal Express to Severn Trent Laboratories.  The samples were 
received by Severn Trent Laboratories on April 12, 2001, and were analyzed for numerous 
contaminants of concern.  The concentrations were compared to maximum contamination levels 
(MCLs) specified for the Phase II-A ESA. 
 

b.  Maximum Contamination Levels (MCLs).  The MCLs specified for the Phase II-A 
ESA were established using the Iowa Land Recycling Program (LRP) rules contained in the Iowa 
Administrative Code (IAC) 567-137.4(455H), referred to as Chapter 137.  The Iowa LRP was 
enacted by the Iowa Legislature as part of the “Iowa Land Recycling Program and Remediation 
Standards Act” in 1997.  The purpose of the Iowa LRP was to promote the wiser use of land 
resources by encouraging the clean up of contaminated property to prevent the unnecessary 
development of the farmland or open space.  In late 1998, the Iowa Environmental Protection 
Commission adopted the Iowa Statewide Standard for Soil (Statewide Standard).  The Statewide 
Standard is based upon incidental ingestion of soil and dust only and by definition do not establish 
universally safe levels of contamination.  Iowa uses the Statewide Standard as a starting point for 
evaluation and remediation of a site.  If met, a classification of no further action required, free of 
institutional controls, could be established for a cleanup site.   
 
The Statewide Standard was used as the MCL for this Phase II-A.  Other site-specific standards 
exist in the Iowa LRP but must be supported by “appropriate institutional controls” like land use 
restrictions.  Therefore, the Statewide Standard tends to be the most stringent and is normally 
considered as the permissible exposure limit in the calculation of site-specific standards. 
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Iowa does not publish separate standards for short-term exposure limits for construction workers as 
part of the LRP.  Illinois, as part of the Illinois regulations titled “Tiered Approach to Corrective 
Action Objectives (TACO)” located in Title 35 Section 742 of the Illinois Administrative Code, 
provides remediation objectives based on short-term exposure of construction workers via 
ingestion and inhalation.  TACO is a risk-based procedure that takes land use and site conditions 
into account when establishing remediation objectives for a site.  The soil sample results were 
compared to the to the industrial/commercial construction worker objectives from the TACO to 
observe any impacts during on-site construction activities. 
 

c.  Sample Results.  While samples were taken at all four locations, the final results of this 
feasibility study determined that construction activities will only occur at sites B1 and B2, as 
labeled in the Phase II-A report.  (This conclusion was made after the Phase I report had been 
completed and the Phase II-A report had been initiated).  Table E-2 shows the sample results for 
areas B-1 and B-2 compared to the MCLs of a number of contaminants.  Individual concentrations 
that were observed to exceed the statewide standard of the LRP are as follows: 
 

Arsenic:  All sample results exceeded the LRP statewide standard.  B-3 samples had the 
highest concentrations, with the shallow sample having the highest concentration.  Note that the 
Standards for Soils, Iowa Land Recycling Program, Table 2, footnotes the standard as follows: 
“Chemicals at these concentrations may be at or below background levels.  The department may be 
contacted to determine the need for determining a background standards pursuant to IAC 567-
137.4(455H).” 

 
Beryllium:  Selected samples exceeded the LRP statewide standard.  All B-3 samples 

exceeded the MCL and the shallow sample at B-4 exceeded the standard.  Note that the Standards 
for Soils, Iowa Land Recycling Program, Table 2, footnotes the standard as follows: “Chemicals at 
these concentrations may be at or below background levels.  The department may be contacted to 
determine the need for determining a background standard pursuant to IAC 567-137.4(455H).” 
 
Organic compounds and organic pesticide compounds were detected at levels below the statewide 
standards.  PCB compounds were not detected in all samples. 
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Table E-2.  HTRW sample results 
 

Contaminant Standards (MCLs) Test Results 

B-1 B-2 
Illinois Industrial/ 

Commercial Construction 
Worker Standard 

Chemical Name CAS No. 

Iowa Non-
Residential 
Standard Ingestion Inhalation Units 4-6 feet 3.5-5.5 feet

Inorganics              
Arsenic 7440-38-2 1.4 61 25,000 mg/kg 4.9 3.3 
Barium 7440-39-3 5,500 14,000 870,000 mg/kg 41.6 39.5 
Beryllium 7440-41-7 0.48 29 44,000 mg/kg 0.43 0.45 
Cadmium 7440-43-9 39 200 59,000 mg/kg 0.042 0.048 
Chromium 7440-47-3   4,100 8,800 mg/kg 13.1 11.8 
Cobalt 7440-48-4   12,000   mg/kg 6 6.4 
Copper 7440-50-8 2900 8200   mg/kg 10.5 46.7 
Lead 7439-92-1 400 400   mg/kg 7.3 8 
Manganese 7439-92-1 11,000 9,600 8,700 mg/kg 293 336 
Mercury 7439-97-6 23 61 52,000 mg/kg     
Nickel 7440-02-0 1,600 4,000 440,000 mg/kg 14.8 16.8 
Selenium 7782-49-2 390 1,000   mg/kg 0.34   
Vanadium 7440-62-2 550 1,400   mg/kg 21.7 18.1 
Zinc 7440-66-6 23,000 61,000   mg/kg 35.2 33.3 

               
Organics              

1,1 Dichloroethane 0075-34-3 7,800 200,000 130 mg/kg     
1,1,1 Trichloroethane 0071-55-6 2,700   1,200 mg/kg     
Acetone 0067-64-1 7,800 200,000 100,000 mg/kg     
Anthracene 0120-12-7 23,000 610,000   mg/kg     
Benzo(a)anthracene 0056-55-3 3 170   mg/kg     
Benzo(b)flouranthene 0205-99-2 2.9 170   mg/kg     
Benzo(k)flouranthene 0207-08-9 29 1,700   mg/kg     
Benzo(a)pyrene 0050-32-8 0.29 17   mg/kg     
Carbon Disulfide 0075-15-0 7,800 20,000 9 mg/kg     
Chrysene 0218-01-9 290 17000   mg/kg     
Dibenzo(a,h)anthracene 0053-70-3 0.29 17   mg/kg     
Fluoranthene 0206-44-0 3,100 82,000   mg/kg   0.011 
Indeno(1,2,3-cd)pyrene 0193-39-5 2.9 170   mg/kg     
Pyrene 0129-00-0 2,300 61,000   mg/kg     
Toluene 0108-88-3 16,000 410,000 42 mg/kg     

               
Organic Pesticides              

Aldrin 0309-00-2 0.13 6.1 9.3 mg/kg     
4,4 DDE, Solid 0072-55-9 6.3 370   mg/kg     
4,4 DDT, Solid 0050-29-3 6.3 100 2100 mg/kg   0.0016 

               
Notes: 1.  Blank spaces in test results columns are non-detects (ND)       
 2.  Blanks spaces in the standards are where no standard is published in the reference documents. 
 3.  Illinois Standards are referenced to TACO Tier 1 Section742, Table B.  
 4.  Iowa Standards are referenced to ILRP, Table 2. 
 5.  NDs are not included in this summary. 
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d.  Initial Phase II-A Conclusions.  For areas B1 and B2, only the arsenic concentration 
exceeded the Iowa LRP statewide standard.  However, the concentrations were below the ingestion 
and inhalation standards for construction workers under the Illinois TACO standards.  This would 
indicate that short-term exposure during construction of improvements would be well under 
published guidelines.  These contaminants (arsenic and beryllium) appear to be at or near natural 
background levels and do not appear to be associated with a specific source of contamination or a 
spill.  No institutional controls are recommended with the conditions as known at the end of the 
Phase II-A ESA. 
 
The results of the sampling indicate that the properties adjacent to the right descending bank of 
Mad Creek may have contributed some contamination to the existing levee and banks.  
Contaminants found were at levels below the Iowa LRP statewide standards at all four sites except 
as noted above.  Therefore, contamination by human activities may have occurred, but the 
contamination is minimal and requires no cleanup action and restricted use of the site. 
 
The properties sampled are owned by the City of Muscatine and were owned by the City prior to 
initiation of this feasibility study.  Under Iowa’s Voluntary Land Recycling Program, the City of 
Muscatine may request that the Iowa DNR review the results of the Phase I and Phase II-A ESAs 
and issue a letter of no further action.  The Iowa DNR will determine a background standard for the 
site pursuant to IAC 567-137.4(455H).  They would also identify any special handling 
requirements, if required, of excavated materials if they are proposed to be removed from the site.  
Any removal of contaminated material or documentation to the Iowa DNR is beyond the scope of 
this flood protection project. 
 
Based on the findings of the Preliminary Phase II-A Environmental Site Assessment, the Mad 
Creek Flood Damage Reduction Project may proceed without limitations or special construction 
techniques, which are associated with HTRW contamination. 
 
3.  PHASE II-A ENVIRONMENTAL SITE ASSESSMENT – FALL 2001 
 

a.  Background.  After the initial Phase II-A investigation was completed, it was noted that 
some excavation might occur on the left descending bank of Mad Creek, immediately upstream of 
the 2nd Street Bridge in Muscatine, Iowa.  The site currently includes a parking lot associated with 
a residential complex and a vegetated bank line.  The site once contained a warehouse and paint 
factory.  That structure caught fire in the 1940’s and burned for several days.  Afterwards, the site 
was filled and possibly not remediated.  To the north of the apartment property, there was a gas 
station.  Underground storage tanks were supposed to have been removed after the station closed.  
A railroad corridor and possible sidings were also located in this general area.  A second Phase II-A 
investigation was initiated to assess this site. 
 
Phase II-A sampling and analysis was contracted to Missman Stanley & Associates, P.C., 
Bettendorf, Iowa.  Their work included the advancement of two soil borings, the collection of soil 
samples, and a comprehensive laboratory analysis of those soil samples.  The intent of the 
assessment was to determine if historic activities on the property have impacted the environmental 
quality of site soils.  
 
Fieldwork for this project was conducted on October 25, 2001.  Soil sampling, analysis, and 
evaluation under this project were completed in accordance with the U.S. Army Corps of Engineers 
Engineering Manual (EM) 200-1-3, Environmental Quality – Requirements for the Preparation of 
Sampling and Analysis Plan (CEMP-RT/CECW-E, February 1, 2001). 
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Sample analyses were compared to Iowa Statewide Standards for Soil (Statewide Standards) 
published under the Iowa Land-Recycling Program (Iowa Administrative Code 567-137.4(455H), 
also referred to as Chapter 137).  The Statewide Standards represent concentrations of 
contaminants in these media at which normal exposure via ingestion is considered unlikely to pose 
a threat to human health. 
 

b.  Arsenic.  Arsenic was detected in the upstream collected soil samples.  Concentrations 
ranged from 2.6 to 4.2 mg/kg.  The statewide standard for arsenic is 1.4 mg/kg.  Arsenic is a 
naturally occurring substance.  A published background standard for arsenic in soil does not exist 
in Iowa.  Surrounding states, such as Illinois, do have published standards for arsenic.  The Illinois 
EPA has published a background arsenic concentration of 11.3 mg/kg for counties outside of 
metropolitan areas.  Although the Illinois value does not have any regulatory relevance in Iowa, 
this concentration is valuable from a comparative standpoint.  Based on the arsenic concentrations 
detected at the site, it appears that these concentrations are not the result of on-site contamination, 
but rather the result of naturally occurring arsenic in soil. 

 
c.  Toluene.  Toluene was the only volatile organic compound detected; however, each of 

the detected concentrations was significantly less than the statewide standard.  Toluene is a 
petroleum-based solvent that is used in petroleum fuels and solvents. 

 
d.  Polynuclear Aromatic Hydrocarbons.  Polynuclear aromatic hydrocarbon (PNA) 

compounds were analyzed under two methods:  the 8270 method and the 8310 method.  The 8310 
method allows the analyst to detect PNA constituents at lower detection levels and with greater 
precision than the 8270 method.  PNAs are a compound of over 100 different chemicals that are 
formed during the incomplete burning of coal, oil, gas, garbage, or other organic substances like 
tobacco or charbroiled meat.  PNAs are usually found as a mixture containing two or more of these 
compounds, such as soot.  Some PNAs are manufactured.  These pure PNAs exist as colorless, 
white, or pale yellow-green solids.  PNAs are found in coal tar, crude oil, diesel fuel, creosote, and 
roofing tar.  The detected PNA constituents on the site are likely a result of the historic fire on the 
site in the 1940’s. 
 
Benzo(a)pyrene, a PNA compound, was detected at levels above the statewide standard using the 
8270 method, but at levels below the statewide standard using the 8310 method.  Several other 
PNAs were detected using the 8270 method, but were not detected using the 8310 method.  Since 
the more precise procedure showed that benzo(a)pyrene was beneath the Statewide Standard, 
further assessment or remediation of PNA is not recommended. 
 

e.  Conclusions.  As a result of the Phase IIA Assessment, one VOC constituent and several 
PNA constituents were detected on the site.  Toluene, the detected VOC constituent, was detected 
at a concentration less than the statewide standard for soil published by the Iowa DNR.  It is 
recommended that the remediation of toluene is not warranted. 
 
One PNA compound was detected at a concentration that exceeded statewide standards for soil.  
Under a different laboratory procedure that is more precise, this PNA was less than the statewide 
standard.  For this reason, it is recommended that further assessment or remediation of PNAs is not 
warranted. 
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Based on the findings of the Second Preliminary Phase II-A Environmental Site Assessment, the 
Mad Creek Flood Damage Reduction Project may proceed without limitations or special 
construction techniques, which are associated with HTRW contamination. 
 
4.  JUNE 2002 PHASE I ENVIRONMENTAL SITE ASSESSMENT 
 
In April 2002, CEMVR-ED-DN was informed that a new project site was added to the Mad Creek 
Section 205 project.  Specifically, the site involved extending the floodwall west along Mississippi 
Drive, and along Mulberry Street.  The proposed work activity would include some excavation, 
construction of a floodwall, and the erection of temporary berms during flood conditions.   
 
The current uses of the target property include two homes constructed over a century ago.   
The adjoining property includes a service station entitled Matt’s Downtown Service.  This service 
station had several Leaking Underground Storage Tanks (LUST), which were removed in the early 
1990’s.  The LUST site had received a “No Action Required Letter” on January 11, 2000, and 
received a “No Action Required Certificate” on May 19, 2000, from the Iowa Department of 
Natural Resources.   
 
Based on the findings of this Phase I addendum, there was no evidence of hazardous substances, 
HTRW, or other regulated contaminants in connection with the project study area. 
 
5.  WASTEWATER TREATMENT 
 
Wastewater treatment lagoons are located adjacent to the proposed Mad Creek Retention Pond.  
The system serves Ripley’s Mobile Homes (also referred to as Clear View Mobile Home Park) 
located at 30 Clearview Court.  If these lagoons are overtopped with floodwater, there could be a 
release of partially treated wastewater, which, while not an HRRW concern, could be a biological 
pathogen concern.  Impacts on sewage lagoons and future wastewater treatment activities at 
Ripley’s Mobile Home shall be minimized.  If, during the planning process, it is determined that 
these wastewater facilities will be impacted, appropriate mitigation efforts shall be completed.  It 
was recommended that actions be taken during all planning and implementation phases of the 
Section 205 project to avoid impacts on the wastewater treatment system at Ripley’s Mobile 
Homes. 
 
6.  HTRW REFERENCES AND ABSTRACTS 
 
a. U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, 

Toxic, and Radioactive Waste Documentation Report Addendum, June 2002. 
 
b.  U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, 

Toxic, and Radioactive Waste Documentation Report Addendum, August 2001. 
 
c.  U.S. Army Corps of Engineers, Mad Creek Flood Damage Reduction Project Hazardous, Toxic, 

and Radioactive Waste Documentation Report, December 2000. 
 
d.  Daily & Associates Engineers, Inc., Preliminary Phase IIA Environmental Site Assessment, Mad 

Creek Flood Damage Reduction Project, June 2001. 
 
e. Missman Stanley & Associates, P.C., Preliminary Phase IIA Environmental Site Assessment, 

Mad Creek Flood Reduction Project, Muscatine, Iowa, December 2001. 
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f. Black & Veach Waste Science Incorporation, Final Report for Contaminated Soil Removal, 

Muscatine, Iowa, Former Manufactured Gas Plant Site and Underground Storage Tank 
Aromatic Solvent Release Site, September 1995. 

 
g. Illinois Administrative Code, Title 35, Section 742. 
 
h. Iowa Administrative Code 567-137.4(455H).   
 
i. U. S. Army Corps of Engineers, Lower Mississippi Valley Division, ER 1165-2-9, Hazardous, 

Toxic, and Radioactive Waste Policy for Civil Works Projects, 14 June 1996. 
 
j. U.S. Army Corps of Engineers, Rock Island District, ER 1165-2-132, Hazardous, Toxic, and 

Radioactive Waste Guidance for Civil Works Projects, 26 June 1992. 
 
k. U. S. Army Corps of Engineers, Policy Guidance Letter ER 1105-2-100 No. 34, CECW-PA, 

Non-CERCLA Regulated Contaminated Materials at Civil Works Projects, 5 May 1992. 
 
l. U.S. Army Corps of Engineers, ER 385-1-92, Safety and Occupational Health Document 

Requirements for Hazardous, Toxic, and Radioactive Waste (HTRW) and Ordnance and 
Explosive Waste (OEW) Activities, 18 March 1994. 

 
m. U.S. Army Corps of Engineers, ER 405-1-12, Real Estate Handbook, Chapter 8. 
 
n. U.S. Army Corps of Engineers, ER 500-1-1, Natural Disaster Procedures. 
 
o. ASTM E 1527-97, Standard Practice for Environmental Site Assessments: Phase I 

Environmental Site Assessment Process. 
 
p. ASTM E 1528-98, Standard Practice for Environmental Site Assessments: Transaction Screen 

Process. 
 
q. U.S. Army Corps of Engineers, Project Study Plan Draft, Mad Creek at Muscatine, Iowa 

Feasibility Study, October 1999. 
 
r. U.S. Army Corps of Engineers, Memorandum for Commander, U.S. Army Engineer Division, 

Mississippi Valley, Mad Creek at Muscatine, Iowa, Section 205 Flood Control Study, 
November 1998. 

 
s. U.S. Army Corps of Engineers, Rock Island District, Upper Mississippi River Ortho Photo, 

Pool 17, Sheet No.77, 1991. 
 
t. U.S. Army Corps of Engineers, Rock Island District, Upper Mississippi River Aerial Photo, 

Pool 17, Sheet No. 77, 1930’s. 
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Websites Referenced: 
 
www.terraserver.com 
www.epa.gov/enviro/ 
www.nrc.uscg.mil/foia.htm 
www.osmre.gov/osm.htm 
http://www.epa.state.il.us/land/seids/ 
http://www.state.ia.us/government/dnr/index.htm 
http://www.osmre.gov/aml/ziadmap.htm 
http://www.state.ia.us/dnr/organiza/wmad/lqbureau/ust/siteListing/rptUSTByTankCity(Modale-
Osterdock)Website.pdf. 
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APPENDIX F 
 
 

REAL ESTATE PLAN 

 



REAL ESTATE PLAN 
MAD CREEK AT MUSCATINE, IOWA 

SECTION 205 
FLOOD DAMAGE REDUCTION PROJECT 

 
 

 
I.  Purpose 
 

The Mad Creek Flood Damage Reduction Project is a Section 205 Project.  The 
authorization for this project is Section 205 of the 1948 Flood Control Act, as amended.  The 
proposed project is located in the City of Muscatine, in Muscatine County, Iowa.  The purpose of 
the Real Estate Plan (REP) is to support the Detailed Project Report  (DPR) dated November 
2002.  The project area is commonly referred to as the Mad Creek Section 205 Flood Damage 
Reduction Project.  The City of Muscatine, Iowa, is the sponsor for this project. 
 
II.  Description of Lands, Easements, and Right-of-Way (LER) Required for Construction, 
Operation and Maintenance of the Project 
 

a. Description of Lands, Easements and Right-of-Way (LER) 
 
The Mad Creek study area is located along the Mississippi River.  Mad Creek is within the 

Muscatine city limits.  The creek flows through an area of mixed commercial, industrial, and 
residential uses near the City’s downtown area before emptying into the Mississippi River. 

 
Four alternatives were considered and evaluated in the feasibility study.  The 

Recommended Plan, identified as Alternative D in the DPR, includes a 2-foot levee raise affecting 
the raising of approximately 2,300 linear feet of existing levees and 1,700 linear feet of existing 
floodwalls; vertical extension of one existing floodgate (at Mulberry Avenue); replacement of one 
existing floodgate (at 2nd Street); and installation of one new closure structure across the railroad 
south of Washington Street.  The proposed project also includes channel improvements to Mad 
Creek upstream of 2nd Street, which will include clearing and excavating an area for approximately 
900 linear feet by 20 feet wide and removing sediment from under the 2nd Street Bridge.  Also 
included is the construction of a new floodwall at Mulberry Avenue and Mississippi Drive.  A 
temporary levee will be built during high flood events on Mulberry Avenue.   

 
A map of the project area is included as Exhibit A – Project Location Map.  Detail Maps of 

the Project Area are also included as Exhibit B – Borrow Area Detail, Exhibit C – Levee Area 
Detail, Exhibit D – Apartment and Bridge at 2nd Street Detail, Exhibit E – Greenwood Cemetery 
Disposal Area Detail, Exhibit F– Sponsor-Owned Lands, and Exhibit G – Floodwall 
Easement/Flood Protection Levee Easement Detail.   
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b. Number of Owners/Acres, Type of Estate and Estimated Value 

 
Number of   Estimated 
Owners     Acres Type of Estate     Value    
 

 1 4.13 Borrow Easement $46,900 
 
 7 7.80 Temporary Work Area  $131,900 
   Easement 
 
 2 0.6 Channel Improvement $58,800 
   Easement 
 
 1 0.9 Fee $112,400 
 
 2 0.15 Floodwall Easement $59,695 
 
 4 0.378 Flood Protection $10,305 
   Levee Easement 
 

c.  Gross Appraisal/Cost Estimate 
 

The total gross appraisal and cost estimate that includes severance damages and 
contingencies for the lands required for the proposed project is $420,000.   

 
d.   Estates To Be Acquired 

 
The following standard estates set forth in ER 405-1-12 will be used for this project: 
 

FEE 
 

The fee simple title to (the land described in Schedule A) 1/ (Tracts Nos. ___, ___ and ___), 
subject, however, to existing easements for public roads and highways, public utilities, railroads 
and pipelines.   
 
The Fee area is outlined in yellow on Exhibit D – Apartment and Bridge at 2nd Street Detail Map. 
 

BORROW EASEMENT 
 
A perpetual and assignable right and easement to clear, borrow, excavate and remove soil, dirt, 
and other materials from (the land described in Schedule A) (Tracts Nos. ____, ____ and ____); 
subject, however, to existing easements for public roads and highways, public utilities, railroads 
and pipelines; reserving, however, to the land-owners, their heirs and assigns, all such rights and 
privileges in said land as may be used without interfering with or abridging the rights and easement 
hereby acquired. 
 
The borrow easement area is outlined in blue on Exhibit B – Borrow Area Detail Map. 

 
TEMPORARY WORK AREA EASEMENT 

 
A temporary easement and right-of-way in, on, over and across (the land described in Schedule A) 
(Tracts Nos. ____, ____ and ____), for a period not to exceed _______________, beginning with 
date possession of the land is granted to the United States, for use by the United States, its 
representatives, agents, and contractors as a (borrow area) (work area), including the right to 
(borrow and/or deposit fill, spoil and waste material thereon) (move, store and remove equipment 
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and supplies, and erect and remove temporary ______). The term of the temporary work area 
easement will be 3 years. 
 
The temporary work area easements are shown colored/outlined in green on the attached Exhibit 
C - Levee Area Detail Map, Exhibit D - Apartment and Bridge at 2nd Street Detail Map, and 
Exhibit E – Greenwood Cemetery Disposal Area Map. 
 

CHANNEL IMPROVEMENT EASEMENT 
 
A perpetual and assignable right and easement to construct, operate, and maintain channel 
improvement works on, over and across (the land described in Schedule A) (Tracts Nos. ____, 
____ and ____ for the purposes as authorized by the Act of Congress approved including the right 
to clear, cut, fell, remove and dispose of any and all timber, trees, underbrush, buildings, 
improvements and/or other obstructions therefrom; to excavate: dredge, cut away, and remove any 
or all of said land and to place thereon dredged or excavated material; and for such other purposes 
as may be required in connection with said work or improvement; reserving, however, to the 
owners, their heirs and assigns, all such rights and privileges as may be used without interfering 
with or abridging the rights and easement hereby acquired; subject, however, to existing 
easements for public roads and highways, public utilities, railroads and pipelines. 

 
The channel improvement easement area is shown outlined in red on the attached Exhibit D - 
Apartment and Bridge at 2nd Street Detail.   
 

e. Ownerships Affected: 
 
The project affects 12 ownerships.  It is estimated that 17 tracts will be acquired.   
 

III. Lands Required That Are Owned By Sponsor 
 

a. The sponsor, the City of Muscatine, Iowa, currently has an interest in lands acquired for 
the Muscatine Mad Creek Flood Control Project.  The project was authorized by the 1953 Flood 
Control Act.  These lands are shown colored in purple on the Attached Exhibit F – Sponsor-Owned 
Land Map.  In accordance with ER 405-1-12, Chapter 12, paragraph 12-38a, the Non-Federal 
sponsor shall not receive credit for the value of any LER, including incidental costs, that have been 
provided previously as an item of cooperation for another Federal Project.   

 
b.  Additional sponsor-owned right-of-way that is required for the proposed project, 

approximately three (3) acres, is colored in red on the attached Exhibit F– Sponsor-Owned Lands.   
 
IV.  Non-Standard Estate Discussion 
 
The following non-standard estates will be required for the project.  Both of the estates follow the 
language of the standard Levee Easement found in ER 405-1-12, Chapter 5.  Chapter 12, 
paragraph 12-10c states “The District Chief of Real Estate may approve non-standard estates if 
they serve the intended project purpose, substantially conform with and do not materially deviate 
from the corresponding standard estate contained in Chapter 5, and do not increase the costs nor 
potential liability of the Government.”  The District Chief of Real Estate, Rock Island District, has 
approved the following non-standard estates for the subject project. 
 
a.  The following is the Floodwall Easement that will be acquired from two landowners over 0.15 
acres.  This estate has been approved for use in this project by the Chief, Real Estate, Rock Island 
District. 
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FLOODWALL EASEMENT  
 
A perpetual and assignable right and easement in (the land described in Schedule A) (Tracts Nos. 
____, ____ and ____) to construct, maintain, repair, operate, patrol and replace a floodwall, 
including all appurtenances thereto; reserving, however, to the owners, their heirs and assigns, all 
such rights and privileges in the land as may be used without interfering with or abridging the rights 
and easement hereby acquired; subject, however, to existing easements for public roads and 
highways, public utilities, railroads and pipelines. 
 

The Easement for Floodwall area is outlined in purple on Exhibit G – Floodwall 
Easement/Flood Protection Levee Easement Detail Map. 
 
 
b.  The following Flood Protection Levee Easement estate will be acquired over approximately 
0.378 acres and will affect four owners.  This estate has been approved for use in this project by 
the Chief, Real Estate, Rock Island District. 
 

FLOOD PROTECTION LEVEE EASEMENT 
 
A perpetual and assignable right and easement in (the land described in Schedule A) (Tracts Nos. 
____, ____ and ____), to erect, construct, maintain, repair, operate, patrol, replace or remove a 
temporary flood protection levee, during periods of critical high water including all appurtenances 
thereto; reserving, however, to the owners, their heirs and assigns, all such rights and privileges in 
the land as may be used without interfering with or abridging the rights and easement hereby 
acquired; subject, however, to existing easements for public utilities, railroads and pipelines. 
 
The Easement for Flood Protection Levee Easement area is outlined in olive green on Exhibit G – 
Floodwall Easement/Flood Protection Levee Easement Detail Map. 
 
V.  Federal Project within the LER Required for the Project 

 
The following Federal project is located within the proposed project area: 

 
Project       Authorized By 
Muscatine Iowa Mad Creek   Flood Control Act of 1954 
Local Flood Protection Project 
 
The project, which was completed in 1960, included construction of a system of floodwalls and 
levees beginning at Mulberry Street and extending northward for about 1,500 feet along the 
Mississippi River, and then up the right bank of Mad Creek for about 2,700 feet to high ground 
north of East 6th Street.  The federal project lands are colored in purple on Exhibit F – Sponsor 
Owned Lands. 
 
VI.  Federally Owned land required for Project 
 

The Mad Creek Section 205 Project requires no federally owned lands. 
 
VII.  Navigational Servitude 
 

Navigational servitude is not applicable to this project. 
 
VIII.  Map Depicting the Area 
 

Maps depicting the project area are included as Exhibits B, C, D, E, F and G. 
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IX.  Possibility of Induced Flooding Due to Project 
 

It is not anticipated that the project will cause induced flooding.   
 
X.  Baseline Cost Estimate 
 
 Non-Federal  Federal 
 
01 Lands & Damages $420,000 
 
01 Incidental Acquisition Costs 
a. Monitoring LS Acquisition/ 
Project Administration  $17,000 $80,000 
Including crediting 
b. Survey $17,000 
c. Title Evidence $8,500 
d. Negotiation/Closing $25,500 
e. Appraisal $17,000 $8,000 
f.  Attorney’s Opinion of Compensability _______ $5,000 
 
Total  $505,000  $93,000 
 
Total Non Federal and Federal LERRD - $598,000 
 
 
XI.  Relocation Assistance Benefits 
 

The project does not require any relocation of persons, farms, or businesses; therefore, 
there are no anticipated Public Law 91-646 Relocation Assistance Benefit payments. 
 
XII.  Mineral Activity/Timber Harvesting in Project Area 
 

No mineral activity is known to exist in the area of the project.  There is no known timber 
harvesting in the project area that may affect the project. 
 
XIII.  Sponsor’s Legal and Professional Capability to Acquire LER 
 

The sponsor signed a letter of intent in November 1996, which stated they are willing to 
cost share 35%, or approximately $3,445,000.00 of the proposed project cost.  The sponsor, the 
City of Muscatine, has also agreed to be responsible for operation and maintenance of the 
completed project.  The City of Muscatine has previously been a sponsor on a Federal project.  
The assessment of the sponsor’s Capability is included as Exhibit H.  The sponsor has been 
advised of the PL 91-646 responsibilities in acquiring the right-of-way for the project and has been 
advised of their responsibilities for documenting expenses for credit on the project.  The model 
Project Cooperation Agreement (PCA) will be executed before the construction contract is 
advertised. 
 
XIV.  Zoning Ordnances Proposed 
 

No known zoning ordnances are proposed. 
 

XV.  Schedule of Land Acquisition Milestones 
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A detailed schedule will be developed when the final right-of-way (ROW) limits have been 
determined.  The sponsor will need a minimum of one year to acquire the necessary ROW.  
Additional time may be required if condemnation is necessary. The following schedule will be 
completed after project approval. 
 
Acquisition Schedule 
 
 ROW Drawings Completed 12 Weeks 
 Initiate Acquisition 8 Weeks 
 Acquisition Complete 56 Weeks 
 ROW Certificate  4 Weeks 
 
XVI.  Facility or Utility Relocations 
 

There are no facility or utility relocations. 
 

XVII.  Impacts of Suspected or Known Contaminants 
 

HTRW investigations have been completed and there are no known impacts of suspected 
or known contaminants. 
 
XVIII.  Landowner’s Support or Opposition to the Project 
 

The landowner’s attitude toward the project is positive at this time. 
 
XIX.  Risks of Acquiring Lands before Execution of the PCA 
 

The sponsor has been informed of the risk involved in acquiring lands before the execution 
of the Project Cooperation Agreement.  The sponsor has not indicated intent to initiate early 
acquisition on this project.  

 
XX. Other Real Estate Issues Relevant to the Project 
 
 Parking at Apartment Building Issue  
 

As shown on Exhibit D, Apartment and Bridge at 2nd Street Detail, there is an apartment 
building located at 2nd Street.  The parking for the apartment complex will be affected by the 
project.  The acquisition plan is for the sponsor to acquire fee simple title to the lands outlined in 
yellow on the Exhibit D Map.  After these lands are acquired and the area is surfaced to 
accommodate parking, the sponsor will then acquire the temporary work area easement and the 
channel improvement.  The construction contract will reflect that the tenants and emergency 
personnel will be allowed access to the new parking area.  In addition, the period of construction 
will be minimized to reduce the impact on the tenants. 
 
 
 
 
 Original Signed 
 Rod Hallstrom 
 Realty Specialist 
 Acquisition Branch 
 

DATE:  22 November 2002  
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EXHIBIT H 
Mad Creek Section 205 Flood Damage Reduction Project 

SPONSOR:  City of Muscatine, Iowa 
 

ASSESSMENT OF NON-FEDERAL SPONSOR’S REAL ESTATE CAPABILITY 
(Per Appendix 12E, ER 405-1-12) 

 
 
I. Legal Authority 
 

a. Does the sponsor have legal authority to acquire and hold title to real property 
for project purposes?  Yes 

 
b. Does the sponsor have the power of eminent domain for this project?  Yes 

 
c. Does sponsor have “quick take” authority for this project?  Yes  

 
d. Are any of the land/interests in land required for the project located outside the 

sponsor’s political boundary?  No 
 

e. Are any of the lands/interests in land required for the project owned by an entity 
whose property the sponsor cannot condemn?  No 

 
II. Human Resource Requirements 
 

a. Will the sponsor’s in-house staff require training to become familiar with the real 
estate requirements of federal projects including P.L. 91-646, as amended?  No  

 
b. If the answer to II.a is “yes,” has a reasonable plan been developed to provide 

such training?   
 

c. Does the sponsor’s in-house staff have sufficient real estate acquisition 
experience to meet its responsibilities for the project?  Yes 

 
d. Is the sponsor’s projected in-house staffing level sufficient considering its other 

work load, if any, and the project schedule?  Yes 
 

e. Can the sponsor obtain contractor support, if required in a timely fashion?  Yes 
 

f. Will the sponsor likely request USACE assistance in acquiring real estate? (If 
“yes,” provide description).  No 

 

 



 
III. Other Project Variables 
 

a. Will the sponsor’s staff be located within reasonable proximity to the project 
site?  Yes 

 
b. Has the sponsor approved the project/real estate schedule/milestones?  Yes 

 
IV. Overall Assessment 
 

a. Has the sponsor performed satisfactorily on other USACE projects?  Yes 
 
b. With regard to this project, the sponsor is anticipated to be:  highly capable/fully 

capable/moderately capable/marginally capable/insufficiently capable.  (If 
sponsor is believed to be “insufficiently capable,” provide explanation.)  Highly 
Capable 

 
V. Coordination 
 

a. Has this assessment been coordinated with the sponsor?  Yes, this assessment 
was discussed and agreed upon with the sponsor on 16 May 01. 

 
b. Does the sponsor concur with this assessment?  (If “no”, provide explanation).  

Yes, conferred with sponsor, The City of Muscatine, Iowa. 
 
 
 Original Signed 

 Rod Hallstrom Dtd:  16 May 01 
 Realty Specialist 
 Acquisition Branch 
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DETAILED PROJECT REPORT 
WITH ENVIRONMENTAL ASSESSMENT 

 
SECTION 205 FLOOD DAMAGE REDUCTION STUDY 

 
MAD CREEK 

MUSCATINE, MUSCATINE COUNTY, IOWA 
 

APPENDIX G 
COST ESTIMATES – ALTERNATIVES AND SELECTED PLAN 

 
 
 

1.  GENERAL 
 
Table G-1 summarizes the project costs for each alternative studied for the Mad Creek Section 205 
Flood Reduction Study.  For each alternative, a preliminary unit cost estimate was prepared to 
determine the project cost (Tables G-2 through G-13).  For the preliminary estimates, the level of 
detail is consistent with the level of design.  A detailed estimate was developed for the National 
Economic Development (NED) plan using the Micro Computer Aided Cost Estimating System 
(MCACES) (see pages G-15 through G-19).  This detailed estimate was prepared using preliminary 
project plans, information gathered from site visits and discussions with design team members and 
the local sponsor, and review of similar construction projects.  The MCACES estimate 
incorporated local wage and equipment rates.  Costs, including appropriate contingencies, are 
presented in accordance with EC 1110-2-1302, Civil Works Cost Engineering and EC 1110-2-538, 
Civil Works Project Cost Estimating – Code of Accounts.  
 
2.  PRICE LEVEL 
 
The estimates are prepared to a June 2002 price level.  These costs are considered to be fair and 
reasonable to a well-equipped and capable contractor and include overhead and profit.  Calculation 
of the Fully Funded Estimate (FFE) was done in accordance with guidance from EM 1110-2-1304, 
Civil Works Construction Cost Index System (CWCCIS), updated March 2002.  The project will 
be constructed in one stage.   The midpoint of construction was used to determine the FFE.    
 
3.  CONTINGENCY DISCUSSION 
 
After review of project documents and discussion with engineering and construction personnel 
involved in the project, cost contingencies were developed which reflect the uncertainty associated 
with each cost item.  These contingencies are based on qualified cost engineering judgment of the 
available design data, type of work involved, and uncertainties associated with the work and 
schedule.  The overall contingency for the cost estimate is about 25%.  The basis for the selection 
of the contingency factor is primarily due to the conceptual design of a project feature, unknown 
quantities, and unknown site conditions.  Many of the project features can be constructed using 
conventional methods and are similar to previous Rock Island District projects. 
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TABLE G-1.  SUMMARY OF COST ALTERNATIVES 
 

Alternative Alternative Description Alternative  Project 
Designation                         Cost *

A-1a Mad Creek - 1 ft Levee Raise - Reach 1 $1,775,000.00

A-1b Mad Creek 2 ft Levee Raise - Reach 1 $2,088,000.00

A-1c Mad Creek 3 ft Levee Raise - Reach 1 $2,817,000.00

A-2 Mad Creek Railroad Raise - Reach 2 $1,207,000.00

A-3 Geneva Creek Closures - Reach 3 $721,000.00

B Mad Creek and Geneva Creek Dams $8,042,000.00

C-1 Mad Creek and Geneva Creek Dams and 1 ft Levee Raise -Reach 1/4 $9,655,000.00

C-2 Mad Creek and Geneva Creek Dams and 1 ft Levee Raise -Reach 2 $9,036,000.00

C-3 Mad Creek and Geneva Creek Dams and Reach 3 Closures $8,552,000.00

D-1 Mad Creek Channel Improvements and 1 ft Levee Raise - Reach 1/4 $3,255,000.00

D-2 Mad Creek Channel Improvements and 2 ft Levee Raise - Reach 1/4 $3,445,000.00

D-3 Mad Creek Channel Improvements and 3 ft Levee Raise - Reach 1/4 $4,242,000.00

* Total Project Cost includes Real Estate, Relocations, Construction
Costs (w/overhead and profit and contingency), 
Planning, Engineering and Design, and Construction Management.
Price level of estimates - June 2002
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TABLE G-2.  PROJECT COST FOR ALTERNATIVE A-1a 

 
Account Item      Feature Cost*                       Sub-Total Cost 
Code                          by Feature

1 Lands and Damages $393,000.00 $393,000.00

2 Relocations $62,500.00 $62,500.00

11 Levees and Floodwalls
11.0.A   Mob/Demob $23,562.00
11.0.1     Raise levee elevation from 2nd to Sta 19+46- 1 ft raise $31,968.00
11.0.1     Raise elevation from Miss Rvr to 2nd Str - 1 ft raise $12,417.00
11.0.2     Extend height of flood wall at 2nd /5th St-1 ft raise $203,961.00
11.0.2     2nd St Closure Structure $590,477.00
11.0.G     3 Gatewells at Mad Creek $74,935.00
11.0.R     Flood Warning System $72,100.00
11 Total Cost - Levees and Floodwalls $1,009,420.00

30 Planning, Engineering and Design $214,000.00 $214,000.00

31 Constrruction Management $96,000.00 $96,000.00

Total Project Cost - Alternative A-1a  $1,774,920.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-3.  PROJECT COST FOR ALTERNATIVE A-1b 
 

Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $393,000.00 $393,000.00

2 Relocations $62,500.00 $62,500.00

11 Levees and Floodwalls
11.0.A   Mob/Demob $23,562.00
11.0.1     Raise levee elevation from 2nd to Sta 19+46- 2 ft raise $59,115.00
11.0.1     Raise elevation from Miss Rvr to 2nd Str - 2 ft raise $16,091.00
11.0.2     Extend height of flood wall at 2nd /5th St-2 ft raise $263,559.00
11.0.2     Railroad Closure Structure $151,470.00
11.0.2     2nd St Closure Structure $590,446.00
11.0.G     3 Gatewells at Mad Creek $75,580.00
11.0.R     Flood Warning System $72,100.00
11 Total Cost - Levees and Floodwalls $1,251,923.00

30 Planning, Engineering and Design $263,000.00 $263,000.00

31 Constrruction Management $118,000.00 $118,000.00

Total Cost - Alternative A-1b  $2,088,423.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-4.  PROJECT COST FOR ALTERNATIVE A-1c 

 
Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $393,000.00 $393,000.00

2 Relocations $62,500.00 $62,500.00

11 Levees and Floodwalls
11.0.A   Mob/Demob $23,562.00
11.0.1     Raise levee elevation from 2nd to Sta 19+46- 3 ft raise $221,744.00
11.0.1     Raise elevation from Miss Rvr to 2nd Str - 3 ft raise $78,823.00
11.0.2     Extend height of flood wall at 2nd /5th St-3 ft raise $587,455.00
11.0.2     Railroad Closure Structure $166,210.00
11.0.2     2nd St Closure Structure $590,446.00
11.0.G     3 Gatewells at Mad Creek $76,226.00
11.0.R     Flood Warning System $72,100.00
11 Total Cost - Levees and Floodwalls $1,816,566.00

30 Planning, Engineering and Design $376,000.00 $376,000.00

31 Constrruction Management $169,000.00 $169,000.00

Total Cost - Alternative A-1c  $2,817,066.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-5.  PROJECT COST FOR ALTERNATIVE A-2 

 
Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $138,000.00 $138,000.00

2 Relocations $62,500.00 $62,500.00

11 Levees and Floodwalls
11.0.A   Mob/Demob $29,453.00
11.0.2   Construct closure at 9th St/extend levee from 19+46-9th St $343,710.00

       and extend levee from 9th St to Sta 40+00
11.0.2   Raise RR Track and Road at Washington St $187,694.00
11.0.2   Railroad Closure at Sta 19+46 $132,907.00
11.0.R     Flood Warning System $72,100.00

11 Total Cost - Levees and Floodwalls $765,864.00

30 Planning, Engineering and Design $166,000.00 $166,000.00

31 Constrruction Management $75,000.00 $75,000.00

Total Cost - Alternative A-2  $1,207,364.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-6.  PROJECT COST FOR ALTERNATIVE A-3 
 

Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $36,000.00 $36,000.00

2 Relocations $62,500.00 $62,500.00

11 Levees and Floodwalls
11.0.A   Mob/Demob $29,453.00
11.0.2   Isett Avenue Gate Closure $223,555.00
11.0.2   Gate Closure Structure at Heinz Bridge $143,375.00
11.0.R     Flood Warning System $72,100.00

11 Total Cost - Levees and Floodwalls $468,483.00

30 Planning, Engineering and Design $106,000.00 $106,000.00

31 Constrruction Management $48,000.00 $48,000.00

Total Cost - Alternative A-3  $720,983.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-7.  PROJECT COST FOR ALTERNATIVE B 
 

Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $2,874,000.00 $2,874,000.00

4 Dams
4.1.6   Geneva Creek Earthern Fill Dam $1,339,691.00
4.1.6   Mad Creek Earthern Fill Dam $1,493,791.00
4.1.R   Geneva Creek Seeding $19,250.00
4.1.R   Mad Creek Seeding $27,108.00
4.1.R   Mad Creek Access Road $60,893.00
4.2   Geneva Creek Spillway $71,351.00
4.2   Mad Creek Spillway $71,351.00
4.3   Geneva Outlet Structure $37,225.00
4.2   Mad Creek Outlet Structure $50,456.00

4 Total Cost -Dam $3,171,116.00

11 Levees and Floodwalls
11.0.R     Flood Warning System $72,100.00 $72,100.00

19 Buildings, Grounds, and Utilities
19.0.4   Lagoons $762,789.00 $762,789.00

30 Planning, Engineering and Design $801,000.00 $801,000.00

31 Constrruction Management $361,000.00 $361,000.00

Total Cost - Alternative B  $8,042,005.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-8.  PROJECT COST FOR ALTERNATIVE C-1 
 

Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $3,308,000.00 $3,308,000.00

4 Dams
4.1.6   Geneva Creek Earthern Fill Dam $1,339,691.00
4.1.6   Mad Creek Earthern Fill Dam $1,493,791.00
4.1.R   Geneva Creek Seeding $19,251.00
4.1.R   Mad Creek Seeding $27,108.00
4.1.R   Mad Creek Access Road $60,893.00
4.2   Geneva Creek Spillway $71,351.00
4.2   Mad Creek Spillway $71,351.00
4.3   Geneva Outlet Structure $37,225.00
4.2   Mad Creek Outlet Structure $50,456.00

4 Total Cost -Dam $3,171,117.00

11 Levees and Floodwalls
11.0.1     Extend height of flood wall at 2nd /5th St-1 ft raise $203,961.00
11.0.1     Raise elevation from 2nd Sta 19+46- 1 ft raise $31,968.00
11.0.1     Raise levee elevation from Miss R to 2nd St - 1 ft $12,417.00
11.0.2     2nd St Closure Structure $590,466.00
11.0.G     3 Gatewells at Mad Creek $74,935.00
11.0.R     Flood Warning System $72,100.00

11 Total-Levees and Floodwalls $985,847.00

19 Buildings, Grounds, and Utilities
19.0.4   Lagoons $762,788.00 $762,788.00

30 Planning, Engineering and Design $984,000.00 $984,000.00

31 Constrruction Management $443,000.00 $443,000.00

Total Cost - Alternative C-1  $9,654,752.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-9.  PROJECT COST FOR ALTERNATIVE C-2 
 

Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $3,012,000.00 $3,012,000.00

4 Dams
4.1.6   Geneva Creek Earthern Fill Dam $1,339,691.00
4.1.6   Mad Creek Earthern Fill Dam $1,493,791.00
4.1.R   Geneva Creek Seeding $19,251.00
4.1.R   Mad Creek Seeding $27,108.00
4.1.R   Mad Creek Access Road $60,893.00
4.2   Geneva Creek Spillway $71,351.00
4.2   Mad Creek Spillway $71,351.00
4.3   Geneva Outlet Structure $37,225.00
4.2   Mad Creek Outlet Structure $50,456.00

4 Total Cost -Dam $3,171,117.00

11 Levees and Floodwalls
11.0.C     Raise RR Track and Road at Washington Street $187,694.00
11.0.1     Extend levee from 19+46 to 9th St, construct a closure $343,710.00

        at 9th Street and extend levee from 9th St to
        Sta 40+00

11.0.2     Construct RR closure structure at Sta 19+46 $132,907.00
11.0.R     Flood Warning System $72,100.00

11 Total-Levees and Floodwalls $736,411.00

19 Buildings, Grounds, and Utilities
19.0.4   Lagoons $762,788.00 $762,788.00

30 Planning, Engineering and Design $934,000.00 $934,000.00

31 Constrruction Management $420,000.00 $420,000.00

Total Cost - Alternative C-2  $9,036,316.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-10.  PROJECT COST FOR ALTERNATIVE C-3 
 

Account Item     Feature Cost*                      Sub-Total Cost 
Code                         by Feature

1 Lands and Damages $2,910,000.00 $2,910,000.00

4 Dams
4.1.6   Geneva Creek Earthern Fill Dam $1,339,691.00
4.1.6   Mad Creek Earthern Fill Dam $1,493,791.00
4.1.R   Geneva Creek Seeding $19,251.00
4.1.R   Mad Creek Seeding $27,108.00
4.1.R   Mad Creek Access Road $60,893.00
4.2   Geneva Creek Spillway $71,351.00
4.2   Mad Creek Spillway $71,351.00
4.3   Geneva Outlet Structure $37,225.00
4.2   Mad Creek Outlet Structure $50,456.00

4 Total Cost -Dam $3,171,117.00

11 Levees and Floodwalls
11.0.2   Isett Avenue Gate Closure $223,555.00
11.0.2   Gate Closure Structure at Heinz Bridge $143,376.00
11.0.R     Flood Warning System $72,100.00

11 Total-Levees and Floodwalls $439,031.00

19 Buildings, Grounds, and Utilities
19.0.4   Lagoons $762,788.00 $762,788.00

30 Planning, Engineering and Design $875,000.00 $875,000.00

31 Constrruction Management $394,000.00 $394,000.00

Total Cost - Alternative C-3  $8,551,936.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-11.  PROJECT COST FOR ALTERNATIVE D-1 
Item     Feature Cost*                 Account       Sub-Total Cost 

Code                          by Feature

1 Lands and Damages $598,000.00 $598,000.00

2 Relocations $62,500.00 $62,500.00

9 Channels and Canals
9.0.A     Site Access $14,416.00
9.0.A     Mob/Demobilization-Channel Improvements $4,475.00
9.0.A     Mob/Demobilization-2nd St Bridge Cleanout $29,453.00
9.0.A     Access Maintenance During Const-Channel Improvements $7,389.00
9.0.2.B     Channel Clearing and Grubbing $26,390.00
9.0.2.B     Removal of Debris/Piles $51,004.00
9.0.2.B     Shaping $17,448.00
9.0.2.B     2nd Street Bridge Cleanout $15,462.00

9 Total Cost - Channels and Canals $166,037.00

11 Levees and Floodwalls
11.0.1     Raise levee elevation from 2nd to Sta 19+46- 1 ft raise $31,968.00
11.0.1     Raise elevation from Miss Rvr to 2nd Str - 1 ft raise $12,416.00
11.0.1     Raise levee elev from end of Miss Rvr floodwall to Mad $11,553.00

         Creek - 1 ft  
11.0.2     Extend height of flood wall at 2nd /5th St-1 ft raise $203,961.00
11.0.2     Extend height of flood wall Mulberry to Levee-1 ft $203,068.00
11.0.2     New T-wall - Mississippi Dr Closure Wall $188,179.00
11.0.2     New I-wall - Mississippi Dr Closure Wall $6,578.00
11.0.2     Bulkhead - Mississippi Dr Closure Wall $70,625.00
11.0.2     2nd St Closure Structure $590,446.00
11.0.2     Railroad Closure Structure $151,278.00
11.0.2     Closure Structure at Bike Trail $110,000.00
11.0.G     3 Gatewells at Mad Creek $74,935.00
11.0.R     Seeding - Mississippi Closure Wall $915.00
11.0.R     Flood Warning System $72,100.00

11 Total Cost - Levees and Floodwalls $1,728,022.00

13 Pumping Plant
13.0.2 Pumping Plant Superstructure $37,500.00 $37,500.00

30 Planning, Engineering and Design $484,000.00 $484,000.00

31 Constrruction Management $179,000.00 $179,000.00

Total Cost - Alternative D-1  $3,255,059.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-12.  PROJECT COST FOR ALTERNATIVE D-2 
Item     Feature Cost*                       SuAccount b-Total Cost 

Code                          by Feature

1 Lands and Damages $598,000.00 $598,000.00

2 Relocations $62,500.00 $62,500.00

9 Channels and Canals
9.0.A     Site Access $14,416.00
9.0.A     Mob/Demobilization-Channel Improvements $4,475.00
9.0.A     Mob/Demobilization-2nd St Bridge Cleanout $29,453.00
9.0.A     Access Maintenance During Const-Channel Improvements $7,389.00
9.0.2.B     Channel Clearing and Grubbing $26,390.00
9.0.2.B     Removal of Debris/Piles $51,004.00
9.0.2.B     Shaping $17,448.00
9.0.2.B     2nd Street Bridge Cleanout $15,462.00

9 Total Cost - Channels and Canals $166,037.00

11 Levees and Floodwalls
11.0.1     Raise levee elevation from 2nd to Sta 19+46- 2 ft raise $59,115.00
11.0.1     Raise elevation from Miss Rvr to 2nd Str - 2 ft raise $16,090.00
11.0.1     Raise levee elev from end of Miss Rvr floodwall to Mad $13,530.00

         Creek - 2 ft  
11.0.2     Extend height of flood wall at 2nd /5th St-2 ft raise $263,559.00
11.0.2     Extend height of flood wall Mulberry to Levee-2 ft $256,771.00
11.0.2     New T-wall - Mississippi Dr Closure Wall $188,179.00
11.0.2     New I-wall - Mississippi Dr Closure Wall $6,578.00
11.0.2     Bulkhead - Mississippi Dr Closure Wall $70,625.00
11.0.2     2nd St Closure Structure $590,150.00
11.0.2     Railroad Closure Structure $151,278.00
11.0.2     Closure Structure at Bike Trail $110,000.00
11.0.G     3 Gatewells at Mad Creek $75,580.00
11.0.R     Seeding - Mississippi Closure Wall $915.00
11.0.R     Flood Warning System $72,100.00

11 Total Cost - Levees and Floodwalls $1,874,470.00

13 Pumping Plant
13.0.2 Pumping Plant Superstructure $37,500.00 $37,500.00

30 Planning, Engineering and Design $513,000.00 $513,000.00

31 Constrruction Management $193,000.00 $193,000.00

Total Cost - Alternative D-2  $3,444,507.00

*  All construction costs include overhead and profit
   and contingency.  
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TABLE G-13.  PROJECT COST FOR ALTERNATIVE D-3 
 

Account Item     Feature Cost*                       Sub-Total Cost 
Code                          by Feature

1 Lands and Damages $598,000.00 $598,000.00

2 Relocations $62,500.00 $62,500.00

9 Channels and Canals
9.0.A     Site Access $14,416.00
9.0.A     Mob/Demobilization-Channel Improvements $4,475.00
9.0.A     Mob/Demobilization-2nd St Bridge Cleanout $29,453.00
9.0.A     Access Maintenance During Const-Channel Improvements $7,389.00
9.0.2.B     Channel Clearing and Grubbing $26,390.00
9.0.2.B     Removal of Debris/Piles $51,004.00
9.0.2.B     Shaping $17,448.00
9.0.2.B     2nd Street Bridge Cleanout $15,462.00

9 Total Cost - Channels and Canals $166,037.00

11 Levees and Floodwalls
11.0.1     Raise levee elevation from 2nd to Sta 19+46- 3 ft raise $221,744.00
11.0.1     Raise elevation from Miss Rvr to 2nd Str - 3 ft raise $78,823.00
11.0.1     Raise levee elev from end of Miss Rvr floodwall to Mad $79,235.00

         Creek - 2 ft  
11.0.2     Extend height of flood wall at 2nd /5th St-3 ft raise $587,455.00
11.0.2     Extend height of flood wall Mulberry to Levee-3 ft $244,298.00
11.0.2     New T-wall - Mississippi Dr Closure Wall $188,179.00
11.0.2     New I-wall - Mississippi Dr Closure Wall $6,578.00
11.0.2     Bulkhead - Mississippi Dr Closure Wall $70,625.00
11.0.2     2nd St Closure Structure $590,446.00
11.0.2     Railroad Closure Structure $166,210.00
11.0.2     Closure Structure at Bike Trail $110,000.00
11.0.G     3 Gatewells at Mad Creek $76,226.00
11.0.R     Seeding - Mississippi Closure Wall $915.00
11.0.R     Flood Warning System $72,100.00

11 Total Cost - Levees and Floodwalls $2,492,834.00

13 Pumping Plant
13.0.2 Pumping Plant Superstructure $37,500.00 $37,500.00

30 Planning, Engineering and Design $637,000.00 $637,000.00

31 Constrruction Management $248,000.00 $248,000.00

Total Cost - Alternative D-3  $4,241,871.00

*  All construction costs include overhead and profit
   and contingency.  
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                                             01  D-2 Imp Mad Chnl w/2ft Raise Rea 
 
                                             01_  01  Lands and Damages                                   1.00 EA      598,000        0        0     598,000  598000 
                                             01_  02  Relocations                                         1.00 EA       50,000   12,500    5,147      67,647   67647 
                                             01_  09  Channels and Canals                                 1.00 EA      132,830   33,207   13,663     179,700  179700 
                                             01_  11  Levees and Floodwalls                               1.00 EA    1,530,499  343,971  152,394   2,026,864 2026864   1,2,3 
                                             01_  13  Pumping Plant Superstr                              1.00 EA       30,000    7,500    3,040      40,540   40540 
                                             01_  30  PED                                                 1.00 EA      513,000        0   31,683     544,683  544683 
                                             01_  31  Construction Management                             1.00 EA      193,000        0   15,586     208,586  208586 
                                                                                                                   ----------- -------- -------- ----------- 
                                                TOTAL D-2 Imp Mad Chnl w/2ft Raise Rea                    1.00 EA    3,047,329  397,178  221,513   3,666,020 3666020 
                                                                                                                   ----------- -------- -------- ----------- 
                                                TOTAL Mad Creek LFP                                       1.00 EA    3,047,329  397,178  221,513   3,666,020 3666020 
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1.  GENERAL 
 
Preliminary structural analysis was performed on the existing floodwall to determine its adequacy 
to raise its height by 2 feet.  Overturning and internal structural strength analyses were performed 
on sections of floodwall that exhibited the greatest potential for failure.  Conservative values for 
soil properties were utilized in the calculations.  Calculations completed on the existing floodwall 
are provided on the following pages in this appendix. 
 
The analysis found that the internal structural strength at the interface of the sheet pile and concrete 
wall did not meet the EM guidelines.  The use of a combined load factor of 2.21 is required, 
however, calculations at the probable worse case location indicate only a load factor of 1.7 can be 
supported when a 2-foot raise is added to the top of the existing floodwall.  An earth berm or 
concrete buttresses will be added as needed along the landside of the floodwall to provide the 
required additional strength.  The additional support is considered to be minimal in cost and should 
be more than covered by the 25% contingency placed on the floodwall line item.   
 
All other preliminary computations indicated that the existing floodwall strength is adequate to 
support the addition of 2 feet to its height. 
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	DETAILED PROJECT REPORT
	WITH ENVIRONMENTAL ASSESSMENT
	SECTION 205 FLOOD DAMAGE REDUCTION STUDY
	MAD CREEK
	MUSCATINE, MUSCATINE COUNTY, IOWA
	\(1\)  Existing Conditions.  The Mad Creek wat�
	(a)  Creek Study Reaches.  The project study area divided Mad Creek into four separate reaches as depicted on Figure 2 (page 5).  Reach 1 includes Mad Creek from its mouth at the Mississippi River to the end of the existing levee (see Figure 3 on pa
	
	
	Table 1.  Peak stages on the Mississippi River at Muscatine, Iowa (NGVD 1929)



	(c)  Previous Hydrologic Studies of Mad Creek by the Corps of Engineers.  Mad Creek has no recording stream gage.  The District developed discharge-frequency relationships for Mad Creek using HEC-IFH computer programs.
	
	
	
	
	
	
	Table 2.  “Without” project HEC-HMS discharges us

	Table 3.  Adopted discharges for Mouth of Mad Creek and Mouth of Geneva Creek



	\(1\)  National Objectives.  The national obje�
	(2)  Specific Objectives.  Specific planning objectives are derived from an analysis of the problems, needs, and opportunities of the specific study area that can be addressed to enhance the NED objective.  The NED plan with the greatest net economic b
	(3)  Planning Objectives.  The following specific planning objectives have been identified based on an analysis of the problems and needs of the Mad Creek study area:
	(4)  Planning Constraints.  The authority under Section 205 provides for the construction of projects for flood control and related purposes.  Each project is limited to a Federal investment of not more than $7 million.  This Federal investment limitat
	(1)  Available Measures to Address Problems and Opportunities.  Both nonstructural and structural measures are available to alleviate flooding.
	Description
	Description
	Description
	
	
	1,2,3
	1,2,3



	Description
	(3)  Plan Evaluation.  The study alternatives in this report were evaluated for their ability to meet the project objective of reducing flood damages and also from an economic standpoint.  The National Economic Development (NED) plan is defined as th
	
	
	
	Table 4.  Plan costs including planning, administration, and real estate
	Table 5.  Costs and benefits by alternative




	(4)  Associated Evaluation Criteria.  Alternative plans were also evaluated by the following criteria:



	a.  Plan Components.  Major components include ra
	(3)  Construction Considerations.  Special coordination would be required during modification of the levee and floodwalls, especially near HON Industries, in order to minimize impact to their manufacturing processes.
	c.  Operation and Maintenance Considerations.  The City of Muscatine would perform regular operation and maintenance practices after project construction.  Some of the items to be addressed would include:  levee gate closure during flood events, silt dep
	d.  Plan (Project) Cost Estimate.  The selected plan, D-2 Mad Creek Channel Improvements and 2-Foot Levee Raise - Reaches 1 & 4, has a March 2002 MCACES estimated total project cost of $3,445,000 (see Table 6).  The fully funded estimate for the sele
	
	
	
	
	
	
	Plan D-2, channel improvements with 2-foot levee raise







	e.  Plan Accomplishments.  Construction of a levee/floodwall system would substantially reduce damages due to flooding from both Mad Creek and the Mississippi River.  The City seeks flood protection for its central business district and its two largest e
	f.  Economic Effects.  The NED Plan will reduce annual flood damages by $823,000 while requiring an annualized cost of $240,426 for a benefit-to-cost ratio of 3.4.  This results in a net benefit (annual benefit minus annual cost) of $582,574.  A detail
	
	
	g.  Social Effects.
	
	
	
	
	(1)  Community and Regional Growth.  No adverse impacts to the growth of the community or region would be realized as a direct result of the selected plan (project).
	(3)  Displacement of People.  The project involves raising the existing flood control levee and floodwall, plus some channel improvements.  No residential displacements would occur as a result of the project.
	(4)  Property Values and Tax Revenues.  The potential value of property in the project vicinity could increase as a result of the project construction.
	(5)  Public Facilities and Services.  The project involves upgrading the existing levee and floodwall system, thus improving public facilities while other public facilities and infrastructure located within the protected area would benefit from reduced
	A public marina, boat ramp, and city park are located on the Mississippi River adjacent to the existing floodwall.  The project would not adversely affect access to, or use of, these public facilities.
	(7)  Employment and Labor Force.  The project would temporarily increase area employment during the 2-year construction phase.  There would be no significant long-term effect on employment or labor force within the City of Muscatine or Muscatine County
	(8)  Farm Displacement.  The project is located in an urban area; thus, no farms would be affected.
	(9)  Life, Health and Safety.  Upgrading the existing flood protection system would further reduce life, health, and safety concerns faced by area residents and business owners.
	(10)  Noise Levels.  The project would temporarily increase noise levels over the 2-year construction period.  The project area is primarily developed for industrial uses and no significant or long-term noise impacts to residents or sensitive receptors
	(11)  Aesthetics.  The project would raise the existing levee and floodwall and clean out a portion of the existing channel.  The appearance of the finished project would not be much different than what is already in place; therefore, no significant ch
	(1)  Natural.  The existing land use in the study area is predominantly urban with some agricultural usage.  The agricultural land provides food and shelter for wildlife, while the developed areas provide habitat for small mammals and birds.





	(3)  Hazardous, Toxic, and Radiological Waste (HTRW) Assessment.  Based on the findings of the Preliminary Phase II-A Environmental Site Assessment, the Mad Creek Flood Damage Reduction Project may proceed without limitations or special construction 
	
	
	
	
	a.  Implementation Requirements.  To implement the selected plan (project), a number of steps would be required, starting with report approval through operation and maintenance by the project sponsor.  The following milestone schedule depicts the neces

	Project Completion Schedule
	b.  Implementation Responsibilities.
	(1)  Federal Responsibilities.  The preparation of plans and specifications for construction will be financed up front 100 percent by the Federal Government, following approval and receipt of funds, with the local cost-sharing portion repaid beginning 
	(2)  Non-Federal Responsibilities.  The Project Cooperation Agreement (PCA) is the formal assurance between the Federal and non-Federal partners.  Within the PCA, the sponsor must agree to:
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	1.  PURPOSE AND SITE DESCRIPTION
	2.  CLIMATE, FLOODS OF RECORD, AND DATUM

	Table A-1.  Peak Stages on the Mississippi River at Muscatine, Iowa
	
	3.  EXISTING FEDERAL PROJECTS


	Table A-2.  Comparison of discharges on Mad Creek
	Table A-4.  Discharge and stage, Mississippi River at Muscatine, Iowa (NGVD 1929)
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	Table A-10.   Elevation-area-outflow data for the proposed reservoirs
	Mad Creek Reservoir
	Table A-13.  Adopted discharges for mouth of Mad Creek and mouth of Geneva Creek
	c.  HEC-HMS Results from Probable Maximum Storm.  Both proposed storm water detention reservoirs are upstream of the City of Muscatine.  Since the failure of either dam could result in loss of life and property, the dams would be classed as high hazard.
	8.  HYDRAULIC MODELING

	Table A-14.  Starting water surface elevations at the mouth of Geneva Creek
	HEC-RAS Model Results.  The without-project profiles modeled lower Mad Creek using future condition discharges and the present channel.  These profiles were used to evaluate the existing levee system and Alternative A (levee raise) (see plate A-4).  
	9.  RISK BASED ANALYSIS
	a.  Description of HEC-FDA Input.
	\(1\)  Discharge Frequency.  The HEC-FDA compu�
	b.  HEC-FDA Results.  The computed results for each reach included the equivalent annual damage and the project performance for each alternative.  Refer to Appendix B - Economic Analysis for information on equivalent annual damage and the economic select

	Table A-15.  HEC-FDA performance statistics for Reach 1
	Table A-16.  HEC-FDA performance statistics for Reach 2
	Table A-17.  HEC-FDA performance statistics for Reach 3
	(4)  Results for Reach 4:  Mississippi River.  The top of the levee and flood wall along the Mississippi River are at elevation 559.5 feet NGVD and will be overtopped at the same time.  The performance statistics for the existing levee (D+0) appear i
	c.  HEC-FDA Consequences of Failure to Close Gate.  The consequences of failing to close an opening were analyzed by correlating the exterior river stage to the interior flood stage (reference 14).  Where there was a choice, assumptions that would prod
	\(1\)  Reach 1, 2nd Street Bridge.  During a s�

	Table A-19.  Elevation-area-volume relationship for interior area at 2nd Street
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	DETAILED PROJECT REPORT
	GEOTECHNICAL CONSIDERATIONS
	1.  PURPOSE AND SCOPE
	This appendix presents the general geology and specific geotechnical analyses pertinent to the project.  Geological information contained in this report has been obtained and condensed from the Iowa Geological Survey reports, bulletins, and circulars.  T
	2.  LOCATION AND GEOLOGY
	The Mad Creek study area is located along the Mississippi River in Muscatine, Iowa.  The location of the project is shown on Figure 2 of the main report.  The Mad Creek watershed drains approximately 17.3 square miles in the eastern portion of Muscatine
	4.  SUBSURFACE EXPLORATIONS
	Numerous borings were taken for the construction of the Mad Creek Local Flood Control Project during 1948, 1955, and 1956.  During 1968 and 1970, additional borings were taken to make improvements to the existing project.  To further determine subsurface
	5.  BEDROCK
	The bedrock of the project area consists of the Pennsylvanian rocks.  These Pennsylvanian rocks for the most part consist of cyclic deposits of shale, siltstone, and sandstone with some limestone.  Outcrops of Pennsylvanian rocks occur at a few places al
	6.  PROPOSED EMBANKMENTS
	The Rock Island District built the original Mad Creek Local Flood Control Project in 1961.  In 1983, the District extended and upgraded the project, which included a levee and floodwall near the confluence of Geneva Creek with Mad Creek.  The levees alon
	7.  FOUNDATIONS FOR EMBANKMENTS
	The existing levee landside and riverside slopes levee foundation, and the crown (where the levee will be raised), will be cleared, grubbed, and stripped to remove unsuitable materials.  All tap roots, lateral roots, or other projections over 1.5 inche
	8.  FOUNDATION FOR OTHER STRUCTURES
	Raising of the Existing Retaining Wall.  The existing retaining wall is to be raised by a maximum of 2 feet at several locations as indicated by their stationing.  Borings at these locations indicate the following foundation soils under the base of the w
	9.  GROUNDWATER
	Water levels were measured during the boring oper
	10.  SLOPE STABILITY
	A detailed study of all existing embankment and channel improvement sections and soil profiles along the embankment alignment indicated that the existing embankment near Stations 12+00 and 21+50 and channel improvement at the existing parking lot are the
	11.  UNDERSEEPAGE AND BERM ANALYSES
	The underseepage and berm analyses for the Mad Creek Flood Damage Reduction project are based on a study of thickness and permeability, and characteristics of the impervious stratum and pervious substratum, in addition to the extent of the riverward and
	12.  THROUGH-SEEPAGE ANALYSIS
	The Mad Creek Flood Damage Reduction project will not be subjected to high water loading for a long enough time to cause through-seepage in its impervious compacted materials.  Therefore, seepage is not expected through the levee.
	13.  SETTLEMENT
	The relatively small amount of additional materia
	
	Two borrow sites were investigated.  Mad Creek borrow site was investigated as a possible source of fill for the once proposed Mad Creek and Geneva Creek detention reservoirs (non-selected alternative).  No borings were taken at the proposed detention 
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	HAZARDOUS, TOXIC, AND RADIOLOGICAL WASTE (HTRW) ASSESSMENT
	1.  PHASE I INVESTIGATION
	A Hazardous Toxic and Radioactive Waste (HTRW) Documentation Report was completed in December of 2001 and documents the Phase I HTRW Environmental Site Assessment (ESA) for the Mad Creek Flood Damage Reduction Project Plan in accordance with Engineer
	
	
	
	
	
	Table E-1.  HTRW sample locations

	Location
	Depths
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	Inorganics
	Organics
	Organic Pesticides


	4.  JUNE 2002 PHASE I ENVIRONMENTAL SITE ASSESSMENT

	Based on the findings of this Phase I addendum, there was no evidence of hazardous substances, HTRW, or other regulated contaminants in connection with the project study area.
	5.  WASTEWATER TREATMENT
	Wastewater treatment lagoons are located adjacent
	6.  HTRW REFERENCES AND ABSTRACTS
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