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I. INTRODUCTION 

 Scope of Work 

In the fall of 2016, Bolton & Menk, Inc. was appointed engineer to review the Levee systems 
in Drainage District No. 2, Subdrainage District Nos. 2 & 3 and to reclassify the lands for 
benefits derived from the same.  Upon review of the existing system, records in the office of 
the County Auditor and discussions with the Board of Trustees, the scope has been modfied 
to include re-establishment of the repair elevation and cross section of the levee and 
acquisistion of right-of-way for two private levees.  

 Location 

Drainage District No. 2, Subdrainage District Nos. 2 & 3 have historically protected an area 
of Missouri River flood plain starting approximately even with Omaha’s Eppley Airfield on 
the south and extending to near the Sac Ditch to the north along the Missouri River.  The 
alignment of these two levees generally followed the historic river bank at the time the 
subdrainage districts were established. 

On April 6, 2018 the Board of Trustees approved annexation of approximately 8,300 acres of 
land into Subdrainage District No. 3 to bring the total area assessed in the district to 11,341 
acres.  This annexation included the area originally protected by the Subdrainage District No. 
2 Levee.  Maps showing the lands annexed at that hearing and the benefit classifications 
assigned to all parcels in the district are included in Appendix E of this report.   

 History – DD2 Sub 2 Levee 

October 6, 1917 –  Petition to Establish Subdistrict – Requesting construction of open ditches 
in Sections 16 and 21, and taking over of private levees 

Unknown Date –  Engineer’s Report – Recommends construction of a Main Ditch and 
Lateral Ditch as well as improvement of private levees. 

March 7, 1918 –  Hearing on Report – Board directed engineer to amend his report to 
provide a less expensive plan 

Unknown Date –  Amended Engineer’s Report – Modifies recommended open ditches 

March 20, 1918 –  Hearing on Amended Report – Recommended improvements approved as 
amended 

April 10, 1918 –  2nd Amended Engineer’s Report – Recommended levee as only sub 
district improvement 

April 10, 1918 –  Hearing on Second Amended Report – Board approves changes and 
disallows damages for open ditch. 

September 7, 1918 – Engineer’s Report – Recommends taking over privately constructed 
levees in Sections 16 and 21.  Top width is 12’ with 3:1 slopes on the 
river side and 1.5:1 slopes on the land side.  Right-of-way recommended 
is 120 feet. 

January 6, 1919 –  Report of Commissioners  

August 24, 1951 –  Meeting–  

Letters from the MB Pitts Estate requesting a tube be constructed through 
the Paxton Levee. 

Discussion regarding ownership of the levee was held.  USACE had made 
some repairs the previous year, possibly at the request of DD 2 Trustees 
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Drainage Attorney for the district  stated his “opinion that even if all had 
been done as inferred, there had been no adoption of the levee as a part of 
the drainage district’s improvements; that to take over such an 
improvement there should first be an investigation and a report by a 
competent engineer that it was to the advantage and gain of the district to 
do so, coupled with a transfer of the improvement to the district by the 
private owners, waivers of compensation claims for damages and for the 
value of right-of-way so that the improvement could safely be adopted by 
the district and recorded as such.” 

Trustees for DD 2 suggested they lend a currently unused 36” tube with 
flood gate to the landowners to install at their expense in the private levee. 

 History – DD 2 Sub 3 Levee 

May 1920 –  Petition for Levee     

1920 –  Engineer’s Report – Recommends construction of a levee connecting to 
the Sub 2 Levee in Section 28-76-44 then running west to 130th St then 
south to the Missouri River then west to the ICRR in Section 11-75-44 

Height was to match DDS2 levee at their intersection then have 
“practically uniform height corresponding with the water level of the 
Missouri River.” 

Right-of-Way width is 100 feet.  Top width was 20 feet with 3:1 slopes on 
the river side and 2:1 on the land side. 

A levee was built on either side of the Pigeon DD 2 outlet channel from 
the DD S3 Levee north to the Mayne Bridge in Section 3-75-44 where the 
DD 2 levees end. 

Right-of-way is 100 feet for each levee.  Top matched DD S3 levee 
elevation  Top width was 10 feet with 3:1 slopes ditch side and 2:1 land 
side. 

Two flood gates were added.  One in the west levee along Pigeon DD 2 at 
the location of a depression.  The second in the main levee near station 
351+00 

October 12, 1951 –  Meeting with Mormon Pioneer Memorial Bridge members  

Discussions on plan to replace portions of DDS3 with road bed of new 
Mormon Trail Road. 

New road would be 1 to 2 feet lower than the DDS3 Levee at its junction 
with the Paxton Private Levee in Section 32-76-44.  “Nevertheless the 
roadway provided more protection because there was no danger of the 
waters going through it, and that it would only go over the roadway if 
there was a flood such as had not been anticipated.”  

The Trustees strongly objected to the planned lowering of the district 
levee.  Trustee Rief agreed to donate dirt from his land north of the 
highway to raise the elevation another 1 to 2 feet.  Also agreed that if 
raising the top caused the road bed to extend beyond the right-of-way he 
would waive any damage claim for said right-of-way taken. 

c. 1970’s I-680 Road Plans   

Plans show old Mormon Trail Road along DD2S3 Levee in Sections 29 
and 32.  Old road was raised by agreement of October 12, 1951 to match 
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DD2S3 Levee top. 

Old road elevation from plans: 993.0 

I-680 road elevation from plans: 991.0 

Datum Equation: Plan Elevation 993.33 = 994.00 NAD 1983 Iowa State 
Plane South elevation 

Jun - Aug 2011 –  Missouri River Flood 

 During the summer of 2011, severe river flooding led to the overtopping 
of the district levees resulting in several reaches of damage, including 
destruction of the I-680 roadway which historically served as part of the 
DD 2 Sub 3 Levee. 

October 31, 2011 – Reconstruction of Destroyed I-680 roadway completed at a cost of 
$19.1M 

2012 –  Repairs made by the USACE and drainage district to Sub 3 Levee and 
private Paxton and Mayne Levees.  Repair costs assessed to the district in 
2018. 

II. INVESTIGATION 

Survey of the DD 2 Sub 3 Levee was completed in December of 2017.  This survey included cross 
sections and top of levee elevations over the full length of the district and private river levees which 
combined provide flood protection to the district.  The survey also gathered information regarding 
the restored elevation of the the I-680 roadway near the county road 130th St overpass. 

The district records at the county auditor’s office were reviewed, however, no record of the levee 
elevations or grades were found.  Fortunately, review of the I-680 and Mormon Pioneer Memorial 
Bridge roadplans revealed good datum ties to the original levee elevations. 

In 1951, the Mormon Pioneer Memorial Bridge commission planned to construct a two lane 
highway through the district and for a short distance very near and parallel to the district levee. The 
road plans show the existing levee along with a note stating the levee would be used as borrow to 
supply the necessary earthfill to construct the roadway proposed.  The proposed road elevation was 
991.0 based on the state datum at that time. 

At a meeting in October of that year, the commission met with the trustees of Subdrainage District 
No. 3 to discuss the proposed work.  At that meeting the trustees objected to the planned elevation, 
stating the road elevation would be lower than the historic elevation of the facility.  After review of 
the levee with the commission and district engineers, it was agreed the proper elevation of the levee 
was 2 feet higher at 993.0.  Trustee Rief offered to supply the necessary borrow to raise the 
roadway back to the historic levee height.  The minutes of this meeting and selected road plan 
sheets are included in Appendix A of this report 

In the mid-1970’s plans were developed to turn the Mormon Bridge Road into a four lane interstate 
highway.  The plans for this improvement show the road elevation of the Mormon Trail Road at 
993.0 as was agreed between the trustees and the state in 1951.  The plans also show cutting this 
road bed down to 991.0 to supply the necessary earthfill to construct the two road grades proposed.  
This set of plans is the only place we have been able to determine a true elevation for the Sub 3 
Levee Top.  Using benchmark data correlated to the road plans for I-29, the historic levee top at the 
south line of Section 29-76-44 is calculated as follows: 
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Levee Datum Elevation Calculation 

Plan Benchmark Elev Less Plan Levee Elev 

Plus Measured 

Benchmark Elev 

Equals Calculated 

Levee Elev 

993.33 993.0 994.00 993.67 

Selected plan sheets are included in Appendix A of this report. 

The 1920 Engineer’s Report states the grade of the levee generally follows the water elevation in 
the river.  Using Lidar data gathered by the state of Iowa and resources available online, we have 
estimated the river grade at approximately 1.0 foot of fall per mile.  We have projected this grade to 
the alignments shown in the included planset to set the repair grade of the district levee. 

Our survey reveals that large portions of the levee system are below grade with some portions as 
much as 5 feet below grade particularly in the southeast corner of the district.  The system as a 
whole averages approximately 2 feet below the repair grade elevation.  Several acres of trees will 
need to be cleared from the levee in the southeast corner of the district in order for repairs to be 
made and to extend the funtional life of the levee. 

 Private Levees Serving to Protect the District 

1. Mayne Levee 

The west end of the Sub 3 Levee was designed to run north along the west line of 
Section 32-76-44.  County road 130th St was constructed on top of the levee for 
approximately 1 mile.  A private levee was constructed at some point after Sub 3 was 
built yet prior to 1936 and connected to Sub 3 at the south end of 130th St.  This levee, 
known historically as the Mayne Levee continued west and north along the bank of the 
river to near the center of Section 30-76-44.   

The portion of this levee south of I-680 renders the reach of Sub 3 beneath 130th St 
unnecessary as no flood waters would reach 130th St which would not also overtop   
Sub 3.  A sanitary landfill built adjacent to the levee in Section 31-76-44 disguises a 
large reach of this levee.  The fill from this landfill prevents overflow from the river 
and requires only a portion of the Mayne Levee be maintained to provide the necessary 
protection. 

Our survey has found the top of the levee, which was repaired as part of the work in 
2012, to be very uneven, ranging between 1 foot and 5 feet below grade.  This levee 
was found to be generally free of trees. 

2. Paxton Levee 

Prior to 1936, a private levee known historically as Paxton Levee was constructed 
intersecting the Sub 3 Levee at approximately the SE corner of the SW ¼ of Section 
29-76-44.  The Paxton Levee lies west of the DD 2 Sub 2 Levee.  This levee now 
connects to the north slope of the road embankment of I-680 then runs generally north 
to the river then follows the river bank north to the Sac Ditch.  At the intersection with 
the Sac Ditch, the levee continues north under the jurisdiction of the Honey Creek 
Levee System. 

There are no records of the grade, elevation or cross section of the Paxton Levee when 
it was originally built.  There are indications that the same private landowner built the 
Paxton Levee as built the original private Levee which was acquired by DD 2 Sub 2 in 
1917.  When Sub 2 acquired the levee, there is no mention in the Engineer’s Report of 
needing to  raise the elevation.  When the Sub 3 Levee was built in 1920, the top 
elevation was set to match the earlier Sub 2 Levee.   
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Using these pieces of circumstantial evidence, it is reasonable to assume that the 
Paxton Levee also matched the elevation of the Sub 3 Levee at the intersection point in 
Section 29.  Matching these elevations and using the general river grade projected to 
the alignment, we find the appropriate repair grade to be 0.01% with a top width of 12 
feet and sides slopes of 3:1.  

Our survey has found the majority of this levee to be between 1.5 and 3 feet below the 
repair grade, with one reach between stations 23 and 59 averageing approximatley 4 to 
5 feet below grade.  The majority of this levee was found to be free from trees, though 
in one short reach, trees are beginning to regrow in what will become the district right-
of-way.  These trees should be removed to prevent regrowth of trees on the levee itself.  

 Historic Protection Level 

Included in Appendix B is a study conducted in 2002 by Roger Kay of the Army Corps of 
Engineers.  His work was to update the exceedance probablity curves for the Missouri River 
downstream of Gavins Point Dam in South Dakota.  A summary table of the exceedance 
probablilities, river flows and river stages from the 1962 review follows. 

1962 Annual Exceedance Probabilities – Missouri River at Omaha Gage 

Prob 

(%) 

Return Period 

(years) 

Flow 

(cfs) 

Stage 

(feet) 

50 2 74000 25.26 

20 5 103000* 29.65* 

10 10 125000 31.57 

5 20 142500* 32.70* 

4 25 150000* 33.15* 

2 50 170000 34.20 

1 100 190000 35.17 

*Estimated from available data points 

We have reviewed the river grades in the area along with the elevations of the river gage at 
the I-480 bridge south of the district in Omaha.  In the area of the Sub 3 and Paxton Levees, 
the natural river bank elevation matches a river gage stage of approximately 24.5’ above the 
river bottom.  The repaired top of levee for this system is approximately 32.5’ above the river 
bottom. 

Using the 1962 data, the levees have historically protected from river flows in the range of 
Q20.  Due to flood damage, settlement, tree growth, several low spots and general lack of 
routine maintenance of the district and private levees the current level of protection provided 
by the levees is a river stage of approximately 29.5’ south of I-680 and 29.0’ north of I-680.  
This is a reduction of approximately 3’ to 3.5’ of protective elevation.  

 Revised Protection 

As stated above, the annual exceedance probabilities were recalculated by the Army Corps in 
2002.  The results of that recalculation resulted in reduced elevations for each event 
threshold.  Thus the protection level provided by the repaired levees today would slightly 
exceed the Q25 flow.  The table below shows the revised annual exceedance probability 
numbers, along with local effects at several river stages as listed on the USGS website for the 
Omaha river gage. 
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2002 Annual Exceedance Probabilities – Missouri River at Omaha Gage 

From Kay Paper From USGS Website 

Prob 

(%) 

Return  

(years) 

Flow 

(cfs) 

Stage 

(feet) 

Stage 

(feet) 
Flood Impacts at Stage 

    19 At this level, the City of Council 
Bluffs begins to close drainage gates 
that discharge into the river. 

    21 At this level the City of Council Bluffs 
begins closing flood gates. 

50 2 64100 23.46 25 A casino parking lot begins to flood 
along the Iowa side of the river. In 
addition, Haworth Park located in 
Bellevue begins to flood. 

20 5 85200 27.18 27 NP Dodge Park, Freedom Park, Tom 
Hanafan Park and Fontenelle Forest 
begin to flood. 

    28 At this level most of the flood gates for 
the city of Council Bluffs are closed. 

    29 At this level water nears the base of 
the Council Bluffs levee. Significant 
lowland flooding occurs in NP Dodge 
Park, Freedom Park, Tom Hanafan 
Park, Fontenelle Forest and Haworth 
Park. 

10 10 123500 31.47   

5 20 129400 31.85   

4 25 132500* 32.05* 32 Interstate 680 West between the 
Mormon bridge and Interstate 29 
begins to flood. Also, Interstate 29 
between Crescent and Council Bluffs 
begins to flood. 

2 50 148000 33.04   

1 100 174900 34.46 34.26 This level represents a flood that has a 
1-percent chance of being equaled or 
exceeded in any given year. 

.2 200 207700 35.79 36 Water reaches the bottom of flood wall 
just north of Interstate 480. Low lying 
roads are also affected just east of 
Riverfront Drive north of the 
pedestrian bridge. 

.5 500 248200 37.15 
 

38.26 This level represents a flood that has a 
0.2-percent chance of being equaled or 
exceeded in any given year. 

    40 At this level the water nears the top of 
the federal levee 

*Estimated from available data points 
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 District Right-of-Way 

The Engineer’s Reports for both Subdrainage District No. 2 and Subdrainage District No. 3 
record the acres of land taken for district rights-of-way for both facilities.  The recorded 
width of the Sub 2 Levee rights-of-way is 120 feet, for Sub 3 the width is 100 feet. 

There is currently no right-of-way for the Mayne and Paxton Levees.  Approriate right-of-
way should be acquired for both levees within which to maintain these facilites into the 
future.  The existing acres of right-of-way are listed in Appendix D of this report. 

III. OTHER REGULATORY REQUIREMENTS 

 State of Iowa Flood Plain Permit 

The Iowa DNR, Flood Plain Management Program will have jurisdiction to review the 
proposed levee repairs described in this report.  According to the IDNR rules for agricultural 
levees, the protection levels of the structures should not exceed Q25.  At the time the levees 
were constructed, the protection level would have been in the neighborhood of Q15-Q20 
which would be acceptable.  Because the recurrence interval was revised in 2002, the 
protection level today is slightly higher than a Q25, which could potentially be a sticking 
point with the IDNR.   

We do not believe this will prevent the necessary approvals from the IDNR for several 
reasons: 

• The proposed work is the repair of existing levees on the existing alignments. 

• The levees only exceed the Q25 threshold by 0.5’ and could receive a variance. 

• The other levees in the area which may be impacted are significantly higher than the 
Sub 3 Levee.  If flood waters overtop the nearby levees, the area of Pigeon Creek will 
have already long since been inundated, providing significant storage for flood 
waters and flood reduction. 

• The protection of the I-680 and I-29 Interstates provides a significant value to these 
levees which would warrant a variance to prevent extreme losses to the State of Iowa 
from future floods. 

This permit will be applied for once it is clear that the project will move forward to 
construction. 

 Clean Water Act Compliance 

The work proposed in this report is the repair of existing agricultural levees on their existing 
alignment.  Under the requirements of the Clean Water Act Section 404, this work should be 
exempt from USACE regulation.  We have requested a review by the Omaha District of the 
USACE to confirm this exemption to allow the project to continue moving forward. 

As of the date of this report that has been no response from the USACE to any of our 
inquiries. 

IV. PROPOSED WORK 

The investigation has confirmed the need for repairs within the district.  In order to restore the 
original flood protection, it is necessary to remove trees within the right-of-way and repair the levee 
cross section.  

The original Engineer’s Report for the district recommended two surface water pipes with flood 
gates be placed in the Sub 3 Levee.  Both pipes were located during our survey and are shown on 
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the included plans.  However, we have not reviewed the condition of these pipes or whether they 
will be long enough following repair of the levee.  The condition and situation of each pipe will be 
reviewed during construction  after repair of the levee, to determine if further work may be 
necessary. 

A significant number of trees have been allowed to grow up on and near the existing levees.  Many 
were cleared as part of the 2012 repair work, yet many still remain.  We recommend that all trees 
within the work limits of the project be cleared to prevent damage to the levees.  We recommend 
that after the trees are removed, a regular spray plan be implemented to prevent the return of trees 
and brush.  

We recommend that special effort be made to establish a strong stand protective brome cover on the 
newly restored levees.  This work will include fertilizer, mulch and nurse crops to aid the quick 
establishment of a weed and tree free vegetative cover.  

Where the levees are repaired, we recommend stripping the existing levee surface, fill the levee 
with appropriate earth material and replacing the strippings as topsoil with the intention to quickly 
re-establish a vegetative cover on the levees. 

 Subdrainage District No. 3 Levee 

We recommend the full repair of the Subdrainage District No. 3 Levee between I-29 and 
130th St parallel to the river.  The repair cross section of the Sub 3 in the original Engineer’s 
Report appears excessive for the needs of the district.  We recommend narrowing the Sub 3 
Levee top width to 12 feet with 3:1 sideslopes to match the repair sections of the private levee 
systems in the area.  Any repairs will only add material to the existing levee, we are not 
recommending any portion be reduced in size from the existing condition.  The proposed 12 
foot top width will still allow access along the entire length of the levee for maintenance 
while reducing the cost of the repair. 

The east end of the repair would intersect the I-29 roadway near the bluff.  A short reach of 
levee between the interstate and the foot of the bluff would be left unrepaired as the interstate 
road surface at this location would limit the protection provided by this short reach of levee.  
The I-29 roadway at this location is approximately 1 foot below the repair elevation of the 
levee.   

It is generally accepted that the top 1 foot of an earthen levee provides significantly less 
resistance to flood waters than the remaining levee.  However, we also believe that if this foot 
of elevation is missing, there is no opportunity for this 1 foot freeboard to provide protection.  
The protection provided by this 1 foot gap does not warrant the modification of I-29 or 
construction of replacement levees at this time.  We instead recommend an agreement with 
the Iowa DOT be made such that when I-29 is reconstructed at a future date, the Iowa DOT 
will raise the roadbed at this location to restore the protective elevation.  The only portion of 
the district placed at slightly greaterrisk by this lower elevation is approximately 200 acres 
lying between Pigeon Creek and bluff. 

We have identified one location on the East Pigeon Outlet Levee where the Main Open Ditch 
of Pigeon Creek Drainage District has undermined the stability of the existing levee.  We 
recommend at this location that the levee be deconstructed and moved away from the Main 
Open Ditch channel.  We also recommend that riprap armor be placed on the stabilized ditch 
bank to prevent further erosion and undermining of the confining levee. 

A large reach of the Sub 3 Levee has become unnecessary.  The function of the reach of levee 
from the south end 130th St, running under the county road, north to the south line of Section 
29, then running east to its’ intersection with the Sub 2 Levee in the NW NE of Section 28-
76-44 has been replaced by the private levees lying to the west of this line.  We recommend 
that this reach of levee be abandoned as a district facility and the rights-of-way of this reach 
be abanonded back to the use of the landowners.  The right-of-way to be abanonded is shown 
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in Appendix C of this report. 

 Mayne Private Levee 

We recommend right-of-way containing the private Mayne Levee be acquired and repairs 
made to the structure between 130th St, west to the landfill property by Subdrainage District 
No. 3 as a district levee.  This levee will be repaired using the same repair cross section as the 
Sub 3 levee to the east, using a 12 foot top with 3:1 sideslopes. 

 I-680 Realigned Levee 

As described in the Investigation Section of this report, a large reach of the Sub 3 Levee has 
been lowered by the construction of the I-680 roadway.  The cost and logistics to raise the 
levee and the roadway on its’ original alignment would be prohibitive.  Rather, we 
recommend construction of a new earthen levee parallel to I-680 from the river, east to the 
intersection with the Paxton Levee.  This work also includes a small levee south of the 
interstate to provide continuous protection to the district. 

The drainage of the north and south road ditches will require care be taken during the work to 
ensure that drainage is no lost by this work.  The drainage pipes from the road ditches to the 
river will be reviewed during construction and necessary modifications made to ensure 
continued function. 

This levee for approximately half of its’ length would have a top width of 12 feet and 
sideslopes of 3:1.  At station 141, we recommend the new levee be constructred beneath the 
existing county road 145th St.  The work would raise the roadway approximately 5 feet and 
provide significant protection to both the county road and I-680. 

This work is intended to fix issues caused by the Iowa DOT roadway and it is expected that 
the costs associated with this portion of the work will be assessed directly to the Iowa DOT.  
We have submitted our information to the department including survey data.  As of the date 
of this report, we have not had any additional response. 

 Paxton Private Levee 

We recommend right-of-way containing the private Paxton Levee be acquired and repairs 
made to the structure from the north side of I-680 north to its’ intersection with the Sac Ditch 
in the N ½ of Section 17-76-44 by Subdrainage District No. 3 as a district levee.  The levee 
will be repaired using the apparent repair section of the existing levee using a 12 foot top with 
3:1 sideslpes.  Included in this repair is several acres of tree clearing out to the work limits of 
the project. 

Acquisistion of this levee as a district facility will render the Subdrainage District No. 2 
Levee of little value to the lands which it once protected.  We find that the cost to repair the 
Sub 2 Levee exceeds the benefits imparted to the lands in the district.  We therefore 
recommend that the Subdrainage District No. 2 Levee be abandoned as a district facility and 
the right-of-way returned to the landowners to do with as they please.  A tabulation of the 
abandoned right-of-way acres of the Sub 2 Levee is included in Appendix D of this report. 

For the purposes of understanding the costs of repair, we have broken the estimated costs into four 
zones.  A description of each zone and a summary of the estimated construction costs to repair each 
zone is shown below.   
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Summary of Estimated Construction Costs 

Name Description 

Estimated 

Construction Costs 

Average Cost 

Per Station 

Zone 1 

Sub 3 Levee from I-29 on 
the east to the East Pigeon 
Creek Outlet Levee North to 

the Mayne Bridge 

$174,000 $3,645 

Zone 2 

From Mayne Bridge south 
to Sub 3 Levee parallel to 
the river, west to and 

including the Mayne Levee 
south of the landfill 

$457,000 $2,420 

Zone 3 

Work parallel on both north 
and south side of I-680 to 
restore protection lost by 
construction of I-680 

$1,568,000 $14,792 

Zone 4 
Paxton Levee from I-680 

north to Sac Ditch 
$708,000 $4,544 

 

Please note that the repairs described above will be subject to US Army Corps of Engineers and 
Iowa DNR review and permitting requirements. 

 Fill Material 

There are two options for sourcing the fill material used to restore the levees described below.  
The first and recommended option is to excavate fill material from the river side toe of the 
levees.  The second, and more expensive option is to import fill material from a borrow site in 
the bluffs near the district.   

1. Non-Local Borrow Material 

Sourcing and transporting material from the bluffs is attractive due to the large quantity 
of uniform material within sight of the levees.  However, the cost to truck the material 
from several potential sites, to the several different reaches of levee drastically increase 
the cost of the material.  The estimated cost per cubic yard of material ranges between 
$11 and $15, with the least expensive being the borrow for the re-aligned I-680 levee.  
This option would not require land be purchased for right-of-way to contain the borrow 
pit. 

A possible solution to reduce the cost of this material is to allow the contractor to 
transport the material during the winter slow period.  The material would then be 
graded and shaped the following spring.  This would also reduce the damages 
associated with compaction as the ground would be frozen solid.  Using material from 
the bluff for fill in the levee will add approximately $2,400,000 in assessable costs to 
the district compared with the recommended plan. 

2. Local Borrow Material 

A less expensive option for sourcing material to repair the levees is to use the local 
soils on the riverside toe of the levee.  This material is less uniform than the loess soils 
from the bluff, but research has shown that the actual fill material of a levee, has little 
actual effect on the ability of the structure to prevent flooding.   
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The major downside to this option is the necessity to strip approximately 2.5 feet of 
soil off of an area of approximately 100 acres over the length of the levee system, 
including much farmland.  If this method is used to source fill material, the area of the 
borrow pits should be taken as district right-of-way and a land value somewhere near 
full market value should be considered for the land. 

A way to reduce the impact of this option for borrow material is to use multiple larger 
borrow pits located throughout the project to consolidate impacts to areas of less 
impact to farming operations.  This could allow for a less expensive cost of fill 
material.  Using local fill material will save the district an estimated 50% of the total 
estimated project costs. 

We recommend a combination of these two borrow plans.  We believe the hill borrow would 
be best suited for use on the I-680 realignment for three  reasons.   

1. Fill material for this site is likely the least expensive due to the easy access to the 
intersate highway. 

2. The south side of the highway is a sanitary landfill.  Rather than strip material off the 
top of the capped landfill, fill material must be imported to prevent pollution of the 
site. 

3. Construction of the new levee would require taking a portion of farmland out of 
production, to add to this another several acres of farmland removed for borrow, it 
may be difficult to attain cooperation with the landowner. 

For the remaining levee work, we recommend using local borrow to reduce costs.  The cost 
estimate included in this report assumes the borrow is taken from a uniform strip along the 
riverside toe of the levee, however these costs could be reduced further by creating specific 
borrow sites throughout the project. 

Two cost estimates are included in Appendix F of this report, the first is the recommended 
repair using local borrow for the majority of the proposed work and borrow from the nearby 
bluffs for the realigned levee along I-680.  The second estimate is using the non-local borrow 
material for all proposed repairs. 

 Right-of-Way Acquisition 

In this report, we have recommended acquisition of right-of-way for all or portions of two 
existing private levees.  Subdrainage District No. 3 currently holds no right-of-way on these 
facilities within which to maintain the facilities.  We therefore recommend appropriate right-
of-way be purchased along these levees as part of the acquisistion process. 

We recommend a right-of-way of 100 feet in width centered on both the Paxton and Mayne 
Levees as described in this report.  We also recommend acquisistion of right-of-way on the 
existing borrow pits which are unfarmable along the west side of the Paxton Levee, a width 
of approximately 150 feet from the proposed right-of-way line in Section 20-76-44.  

Construction of the new levee along I-680 will require some additional right-of-way along the 
north edge of the existing IDOT right-of-way.  The authorities of the district in acquiring this 
right-of-way are more streamlined than those the IDOT relies upon.  Because of this, we 
recommend the right-of-way for this reach of levee be acquired by the district, through Iowa 
Code 468, with reimbursement by the IDOT for those acres of land at the end of the project. 

We also recommend adjustment of the existing rights-of-way along the remaining length of 
the Sub 3 Levee.  The existing levee through this reach has been relocated several times 
during the history of the district due to flooding.  Due to these relocations, the existing right-
of-way does not follow the levee over long reaches.  To remedy this situation, we recommend 
reallocating existing right-of-way acres within contiguous farm units to properly recenter the 
levee in the  district right-of-way. 
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If the borrow used to repair the levees is taken from the adjacent farmland, we recommend 
those new borrow areas also be included in the right-of-way acquisistion completed with this 
project. 

Appendix D contains a right-of-way tabulation showing the above proposed right-of-way 
acquisistions.  We recommend the acquisistion of approximately 70.5 acres of right-of-way 
affecting 68 parcels within which to maintain the levees.  If the district opts to use dirt from 
the local area for borrow material, the recommended acres of right-of-way to aquire will 
increase to 172.7 acres. 

If right-of-way is to be acquired, an appraisal commission, made up of two landowners from 
the county and the engineer, are appointed to recommend fair payment.  The right-of-way 
appraiser’s report is considered at a continued or separate public hearing prior to adoption. 
Drainage district rights-of-ways are exempt from real estate taxes and drainage district 
assessments.   

 Work Limits 

The permanent right-of-way is not intended to be wide enough to accommodate construction 
activities associated with major repairs.  The district will need a larger area within which to 
clear and grub trees, strip and stockpile topsoil and compact the levee fill.  The extent of the 
work limits on the Levee will be finalized when the final construction plans are developed, 
but it will typically be out to 100 feet from the levee centerline on the side or sides in which 
work will be done.  Landowners will also be entitled to compensation for damages in the 
work area outside the right-of-way.  Within the permanent right-of-way, construction-related 
damages will not be compensated.  It is recommended that whenever possible, a landowner 
not crop the work area and instead accept fair rent for the land.  Compensation for use of and 
damages within the temporary work area is normally determined at the project completion 
hearing. 

 Utilities   

Overhead power lines and other utility lines likely parallel or cross the levees at various 
locations.  Extra care will need to be taken when working under or near these utility lines.  
The contractor will be responsible to use Iowa OneCall to notify utility companies and to 
cooperate in the locating, marking, and protection of these facilities. 

V. ASSESSMENT SCHEDULE REVIEW 

Subdrainage District No. 3 completed the process of annexing benefiting lands and reclassifiying 
all lands within the district in April of 2018.  There  is no annexation or reclassification required at 
this time. 

VI. DISCUSSIONS & RECOMMENDATIONS 

This report confirms the need for repairs to the Drainage District No. 2, Subdrainage District No. 3 
Levee System.  The work described in this report can accomplish this need.  

Right-of-Way Acquisistion and Levee Repairs Recommended.  We recommend the repair of the 
Subdrainage District No. 3 Levee, relocation of the levee along I-680 and acquisition of the Mayne 
and Paxton private levees as district facilities as decribed in this report.  The Engineer’s Opinion of 
Probable Cost for this work of Drainage District No. 2 Subdrainage District No. 3 as proposed is 
$2,201,000.  We find that the proposed improvement project will be practicable, feasible, and 
beneficial to the public. 

Installment Payments.  Iowa drainage district law provides that large improvements assessments 
may be spread over not less than ten nor more than twenty annual installments at the discretion of 
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the Board of Trustees.  Typically the board would spread assessments of the magnitude 
contemplated in this report over twenty years.  If we assume that the board will allow twenty annual 
installments at 5% interest, repair costs for lands in the district would be about $15 per acre per 
year.    

Crop Insurance Savings.  With the advent of federal crop insurance with the last Farm Bill, there 
is a belief among some that levees have become obsolete.  While it is true that the loss of revenue 
from a flood is reduced because of insurance, the system is based upon a ten year rolling average.   

One year of lost crop can reduce the average yield by 20% which is then reduced a further 15-20% 
depending on the insurance threshold chosen.  This means a farm that would average 200 bushels 
per acre would only receive payment for 128 bushels, or 64% of the average yield. 

Assuming the levee is fully abandoned so that no protection is provided, areas of the district could 
flood as frequently as every 3-6 years.  If the repaired levees can limit flooding to once every 25 
years, the increased return on insurance during the 20 year installment period would be $33.50.  
This assumes the 10 year county average yield of 180 bushels per acre and a flat $3 per bushel price 
over the duration of the installment period. 

If we consider the levees in the current state of disrepair and the proposed repair, assuming the 
same yield and price as above, the return on insurance is $17.30.  While this is lower than 
comparing with the no levee situation, it does show that there is still significant value to be gained 
by maintaining the levees even with federal crop insurance.  If the crop insurance program were to 
end, that value would be even greater. 

The above calculation is only meant to illustrate the financial return of the proposed levees and is 
not intended to be specific to any farm or situation.  The landowners alone possess sufficient 
knowledge of their farming operation to correctly judge the value of the levee for their property. 

It is recommended that the Board of Trustees for Drainage District No. 2, Subdrainage District No. 
3, take appropriate action, with legal guidance, to accomplish the following: 

• Tentatively approve this engineer’s report. 

• Pursue agreement by the Iowa DOT of a workable plan to fix the levee damaged by the 
construction I-680 Interstate 

• Conduct a public hearing on the proposed repairs.  

• Adopt the proposed repair plan, modified as deemed appropriate to satisfy the needs of the 
district. 

• Appoint rights-of-way appraisers and continue hearing. 

• Approve rights-of-way compensation.   

• Direct the engineer to apply for and acquire the permits and regulatory approvals necessary to 
complete the project as approved by the Board of Trustees. 

• Direct the engineer to prepare the necessary plans and specifications and to proceed toward a 
bid letting. 

 

Respectfully submitted, 

Bolton & Menk, Inc. 

VII. REFERENCES 
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Appendix A: Letter to Iowa DOT   





























































































 

 

 

Appendix B: Determination of Flood Frequency 

of the Missouri River Below Gavins Point Dam 

  





See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/314208628

Determination of Flood Frequency of the Missouri River Below Gavins Point Dam

Conference Paper · July 2002

CITATIONS

0

READS

12

1 author:

Roger Kay

US Army Corps of Engineers

10 PUBLICATIONS   29 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Roger Kay on 03 March 2017.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/314208628_Determination_of_Flood_Frequency_of_the_Missouri_River_Below_Gavins_Point_Dam?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/314208628_Determination_of_Flood_Frequency_of_the_Missouri_River_Below_Gavins_Point_Dam?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roger_Kay?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roger_Kay?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roger_Kay?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roger_Kay?enrichId=rgreq-6e8664cde3b775f4165aa363bcda8cac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIwODYyODtBUzo0Njc5Mzg5MDI4NDMzOTJAMTQ4ODU3NjczNjM5Nw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 1 

DETERMINATION OF FLOOD FREQUENCY OF THE MISSOURI RIVER BELOW 
GAVINS POINT DAM 

 
Roger L. Kay, P.E., Hydraulic Engineer, U.S. Army Corps of Engineers, Omaha District, 

Omaha, NE 
 
106 S. 15 St, CENWO-ED-HE, Omaha, NE  68102, Phone: (402) 221-3150, Fax: (402) 221-
3005, E-mail: Roger.L.Kay@usace.army.mil 
 

INTRODUCTION 
 

Prior to this study, the discharge frequency relationships established for the Missouri River are 
those that were developed in 1962 and published in the Missouri River Agricultural Levee 
Restudy Program Hydrology Report (USACE, 1962).  This hydrology information was used for 
the water surface profiles and flood inundation areas that were developed for the Missouri River 
Flood Plain Study during the mid to late 1970's.  Almost 40 years of additional streamflow data 
were available since the Missouri River Hydrology was last updated.  Development of 
unregulated flows and regulated flows for a long term period of record was a monumental task 
for the Missouri River because of the extensive water development that has occurred in the basin.  
Daily flow hydrographs were developed through computer model studies for both unregulated 
and regulated flow conditions.  Estimates of historical and current level depletions were 
developed by the US Bureau of Reclamation and incorporated into the analysis.  Regulated flow 
conditions include the current level of water resources development and flood control regulation 
on the tributaries in addition to the regulation provided by the Missouri River Mainstem 
Reservoir system.  A Technical Advisory Group, consisting of hydrology experts in government, 
education and private practice, approved the methods used in the discharge frequency analysis.  

 
Previous Studies  Several studies have been undertaken in the past to define the flow frequency 
relationship of the Missouri River for various purposes pertaining to flood control measures.  
Past studies include the 308 Report (U.S. Secretary of War), the Flood Control Act of 1944 (U.S. 
Congress, 1944), Missouri River Levees, Definite Project Report (USACE, 1946), the Main 
Stem Flood Control Benefits Re-evaluation (USACE, 1956), and the Missouri River Agricultural 
Levee Restudy Program (USACE, 1962).  Hydrologic data developed as part of the 1962 study 
included flow hydrographs, annual peak discharge probability curves, stage-discharge rating 
curves, evaluation of levee confinement effects, and effects of reservoir control.  The discharge 
frequency relationships derived from this study are shown in Table 1.  
 
Table 1.  1962 Missouri River Discharge-Frequency 

Basin Description  The Missouri River 
rises along the Continental Divide in the 
northern Rocky Mountains and flows 
generally easterly and southeasterly to 
join the Mississippi River near St. Louis 
Missouri.  The river drains nearly 
530,000 square miles in Canada and 10 
states, or an area equal to one-sixth of 
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108,000 

 
160,000 

 
200,000 

 
220,000 

 
Rulo 

 
117,000 

 
170,000 

 
220,000 

 
241,000 
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the contiguous United States.  Its headwaters begin near Three Forks, Montana where the 
Madison River, the Jefferson River and the Gallatin River join to form the Missouri River.  From 
there it travels 2,315 square miles to its confluence, making it the longest river in the United 
States.  Major Missouri River tributaries are the Yellowstone River, which drains an area of 
70,000 square miles, the Platte River with a 90,000 square mile drainage area; and the Kansas 
River, which drains an area of approximately 60,000 square miles 
 
Average annual precipitation varies from over 40 inches in parts of the Rocky Mountains and 
southeastern parts of the basin, to less than 10 inches immediately east of the Rocky Mountains.  
Temperature extremes range from winter lows of –60ºF in Montana to summer highs of up to 
120ºF in Nebraska, Kansas, and Missouri.  The broad range in latitude, longitude, and elevation 
of the Missouri River basin and its location near the geographical center of the North American 
Continent results in a wide variation in climatic conditions, from season to season and from year 
to year.  Because of these extreme variations in climatic conditions, extensive development of 
water resources has occurred. 
 
Water Resources Development  Water resources development in the Missouri River basin has 
been dramatic over the past 150 years.  Significant periods of development were prior to 1910 
and since 1949.  Early water resource developments were oriented largely towards single-
purpose improvements to meet specific needs without substantial regard for other potential 
functions.  However, as the region's demand for water resources grew, and technology improved, 
multi-purpose programs became more prevalent. 
 
Flood Control Reservoirs  Numerous reservoirs and impoundments constructed by different 
interests for flood control, irrigation, power production, recreation, water supply, and fish and 
wildlife are located throughout the basin.  The U.S. Bureau of Reclamation (USBR) and the U.S. 
Army Corps of Engineers (USACE) have constructed the largest of these structures.  Six 
mainstem dams constructed by the Corps are the most significant authorized flood control 
projects within the basin, providing a combined capacity in excess of 73.5 million acre-feet, of 
which more than 16 million acre-feet is for flood control.  In addition to the six main stem 
projects operated by the Corps, 65 tributary reservoirs operated by USBR and USACE provide 
over 15 million acre-feet of flood control storage. 
 
Irrigation Development  Irrigation first appeared in the Missouri Basin about 1650 by the Taos 
Indians along Ladder Creek in northern Scott County, Kansas.  'Modern' irrigation appeared in 
the basin in the late 1850s and early 1860s, and water use for irrigation and other uses grew 
rapidly through the remainder of the 19th century and into the early 20th century, especially in the 
more arid western plains.  According to USBR estimates, irrigation and other depletions have 
reached 13.5 million acre-feet annually above Rulo, Nebraska. 
 
Navigation Channel  The Missouri River has served as a form of transportation for centuries.  
The first river navigation development work consisted of snagging and clearing to remove 
obstructions that hindered early steamboat traffic.  In 1912, Congress authorized a 6-foot channel 
between Kansas City and the mouth.  In 1927, Congress authorized the extension of the 
navigation channel to Sioux City, as well as a study to determine the feasibility of a nine-foot 
channel.  In 1945, Congress authorized the nine-foot channel to be constructed to Sioux City.  In 
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1981, the navigation channel project was officially declared finished, with the terminus of the 
project at River Mile 734 at Sioux City. 
 
Levees  After floods of the early 1900s, States in the Missouri River basin authorized local 
drainage districts to construct flood protection works, and some of the drainage districts came to 
the Corps of Engineers for assistance in their flood control efforts.  The Missouri River levee 
system was authorized by the Flood Control Acts of 1941 and 1944 to provide protection to 
agricultural lands and communities from Sioux City, Iowa to the mouth at St. Louis, Missouri.  
However, development of a Federal levee system has not occurred between Sioux City and 
Omaha, Nebraska.  Following construction of the Federal levee system, farming of the lands 
riverward of the Federal levees became more extensive.  Private levees have also been built in 
those areas where Federal levees were not built. 
 

HYDROLOGIC ANALYSIS 
 
The hydrologic analysis performed for this study was composed of many steps.  In order to 
provide a homogenous data set from which frequency analysis can be performed, effects of 
historic reservoir regulation and stream depletions had to be removed from the observed stream 
flow record.  This produced the data set referred to as the "unregulated flow” data set.  A 
homogeneous "regulated flow" data set was then developed by extrapolating reservoir and 
stream depletions to current use level over the period of record.  A relationship between the 
annual unregulated and regulated flow peaks was established in order to determine the regulated 
flow frequency at various points.   
 
Methodology  The following is a brief description of the work performed to estimate the flow 
frequency for points along the Missouri River. 
1) The existing stream flow data for mainstem gaging stations were extended by converting 

stage records to discharge through use of old rating curve information at each gage prior to 
the establishment of USGS gaging records.  This extended the period of record for the study 
back to 1898. 

2) Estimates of historic and current level irrigation water use and other consumptive uses 
(otherwise referred to as depletions, in sum) were developed by the USBR.  The historic 
level depletions were utilized in estimating the unregulated flow data set, while the current 
level depletions were used in developing the regulated flow data set. 

3) Historic evaporation and precipitation records were researched and compiled for inclusion in 
the input data set to the unregulated flow model. 

4) Reservoir regulation data were compiled for inclusion in the input data set to the unregulated 
flow model. 

5) The unregulated flow computer model was run, using data developed by both Omaha and 
Kansas City Districts, to determine a daily record of unregulated flows from Yankton, South 
Dakota to Hermann, Missouri covering the period from January 1, 1898 to December 31, 
1997. 

6) Flow frequency analyses were performed on the annual peaks using procedures found in 
Bulletin #17b (reference).  The results indicated the use of a mixed distribution of spring and 
summer peaks above the Kansas River and the use of annual peaks downstream of the 
Kansas River. 
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7) The regulated flow computer model was run, using data developed by both Omaha and 
Kansas City Districts, to determine a daily record of regulated flows from Gavins Point Dam 
to Hermann, Missouri covering the period from January 1, 1898 to December 31, 1997. 

8) Annual peaks from the regulated flow data set were determined at each station.  The annual 
peaks from the regulated and unregulated data sets were then paired against each other in 
descending order.  A relationship between regulated and unregulated flow frequencies could 
then be established at each station. 

 
Database  An extensive database of information was compiled in order to determine 
homogeneous unregulated and regulated data sets.  Information collected included streamflow 
and stage records, meteorological records, hydrologic data associated with reservoirs and 
estimates of irrigation and other basin depletions. 
 
Stream Flow Records The first river stage station on the Missouri River was established on 
January 1, 1872 at Fort Leavenworth, Kansas.  Within the current boundaries of the Omaha 
District, the first stage gage on the Missouri River was established on April 10, 1872 at Omaha, 
Nebraska.  Other river stage gages were established at Plattsmouth, Nebraska on April 19, 1873; 
at Nebraska City on August 1, 1878; and at Sioux City, Iowa on September 2, 1878.  Mean daily 
discharge records were compiled from the USGS (USGS, 1928-1997).  Since daily discharge 
records were not available for the entire study period, discharge values were estimated from 
stage records prior to about 1928.  Rating curves were developed by using information from the 
discharge measurements of the late 19th and early 20th centuries.  These rating curves were 
applied to the stage data collected by USACE and U.S. Weather Bureau (USDA, 1895-1928) to 
develop daily values of discharge.  For those periods during which the river was noted as ice 
covered, a constant was applied to the rating curve that reduced flows to account for the 
increased hydraulic radius.  Missing records at Sioux City were estimated based on comparison 
of the USGS monthly estimates of flows and eye fitting the missing discharge hydrograph to 
preserve the monthly volumes.  Missing records at Omaha and Nebraska City were estimated by 
routing upstream flows to these gages. 
 
Meteorological Records  Meteorological records such as precipitation and evaporation were 
needed for determining unregulated flows, as precipitation and evaporation affect the amount of 
water in reservoir storage.  Evaporation from large flood control reservoirs is a major loss of 
water from the basin and must be accounted for in determining unregulated flows.  Precipitation 
on reservoir surfaces must also be accounted for, as direct runoff is increased. 
 
Precipitation and evaporation records were drawn from National Weather Service records 
available on CD-ROM.  Records were drawn from the closest and/or most reliable nearby 
precipitation and/or evaporation station for each reservoir project.  Missing precipitation records 
were filled in with the average monthly precipitation computed from available records.  For each 
day with a missing precipitation record, the average monthly values were divided by the number 
of days in the month and used to replace the missing record.  Several reservoirs antecede 
evaporation records, so the daily average from the period of record at each station was used to 
estimate evaporation records at these reservoirs prior to the period of record.  Additionally, some 
stations do not report evaporation records during winter months, so monthly average values, 
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taken from NWS 34 (NWS, 1982b), were used at these stations.  The evaporation records were 
adjusted using pan evaporation coefficients from NWS 33 (NWS, 1982a) and USACE (1973a). 
 
Area-Capacity Relationships  Area-capacity relationships at each reservoir are important for 
determining how much water is lost to evaporation and how much is gained from precipitation at 
each reservoir.  Survey data was gathered for each reservoir modeled in the UFDM.  Even 
though each reservoir has suffered from sedimentation, the area-capacity relationship has 
remained relatively stable over time, so a single relationship was used at each reservoir. 
 
Reservoir Hydrologic Data  In order to accurately estimate how each flood control reservoir is 
affecting flows through holdouts, it is necessary to have accurate records of reservoir inflow and 
outflow and/or reservoir storage.  Data for inflow, outflow and storage are available from the 
USBR, USACE and USGS for nearly all reservoirs, although some data had to be collected for 
the privately owned reservoirs from the reservoir owners.  Reservoir data were obtained for the 
following dams: Clark Canyon, Hebgen, Canyon Ferry, Gibson, Tiber, Fort Peck, Fresno, Bull 
Lake, Boysen, Buffalo Bill, Yellowtail, Garrison, Heart Butte, Bowman-Haley, Shadehill, 
Keyhole, Pactola, Angostura, Oahe, Big Bend, Fort Randall, Gavins Point, Pipestem, and 
Jamestown. 
 
Depletion Estimates  In order to properly develop unregulated and regulated flows, an accurate 
accounting of streamflow depletions by irrigation, reservoir holdouts, and other consumptive 
uses was needed.  The USBR was contracted with to provide estimates of streamflow depletions 
for the period 1898-1996 for the Missouri River upstream of Hermann, Missouri.  The values 
provided by the USBR were by month, and included historic (actual) level of depletions and 
current-use level depletions. 
 
Unregulated Flow  Unregulated flow can be defined as removing the effects of all consumptive 
uses of water (reservoir holdouts, irrigation, etc.) from the observed flow record; in other words 
the unregulated flow approximates the natural flow of the river.  The unregulated flow data set 
was developed through use of the Unregulated Flow Development Model (UFDM), utilizing data 
sets for discharge, reservoir inflow and outflow or storage change, evaporation, precipitation, 
area-storage relationships, depletion data, and routing parameters, as well as observed flow at 
each gage. 
 
Hydrologic Model Description (UFDM)  Reliable runoff or flow data are a continuing need for 
purposes of efficient utilization of the available water supply in the Missouri Basin.  With these 
data the nature and distribution of the supply becomes apparent, long term normals are defined 
more precisely, effects of basin water resources development can be estimated, and reservoir 
regulation effects on downstream flood flows or low water conditions may be developed.  The 
UFDM is a computer model developed by the U.S. Army Corps of Engineers Reservoir Control 
Center at the Missouri River Region Office to determine unregulated flows for a base level of 
water resource development in the basin.  The model is used to assist in determining flood 
control benefits for the mainstem reservoir system as well as to determine the amount of runoff 
from the upper Missouri River basin.  In basic terms, the model determines reservoir holdouts 
and adds these holdouts to irrigation and other water-use depletions to obtain total holdouts in 
each mainstem reservoir reach.  The total holdouts are routed through the system of reservoirs 
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and then downstream to each gage, with the holdouts added to observed flow at each gage to 
determine unregulated flow.  A more detailed description of the UFDM modeling philosophy 
may be found in USACE (1973b). 
 
Once all input data were compiled, the model was run, covering the period of January 1, 1898 to 
December 31, 1997.  Annual peaks and various other data were extracted from the output data. 
 
Model Verification  Traditionally, hydrologic computer models are calibrated to observed 
events to obtain some degree of confidence in the model parameters.  Of great concern is 
validating flows for the period 1898-1928, which were derived by use of stage readings 
converted to flow estimates.  One means to verify the accuracy of the model output is to compare 
it to various hydrologic and climatological data.  Comparison of mean annual flows and an 
annual basin-weighted drought index supported the mean annual flows as reasonable for the 
period 1898-1928.  An analysis of observed annual stream flows tends to further support this 
position.  Although the 1898-1928 estimated flows are higher than any other period during the 
historical record, they are reasonable when considering the effects of droughts, depletions, and 
reservoirs.  Results indicate that the estimates of annual discharges for the period of 1898-1928 
prepared for this study may be overestimated by as much as 1 to 2 million acre-feet per year.  
Because the discharges were estimated by use of rating curves derived from measurements made 
primarily during the summer months, it is believed that the majority of the overestimation would 
occur during late fall and winter periods, when flows were at their lowest.  Consequently, 
comparison of monthly unregulated flow volumes showed that for the periods 1898-1928 and 
1967-1997, differences in monthly flow volumes were not statistically significant except in the 
months of August-January.  Therefore, it is concluded that high flows and peak flows estimated 
for the period 1898-1928 are reasonable and adequate for peak flow frequency and high flow 
volume investigations.  (Interestingly, monthly flow volumes from 1929-1966 are significantly 
lower from monthly flow volumes in either 1898-1928 or 1967-1997.) 
 
Regulated Flow  Regulated flows are defined as those flows over a period of record, assuming a 
constant level of development, in other words the historic period is modeled as if all current 
reservoirs and irrigation depletions had been in place over the period of record.  The regulated 
flow data set was developed through use of the Daily Routing Model (DRM), utilizing data sets 
for discharge, reservoir inflow and outflow, and depletions. 
 
Hydrologic Model Description (DRM)  The DRM was originally developed for use in the 
Missouri River Master Water Control Manual Update Study to evaluate flood control, interior 
drainage, and groundwater levels along the Missouri River and navigation contributions to the 
Mississippi River.  The DRM contains 20 nodes including the six mainstem reservoirs and 14 
gaging stations.  The model utilizes two sets of input data.  The first set of input files contains 
historic reach inflow and streamflow depletion data in yearly files, and the second contains the 
various constants and variable parameters that define regulation decisions on the basis of flood 
control, navigation and other authorized purposes.  Each yearly file contains 14 months of data – 
December of the previous year through January of the following year.  More detailed 
information on the background and use of the DRM can be found in USACE (1998). 
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Input Data Development  Virtually all input data required for the DRM was previously 
developed for the unregulated flow analysis or developed for previous studies utilizing the DRM.  
Input data at gaging stations includes incremental reach inflow, observed gage flow data, and 
incremental reach depletion data.  Input for the six mainstem reservoirs includes reservoir 
inflow, reservoir outflow, incremental reach inflow, evaporation, and storage.  The remaining 
data sets are the rule curves that dictate the operation of the reservoirs given various parameters.  
The DRM uses depletion data by adjusting historic flows to present day consumptive water uses. 
 
Model Verification  The output for the DRM can be compared to observed data for a relatively 
good check on the validity of model results.  The mainstem reservoir system reached operational 
volume in 1967, so results from 1968 to 1997 can be compared to see how well the model 
reproduces the observed hydrograph.  The modeled peaks were 2,000-4,000 cfs higher on 
average, depending on station.  However, for the highest flow year (1997), the simulated and 
observed peaks are nearly identical. 
 
Some difference can be expected between observed and simulated, as the actual and current level 
of depletion differ somewhat; therefore it can be expected that the simulated values are higher 
than the observed.  By comparing computed and observed end of month mainstem storage from 
1967 to 1990, nearly all the difference can be explained due to depletions that were increasing at 
a rate of about 82,000 acre-feet per year.  The final calibration check is to compare the computed 
daily discharge versus observed daily discharge at Gavins Point Dam.  Daily release patterns and 
values match well throughout the observed period since 1967.  In several years, however, there 
are significant differences at various times of the year; most often this is due to the model being 
unable to more accurately forecast future inflows in order to step up or step down releases. 
 

FREQUENCY ANALYSIS 
 
A frequency analysis was performed on the unregulated flow data set at each gaging station.  A 
relationship between regulated and unregulated peak annual flows was then developed at each 
station.  The regulated-unregulated relationship was then used to derive the regulated flow 
frequency at each station. 
 
Unregulated Flow Frequency  Frequency analysis was performed on peak annual unregulated 
flows at each gage, using Bulletin 17B procedures.  Outliers were examined, and historical flood 
information was considered for increasing the reliability of estimates of less frequent floods.  A 
mixed distribution was evaluated for applicability to the flow data.  In order to obtain regionally 
consistent frequency profiles, skew values were regionalized for final frequency estimates. 
 
Methodology  The Technical Advisory Group/Interagency Advisory Group (TAG/IAG) 
recommended using Bulletin 17B procedures after investigating various distribution 
methodologies and their applicability to the study area.  Hence, analyses were performed on the 
annual peak unregulated flow series at each gage.  However, it became apparent that this 
procedure did not adequately describe the upper end of the frequency curve for this portion of the 
Missouri River, based on the 1952 flood of record and on historical flood information prior to 
1898.  Further analyses would go to show that the snowmelt season and rainfall season events 
have different distributions, and should therefore be treated as a mixed population. 
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Mixed Population Analysis  Downstream of the Yellowstone River, the Missouri River has 
historically been subject to two main annual flood events - a spring plains snowmelt period, and 
a summer mountain snowmelt and plains rainfall period.  Each series of floods was examined to 
see if they differed significantly and if the two flood periods could be combined to better 
describe the flow frequency at each gage.  For purposes of analysis, the calendar year was 
divided into two seasons: spring (January 1 - April 30) and summer (May 1 - December 31).  
The majority of large floods above the Platte River result from plains snowmelt floods, while 
between the Platte and Kansas Rivers, plains snowmelt floods constitute the majority of top 5 
floods. 
 
USACE (1993) suggests the use of mixed population analysis when there are two or more 
different, but independent, causative conditions, as exists on the upper Missouri basin.  The 
plains snowmelt and mountain snowmelt can be considered independent, or very nearly so, as 
plains snowpack typically peaks from February to early-April, and is almost non-existent by the 
end of April, while the mountain snowpack typically continues to accumulate until mid-May or 
later.  Rainfall sometimes augments a plains snowmelt and sometimes a very late snowfall may 
occur in May over much of the upper basin.  However, runoff characteristics differ greatly from 
early spring to late spring, with mostly frozen soil early in the spring resulting in much greater 
runoff than occurs later in the spring from the same volume of precipitation. 
 
Regionalization of Statistics  In order to obtain regionally consistent frequency curves at each 
gage, it is necessary to regionalize the results of the flow frequency analysis.  However, there is 
no guidance for regionalizing computed flow statistics in a mixed distribution, other than 
USACE (1993) stating, “If annual flood peaks have been separated by causative factors, a 
generalized skew must be derived for each separate series to apply the log-Pearson Type III 
distribution as recommended by Bulletin 17B.” 
 
An examination of the station statistics shows a break in computed values of skew between 
Omaha and Nebraska City.  Therefore, it was decided to regionalize skew for the gages above 
the Platte River and for those between the Platte and Kansas Rivers, and this was done by 
averaging the skew between stations in each reach.  Use of the regional skew values results in the 
following frequency relationships at each gage (see Table 2). 
 
Table 2.  Regional Frequency Relations for Mixed Distribution,  
Yankton to Rulo, Unregulated Flow 

The regionally computed 
values show a slight 
decrease in discharge from 
Yankton to Decatur for the 
less frequent events.  This 
can be attributed to the fact 
that the floodplain broadens 
tremendously downstream 
of Yankton and large flood 
waves are attenuated 
through this valley storage, 
and there is not much 

Percent 
Chance 
Exceedance 

Yankton Sioux City Decatur Omaha Nebraska 
City 

Rulo 

99 80500 83700 84000 86800 116700 115700 
95 100100 103400 103700 107400 138700 138600 
90 111800 115200 115600 119700 152000 152600 
80 127600 130800 131100 136200 169800 171400 
50 162200 165100 165300 172100 210100 214200 
20 205300 207500 207400 216200 260900 268400 
10 234600 236300 235300 245200 293900 303000 

5 272100 273200 270100 280200 329100 340400 
2 330300 330200 324400 334400 374100 386200 
1 385600 383800 376000 386700 417600 429300 

0.5 450000 446000 436100 447700 473600 485200 
0.2 526400 519500 507100 519600 548700 557900 
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lateral inflow from Yankton to Omaha. 
 
Regulated-Unregulated Relationships  Frequency analysis of a regulated data set should 
generally not be done by normal analytical methods.  In order to determine an accurate regulated 
frequency relationship, it is necessary to determine the unregulated frequency relationship at the 
gage, and determine a relationship between regulated and unregulated peaks.  The regulated-
unregulated relationship is then applied to the unregulated frequency curve to determine the final 
regulated flow frequency relation. 
 
Methodology  The regulated-unregulated relationship is determined by pairing regulated and 
unregulated peak values with one another, and determining the relationship that best describes 
that pairing.  Since the unregulated analysis relied upon a mixed distribution analysis, it was 
thought that perhaps the regulated-unregulated relationship could be derived by pairing the 
spring regulated and unregulated peaks and the summer regulated and unregulated peaks, 
determining the relationship for the spring and summer data, and combine the curves using the 
probability of union.  However, this method proved unsatisfactory, as the spring and summer 
regulated values were not wholly independent, making the combination of the curves extremely 
cumbersome.  Thus, it was decided to determine the regulated-unregulated relationship using 
annual peaks from the regulated and unregulated data sets.  Data were first paired by year (year-
ordered pairs), but this resulted in a great deal of scatter.  Each data set was then ordered by 
magnitude of flood, and then paired (rank-ordered pair).  This pairing resulted in a relationship 
that plotted through the median of the year-ordered pair data.  In order to develop a regulated-
unregulated relationship with a greater degree of confidence for the less frequent events, it was 
necessary to develop some “design” storms to synthesize data points to extrapolate the regulated-
unregulated relationship.  Several large floods that had roughly the same exceedance probability 
at 5 or more of the gages from Yankton to St. Joseph were chosen as representative in terms of 
timing as well as areal distribution.  Those design floods that did not reasonably preserve the 
consistency of the volume-duration curve of the baseline flood were not used for extending the 
regulated-unregulated relationships.  The remaining floods were then plotted with the year-
ordered pairs and rank-ordered pairs to ensure they fell within the scatter of points.  A 2nd-degree 
polynomial was derived that best fit the upper half of the data points, and an ocular fit for each 
relationship was then determined over the entire range of data points.  Below is an example of 
the regulated-unregulated relationship at Nebraska City. 
 

Regulated Flow Frequency  In order to 
determine the final regulated flow 
frequency relationship at each gage, the 
regulated-unregulated relationship is 
applied to the unregulated frequency 
curves.  This results in the regulated flow 
frequency relationships found in the table 
below.  All values are relatively consistent 
with results of the previous study, with the 
exception of flows at Sioux City, where 
the 100-year flood value has increased by 
almost 50%. 

Figure 1.  Regulated-Unregulated Relationship at 
Nebraska City 
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Table 3.  Regulated Frequency Curves, Yankton to Rulo 

Plots comparing the unregulated 
and regulated flow frequency 
relationships are shown below 
(Figures 2a-f) for the gages from 
Yankton, South Dakota to Rulo, 
Nebraska.  As can be seen, the 
effectiveness of flood protection 
afforded by the mainstem dams 
decreases as one moves 
downstream. 
 

 

 
Figures 2a-f.  Flow Frequency Relationships for Regulated and Unregulated Flow Conditions 
 

FLOW REGIMES FOR UNREGULATED AND REGULATED CONDITIONS 
 
Daily flows from both the regulated and unregulated flow data sets were averaged over the 
period of record, and mean values of flow were derived for each day of the year.  Additionally, 
upper and lower quartiles and deciles were derived from the data sets.  The results show that for 
most years, the spring rise is relatively insignificant compared to the summer rise.  The results 

Percent 
Chance 
Exceedance 

Yankton Sioux City Omaha Nebraska 
City 

Rulo 

99 27000 31200 34600 40600 44900 
95 32100 34000 40700 53500 55800 
90 34800 36100 44800 60500 62800 
80 38300 39100 49900 70500 72600 
50 45200 49500 64100 88000 94800 
20 63000 66800 85200 118500 132400 
10 65000 78300 123500 149500 160600 

5 68000 89900 129400 186000 181700 
2 74700 113900 148000 206000 216800 
1 84900 133700 174900 236500 252100 

0.5 99400 157100 207700 278900 301200 
0.2 123500 185400 248200 345400 370700 
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also show that regulation has effectively removed both the spring and summer rises, and flows 
do not decline for several months later compared to the unregulated condition.  Sample results 
are shown in Figure 3 for Sioux City and Nebraska City gages. 
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Figure 3.  Upper and Lower Quartiles and Deciles and Mean Annual Regulated and 
Unregulated Flow, Sioux City and Nebraska City 
 
Depletions have a significant impact on annual flow volume, but relatively little impact on flow 
frequencies.    Average maximum streamflow depletions are 35,000 cfs at Sioux City and over 
50,000 cfs at Rulo in mid-summer.  However, since spring flows have a much greater impact on 
the upper portion of the frequency curves, and depletions are negligible in the spring, ignoring 
the impacts of depletions has only about a 1% impact on the computed 1% flood.  However, 
depletions are important to consider, as they comprise slightly over 25% of the mean annual 
natural flow between Yankton and Rulo.  If depletions are ignored, the unregulated flow 
hydrograph changes so that the summer rise peak is not nearly as prominent relative to the spring 
rise, and the mean annual hydrograph does not steadily decrease from July through December.  
Additionally, losses of water through reservoir regulation, mainly through evaporation, account 
for nearly 10% of the mean annual natural flow at Sioux City. 
 

CONCLUSIONS 
 
The frequency of flooding along the Missouri River has been greatly reduced by operation of the 
six Missouri River mainstem dams above the Kansas River, although the effectiveness of 
regulation decreases as one moves downstream.  The natural hydrograph of the Missouri River 
between the Yellowstone and Kansas Rivers is dominated by two main flood periods, spring and 
summer, that necessitate use of a mixed distribution analysis to compute flow frequencies for the 
unregulated condition.  Flow frequencies for regulated conditions are best determined using a 
regulated-unregulated relationship applied to the unregulated flow frequencies.  Accounting for 
all consumptive uses of water in the basin, including reservoir regulation and irrigation 
depletions, leads to a more homogeneous data set.  Use of these data sets should lead to a better 
understanding of the relationship between the natural and current conditions flows on the 
Missouri River.  The unregulated and regulated flow data sets will also be useful for other future 
studies of the Missouri River. 
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Appendix C: Missouri River Levee System  

 

  





MISSOURI RIVER LEVEE SYSTEM

SIOUX CITY, IOWA, TO MOUTH

(SIOUX CITY, IOWA, TO RULO, NEBRASKA)

CONDITION OF IMPROVEMENT - 30 SEPTEMBER 1983

PROJECT

The project was authorized by the Flood Control Acts of August 1941 and

December 1944, and that portion of the project applicable to the Omaha

District provides for a series of levee units and appurtenant works along

both banks of the Missouri River from Sioux City, Iowa, to Rulo, Nebraska,

for the protection of agricultural lands and small communities against

floods. The levees will be constructed of pervious random fill with an

impervious blanket on the riverward side, riprap on the riverward side at

critical locations, and pressure-rellef wells, as required, on the landward

side •

Length of Levees 225 miles

Average Height 12.6 feet

Volume of Embankment 52,000,000 cubic yards
Crown Width i0 feet

Side Slopes I on 3 •

PROGRESS OF WORK

Construction is complete on the following units authorized for con-

struction: R520, L536, R548, L550-561, R562, R573, L575, R580, L594, L601,

L672-624, and R613. The active portion of the project is 85 percent

complete. Construction of Unlt L611-614 Stages I and 2 levees are complete.

Stage 3 levee construction was awarded on 23 June 1982 and is 41 percent

complete. A contract for construction of Unit R616 was awarded on 5 May 1983

and is 40 percent complete. All remaining uncompleted units have been
classi fled "inact lye."

ESTIMATED COST

Active Program Inactive Program
(Oct 1983) (Jul 1964)

Federal $36,800,000 $27,525,000

No n-Fede ral 4,600,000 3 _182 t000

Total $41,400,000 $30,707,000
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Appendix D: Rights-of-Way Tabulation  
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new levee, likely increasing the 
cost of ROW acquisition.
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Zone 4 is acquisition of Paxton 
Private Levee and associated 
borrow pits
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Appendix E: 2018 Annexation and Benefited 

Lands Maps 
  













 

 

 

Appendix F: Engineer’s Opinion of Probable 

Costs  





Item Description Unit Quantity Unit Price Total

101 CY 4,189 $4 $14,662

102 CY 6,208 $2 $12,416

103 CY 30,525 $4 $122,100

104 AC 4.0 $2,000 $8,000

105 AC 5.1 $500 $2,550

106 LS $250

107 AC 5.5 $800 $4,400

108 LF 500 $3 $1,500

109 LS 1 $8,300 $8,300

Estimated Division 2 Subtotal $174,000

Item Description Unit Quantity Unit Price Total

101 CY 23,151 $4 $81,029

102 CY 18,474 $2 $36,948

103 CY 73,417 $4 $293,668

104 AC 1.7 $2,000 $3,400

105 AC 15.3 $500 $7,635

106 LS $500

107 AC 11.0 $800 $8,800

108 LF 1,000 $3 $3,000

109 LS 1 $21,700 $21,700

Estimated Division 2 Subtotal $457,000

Item Description Unit Quantity Unit Price Total

101 CY 15,246 $4 $53,361

102 CY 12,258 $2 $24,516

103 CY 124,429 $11 $1,368,719

104 AC 2.0 $2,000 $4,000

105 AC 12.6 $500 $6,300

106 LS $2,000

107 AC 24.0 $800 $19,200

108 LF 5,000 $3 $15,000

109 LS 1 $74,700 $74,700

Estimated Division 2 Subtotal $1,568,000

 Clearing & Grubbing 

 Respread Topsoil 

 Levee Fill 

 Strip Stockpile Topsoil 

 Strip Stockpile Topsoil 

 Respread Topsoil 

 Levee Fill 

 Silt Fence Install and Review 

 Mobilization 

 Administration of Erosion Management Plan 

 Seeding of Temporary Stabilization 

 Construction Division 3--Zone 3 Levee -- Paid by IDOT

 Respread Topsoil 

 Strip Stockpile Topsoil 

 Construction Division 1--Zone 1 Levee

 Seeding of Temporary Stabilization 

 Silt Fence Install and Review 

 Mobilization 

 Administration of Erosion Management Plan 

 Seed & Fertilize Levee 

 Seed & Fertilize Levee 

 Clearing & Grubbing 

 Mobilization 

 Administration of Erosion Management Plan 

 Seeding of Temporary Stabilization 

 Silt Fence Install and Review 

 Levee Fill 

 Clearing & Grubbing 

 Seed & Fertilize Levee 

 Construction Division 2--Zone 2 Levee

Engineer's Opinion of Probable Cost

Proposed Levee Repairs

Drainage District No. 2

Pottawattamie County, Iowa

2018

Subdrainage District No. 3

Borrow Taken from Riverside Levee Toe

Local Borrow Material

Recommended Option APPENDIX F Page 1 of 3



Engineer's Opinion of Probable Cost

Proposed Levee Repairs

Drainage District No. 2

Pottawattamie County, Iowa

2018

Subdrainage District No. 3

Borrow Taken from Riverside Levee Toe

Item Description Unit Quantity Unit Price Total

101 CY 28,081 $4 $98,284

102 CY 25,640 $2 $51,280

103 CY 124,844 $4 $499,376

104 AC 3.7 $2,000 $7,400

105 AC 12.9 $500 $6,450

106 LS $1,000

107 AC 9.0 $800 $7,200

108 LF 1,000 $3 $3,000

109 LS 1 $33,700 $33,700

Estimated Division 2 Subtotal $708,000

 Mobilization 

 Respread Topsoil 

 Construction Division 4--Zone 4 Levee

 Strip Stockpile Topsoil 

 Levee Fill 

 Administration of Erosion Management Plan 

 Seeding of Temporary Stabilization 

 Clearing & Grubbing 

 Seed & Fertilize Levee 

 Silt Fence Install and Review 

Local Borrow Material

Recommended Option APPENDIX F Page 2 of 3



Engineer's Opinion of Probable Cost

Proposed Levee Repairs

Drainage District No. 2

Pottawattamie County, Iowa

2018

Subdrainage District No. 3

Borrow Taken from Riverside Levee Toe

Subtotal of Construction Divisions 1 through 3 $2,907,000

Construction Contingency $145,400

Total Estimated Construction Cost $3,052,400

Less Estimated Construction Costs Paid by Others $1,568,000

Total Estimated Assessable Construction Cost $1,484,400

Levee Right-of-Way Acquisition

Zone 1 0.25 Acres $110

Zone 2 6.29 Acres $2,830

Zone 3 15.4 Acres $69,300

Zone 4 54.51 Acres $24,530

Less Costs Reimbursed By IDOT -$69,300

Borrow Right-of-Way Acquisition

Zone 1 8.22 Acres $36,990

Zone 2 21.67 Acres $97,560

Zone 3 0 Acres $0

Zone 4 35.77 Acres $160,965

Less Costs Reimbursed By IDOT $0

Construction Related Damages

$28,600

Other Damages $76,000

Basic Engineering Services

Survey, Study & Report. Meetings & Hearing $25,000

Regulatory Permit Administration $40,000

Construction Plans, Specifications, & Bid Letting $35,000

Construction Engineering Services $100,000

Less IDOT Reimbursed Engineering Costs -$40,000

Legal Services, Publications, Mailings, Etc.. $5,000

Farmed Wetland Mitigation Assistance (3.0 ac X $7,500/ac) $21,000

Finance, Interest & Contingency $103,800

Total Estimated Assessable Project Cost $2,202,000

$194

$25

$15

Total Estimated Project Cost for IDOT $1,677,300

Estimated Average Cost Per Acre Per Year (10 years)

Estimated Average Cost Per Acre Per Year (20 years)

Work Area Rental (114.4 ac)

Estimated Average Cost Per Currently Assessed Acre (11,341 ac)

Local Borrow Material

Recommended Option APPENDIX F Page 3 of 3





Item Description Unit Quantity Unit Price Total

101 CY 4,189 $4 $14,662

102 CY 6,208 $2 $12,416

103 CY 30,525 $13 $396,825

104 AC 4.0 $2,000 $8,000

105 AC 5.1 $500 $2,550

106 LS $250

107 AC 5.5 $800 $4,400

108 LF 500 $3 $1,500

109 LS 1 $22,000 $22,000

Estimated Division 2 Subtotal $463,000

Item Description Unit Quantity Unit Price Total

101 CY 23,151 $4 $81,029

102 CY 18,474 $2 $36,948

103 CY 73,417 $15 $1,101,255

104 AC 1.7 $2,000 $3,400

105 AC 15.3 $500 $7,635

106 LS $500

107 AC 11.0 $800 $8,800

108 LF 1,000 $3 $3,000

109 LS 1 $62,100 $62,100

Estimated Division 2 Subtotal $1,305,000

Item Description Unit Quantity Unit Price Total

101 CY 15,246 $4 $53,361

102 CY 12,258 $2 $24,516

103 CY 124,429 $11 $1,368,719

104 AC 2.0 $2,000 $4,000

105 AC 12.6 $500 $6,300

106 LS $2,000

107 AC 24.0 $800 $19,200

108 LF 5,000 $3 $15,000

109 LS 1 $74,700 $74,700

Estimated Division 2 Subtotal $1,568,000

Engineer's Opinion of Probable Cost

Proposed Levee Repairs

Drainage District No. 2

Pottawattamie County, Iowa

2018

Subdrainage District No. 3

Borrow Supplied from Land Outside District

 Construction Division 1--Zone 1 Levee

 Seeding of Temporary Stabilization 

 Silt Fence Install and Review 

 Mobilization 

 Administration of Erosion Management Plan 

 Seed & Fertilize Levee 

 Seed & Fertilize Levee 

 Clearing & Grubbing 

 Mobilization 

 Administration of Erosion Management Plan 

 Seeding of Temporary Stabilization 

 Silt Fence Install and Review 

 Levee Fill 

 Clearing & Grubbing 

 Seed & Fertilize Levee 

 Construction Division 2--Zone 2 Levee

 Seeding of Temporary Stabilization 

 Construction Division 3--Zone 3 Levee -- Paid by IDOT

 Respread Topsoil 

 Strip Stockpile Topsoil 

 Clearing & Grubbing 

 Respread Topsoil 

 Levee Fill 

 Strip Stockpile Topsoil 

 Strip Stockpile Topsoil 

 Respread Topsoil 

 Levee Fill 

 Silt Fence Install and Review 

 Mobilization 

 Administration of Erosion Management Plan 

Non-Local Borrow Materal
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Engineer's Opinion of Probable Cost

Proposed Levee Repairs

Drainage District No. 2

Pottawattamie County, Iowa

2018

Subdrainage District No. 3

Borrow Supplied from Land Outside District

Item Description Unit Quantity Unit Price Total

101 CY 28,081 $4 $98,284

102 CY 25,640 $2 $51,280

103 CY 124,844 $14 $1,747,816

104 AC 3.7 $2,000 $7,400

105 AC 12.9 $500 $6,450

106 LS $1,000

107 AC 9.0 $800 $7,200

108 LF 1,000 $3 $3,000

109 LS 1 $96,100 $96,100

Estimated Division 2 Subtotal $2,019,000

 Seeding of Temporary Stabilization 

 Clearing & Grubbing 

 Seed & Fertilize Levee 

 Silt Fence Install and Review 

 Mobilization 

 Respread Topsoil 

 Construction Division 4--Zone 4 Levee

 Strip Stockpile Topsoil 

 Levee Fill 

 Administration of Erosion Management Plan 

Non-Local Borrow Materal

Option Not Recommended APPENDIX F Page 2 of 3



Engineer's Opinion of Probable Cost

Proposed Levee Repairs

Drainage District No. 2

Pottawattamie County, Iowa

2018

Subdrainage District No. 3

Borrow Supplied from Land Outside District

Subtotal of Construction Divisions 1 through 3 $5,355,000

Construction Contingency $267,800

Total Estimated Construction Cost $5,622,800

Less Estimated Construction Costs Paid by Others $1,568,000

Total Estimated Assessable Construction Cost $4,054,800

Right-of-Way Acquisition

Zone 1 0.25 Acres $110

Zone 2 6.29 Acres $2,830

Zone 3 15.4 Acres $69,300

Zone 4 54.51 Acres $24,530

Less Costs Reimbursed By IDOT -$69,300

Construction Related Damages

$28,600

Other Damages $141,000

Basic Engineering Services

Survey, Study & Report. Meetings & Hearing $25,000

Regulatory Permit Administration $40,000

Construction Plans, Specifications, & Bid Letting $35,000

Construction Engineering Services $150,000

Less IDOT Reimbursed Engineering Costs -$40,000

Legal Services, Publications, Mailings, Etc.. $5,000

Farmed Wetland Mitigation Assistance (3.0 ac X $7,500/ac) $21,000

Finance, Interest & Contingency $223,300

Total Estimated Assessable Project Cost $4,711,000

$415

$53

$32

Total Estimated Project Cost for IDOT $1,677,300

Estimated Average Cost Per Acre Per Year (10 years)

Estimated Average Cost Per Acre Per Year (20 years)

Work Area Rental (114.4 ac)

Estimated Average Cost Per Currently Assessed Acre (11,341 ac)

Non-Local Borrow Materal

Option Not Recommended APPENDIX F Page 3 of 3





 

 

 

Proposed Plans 


