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EXECUTIVE SUMMARY 

Within the last couple of years, the Kansas Department of Agriculture – Division of Water Resources 

shared its first draft of the preliminary floodplain map, placing a significant number of existing properties 

in the City of St. Marys, Kansas within the 100-year floodplain. 

The City hired Alfred Benesch & Company (Benesch) in May 2018 to assist in determining what could be 

done to reduce the size of the proposed floodplain. Based on our preliminary review of the information 

available and discussions with City staff, the following three alternatives as shown in Figure 1-1 were 

developed: 

• Improve existing channel 

• Increase capacity of existing Reinforced Concrete Boxes (RCB) and bridges 

• Construct detention facility 

Based on our evaluation of the three alternatives, Benesch recommends construction of a dry detention 

facility south of Mt. Calvary Road Drive, in addition to improvements to the College Creek channel south 

of Palmer Street. Results of our modeling indicate this combination of alternatives is the only option that 

will meet the City’s floodplain reduction goals and provide the greatest level of flood risk reduction. 

These improvements can either be designed and constructed concurrently or, if funding is not 

immediately available, constructing the detention facility to provide the greatest immediate protection. 

The cost of these improvements is estimated to be $2.96 million. 
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1 SECTION – INTRODUCTION 

1.1 Project Background 

Within the last couple of years, the Kansas Department of Agriculture (KDA) – Division of Water 

Resources (DWR) shared a preliminary floodplain map placing a significant portion of the City of St. Marys 

in the proposed floodplain. A composite representation of the map is included in Appendix A. 

The City hired Alfred Benesch & Company (Benesch) in May 2018 to assist in determining what could be 

done to reduce the size of the proposed floodplain. Based on our preliminary review of the information 

available and discussions with City staff, the following three alternatives as shown in Figure 1-1 were 

developed: 

• Improve the existing channel 

• Increase capacity of existing Reinforced Concrete Boxes (RCB) and bridges 

• Construct detention facility 

Many sources of information were used in the development of this report, including information from 

the United States Geological Survey (USGS), US Natural Resources Conservation Service (NRCS), Federal 

Emergency Management Agency (FEMA), American Public Works Association (AWPA), Army Corps of 

Engineers, US Bureau of Reclamation, DWR, previously completed reports, field investigations, and 

general site observations. 

In addition to these sources, separate hydrologic and hydraulic reports for the College Creek watershed 

were completed by Wood (formally Amec Foster Wheeler) in February 2018 and September 2018. These 

reports were prepared for the DWR’s Floodplain Mapping update project for portions of Wabaunsee and 

Pottawatomie County. The two reports were used to develop the preliminary floodplain map in addition 

to our analysis of potential alternatives and are included in Appendix C and D. 

During analysis of these alternatives, KDA held a second Flood Risk Review meeting on October 24, 2018 

at City Hall in St. Marys to present an updated version of the preliminary floodplain map. The revised 

map (included in Appendix B) is based on a two-dimensional (2D) hydraulic analysis of College Creek. 

The 2D analysis includes a greater level of detail than previously presented. While the first draft of the 

preliminary floodplain map depicts a floodway through a residential area, the second draft does not. A 

floodway was not included largely due to the flood routing analysis methods and the US Corps of 

Engineers (USACE), FEMA regulations, and guidelines regarding floodways.  

During the October Risk Review Meeting, the KDA asked City representatives to review and determine if 

the City would prefer to include a floodway. While a detailed analysis is beyond the scope of this report, 

a brief discussion of the advantages and disadvantages of including a floodway is included in Section 5 

of this report. 
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1.2 Definitions 

 100-year flood (1% Flood) – Flood with a 1% annual chance of occurrence. 

 500-year flood (0.2% Flood) – Flood with a 0.2% annual chance of occurrence. 

Base Flood Elevation (BFE) – The top of the water elevation of the 1% (100-year) flood in a specific 

location. 

Discharge – Quantity of water flowing within a stream. Measured in Cubic Feet per Second (CFS). 

Floodplain – The area of land along a waterway that is susceptible to inundation by floodwaters. See 

Figure 1-2. 

Floodway – A regulator term that is a portion of the floodplain including and surrounding the channel. 

This is the area that should be reserved for flood conveyance. Together, the floodway and flood fringe 

make up the floodplain. See Figure 1-2.   Development is only allowed in the floodway if an engineering 

analysis can be provided showing that the project will not raise the BFE. 

Flood Fringe – This is the area of the floodplain that is outside of the floodway but still within the 

floodplain. Together, the floodway and flood fringe make up the floodplain. See Figure 1-2. The flood 

fringe is the area of the floodway that can be filled in and will not cause more than a 1.0 ft rise in the 

BFE. 

 

Figure 1-2: Floodplain Illustration (Boulder County, Colorado) 

Flood Insurance Rate Map (FIRM) – Official maps used by the Federal Emergency Management Agency 

(FEMA) to help determine the need for flood insurance. 

https://www.bouldercounty.org/transportation/floodplain-mapping/frequently-asked-questions/#TOP
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Flood Insurance Study (FIS) – A detailed report that documents information about flood hazards and the 

methods used to create a FIRM. 

HEC-HMS - Hydrologic Engineering Centers (HEC) – Hydrologic Modeling System (HMS) is hydrologic 

software developed and updated by the US Army Corps of Engineers to estimate the peak rainfall runoff 

from a defined watershed. 

HEC-RAS – Hydrologic Engineering Centers (HEC) – River Analysis System (RAS) is hydraulic modeling 

software developed and updated by the US Army Corps of Engineers to evaluate the hydraulic actions 

of rivers and streams. 

Sediment Load – The amount of sediment reaching or passing a point of interest in a given period of 

time. (AF/YR or CF/YR) 

Sediment Yield – The amount of sediment that is expected to be washed downstream per acre or square 

mile over a given period of time. The Sediment Yield varies depending on land use. (CF/AC/YR or 

AF/MI2/YR) 

Special Flood Hazard Area (SFHA) – The area identified in the FIRM as the Regulatory Floodplain (1% 

Floodplain). 
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2 SECTION – ALTERNATIVE EVALUATION 

2.1 Evaluation Results 

Improve Existing Channel 

The first alternative analyzed was modifications to the existing College Creek channel from the Union 

Pacific (UP) Railroad bridge to the south. This alternative included widening the channel (add width and 

depth) and raising the berm on the west side, south of town, to allow the channel to accommodate the 

100-year stormwater runoff events. While these improvements provided some benefit and reduction in 

flooded area, it was not sufficient to meet the City’s goals due to the amount of runoff in the creek and 

the hydraulic restrictions of existing structures along the creek. Since this alternative did not meet the 

City’s goals, no further analysis was prepared for this alternative. 

Increase Structure Capacity along College Creek 

Since improvements to the channel alone are not sufficient to meet the City’s goals, the second 

alternative analyzed the restriction in flow caused by the UP Railroad bridge, US-24 RCB and the Palmer 

Street RCB. Multiple iterations of this alternative were performed to increase the size of each structure 

to determine the resulting impact on the floodplain. While each iteration reduced the floodplain area, 

they still did not meet the City’s goal. As a test of whether this alternative is feasible, the impact of 

completely removing all three structures along College Creek was analyzed. This analysis also included 

modifying the channel to have a rectangular-shaped section lined in concrete.  

The 100-year floodplain extents were significantly reduced in this extreme scenario, but still resulted in 

small amounts of flooding which did not meet the City’s goals. Based on these results and the anticipated 

level of coordination required with Kansas Department of Transportation (KDOT) and the UP to replace 

these structures, no further analysis was prepared for this alternative. A comparison between the 

proposed floodplain and the reduced floodplain for the various scenarios reviewed is included in 

Appendix E.  

Detention Facility  

The last alternative evaluated was construction of an upstream detention facility. Preliminary discussion 

with City staff identified an area of land upstream of the railroad bridge on land owned by the St. Marys 

Academy and College. Details of the recommended detention dam are included in Section 3 and 

Appendix F. After storage was modeled and evaluated, it became evident that detention resolved many 

downstream flooding concerns. The modeled results indicate that the 100-year Water Surface Elevation 

(WSE) would stay within the banks of the College Creek channel.  

However, this scenario would rely on protection by raised banks, or berms, located along the sides of 

the channel, particularly on the west side. Based on FEMA’s floodplain requirements, either channel 

modifications would be needed to lower the WSE to below the natural ground elevation to the west or 

the west berm would need to become a FEMA-accredited levee.  
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With the proposed detention pond, multiple scenarios were evaluated to determine what channel 

modifications would be necessary to lower the 100-year WSE below the adjacent natural ground 

elevation. In this scenario, the channel would be widened and deepened to accommodate the 100-year 

flow and eliminate the need for levee certification. Based on the analysis, the following channel 

modifications are recommended: 

• Construct a 4-foot drop just south of Palmer Street. 

• Widen the channel bottom to 20-feet in width from Palmer to Park Street. 

• Widen the channel bottom to 35-feet in width south of Park Street. 

• Modify the side slopes to be a 2.5:1 slope. 

• Modify the channel profile (vary from 0.2% to 0.48%) as illustrated in Appendix G.  

Channel modifications would only be necessary between the Palmer Street RCB and the field entrance 

bridge south of town. The channel could remain grass lined but would require regular maintenance to 

keep vegetation to a minimal height and prevent undesirable growth such as trees and shrubs. It is 

possible, but not required, to line the channel with concrete for ease of maintenance and longevity, but 

it would result in a significant increase in construction and long-term maintenance costs.  

Since modifying the channel as described above would completely contain the 100-year WSE below the 

existing ground elevation, the east berm is not necessary, and the west berm would not need to be FEMA 

certified as a levee. Figure 2-2 illustrates a cross section of the existing and proposed channel section 

just north of Park Avenue. Additional cross-sections, a map of cross-section locations and a stream 

profile are included in Appendix G. 

Figure 2-1 shows the difference in the currently proposed floodplain limits (blue) and the potential 

floodplain limits with detention and stream modifications in place (green). 

The estimated cost to construct the detention facility and complete the stream modification is $2.96 

million and is detailed in Section 4 – Project Cost Estimations. 
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Figure 2-1
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Figure 2-2: Modeled College Creek Cross Section 

2.2 Levee Certification 

As an alternative to the channel modifications described above, the City has the option of certifying the 

existing channel berms as FEMA levees. Based on cursory observations during a site visit to St. Marys on 

July 17, 2018, it appears the west berm may qualify for levee accreditation under FEMA CFR 65.10. While 

the accreditation process is an alternative to the channel modifications, it would still require 

construction of an upstream detention facility to meet the City’s flood protection goals. While further 

work on the west berm may be required for it to be accredited as a levee, a detailed analysis would first 

need to be completed to determine the scope of the necessary improvements, if any. The following 

summary of work would be required to evaluate the berm and determine what is needed to complete 

the certification process: 

• Geotechnical analysis to investigate potential under seepage, through seepage and embankment 

stability concerns. 

• Interior drainage analysis to locate any ponding areas on the dry side of the levee. 

• Freeboard analysis to determine whether the levee meets minimum freeboard requirements. 

• Embankment protection analysis to determine if the embankment will perform without 

significant erosion during a flooding event. 

• Development of an operations and maintenance plan for official adoption by the City. 

• As-built or “as-is” plans for the levee. 

The estimated cost to complete the levee certification is discussed in Section 4 – Project Cost 

Estimations. 

East West 
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3 SECTION – PROPOSED DETENTION 

3.1 Location Identification 

An on-site meeting was held on August 9, 2018 with City staff and Bill Drew, Facilities and Project 

Manager at St. Marys Academy and College. At that time, Bill indicated a need to discuss proposed 

projects and land use agreements with his supervisors but believed there was potential for a future 

agreement. Prospective future projects were also discussed but did not appear to be impacted by the 

proposed facility. The location, an estimated outline of possible pond limits and a stage-storage table is 

included in Appendix F.  

3.2 Site Access and Easements 

To construct and maintain the recommended detention facility, the City of St. Marys would need to 

either acquire the necessary property or obtain temporary construction and permanent drainage 

easements. Additional easements would also be needed within the inundation area up to the top of the 

proposed dam. If the limits of the permanent drainage easement or acquired property do not provide 

access to the site, an access easement would also be necessary for the performance of inspections and 

maintenance activities.  

3.3 Detention Sizing 

There are many factors to consider when sizing a detention facility. Anticipated uses at the facility, 

desired water quality, maintenance requirements, as well as many other factors play a role in its design. 

There are two main facility categories—dry and wet detention. As the name implies, a dry detention 

facility is one that is dry most of time, only filling with runoff during a large storm event. While there are 

many uses for a dry detention facility, it must allow inundation to be effective.  

A wet detention facility has a pool of water at or below a level known as the Normal Pool Elevation most 

of the time. Storage for these facilities include the volume above the Normal Pool Elevation and below 

the dam spillway. A wet detention pond can be used as a water recreation facility with the potential for 

parks and fields between the Normal Pool Elevation and the High-Water Elevation. Building structures 

below the High-Water Elevation is not recommended. Following conversations with City staff and the St. 

Marys Academy and College, a wet detention facility became the preferred solution.  

During the August 9th on-site meeting, the potential dam location was moved upstream due to planned 

construction of recreation fields by St. Marys Academy and College. As a result, it appears there will not 

be enough elevation relief to provide both wet detention and required storage for downstream flood 

protection. It is possible to provide wet detention by over excavating the area upstream of the proposed 

dam to generate the required storage volume but at a significantly increased construction cost. 

Additional evaluation was not completed as part of this study; however, if the City would like to evaluate 
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this option further, other factors would need to be considered, including excavation area, borrow 

disposal, facility size, water quality, sediment loading and maintenance issues among others.  

3.4 Permitting 

Kansas Administrative Regulations (K.A.R.) 5-40-1 through 5-40-106 outline the requirements for 

constructing and maintaining a dam in the State of Kansas. Which need to be followed if the dam is 25 

feet or more in height; or six feet or more in height with the ability to store 50 acre-feet or more of water 

below the auxiliary spillway. The St. Marys proposed detention facility would have a dam approximately 

33-feet high, storing around 131 acre-feet of water below the auxiliary spillway. Therefore, it would fall 

under the jurisdiction of the Kansas Department of Water Resource (DWR). 

Due to the potential impact to life and property below the structure, this dam is likely to be considered 

a Hazard Class C Size 3 Dam. A hazard classification is not a classification of failure risk, but simply a 

classification of the consequences in the extremely unlikely event of failure. This would result in a 

required dam inspection every three years after construction. 

To construct the dam, plans and specifications would need to be developed based on a geotechnical 

survey of the site. In addition, a dam breach analysis would also be required along with an Emergency 

Action Plan. This work would need to be completed by a professional engineer licensed to practice in the 

State of Kansas.  

The Army Corps of Engineers would also need to provide a determination on the potential impacts of 

the dam. Depending on the results, additional permitting may be necessary. Besides these agency 

reviews, additional state and federal agencies would review and provide comments on potential impacts 

of the dam. All comments would need to be addressed to the satisfaction of each review agency before 

construction would be allowed. 

As a result, the time and effort involved to design and obtain construction approval is typically a multi-

year process which can result in significant costs. The estimated cost to complete this effort is discussed 

in Section 4 – Project Cost Estimations. 

3.5 Dam and Control Structure 

The proposed dam would have an approximate base elevation of 973.0. The top would be at an 

approximate elevation of 1,006.2, resulting in a dam height of 33.2 feet. It is anticipated that the principal 

spillway would consist of a 24-inch diameter conduit located at an approximate elevation of 975.0. The 

area between the pond bottom (973.0) and the primary spillway (975.0) would be reserved for sediment 

storage.  

It is anticipated that the auxiliary spillway would be a 200-foot-wide earthen spillway with a crest 

elevation of approximately 1,000.7. The storage between the primary and auxiliary spillway would be 
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approximately 131 acre-feet. The proposed dam would store the 100-year runoff event below the 

auxiliary spillway. 

The estimated elevations, dimensions and storage quantities previously mentioned are based on the 

best available information at the time this report was completed. The actual physical dimensions, 

elevations and storage quantities for the detention facility would need to be determined during the 

design of the facility. 
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4 SECTION – PROJECT COST ESTIMATIONS 

4.1 Cost Estimates 

An Engineer’s Opinion of Probable Construction Cost (EOPC) outlines estimated costs for design, 

permitting and construction of the recommend alternative. 2020 construction costs are based on 2018 

costs plus an estimated 4% inflation per year. The EOPC represents the best judgment as design 

professionals and is intended to serve as guidance for the City. Since we have no control over the cost 

of labor and material, competitive bidding or market conditions, the EOPC is based on recent experience 

and adjusted to accommodate factors known at the time the study.  

It is estimated that each project will have the following costs: 

College Creek Channel Modifications  $    448,500 

Detention Facility     $2,510,500 

As stated earlier, the City has the option of either modifying College Creek or performing a study to 

determine necessary improvements for the creek berms to be certified as levees. The cost of that 

assessment is estimated at $76,000. Once the assessment is completed, channel modifications and levee 

certification could be compared. 

An EOPC for the stream modifications and detention facility is included in Appendix I. Assumptions made 

to reach a cost estimate are listed below. The EOPCs listed were also assumed to be standalone projects. 

With economies of scale, it is reasonable to expect cost savings if the mitigation projects are combined 

into a single project. 

It should be noted that most of the cost associated with the detention facility is directly related to the 

dam embankment. The cost estimate presented assumes suitable embankment material could be found 

near the proposed dam. Until a geotechnical investigation is complete, it is not known if the surrounding 

soils will be suitable for dam construction. If suitable soils cannot be found near the site, it would need 

to be hauled in from another location. Since hauling cost is based on the distance from the site, that 

could be a significant risk for increasing construction cost. 

The estimated cost of levee certification is a budget level estimate to perform a certification assessment 

only. Additional construction costs of bringing the berms to federal standards and undertaking the 

certification process have not been prepared because the level of effort will not be known until the 

assessment is complete. The cost to complete a Letter Of Map Revision (LOMR), should the 

recommendations be completed after the preliminary map becomes effective, is also not included. 
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4.2 Cost Descriptions 

Mobilization – All contractor costs for deploying the necessary equipment and manpower to 

complete construction. It also typically covers the contractor’s management costs throughout the 

projects. 

Contractor Staking – Necessary survey during and after construction to ensure design grades are 

met. It does not include surveying for design purposes. The cost for that surveying is included in 

the Design and Construction Engineering line item. 

Clearing and Grubbing – Site preparation and removal of all undesired vegetation or structures 

including trees, shrubs, and top soil. For the stream, it is estimated that a path 55-feet-wide and 

2,800-linear-feet-long will need to be cleared, including banks and streambed. It is estimated that 

the detention pond project would disturb up to 30 acres which would include the inundation area 

and the dam foot print. 

Temporary Erosion Control – Includes both construction and post-construction erosion control 

necessary to maintain any earthwork changes until permanent vegetation can be established. This 

area would be similar in size to clearing and grubbing except for the area within the permanent 

pool of the detention facility. Temporary erosion control would not necessarily be required within 

this area. 

Permanent Seeding – All costs to establish permanent vegetative cover for disturbed areas, 

including the proposed dam, site access paths, lay down/storage areas, stream banks and all 

disturbed areas above the proposed normal pool. This area will be similar to clearing and grubbing 

with the exception of the area within the permanent pool of the detention facility. Permanent 

seeding is not necessarily required within this area. 

Temporary Traffic Control – Traffic control for each project should be minimal. This line item would 

include costs for setting up signs or obtaining flaggers for truck and equipment movement to and 

from the site as required. 

Drop Structure – Estimated construction cost (labor, material and equipment) for complete 

installation. A concrete drop structure is anticipated to be needed immediately downstream of 

the Palmer Street Box. This is a structure that allows for the lowing of the existing stream bed and 

prevents erosion.  

Unclassified Excavation – Contractor’s cost to excavate the existing streambed. It is estimated that 

the stream will need to be excavated an average depth of 3 feet and 27.5-feet-wide for 2,800 

linear feet. The quantity of unclassified excavation for the dam is the estimated volume of 

embankment required. To simplify the estimate and provide a conservative number, the existing 

topography was not taken into consideration. 

  



 

 
    
  

 City of St. Marys, KS | College Creek Floodplain Study | 16 

Streambank Stabilization Blankets – Installation of streambank stabilization blankets or netting as 

required along the modified channel section. This item will help prevent erosion along the 

embankment and channel, resulting in reduced maintenance costs and extended life of the 

channel and stream banks. It is estimated to cover both sides of the stream banks as well as the 

stream bottom for an estimated average width of 43.5 feet for 2,800 linear feet. 

Embankment Construction – Compaction of earthwork necessary to construct the detention dam. 

Quantity is estimated based on the dimension of the dam previously noted. However, to simplify 

the estimate and provide a conservative number, the existing topography was not taken into 

consideration. 

Primary Spillway/Control Structure – An estimated cost to construct a structure on the upstream 

side of the dam to control the flow rate out of the detention facility. This also includes an 

estimated cost for channeling or piping the flow to the downstream base of the dam. 

Low Level Drainage Works – Construction of piping, valves and various structures required to drain 

the pond in case the need arises due to maintenance or an emergency. 

Rip Rap – Estimated cost to install rock rip rap protection on the downstream receiving channel. 

This would help prevent erosion at the base of the primary spillway. 

Non-Woven Geotextile – Provides a stable foundation to help prevent rip rap movement. 

The construction cost for each line item in the EOPC was established with 2018 information. However, 

these estimates have been escalated to 2020 costs at a rate of 4% per year based on an anticipated date 

at which the project could be designed, permitted and ready for bid. As with all estimates, it is possible 

for this rate to increase or decrease from the assumed 4% rate. 

A 25% contingency rounded up to the next hundred dollars was added to the 2020 estimated 

construction total for planning purposes. Adding a contingency is a typical engineering practice at this 

level of cost estimation and planning. It accounts for the inclusion of items that cannot be anticipated 

during the preparation of a study of this scope. 

Design engineering is estimated at roughly 10% of the 2020 construction total which excludes 

topographic survey and geotechnical investigations. This is another standard engineering practice for 

planning level cost estimates. Actual design engineering costs may vary. 

The stream modifications may or may not require additional geotechnical investigation. An estimated 

cost has been included should it become necessary. Extensive geotechnical investigation for the 

detention facility will be required.  

Utility relocations are unknown at this level of planning. They will likely not be discovered until after the 

design survey. An estimated cost for each project is included to mitigate additional costs that may result 

in required utility relocation. 
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Easement negotiation and acquisition is included for each project for acquiring both temporary and 

permanent easements for construction and maintenance. The actual easement boundaries cannot be 

determined until the design phase. The estimated cost assumes that both projects are located entirely 

within private property. Some cost savings could be realized if it is determined that public easements 

exist or if the easements are donated to the City as opposed to being purchased by the City. 

Permitting coordination and fees include an estimated cost to coordinate with the applicable regulatory 

agencies and pay for their associated review fees. 

Stream mitigation is an estimated cost that may result from the need to provide water quality mitigation 

due to stream impacts. A determination by the Army Corps of Engineers would be made during design 

to identify areas of the existing stream that would require mitigation. These totals are based on an 

estimated cost of $50 per linear foot of impacted stream.  

Construction engineering is the estimated cost to provide full-time construction inspection and testing 

for each project. It is anticipated that regulatory agencies would require those services to insure proper 

construction materials and techniques are used.  
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5 SECTION – ADDITIONAL CONSIDERATIONS 

5.1 0.2% Annual Chance (500-year Event) 

The proposed detention and stream modifications were evaluated with the objective of reducing the 

100-year flood risk. During a 500-year event, many areas through town would still experience flooding 

even with the evaluated improvements. An additional scenario was briefly reviewed to determine the 

benefits of constructing a dry detention facility which could store the 500-year event runoff below the 

auxiliary spillway. Results indicated that some flooding to the east and west of College Creek could be 

expected; however potential flooding would be significantly reduced with water staying mainly within 

roads and low-lying areas. Detailed embankment configuration and an associated cost estimate to meet 

this scenario were beyond study parameters. However, in general, it is considered less costly to over-

build a detention facility from the start than to modify an existing facility in the future should the need 

arise. Therefore, it is recommended that the City of St. Marys consider this as an option when 

determining the final design of the dam.  Figure 5.1 shows the modeled difference between storing the 

100-year runoff and 500-year runoff. 

5.2 Flood Risk Review Meeting 

As previously mentioned, KDA held a Flood Risk Review Meeting at St. Marys City Hall on October 24, 

2018. At this meeting, KDA asked representatives from the City to review and determine whether they 

would prefer to include a floodway as the maps move toward becoming effective. 

The first draft of this map was shared with the City of St. Marys prior to 2017 for community and public 

review. A composite version of this map is included in Appendix A. This version was developed based on 

traditional 1D modeling techniques. Through this process, a floodway was developed and included on 

the map. The floodway location is a tool the City has been using to approve development within the 

floodplain. Essentially, the floodway shows the limits where development can occur before the 100-year 

WSE is impacted by more than 1 feet of depth. It is a tool to preserve the path of flood waters. 

The second draft presented at the October 24th Flood Risk Review Meeting was developed based on a 

2D study of College Creek. This map is included in Appendix B. The second draft 2D map provides greater 

detail than the first draft 1D map. A major difference in the two maps is that the 2D map did not illustrate 

a floodway. This is where KDA would like input from the City. Essentially, KDA wants to know whether 

the City desires to include a floodway. 

As mentioned, including a floodway and, by default, a flood fringe would give the City a tool for use 

during development approval. Development in the flood fringe could occur with reasonable certainty 

that the BFE would not increase by more than 1.0 foot. Therefore, no additional engineering review 

would be required. If development were to occur in the floodway, an analysis would be needed to ensure 

the BFE would not increase (No-Rise Certificate). If a floodway were not included, all development within 
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the mapped floodplain would need an analysis to ensure the BFE would not increase by more than 1.0 

foot.  

It is important to note that by all indications, if a floodway were included, the flood fringe would likely 

be very small. Therefore, nearly all development within the mapped floodplain would end up in a 

floodway meaning most developments would need to ensure the BFE would not increase. This likely 

would be tremendously difficult to accomplish and result in extremely limited development. 

In our opinion, the key takeaway is whether City management desires development flexibility. Inclusion 

of a floodway limits development to no-rise in the BFE within the floodway. Exclusion of a floodway limits 

development across the entire floodplain until it is proven the BFE would not rise by more than 1.0 foot. 

At the end of the day, with no floodway, the City would have hard decisions to make about whether to 

allow development in the floodplain. With a floodway, the City would have a more black and white 

decision due to development regulations within a floodway. 

It should be noted that proposed flood mitigation projects would reduce the floodplain and floodway 

limits to within the College Creek channel, thus eliminating the need to analyze the effect on the BFE. 

However, in the meantime, between KDA issuing an official draft map and the completion and 

acceptance of any of the proposed mitigation projects, the City would likely need and want to utilize the 

most current map available. 

  



 
 

 
 

Comparison of Alternative 0.2% Annual Chance (500yr) Floodplains for College Creek 
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Figure 5-1
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6 SECTION – CONCLUSION 

6.1 Potential Reduced Flood Risk Impacts 

The City of St. Marys has been presented draft floodplain maps extending the existing floodplain within 

city limits. The impact of these changes will be felt by the residents and businesses within the new 

floodplain who will be required to purchase insurance under the federal program to receive coverage 

for flood damage. The goal of this study was to develop one or more infrastructure improvements which 

could be constructed to reduce the impact of the new maps. 

While the recommendations presented in this report will achieve the City’s goal of reducing the impact 

of the new floodplain on residents, it is unlikely to be implemented prior to the publication of new maps. 

The appeal period for the new floodplain maps will not be completed until the end of 2019, at the same 

time that construction of the recommended improvements would need to be completed. Given the 

challenges of designing, permitting and constructing improvements of this size, it is likley not possible 

for them to be completed by that date. 

However, once the recommended improvements have been constructed, the City can still have the maps 

modified through a process referred to as a Letter Of Map Revision (LOMR). This process can be 

completed at any time after the floodplain maps have been published and the improvements have been 

built. The LOMR process allows communities a means to alter flood maps by providing more accurate or 

current information to FEMA that results in a revision of the extents of the floodplain. While it would be 

preferable to revise the maps during the appeals process, it is possible to alter the effective maps at any 

point in time. 

6.2 Recommendations 

Based on the information provided, it is recommended that the first priority be construction of the 

regional detention facility followed by modification to the College Creek channel. Once in place, the 

detention facility would help ensure that flood waters remain within the existing berms of College Creek 

until channel modification could be made. However, since the berms are not FEMA-certified levees, the 

land adjacent to College Creek south of Palmer Street would remain within the mapped floodplain until 

the channel modifications could be made or the levee becomes certified. 

The City has the option of modifying the College Creek channel or certifying the existing berms as FEMA 

levees; however, the cost of the certification process requires additional evaluation. If desired, additional 

evaluation of the College Creek berms could be completed to determine what improvements would be 

necessary to achieve certification. It is anticipated that certification would be significantly less expensive 

than channel modifications if the berms can be certified with little to no additional work. However, the 

evaluation may also reveal the need for extensive modifications for the existing levee for it to become 

certified. While certification may be a source for capital improvement savings, it is anticipated that long-

term maintenance costs would be greater than channel modifications. In addition, it is believed that 
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providing flood protection through channel modifications that lower the water surface elevation will 

provide a more significant long-term increase in public safety and welfare over protection via certified 

levee. 

The recommendations presented in this report are intended to meet the City’s goals and reduce, not 

eliminate, the risk of flooding. The potential always exists that flood mitigation measures may be 

overcome at any point in time by equipment failure, lack of maintenance, rainfall in excess of design 

parameters or other factors outside of design and construction control. In addition, the report 

recommendations only address current state and federal regulations, guidelines, design requirements 

and design practices in effect as of the date of the report. They rely upon the accuracy of information 

provided during report development. Changes to these policies could result in the study’s 

recommendations not meeting future standards and therefore would require additional investment by 

the City. 

6.3 Construction Sequencing 

While the first priority is constructing the detention facility to provide the most immediate impact, a 

significant capital investment would be required. Therefore, the option of starting with channel 

modifications was evaluated. Channel modifications without detention would not accomplish the City’s 

goal of reducing the 100-year floodplain to remain within the banks of College Creek. However, they 

would provide a reduced flooding risk for events below the 100-year flood and lessen the reliance on 

existing berms for protection. Channel modifications are also part of the ultimate solution which means 

they should not increase total project costs.  
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INTRODUCTION 
This report presents the hydrological analyses for Phase II of the Middle Kansas Watershed 

project, which includes portions of Pottawatomie and Wabaunsee Counties. Phase I of the project 

was completed in 2017 and included new data development and floodplain mapping for 

approximately 4.4 miles of streams within the City of Wamego, resulting in updated Zone AE 

floodplains with a floodway and an AH Zone on the east side of town; approximately 6.6 miles of 

a stream near the City of Paxico, resulting in an updated Zone AE floodplain without a floodway; 

and approximately 571 miles of streams within Wabaunsee County, resulting in updated Zone A 

floodplains. Phase II of the project includes new data development and floodplain mapping for 

approximately 2.1 miles of streams within the City of St. Marys, resulting in updated Zone AE 

floodplains with a floodway; approximately 31 miles of the Kansas River, resulting in an updated 

Zone AE floodplain with a floodway; and approximately 93 miles of streams within Pottawatomie 

County, resulting in updated Zone A floodplains. Phase II of this project will result in new 

floodplain maps for those areas currently excluded from the digital portion of the county maps and 

required to use the old paper maps. Figure 1 illustrates the mapping updates for Phase I and Phase 

II of the Middle Kansas Watershed project. The streams highlighted in yellow are part of the Phase 

II portion of the project.  

 
Figure 1- Middle Kansas Mapping Updates: Phase I and Phase II  

 
 

This report presents the hydrologic analyses for the detailed Zone AE streams within the City of 

St. Marys, the portion of the Kansas River within Pottawatomie and Wabaunsee Counties, which 



Middle Kansas Watershed    Hydrology Summary 
February 2018      Page 2 
  

is a detailed Zone AE stream, and the Zone A streams included on the map panels that were 

excluded from the last map revision. All of these studies lie within the Middle Kansas Watershed 

(HUC8 10270102). This project consists of new hydrologic and hydraulic studies using current 

watershed characteristics and new detailed topography for approximately 33.1 miles of streams 

modeled by detailed methods, resulting in updated Zone AE floodplains; and approximately 93 

miles of streams studied by approximate methods, resulting in updated Zone A floodplains. 

Detailed hydrology was performed on approximately 3.9 miles of streams; including the detailed 

Zone AE streams in St. Marys and the Zone A portions of those streams north of St. Marys, using 

rainfall-runoff models. A flow analysis was completed for the portion of the Kansas River included 

in this study, utilizing previous studies from the adjacent counties. For the remaining streams 

within this study, Zone A stream hydrology was performed using USGS Rural Regression 

Equations for Kansas. A summary of the streams that were studied is shown in Table 1. A figure 

that shows the type of hydrologic method used for each stream is shown in Figure 2. 

 

Table 1: Summary of Methods 

Study Area/Flooding Source Stream Miles Hydrologic Method 

College Creek 2.2 
Rainfall-Runoff Model 

(HEC-HMS) 

Kansas River 31.0 Flow Analysis 

Willard Creek 1.7 
Rainfall-Runoff Model 

(HEC-HMS) 

Various Zone A Streams 91.2 Kansas Regression Equations 

Total 126.1 - 

 
Figure 2- Type of Hydrologic Modeling Used for Each Stream in Phase II of the Middle Kansas Watershed 
project  

 

  KEY 
 HEC-HMS Model 

 Flow Analysis 

Kansas Regression Equations 
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This hydrologic study was performed to develop peak discharges for the 10%, 4%, 2%, 1%, 1%-, 

1%+ and 0.2% annual chance storm events.  The peak discharges computed from this analysis will 

be used in developing the hydraulic analyses for the streams within this study. 

 

The extents of the Zone A studies include those streams currently designated by FEMA, plus the 

conveyances with drainage areas equal to or greater than 1-square mile of drainage area within the 

scoped area of this project. A detailed adjustment of the stream network relative to aerial 

photography and LiDAR was completed to ensure proper streamline alignment and extent. 

 

The current effective Flood Insurance Study (FIS) Report for Pottawatomie County and the City 

of St. Marys is dated March 16, 2015. There is no current FIS Report for Wabaunsee County.  

 

GENERAL RAINFALL-RUNOFF MODEL 
The rainfall-runoff model HEC-HMS version 4.2 (Reference 2), developed by the USACE, was 

used for the two detailed rainfall-runoff models within this project, which include the College 

Creek watershed and the Willard Creek watershed. Figure 3 shows the extent of these two rainfall-

runoff models. Amec Foster Wheeler used HEC-HMS to generate subbasin runoff hydrographs 

for the 10%, 4%, 2%, 1%, 1% -, 1% + and 0.2% chance 24-hour SCS Type II rainfall events. These 

runoff hydrographs were routed and combined along the studied streams to produce the peak 

discharges. 

 

Subbasin boundary delineations were based on topography obtained as 1-meter LiDAR through 

the Kansas Data Access and Support Center (DASC).  Subbasin boundaries were first delineated 

using automated GIS processes including HEC-GeoHMS (Reference 3) and ArcHydro (Reference 

4) based on LiDAR Digital Elevation Models (DEM), and then manually edited as needed based 

on storage considerations and the most recent aerial photography available.  

 

The town of St. Marys, partially encompassed within the HEC-HMS models, has minimal storm 

water drainage systems. Furthermore, the majority of the storm water drainage systems in which 

they do have were only designed to contain runoff from the smaller storm events, generally the 

10% annual chance event or smaller. The primary purpose of this mapping update is to accurately 

model the risk associated with the larger storm events, specifically the 1% annual chance and 0.2% 

annual chance flooding events. During these larger storm events, surface water does not 

necessarily follow the sub-surface flows of the storm water drainage systems. Therefore, the storm 

water drainage networks (storm sewers) were not included in the HEC-HMS models as they are 

considered insignificant for the larger storm events and for this particular study.  

 

 

 

 

 

 

 

 

 
Figure 3: Boundary of the College Creek Watershed and Willard Creek Watershed HEC-HMS Models 
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RAINFALL 

The rainfall depths, shown in Table 2, were computed using rainfall grids developed by NOAA as 

part of Atlas 14: Precipitation-Frequency Atlas of the United States (Reference 5).  The depths 

represent an average of all partial-duration grid values within the areas that are included in the 

rainfall-runoff models. The 100-year minus and 100-year plus rainfall depths were computed by 

using the 100-year rainfall depth, the 95% lower confidence limit depth, and the 95% upper 

confidence limit depth published in Atlas 14; along with the known sample size of 1,000 data sets 

used in Atlas 14; to compute the standard deviation.  This computed standard deviation was then 

used to calculate the 84% lower and 84% upper confidence limits, which are the values used for 

the 100-year minus and 100-year plus rainfall depths, respectively.  

 

 

 

 

 

 

Willard Creek 

Watershed 

 

College Creek 

Watershed 
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Table 2: SCS Type II 24-hour Rainfall Depths for College Creek and Willard Creek Watersheds 

Event 
College Creek and Willard Creek Watersheds 

Depth (inches) 

10-year 4.9 

25-year 6.0 

50-year 6.8 

100-year 7.7 

100-year minus 6.7 

100-year plus 8.8 

500-year 9.9 

 

Rainfall values were also computed using the annual-maximum series. A comparison of these 

rainfall values to the partial-duration series is shown in Table 3. Since the calculations for the 

annual-maximum series rely on only one flood event for each year, and since the lower storm 

events are more likely to have multiple flood events in a given year, the partial-duration series 

would be more appropriate for lower frequency events.  In addition, since the two values are the 

same for the higher storm events, it was determined that the partial-duration rainfall values would 

be appropriate for all storm events in this study. 

 

Table 3: Comparison of Rainfall for Partial-Duration and Annual-Maximum Series 

Event 
Partial-Duration Series Annual-Maximum Series 

Minimum Mean Maximum Minimum Mean Maximum 

10-year 4.8 4.8 5.1 4.7 4.9 5.0 

25-year 5.8 6.0 6.2 5.8 5.9 6.1 

50-year 6.7 6.8 7.0 6.7 6.8 7.0 

100-year 7.6 7.7 7.9 7.6 7.7 7.9 

100-year lower 5.6 5.8 6.0 5.6 5.8 6.0 

100-year upper 9.6 9.9 10.6 9.6 9.9 10.6 

500-year 9.8 9.9 10.5 9.8 9.9 10.5 

RAINFALL LOSS 

The U.S. Department of Agriculture Soil Conservation Service (SCS) Curve Number (CN) 

Method was used to model rainfall loss (Reference 8).  The curve number is a function of both 

hydrologic soil group and land use. The table used to determine the CN value from the soil 

hydrologic soil group and land use is included as Table 7. The CN tables used assume an 

antecedent moisture condition (AMC) of II as it is representative of typical conditions, rather than 

the extremes of dry conditions (AMC I) or saturated conditions (AMC III). 

 

The value for initial abstraction was left blank in the HMS input file.  Per the HMS documentation, 

doing so will cause the program to calculate the initial abstraction as 0.2 times the maximum 

potential retention (S) which is calculated from the curve number as S = (1000/CN) – 10. This 

method is based on empirical relationships developed from the study of many small experimental 

watersheds, and is a commonly accepted method of estimating the initial abstraction. 
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SOILS DATA 

Soils data was obtained in shapefile and database format from the United Stated Department of 

Agriculture (USDA) Natural Resources Conservation Service (NRCS) website (Reference 6). 

Typical soils in the study area consist primarily of hydrologic soil groups C and D.   

LAND USE 

Land use was determined using a combination of data from the National Land Cover Dataset 

(NLCD) website (Reference 7) and aerial photography.  Eleven land use designations were utilized 

to develop the CN values for each subbasin. The CN values were taken from “TR-55 Urban 

Hydrology for Small Watersheds” Table 2-2 (Reference 8).  The land use designations are located 

in Table 7. As previously mentioned, the CN values were first calculated using AMC II conditions, 

as represented in Table 4. 

 

Table 4: CN Land Use and Soil Drainage Class Table 

Land Use Description 

Weighted CN 
(Includes Impervious) 

A B C D 

Open Water 98 98 98 98 

Developed, Open Space 51 68 79 84 

Developed, Low Intensity 57 72 81 86 

Developed, Medium Intensity 77 85 90 92 

Deciduous Forest 30 55 70 77 

Shrub/Scrub 43 65 76 82 

Herbaceous 43 65 76 82 

Hay/Pasture 49 69 79 84 

Cultivated Crops 65 75 82 86 

Woody Wetlands 36 60 73 79 

Emergent Herbaceous Wetlands 36 60 73 79 

 

The soil and land use data were combined using GIS processes in which specific curve numbers 

were defined for each soil-land use relationship shown in the CN Land Use and Soil Drainage 

Class Table (Table 7). Area-weighted curve number values were computed for each subbasin using 

GIS processes. The area weighted CN values were used in the HEC-HMS models.  

RAINFALL TRANSFORM (HYDROGRAPH) 

The time of concentration for each subbasin was calculated using the methodology outlined in TR-

55 Urban Hydrology for Small Watersheds (Reference 8) and Chapter 15: Time of Concentration 

of the National Engineering Handbook (Reference 9).  A GIS process was utilized to calculate the 

longest flow path within any given subbasin. The longest flow paths were then manually edited 

based on contour data and visual inspection of aerial photography to produce an effective time of 

concentration line. The total time of concentration consists of the sum of the travel times for sheet 

flow, shallow concentrated flow, and channel flow. Based on information described in TR-55 

Urban Hydrology for Small Watersheds (Reference 8), the maximum sheet flow length is 

approximately 300 feet. The areas within these HEC-HMS models are predominately residential 

areas or rural areas with moderate slopes. Therefore, it was determined that a maximum sheet 
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length of 100 feet was appropriate for the majority of the subbasins in these models. The division 

between shallow concentrated flow and channel flow was defined based on watershed features 

exhibited on the aerial images and topography.  In certain situations, it was necessary to define 

multiple shallow concentrated and channel flow regimes for a given longest flow path.  Time of 

concentration over water bodies was calculated using wave velocity. 

 

The parameters of flow area and wetted perimeter are required inputs for calculating the flow 

velocity used in the channel time of concentration calculations. Typical channel cross sections 

were defined for each subbasin, and trapezoidal cross-sections were defined from the project 

topography.  In order to calculate the flow area and wetted perimeter, several factors need to be 

considered.  For open channel flow, a trapezoidal channel shape was selected based on examination 

of aerial photography and topography. Channel width was approximated by close visual inspection 

of the aerial photography and LiDAR topography. 

 

The runoff was transformed into a hydrograph using the SCS Unit Hydrograph method. This 

method makes use of lag time, which is estimated as 0.6 times the time of concentration. Moderate 

relief is present in the study area; therefore, surface storage attenuation does not generally need to 

be accounted for in typical subbasins. Thus, it was determined that the SCS Unit Hydrograph is 

the most appropriate transform method to use for this study area.   

ROUTING 

The Muskingum-Cunge channel routing method was used for routing runoff through all reaches 

in the model. The channel geometry, slope, and hydraulic roughness were assigned, based on the 

LiDAR data and the aerial images. Eight-point cross sections were developed, based on 

examination of aerial photography and topography. Manning’s channel roughness values for the 

routing reaches were selected based off the aerial photography. Further explanation on use of the 

Muskingum-Cunge channel routing method for the large streams is included in the Flow 

Comparison section.  

COLLEGE CREEK WATERSHED 

The HEC-HMS model of the College Creek watershed has a total drainage area of approximately 

2.4 square miles. The model includes 33 subbasins, ranging from 7 to 291 acres. Seven of the 

subbasins contain residential and urbanized areas within the city of St. Marys, while the remaining 

areas are predominately rural.  

Rainfall and Aerial Reduction 

Areal reduction of the point rainfall depths was not deemed necessary for the College Creek 

watershed study since the rainfall depths were generated using the watershed boundary, and the 

watershed is less than 90 square miles.   

Storage Routing 

One storage area was modeled in the College Creek watershed hydrologic model, which represents 

storage behind the College Creek Lake dam. The criteria for including storage areas within the 

model was based on the storage type and the storage volume, with College Creek Lake being the 

only storage area within the watershed that met that criteria. Publicly owned structures are included 

in the HEC-HMS modeling. College Creek Lake has a storage volume of approximately 258 acre-
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ft at the top of dam. As-built plan information obtained from the Kansas Department of Agriculture 

was used for the outlet structure, spillway, and dam top specifications in the HEC-HMS model. 

Depth-storage rating curves were estimated from LiDAR topography, assuming LiDAR elevations 

represent normal pool, using an automated area-volume tool within GIS, at 0.2-foot intervals.   

 

Figure 4, illustrates the extent of the maximum water elevation for College Creek Lake during the 

1% annual-chance storm event, along with subbasin boundaries and streamlines.  

 
Figure 4- College Creek Watershed Details, including Extent of Maximum Water Elevation of Modeled Storage 

Area during 1% Annual Chance Storm Event 

  

WILLARD CREEK WATERSHED 

The HEC-HMS model of the Willard Creek watershed has a total drainage area of approximately 

1.2 square miles. The model includes 17 subbasins, ranging from 0.9 to 291 acres. Five of the 

subbasins contain residential areas within the city of St. Marys, while the remaining areas are 

predominately rural.  

Key 
 Subbasin Boundaries 

 Streamlines 

 1% Annual Chance 

WSE for Storage Area 
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Rainfall and Areal Reduction 

Areal reduction of the point rainfall depths was not deemed necessary for the Willard Creek 

watershed study since the rainfall depths were generated using the watershed boundary, and the 

watershed is less than 90 square miles.  

Storage Routing 

One storage area was modeled in the Willard Creek watershed hydrologic model, which represents 

storage behind a significant private dam. The criteria for including storage areas within the model 

was based on the storage type and the storage volume, with the large dam being the only storage 

area within the watershed that met that criteria. The large private dam has a storage volume of 

approximately 134 acre-feet at the top of dam, and is considered hydrologically significant. As-

built plan information obtained from the Kansas Department of Agriculture was used for the outlet 

structure, spillway, and dam top specifications in the HEC-HMS model. Depth-storage rating 

curves were estimated from LiDAR topography, assuming LiDAR elevations represent normal 

pool, using an automated area-volume tool within GIS, at 0.5-foot intervals.   

 

Figure 5, illustrates the extent of the maximum water elevation for the reservoir included in the 

Willard Creek watershed HEC-HMS model, during the 1% annual chance storm event, along with 

subbasin boundaries and streamlines.  

 
Figure 5- Willard Creek Watershed Details, including Extent of Maximum Water Elevation of Modeled Storage 

Area during 1% Annual Chance Storm Event 
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FLOW COMPARISON 

The current effective FIS Report for Pottawatomie County, which includes the City of St. Marys, 

is dated March 15, 2015. Table 5 provides a comparison of 1% annual chance peak discharges 

from the effective FIS Report and peak discharges developed as part of this detailed study.   

 

Table 5:  Comparison of 1% Annual Chance Discharge 

Location 

Drainage Area 1% Annual Chance 
Discharge (cfs) (mi2) 

FIS HMS FIS HMS 

College Creek         

 Above Union Pacific Railroad 1.53 1.49 2,240 2,277 

Willard Creek     

Above Union Pacific Railroad 0.74 0.76 1,600 1,657 

 

Flow values for both College Creek and Willard Creek at the Union Pacific Railroad are very 

similar to the flows described in the current effective FIS report.  

 

The peak discharges from the HEC-HMS models were compared to the peak discharges calculated 

using the Kansas Regression Equations. Figure 6 shows a comparison between the 1% annual 

chance flows from the HEC-HMS models and the 1% annual chance Kansas Regression Flows.  

 
Figure 6- Comparison of 1% Annual Chance Flows between HEC-HMS Models and Kansas Regression 

Equations 
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As expected, given the large dams within each watershed, many of the downstream flows from the 

HEC-HMS models fall well below the Kansas Regression Flows. However, the majority of the 

upstream flows from the HEC-HMS models, mostly represented as the smaller drainage areas, fall 

closely in line with the Kansas Regression Flows, with some flows from the HEC-HMS model 

being above and below the Regression Flows. 

 

The 1% plus annual chance flows generated by the HEC-HMS models, which accounts for 

variability that exists in the statistics of the rainfall calculations by using a 1% plus rainfall depth, 

were compared to the 1% plus annual chance flows calculated using an alternative method that 

combines the procedures described in Bulletin 17B (Reference 10) and the US Army Corps of 

Engineer’s Risk-Based Analysis for Flood Damage Reduction Studies Engineer Manual 

(Reference 12), which utilizes the 50%, 10%, and 1% annual chance peak flows from the HEC-

HMS models and an equivalent record length. Figure 7 shows the comparison between the two 

different uncertainty approaches. The calculations for the alternative uncertainty approach uses an 

equivalent record length of 30 years, which is an appropriate equivalent record length for calibrated 

rainfall-runoff models based on the guidance. The 1% plus annual chance flows using the rainfall 

uncertainty approach are nearly identical to the 1% plus annual chance flows using the alternative 

uncertainty approach with an equivalent record length of 30 years. While 30 is documented as the 

maximum equivalent record length to be used in the calculations, it still falls within an appropriate 

range for the modeling done and aligns with the 1% plus annual chance flows generated by the 

HEC-HMS model, using the 1% plus rainfall depth. Therefore, it was deemed appropriate to utilize 

the rainfall uncertainty approach to determine the 1% plus annual chance flows for the streams 

included in the HEC-HMS models for this project.  

 
Figure 7- Comparison of 1% Plus Annual Chance Flows Using Various Uncertainty Approaches
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GAGE AND FLOW ANALYSIS 
Five USGS gage stations were analyzed as part of this study; three gages are located on Zone A 

streams, upstream of this project’s study area; and two gages are located on the Kansas River, 

within this project’s study area. The gage on Rock Creek is located at Flint Rock Road, near 

Louisville, Kansas. There are two gages on Vermillion Creek; one is located just upstream of its 

confluence with Polly Creek, near Louisville, Kansas; and one is located further upstream, at 

Pauling Run Road. There are two gages within this study area on the Kansas River, one is located 

at Highway 99, in Wamego, Kansas; and one is located at Schoeman Road, near Belvue, Kansas. 

A summary of these five gages is shown in Table 6. Annual peak flow records were obtained from 

the USGS Water Resources website (Reference 16).  The gage on Rock Creek has an adequate 

period of record in which a confident peak flow frequency analysis could be computed. The gage 

on Vermillion Creek at Pauling Run Road; which has a gage description of being near Wamego, 

even though it is not close to Wamego; has significant period of record in which a confident peak 

flow frequency analysis could be computed. The gage on Vermillion Creek near Louisville does 

not have enough years of record for a confident peak flow frequency analysis. The USACE Kansas 

City District performed a hydrology analysis on the Kansas River in 2002. Details from this 

analysis are explained in a document titled “Kansas River Hydrology with Special Attention to 

Kansas River Hydrology near Topeka, KS” (Reference 13). A frequency flow analysis for the 

Kansas River gage was conducted for comparison purposes with the information in the Kansas 

River Hydrology report and the current effective FIS reports. Figure 8 shows the locations of the 

five gages, in relation to the streams included in this project’s study area.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6:  Summary of USGS Stream Gages 

USGS Gage Number Gage Description 
Drainage 
Area (mi2) 

Period of 
Record 

06888300 Rock Creek near Louisville, KS 128 1959-1990 

06888000 Vermillion Creek near Wamego, KS 243 1915-2017 

06888030 Vermillion Creek near Louisville, KS 297 1970-1984 

06887500 Kansas River at Wamego, KS 55,280 1902-2017 

06888350 Kansas River near Belvue, KS 55,870 1983-2017 
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Figure 8- Location of USGS Stream Gages  

 
 

Gage analyses were performed on the USGS gage for Rock Creek, one of the USGS gages for 

Vermillion Creek, and one of the USGS gages for the Kansas River using Bulletin 17C parameters 

(Reference 14), utilizing the USACE HEC-SSP software (Reference 15). An upper confidence 

limit of 84% was used to determine the flows for the 1% plus annual chance storm event. A lower 

confidence limit of 16% was used to determine the flows for the 1% minus annual chance storm 

event.  

 

USGS 06888300- Rock Creek near Louisville, KS 

USGS Station 06888300 is located near Louisville, Kansas, at Flint Rock Road, and has 32 years 

of record, dating from 1959 to 1990. Frequency flow estimates were calculated for this site. 

 

USGS 06888000- Vermillion Creek near Wamego, KS 

USGS Station 06888000 is located at Pauling Run Road. The gage description indicates that it is 

located near Wamego, Kansas; however, it is actually located north of Louisville, Kansas. The 

gage has 61 years of record, dating from 1915 to 2017. It should be noted that there are several 

gaps within the record, where there are no recorded peak flows. Frequency flow estimates were 

calculated for this site. 

 

USGS 06888030- Vermillion Creek near Louisville, KS 

USGS Station 06888030 is located near Louisville, Kansas and has 15 years of record, dating from 

1970 to 1984. Frequency flow estimates were not calculated for this site, as the gage does not have 

USGS 06888000 

USGS 06888300 

USGS 06888030 

USGS 06888350 

USGS 06887500 
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enough years of record for a confident analysis to be performed, and as the record ended 33 years 

ago.  

 

USGS 06887500- Kansas River at Wamego, KS 

USGS Station 06887500 is located at Wamego, Kansas and has 107 years of record, dating from 

1902 to 2017. The USACE Kansas City District’s Kansas River Hydrology report utilizes 

information for the Wamego gage in the analysis of the Kansas River.  Frequency flow estimates 

were calculated for this site, and were used for comparison purposes with the information in the 

Kansas River Hydrology report.  

 

USGS 06888350- Kansas River near Belvue, KS 

USGS Station 06888350 is located near Belvue, Kansas, and has 35 years of record, dating from 

1984 to 2017. The Belvue gage was not utilized in the USACE Kansas City District’s analysis of 

the Kansas River due to the gage’s short period of record, as compared to the other gages on the 

Kansas River. Therefore, frequency flow estimates were not calculated for this site. 

STATISTICAL GAGE ANALYSIS RESULTS 

A station and weighted skew was evaluated for the three gages suitable for the statistical gage 

analysis. A regional skew was not evaluated as part of this analysis, as all three gages have 

significant period of record for a confident peak flow frequency analysis. Table 7 shows a 

comparison of the 1% annual chance storm event, using the two methods of skew.   

 

Table 7: 1% Annual-Chance Comparison of Skew Methods 

USGS ID DA (sq mi) 
Station 
Skew 
(cfs) 

Weighted 
Skew 
(cfs) 

06888300 128 25,530 24,927 

06888000 243 28,567 29,906 

06887500 55,280 198,431 187,716 

 

Given the fact that the period of record for the Rock Creek gage ended 28 years ago and that there 

are missing periods of time in the record for the Vermillion Creek gage, it was determined that the 

weighted skew method was the most appropriate skew to use for determining peak discharges at 

these two gages. It should be noted that the flows for the two skew methods are very similar. Based 

on the consistency and extensive length of record for the Kansas River gage at Wamego, it was 

determined that the Station Skew would be the most appropriate skew to use for the Wamego gage. 

However, it should be noted that the results from this gage analysis are only being used for 

comparison purposes with the information in the USACE Kansas City District’s Kansas River 

Hydrology report. 

ROCK CREEK 

The effective FIS Report for Pottawatomie County, KS list flows for Rock Creek at State Route 

99, which is in Louisville, Kansas, indicating a drainage area of 187 square miles. State Route 99 

is near the upstream extent of this study. As previously mentioned, the gage on Rock Creek is 

located at Flint Rock Road, having a drainage area of 128 square miles. The results from the gage 

analysis were extrapolated using the Drainage Transfer Method to produce peak flows at the State 
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Route 99 location. These flows were then compared to the peak flows listed in the current effective 

FIS Report. The resulting flows from this analysis, using the station skew method, are very similar 

to the peak discharges listed in the effective FIS Report.  

 

The Drainage Transfer Method was utilized to extrapolate flows at the Rock Creek gage to the 

State Route 99 location, to adequately compare the results from the gage analysis to the flows 

listed in the FIS Report. The flows were computed using the following equation for unregulated 

streams, described in The National Streamflow Statistics Program: A Computer Program for 

Estimating Streamflow Statistics for Ungaged Sites (Reference 17), which utilizes flows from only 

one gage.  

 

Qu = Qd * (DAu / DAd)
b 

 

 Where:   

Qu = peak discharge at the upstream drainage point of interest, in cubic feet per second 

Qd = peak discharge at the downstream gage location, in cubic feet per second 

DAu = total area that contributes runoff to the upstream drainage point of interest, in 

square miles 

DAd = total area that contributes runoff to the downstream gage location, in cubic feet 

per second.  

b = Area Transfer Coefficient from the USGS Regression Equations for Kansas 

(Reference 1) 

For example, b equals 0.462 for the following Kansas regression equation: 

Q1%=1.16(A)0.462(P)2.250 

 

For a selected basin, the average mean annual precipitation (P) is the same 

and the flow ratio between two locations can be described as follows.                   

Q1 / Q2= (DA1 / DA2)
0.462 

 

Since there is no USGS Kansas Regression Equation for the 0.2% annual chance storm event, the 

Area Transfer Coefficient was extrapolated for the 0.2% storm event using the best-fit curve for 

the coefficients of the other storm events. 

 

Table 8, represents the peak discharges computed for Rock Creek as part of this statistical analysis. 
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  Table 8: Statistical Analysis Results for Rock Creek 

Location 
Drainage 

Area 
(sq. mi.) 

Peak Annual Chance Discharges (CFS) 

10% 
Annual 
Chance 

4% 
Annual 
Chance 

2% 
Annual 
Chance 

1% 
Annual 
Chance 

1%- 
Annual 
Chance 

1%+ 
Annual 
Chance 

0.2% 
Annual 
Chance 

USGS Gage at Flint 
Rock Road 

128 13,350 17,900 21,590 25,530 20,400 35,920 35,730 

At State Route 99 
(Gage Analysis) 

187 16,020 21,380 25,750 30,420 24,300 42,800 42,530 

At State Route 99 
(Current FIS Report) 

187 17,600 - 27,300 31,800 - - 44,000 

 

The resulting flows from the gage analysis are very similar to those flows listed in the effective 

FIS Report for Pottawatomie County, with the FIS flows being slightly more conservative. 

Therefore, it has been determined that using the discharges listed in the Pottawatomie County FIS 

Report at State Route 99 are appropriate to use along the entire extent of Rock Creek within this 

project’s study area.  

 

Peak flows for the 4%, 1%- and 1%+ annual chance storm events were not included in the 

Pottawatomie County FIS Report. Since the gage analysis flows were so similar to the flows listed 

in the FIS Report, it was deemed suitable to use the 4%, 1%- and 1%+ annual chance flows from 

the gage analysis for use in this study.  

VERMILLION CREEK 

The effective FIS Report for Pottawatomie County, KS does not list flows for Vermillion Creek. 

The results from the gage analysis of the Vermillion Creek gage at Pauling Run Road was 

extrapolated to produce flows approximately 1.4 miles upstream of Vermillion Creek’s confluence 

with Rock Creek, which is the upstream extent of this study. The weighted skew method results 

were chosen for the gage, as there are several missing periods of time in the record, the flows are 

slightly more conservative than when using the station skew, and the weighted skew is generally 

considered the most appropriate skew to use for Kansas streams. It should be noted that the flows 

for the two skew methods are very similar. The Drainage Transfer Method was used for 

determining the flows at the upstream extent of this study, which is downstream of the Pauling 

Run Road gage. The flows were computed using the equation for unregulated streams, described 

in The National Streamflow Statistics Program: A Computer Program for Estimating Streamflow 

Statistics for Ungaged Sites, previously explained, which utilizes flows from only one gage.  

 

Table 9, represents the peak discharges computed for Vermillion Creek as part of this statistical 

analysis.   
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  Table 9: Statistical Analysis Results for Vermillion Creek 

Location 
Drainage 

Area 
(sq. mi.) 

Peak Annual Chance Discharges (CFS) 

10% 
Annual 
Chance 

4% 
Annual 
Chance 

2% 
Annual 
Chance 

1% 
Annual 
Chance 

1% - 
Annual 
Chance 

1%+ 
Annual 
Chance 

0.2% 
Annual 
Chance 

USGS Gage at Pauling 
Run Road  

243 15,660  21,210  25,510  29,910  25,720 35,800  40,430  

Approximately 7,200 feet 
upstream of confluence 

with Rock Creek  
316 17,760 23,990  28,820  33,770  29,040 40,420  45,620  

KANSAS RIVER 

The Kansas River discharges were determined by analyzing data from the USACE Kansas City 

District, the current effective FIS reports for Riley and Shawnee Counties, and the gage at 

Wamego. The USACE Kansas City District performed a hydrology analysis on the Kansas River 

in 2002, and details are explained in a document titled “Kansas River Hydrology with Special 

Attention to Kansas River Hydrology near Topeka, KS” (Reference 13).  The current effective FIS 

for Riley County, dated March 16, 2015, includes a detailed study that was recently performed for 

the Kansas River from the east boundary of Riley County to 4.5 miles upstream of K-177, 

southwest of Manhattan, KS. Riley County is directly west of the portion of the Kansas River that 

is included within this project. The Riley County FIS lists flows at the east boundary of Riley 

County, which are stated as being at Wamego, which coincide with the flows documented in the 

USACE Kansas City District’s Kansas River Hydrology report. Based on the Kansas River gage 

at Wamego (USGS 06887500), the drainage area at the Wamego gage is 55,280 square miles. A 

detailed study was also previously completed for the portion of the Kansas River within Shawnee 

County, which is directly east of the area included within this project. The current effective FIS 

Report for Shawnee County, which is dated September 29, 2011, lists flows for the Kansas River 

at Sardou Avenue, which is in Topeka, KS. The peak discharges specified in the Riley County FIS 

Report at Wamego and the Shawnee County FIS Report at Sardou Avenue are shown in Table 10.    

 

  Table 10: Peak Discharges for the Kansas River 

Location 

Drainage 
Area 

(sq. mi.) 

Peak Annual-Chance Discharges (CFS) 

10% 2% 1% 0.2% 

At Wamego  
(Riley County FIS Report) 

55,280 79,500 157,000 203,000 345,000 

At Sardou Avenue  
(Shawnee County FIS Report) 

56,720 80,000 160,000 205,000 350,000 

At Wamego 
(Gage Analysis) 

55,280 80,800 155,500 198,400 331,900 

At Wamego 
(USACE Report) 

55,280 78,400 156,000 202,000 346,000 

 

For comparison purposes, a gage analysis was performed for the Kansas River gage at Wamego, 

KS. The USACE Kansas City District analysis included data sets that were developed for the 

period after 1920. Due to the lack of supplemental gages in the basin, it was not possible to extend 

the simulation period back before 1920. To allow for an accurate comparison of flows, the 

frequency flow estimates for the Wamego gage was calculated using only the time period after 
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1920. The resulting flows from the gage analysis are nearly identical to those flows listed in the 

effective FIS Report for Riley County. The discharges at Sardou Avenue in Topeka are only 

slightly higher than the flows specified at Wamego. Therefore, it has been determined that using 

the discharges listed in the Riley County FIS Report for Wamego are appropriate to use along the 

entire extent of the Kansas River within this project’s study area.  

 

Peak flows for the 4%, 1%- and 1%+ annual chance storm events were not included in the USACE 

Kansas City District’s Kansas River Hydrology report, nor the Riley County or Shawnee County 

FIS Reports. Since the gage analysis flows were so similar to the documented flows in the Kansas 

River Hydrology Report, it was deemed suitable to use the 4%, 1%- and 1%+ annual chance flows 

from the gage analysis for use in this study.  

 

APPROXIMATE HYDROLOGIC ANALYSIS 
The hydrology for the Zone A streams that are not modeled by an enhanced hydrologic method 

was developed using USGS Rural Regression Equations for Kansas. 

 

To prepare the drainage network, the scoped streams were adjusted based on LiDAR elevation 

data and aerial imagery obtained through the Kansas Data Access and Support Center. A flow 

accumulation grid was developed from the LiDAR data which provides a “pixel count” at desired 

flow change locations that represents the number of pixels flowing into it.  A simple calculation is 

used to convert this pixel count into square miles. Figure 9 illustrates how the drainage points 

correspond to the flow accumulation grid. 
 
Figure 9: Regression Analysis Discharge Calculation Example 
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The drainage points were located using automated processes along the stream centerline, generated 

from the DEM. The points were intersected with the accompanying flow accumulation grid to 

establish a contributing drainage area.  Initial drainage points were generated every 300 feet along 

the stream network. Flows for the 1% annual chance storm event were then calculated for each 

drainage point, based on the USGS Rural Regression Equations for Kansas (Reference 1).  

 

1) For larger drainage areas: Q1%=1.16(CDA)0.462(P)2.250 

2) For smaller drainage areas: Q1%=19.80(CDA)0.634(P)1.288 

 

 Where:   

Contributing Drainage Area (CDA) = is the total area that contributes runoff to the stream 

site of interest, in square miles. 

 

Precipitation (P) = average mean annual precipitation for the subbasin, in inches.  

 

The intersection of the two regression equations is used to determine the contributing 

drainage area in which to transition from the smaller drainage area equation to the 

larger drainage area equation. This intersection is generally at 30 square miles of 

drainage area. 

 

After flows were developed using the previously described equations, the drainage point file was 

filtered to produce the final drainage point file that represents points at or approximately at a 10% 

change in flows. To establish flow change location; filtering begins at the most upstream drainage 

point and subsequent downstream drainage points are evaluated.  The next flow change location 

is set to the larger of drainage point values where their percentile difference relative to previous 

flow value envelops a 10% change.  The process is repeated until the end of the stream is reached. 

 

The peak flows from the Mill Creek watershed HEC-HMS model, which was completed in Phase 

I of the Middle Kansas Watershed project, and the College Creek Watershed and Willard Creek 

Watershed HEC_HMS models, which were completed in Phase II of the Middle Kansas Watershed 

project, were compared to the flows calculated using the USGS Rural Regression Equations for 

Kansas. The flows were determined to be within an appropriate tolerance range, with some of the 

flows in the HEC-HMS models being above and below the Rural Regression flows. Therefore, it 

was concluding that the Kansas Regression Equations were suitable to use for the Zone A streams 

not modeled by a detailed hydrologic method. The USGS Rural Regression Equations for Kansas 

are as follows:  

 

1) For larger drainage areas:  

Q10  =  0.039 (CDA)0.480 (P)2.931 

Q25  =  0.195 (CDA)0.469 (P)2.603 

Q50  =  0.508 (CDA)0.465 (P)2.411 

Q100 = 1.160 (CDA)0.462 (P)2.250 

 

2) For smaller drainage areas:  

Q10  =  1.224 (CDA)0.611 (P)1.844 

Q25  =  4.673 (CDA)0.622 (P)1.572 

Q50  =  10.26 (CDA)0.628 (P)1.415 
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Q100 = 19.80 (CDA)0.634 (P)1.288 

 

Where:   

Contributing Drainage Area (CDA) = is the total area that contributes runoff to the stream 

site of interest, in square miles. 

 

Precipitation (P) = average mean annual precipitation for the subbasin, in inches.  

 

The intersection of the two regression equations is used to determine the contributing 

drainage area in which to transition from the smaller drainage area equation to the 

larger drainage area equation. This intersection is generally at 30 square miles of 

drainage area. 

 

Since there is no USGS Kansas Regression Equation for the 0.2% annual chance storm event, 

Regression Equations for the 0.2% annual chance storm event were determined by an extrapolation 

procedure that utilizes the other USGS Kansas Regression Equations.   

 

The peak flows for the 1% minus and 1% plus annual chance storm events were determined using 

the upper and lower limit model standard error of prediction for the 1% annual chance USGS Rural 

Regression Equations for Kansas (Reference 1). The upper limit model standard error of prediction 

is +71% for the smaller drainage areas and +47% for the larger drainage areas. The lower limit 

model standard error of prediction is -44% for the smaller drainage areas and -32% for the larger 

drainage areas.  

 

Peak flows were then calculated for each drainage point within the filtered points file that was 

generated for the approximate Zone A streams, using the Kansas Regression Equations for the 

10%, 4%, 2%, 1%, 1% Minus, and 1% Plus annual chance storm events and the extrapolated 0.2% 

annual chance storm event.  

 

CONCLUSION 
As a result of this hydrologic analyses, peak discharges have been developed for the 10%, 4%, 

2%, 1%, 1% -, 1% + and 0.2% annual chance storm events for the detailed Zone AE streams and 

the approximate Zone A streams. Peak discharges for the detailed Zone AE streams, developed by 

the enhanced hydrologic analyses described in this report, are represented in Table 11 – Summary 

of Discharges.  

 

TABLE 11 – SUMMARY OF DISCHARGES 

  
 PEAK ANNUAL CHANCE DISCHARGES (CFS) 

FLOODING SOURCE DRAINAGE 
AREA (sq. 

miles) 

10% 4% 2% 1% 1% - 
Annual 
Chance 

1% + 
Annual 
Chance 

0.2% 

AND LOCATION 
Annual 
Chance 

Annual 
Chance 

Annual 
Chance 

Annual 
Chance 

Annual 
Chance 

College Creek         

At Union Pacific Railroad 1.49 1,297 1,664 1,951 2,277 1,914 2,679 3,083 

Kansas River          

At Wamego 55,280 79,500 119,500 157,000 203,000 162,700 263,800 345,000 

Willard Creek          

At Union Pacific Railroad 0.76 872 1,180 1,404 1,657 1,376 1,969 2,278 
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TABLE 11 – SUMMARY OF DISCHARGES 

  
 PEAK ANNUAL CHANCE DISCHARGES (CFS) 

FLOODING SOURCE DRAINAGE 
AREA (sq. 

miles) 

10% 4% 2% 1% 1% - 
Annual 
Chance 

1% + 
Annual 
Chance 

0.2% 

AND LOCATION 
Annual 
Chance 

Annual 
Chance 

Annual 
Chance 

Annual 
Chance 

Annual 
Chance 

At West Palmer Street 0.78 896 1,209 1,442 1,699 1,414 2,021 2,334 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer:  As mapping tasks are completed, the potential for minor changes to the information 

submitted in the hydrology submission and within this report may become necessary.  The data 

provided in this submission and report may not be completely representative of the hydraulics used 

to produce the final map product.  Therefore, this report and the hydraulics submission should be 

considered as draft.  This submission should be considered a complete step in progress but not 

necessarily the final product since the post preliminary process is not yet completed and the 

floodplain maps are not yet effective. 
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Introduction 
This report presents the hydraulic analyses for Phase II of the Middle Kansas Watershed project, which includes 

portions of Pottawatomie and Wabaunsee Counties. Phase I of the project was completed in 2017 and included 

new data development and floodplain mapping for approximately 4.4 miles of streams within the City of Wamego, 

resulting in updated Zone AE floodplains with a floodway and an AH Zone on the east side of town; approximately 

6.6 miles of a stream near the City of Paxico, resulting in an updated Zone AE floodplain without a floodway; and 

approximately 571 miles of streams within Wabaunsee County, resulting in updated Zone A floodplains. Phase II 

of the project includes new data development and floodplain mapping for a 1.0 mile stream within the City of St. 

Marys, resulting in an updated Zone AE floodplain with a floodway; a 1.2 mile stream within the City of St. Marys, 

resulting in an updated Zone AE floodplain without a floodway; approximately 28 miles of the Kansas River, 

resulting in an updated Zone AE floodplain with a floodway; and approximately 84.1 miles of streams within 

Pottawatomie County, resulting in updated Zone A floodplains. Phase II of this project will result in new floodplain 

maps for those areas currently excluded from the digital portion of the county maps and required to use the old 

paper maps. Figure 1 illustrates the mapping updates for Phase I and Phase II of the Middle Kansas Watershed 

project. The streams highlighted in yellow are part of the Phase II portion of the project.  

Figure 1: Middle Kansas Mapping Updates: Phase I and Phase II 

 

This report presents the hydraulic analyses for the detailed Zone AE streams within the City of St. Marys, the portion 

of the Kansas River within Pottawatomie and Wabaunsee Counties, which is a detailed Zone AE stream, and the 

Zone A streams included on the map panels that were excluded from the last map revision. All of these studies lie 

within the Middle Kansas Watershed (HUC8 10270102). This project consists of new hydrologic and hydraulic 
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studies using current watershed characteristics and new detailed topography for approximately 30.2 miles of 

streams modeled by detailed methods, resulting in updated Zone AE floodplains; and approximately 84.1 miles of 

streams studied by approximate methods, resulting in updated Zone A floodplains. A summary of the streams that 

were studied is shown in Table 1. A figure that shows the flood zone designations for each stream is shown in 

Figure 2. 

Table 1: Summary of Methods 

Study Area/Flooding Source Zone Stream Miles Hydraulic Method 

College Creek AE without floodway 1.2 Unsteady State 2D HEC-RAS 

College Creek A 1.0 Unsteady State 2D HEC-RAS 

Kansas River AE with floodway 28.0 Steady State 1D HEC-RAS 

Rock Creek A 8.5 Rainfall-Runoff 2D HEC-RAS 

Willard Creek AE with floodway 1.0 Steady State 1D HEC-RAS 

Willard Creek A 0.7 Steady State 1D HEC-RAS 

Various Zone A streams A 82.4 Steady State 1D HEC-RAS 

Total - 122.8 - 

 

Figure 2: Flood Zone Designations 
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This study was performed to develop floodplains for the 10%, 4%, 2%, 1%, 1%-plus, and 0.2% annual chance storm 

events. The peak discharges computed during the hydrologic analyses were used in developing the hydraulic 

analyses for the streams within this study. 

The extents of the approximate Zone A studies include those streams currently designated by FEMA, plus the 

conveyances with drainage areas equal to or greater than 1-square mile of drainage area; excluding those 

“conveyances” that have contributing drainage areas of less than one square mile, have an average flood depth of 

less than one foot, and/or lack a defined channel. A detailed adjustment of the stream network relative to aerial 

photography and LiDAR was completed to ensure proper streamline alignment and extent. 

The current effective Flood Insurance Study (FIS) Report for Pottawatomie County and the City of St. Marys is dated 

March 16, 2015. There is no current FIS Report for Wabaunsee County.  

Detailed Hydraulic Analysis  
The detailed hydraulic studies included the use of steady state 1-dimensional (1D) and unsteady-state 2-

dimensional (2D) HEC-RAS analysis. The defined streams were studied using Hydrologic Engineering Center’s River 

Analysis System (HEC-RAS), version 5.0.3 (Hydrologic Engineering Center (HEC), 2016) or 5.0.5 (Hydrologic 

Engineering Center (HEC), 2018) published by the United States Army Corps of Engineers (USACE). Discharge values 

developed during the hydrologic analysis phase of this project were used in the hydraulic studies. Details for the 

hydrologic development can be found in the Middle Kansas Hydrology Report (Amec Foster Wheeler, 2018). 

Steady-State 1D HEC-RAS Analysis 

Steady State 1D HEC-RAS analysis was performed for Willard Creek and the portion of the Kansas River included 

in this project.  Initial modeling for the hydraulic analyses was performed using HEC-GeoRAS (Hydrologic 

Engineering Center (HEC), 2013), a Geographic Information Systems (GIS) interface developed by HEC for the 

preparation of hydraulic models; and Wood Environment & Infrastructure Solutions (E&IS), Inc’s Stream Modeling 

and Automated Risk Tool (SMART), which is a similar interface developed by Wood E&IS for the preparation of 

hydraulic models. With both tools, the user can define the spacing of the cross sections and the desired width of 

the cross-sections for each stream. Hydraulic cross sections are placed using these parameters along with the best 

available topography. To develop the cross-section geometry, 1-meter LiDAR data obtained through the Kansas 

Data Access and Support Center (DASC) (State of Kansas, 2018) was used. For each stream, cross-sections were 

then adjusted using engineering judgement to achieve the most appropriate spacing, width, and location deemed 

necessary for the detailed study. The cross-sections were also extended as necessary to uphold the bounding 

polygon principle during floodplain development, thus ensuring that the plotted floodplain was completely 

contained. In many cases this was a trial-and-error process that involved manually editing the cross-sections 

several times in order to get the best combination of spacing and section width. 

Field surveys were conducted for the structures along the Kansas River and the Zone AE portion of Willard Creek. 

Field notes consisting of structure dimensions, channel geometry, and structure material (i.e. corrugated metal 

pipe, concrete box culvert, etc), were used in conjunction with basic survey data to accurately represent the 

structures within the HEC-RAS models.   

Manning’s n roughness coefficients were assigned to the channel sections and overbanks using engineering 

judgment, which included utilization of the most recent aerial photography available and field reconnaissance. The 

Manning’s n values used in each model are specified in later sections of the report. Bank stations were evaluated 

and placed based on elevation data and aerial interpretation. Blocked obstructions and ineffective flow areas were 



 

 

5 DRAFT 

placed using engineering judgement; which included utilization of the most recent aerial photography, LiDAR data, 

and plotted floodplains; to provide an accurate representation of the flow area for each cross section.  

Flood profiles were computed within HEC-RAS for the 10%, 4%, 2%, 1%, 1% Plus, and 0.2% annual chance flood 

events for the Zone AE areas. The flood profiles were plotted using FEMA’s RASPLOT software (Federal Emergency 

Management Agency (FEMA), 2015) for the Zone AE areas. It should be noted that, in some instances, draw-downs 

less than 0.5 feet were present.  Attempts were made to resolve all draw-downs by using reasonable engineering 

methods to alter the hydraulics. When attempts were determined to be unsuccessful, draw-downs were resolved 

on the printed profiles by projecting the downstream water surface elevation upstream until it crossed the original 

profile.   

Floodways were developed for the Zone AE portions of the Kansas River and Willard Creek using equal reduction 

of conveyance on opposite sides of the stream, where possible, while allowing a maximum surcharge of 1.0 ft.  Per 

FEMA’s guidance, floodways were not determined for Static Zone AE or Zone AH areas.   

Kansas River 

The Kansas River steady state HEC-RAS analysis was performed to model approximately 28.0 miles of the Kansas 

River, extending from the Pottawatomie-Shawnee County line to the Pottawatomie-Riley County line. The 

Manning’s n value used in the channel sections was 0.03. The Manning’s n values used in the overbanks ranged 

from 0.045 to 0.12. Near structures, contraction and expansion coefficients were set at 0.3 and 0.5, respectively. 

The downstream boundary condition (starting water surface elevation) was based on the water surface elevations 

for the current effective floodplain and model for the Kansas River in Shawnee County. The upstream boundary 

condition was based on the water surface elevations of the current effective floodplain and model for the Kansas 

River in Shawnee County. A floodway was developed, matching the floodway extents at each county boundary.  

There are three structures associated with this portion of the Kansas River that are referenced as levees on the 

current effective maps. The far upstream levee-like structure is located near the Pottawatomie-Riley County line. 

The 1% annual chance floodplain on the effective Riley County maps overtops the structure, indicating that this 

structure does not provide flood protection against the 1% annual chance flood. The structure does however block 

flow going downstream as it crosses the floodplain perpendicularly. Thus, a blocked obstruction was added in the 

model for the inside area of this structure, but no additional levee modeling is needed. The second levee-like 

structure is located south of Wamego. This structure is completely overtopped during the 1% annual chance storm 

event and is considered hydraulically insignificant. The far downstream levee-like structure is located near the 

Pottawatomie-Shawnee County line. The floodplain splits just upstream of this structure, following both the main 

stream and an oxbow that wraps around to the north. While the levee-like structure does appear to provide some 

protection during the 1% annual chance event as it does not overtop, water still wraps around from the north and 

reaches the back-side of the levee. Due to this natural occurrence, we do not believe it is approximately to drop 

the water surface elevations behind the levee using a natural valley scenario, and thus consider the elevations in 

the with-levee model appropriate for the areas on both side of the levee-like structure. 

Willard Creek 

The Willard steady state HEC-RAS analysis was performed to model approximately 1.7 miles of Willard Creek, of 

which 1.0 mile is designated as Zone AE area and 0.7 mile is designates as Zone A area. The detailed Zone AE area 

extends from the confluence of Doyle Creek to approximately 1,080 feet upstream of Oregon Trail Road. The 

Manning’s n value used in the channel sections ranged from 0.04 to 0.045. The Manning’s n values used in the 

overbanks ranged from 0.012 to 0.10. Near structures, contraction and expansion coefficients were set at 0.3 and 
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0.5, respectively. The downstream boundary condition (starting water surface elevation) was based on normal 

depth calculations. A floodway was developed. 

Unsteady-State 2D HEC-RAS Analysis 

Unsteady State 2D HEC-RAS analysis was performed for College Creek due to the unique nature of the channel 

and the multi-directional flow experienced through the town of St. Marys. The model was developed to depict 

flooding for approximately 2.2 miles of College Creek, of which 1.2 miles are designated as Zone AE area and 1.0 

mile is designated as Zone A area. The detailed Zone AE area extends from the confluence of Doyle Creek to 

approximately 350 feet upstream of the Union Pacific Railroad. Hydrographs developed during the hydrologic 

analysis phase of this project were utilized in the model to accurately represent the inflow at the upstream 

boundary of the study area, as well as the inflow experienced along the stream within the study area. A floodway 

was not developed for College Creek.  

Terrain Layer  

The accuracy and detail of the terrain model is critical in creating an accurate and detailed 2D model.  For the 

College Creek model, high-resolution (one-meter) bare-earth LiDAR datasets were obtained from the Kansas Data 

Access and Support Center (State of Kansas, 2018).  These datasets provide precise and comprehensive information 

on the topography of the study area. 

Within the LiDAR data, hydraulic structures that allow flow through an embankment are typically not represented.  

Because of this, incorporating the raw LiDAR into the 2D terrain model can overestimate storage behind these 

embankments and redirect flow erroneously. Therefore, the LiDAR dataset was modified at locations with structures 

through embankments to allow flow to pass through them (a.k.a hydro-enforced). This hydro-enforcement utilized 

a default opening width of eight feet (roughly two LiDAR cells), with additional refinements based on aerial 

imagery.  In addition, modifications were made to the LiDAR dataset based on survey data for the channel bottom 

elevation and width. Once these items were done, the LiDAR was loaded into the model as the terrain layer. 

Land Use Layer  

Manning’s roughness coefficients were defined across the study area for use in the 2D calculations.  Roughness 

values were defined based on the land use across the region, and taken primarily from Chow’s Open-Channel 

Hydraulics (G.W. Brunner, 2016).  Land use was determined using a combination of data obtained from the National 

Land Cover Dataset (United States Geological Survey (USGS), 2018), GIS processing, and aerial photography. 

Buffers around the streamline were incorporated into the land use layer, so separate roughness coefficients could 

be assigned to the channels. The roughness coefficients used for the channel were 0.03 for the portion of the 

stream south of the Union Pacific Railroad and 0.045 for the portion north of the Railroad.  Once all coefficients 

were assigned, the Manning’s layer was then incorporated into the HEC-RAS model. Table 4 shows the Manning’s 

roughness coefficients assigned to each land use type.  

Table 2: Manning’s Roughness Coefficients with the associated Land Use 

Land use Description 
Manning’s Roughness 

Coefficient (n) 

Developed, Open Space 0.04 

Developed, Low Intensity 0.10 

Developed, Medium Intensity 0.12 

Developed, High Intensity 0.12 
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Land use Description 
Manning’s Roughness 

Coefficient (n) 

Barren Land 0.03 

Deciduous Forest 0.12 

Shrub/Scrub 0.10 

Herbaceous 0.05 

Hay/Pasture 0.05 

Cultivated Crops 0.06 

Woody Wetlands 0.10 

Emergent Herbaceous Wetlands 0.07 

Open Water 0.03 

Roads 0.012 

Buildings 0.15 

Computational Mesh 

A 2D computational mesh was then developed within the HEC-RAS software environment utilizing a 2D area 

boundary, the terrain layer, and the land use layer.  HEC-RAS uses a finite-volume solution scheme, which allows 

for a structured or unstructured computational mesh, meaning cells can have anywhere from three to eight sides. 

For each cell, the cross-section information is derived at the faces of the cell, with storage information developed 

within the cell’s area. 

Initial cell sizes for the mesh were set to 50 feet. Break line features were used to add detail where appropriate. 

Break lines are used to enforce the automated mesh generation implemented within HEC-RAS, and are generally 

set at the top of embankments; such as roads, railroads, levees, and dams. Utilizing these break lines forces cell 

faces to align with the embankment features. Break lines were also set along the channel centerlines or along 

banks to ensure proper detail within the channels. The automated mesh generation had some issues that required 

manual correction. Manual correction was also required where additional detail was needed in the mesh, such as 

to better depict the Manning’s roughness coefficient of an area.  

Hydraulic Structures 

Internal 2D area connections with hydraulic structures were placed along the Zone AE portion of the stream, based 

on field surveys that were conducted. Field notes consisting of structure dimensions, road elevations, channel 

geometry, and structure material (i.e. corrugated metal pipe, concrete box culvert, etc), were used in conjunction 

with basic survey data to accurately represent the structures within the HEC-RAS models. It should be noted that 

HEC-RAS 5.0.5 cannot currently model bridges in an internal 2D area connection. Therefore, bridges were modeled 

as culverts that had roughly the same size opening as the bridge opening.   

Boundary Conditions 

Hydrographs generated from the HEC-HMS model that was developed for the College Creek Watershed were 

utilized in the HEC-RAS model to accurately represent the inflow at the upstream boundary of the 2D area, as well 

as the inflow experienced along the length of College Creek. These inflows are represented as a boundary condition 

line at the upstream end of the 2D area, and internal 2D area connections throughout the 2D area. Also, boundary 

conditions were needed along the south, southeast, and southwest edges of the 2D area, in addition to the 

downstream end of College Creek, to properly account for all the water that leaves the model area during a storm 
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event. For this study, all these boundary conditions were entered as normal depth and calculated based on the 

slope of the ground surface or channel at the boundary. 

Computational Settings 

For this HEC-RAS model, diffusion wave equations were selected as opposed to the full momentum equations.  

This basin is not highly dynamic (compared to a dam breach for example), does not include abrupt contractions 

and expansions, and does not experience any noticeable super critical flow.  In addition, tidal influences, super 

elevations around channel bends, and wave propagation are not concerns in this study.  Based on these criteria, 

diffusion wave equations were deemed acceptable, with all other computational options set to the default HEC-

RAS settings. 

The adjustable computation time step capabilities of HEC-RAS Version 5.0.5 were utilized in this modeling. The 

computational time step is selected based on a maximum and minimum courant number and computational 

criteria highlighted in the 2D User’s Manual (G.W. Brunner, 2016), which references the following equations: 

  

 Where C is the Courant number, V is velocity, ∆X is the average cell size, and ∆T is the time step. 

The model simulation time was two days. 

 

Approximate Hydraulic Analysis 

With the exception of Rock Creek, the defined approximate Zone A streams were studied using the hydraulic 

computer model HEC-RAS version 5.0.3 (Hydrologic Engineering Center (HEC), 2016), developed by the U.S. Army 

Corps of Engineers. Discharge values developed during the hydrologic analysis phase of this project were used in 

the hydraulic studies. Details for the hydrologic development can be found in the Middle Kansas Watershed 

Hydrology Report (Amec Foster Wheeler, 2018). 

Wood E&IS’s Stream Modeling and Automated Risk Tool (SMART) was used to assist in the development of the 

geometries and resulting floodplains for the majority of the Zone A designated streams. With the tool, the user 

can define the spacing of the cross sections and the desired width of the cross-sections for each stream. Hydraulic 

cross sections are placed using these parameters along with the best available topography. To develop the cross-

section geometry, 1-meter LiDAR data obtained through the Kansas Data Access and Support Center (State of 

Kansas, 2018) was used. The spacing, width, and location of cross-sections were then adjusted, as needed. The 

bounding polygon principle must be observed during floodplain development; therefore, the cross-sections were 

extended, as necessary, to ensure that the plotted floodplain was completely contained. In many cases this was a 

trial-and-error process that involved manually editing the cross-sections several times in order to get the best 

combination of spacing and section width. 

Hydraulic structures were not included in the approximate hydraulic models per industry standards. 
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Manning’s n-values were assigned based on aerial photography.  In general, the Manning’s n-values ranged from 

0.035 to 0.045 in the channel sections and 0.05 to 0.10 in the overbanks.  Contraction and expansion coefficients 

were set at 0.1 and 0.3, respectively.  The downstream boundary condition (starting water surface elevation) for 

these streams was based on normal depth calculations. Bank stations were evaluated and placed based on aerial 

interpretation and LiDAR imagery. Ineffective flow areas were placed using engineering judgement; which included 

utilization of the most recent aerial photography, LiDAR data, and plotted floodplains; to provide an accurate 

representation of the flow area for each cross section. 

Flood profiles were computed within HEC-RAS for the 10%, 4%, 2%, 1%, 1% Plus, and 0.2% annual chance flood 

events.   

Rock Creek 

Due to the unique nature of the Rock Creek floodplain and its overflow areas as it extends east toward Vermillion 

Creek, 2D modeling was deemed necessary to accurately portray the flooding downstream of the Town of 

Louisville. Rock Creek has a drainage area of approximately 187 square miles in the Town of Louisville. The rain on 

grid capabilities of HEC-RAS version 5.0.5 (Hydrologic Engineering Center (HEC), 2018) published by the United 

States Army Corps of Engineers (USACE) was utilized for the hydraulic modeling for Rock Creek.  In the HEC-RAS 

rain on grid 2-dimensional (2D) flow module, an excess rainfall hyetograph is applied to the 2D area of the model 

as a boundary condition.   

Extents of the 2D area are based on watershed delineations using 1-meter LiDAR acquired through the Kansas 

Data Access and Support Center (State of Kansas, 2018).  The basin boundary was delineated using automated GIS 

processes based on lidar Digital Elevation Models (DEM). Manual corrections were then made to ensure proper 

boundaries. An explanation of the terrain layer, land use layer, computational mesh, and computational settings 

used in this model can be found in the Unsteady State 2D HEC-RAS Analysis section of this report. Hydraulic 

Structures were not included in the Rock Creek model per Zone A industry standards. Boundary conditions were 

needed at the downstream end of the 2D area, to properly account for all the water that leaves the model area 

during a storm event. For this study, all these boundary conditions were entered as normal depth and calculated 

based on the slope of the ground surface or channel at the boundary. 

Excess Rainfall Hyetograph 

Average values for rainfall depth and curve number were used to develop an excess rainfall hyetograph 

representing the basin. Methods for determining these are described in the Middle Kansas Hydrology Report. This 

hyetograph was applied to the 2D area that encompasses all the drainage to Rock Creek upstream of the very flat, 

river bottom ground associated with the confluences of Rock Creek, Vermillion Creek, and the Kansas River; which 

begins approximately 9,200 feet upstream of Louis Vieux Road. The excess rainfall hyetograph was not applied 

downstream of this location, only the flows along the channel were applied, to ensure that the plotted floodplain 

only represents the flooding associated with Rock Creek.  

The CN was used to determine initial and continuous abstractions that approximate rainfall infiltration and 

interception losses.  The initial abstraction, Ia, was calculated as 0.2S, where S is the maximum potential retention, 

calculated as 

 𝑆 = (1000/𝐶𝑁) − 10 

The continuous abstraction, Fa, was calculated as  

𝐹𝑎 = 𝑆 (
(𝑃 − 𝐼𝑎)

(𝑃 − 𝐼𝑎 + 𝑆)⁄ ).   
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For this study area, a NRCS Type II distribution was selected for the rainfall hyetograph. After removing the losses, 

the excess rainfall was applied directly to the 2D area in HEC-RAS as a precipitation boundary condition time series.  

The 1% annual chance rainfall before and after losses were removed are 7.6 inches and 4.8 inches, respectfully.  

Areal reduction was then applied to the excess rainfall hyetograph. The CTP has accepted the use of modified 

excess rainfall hyetographs to reduce the volume, as necessary, for larger streams that are volume sensitive, yet 

keep appropriate peak flows for streams with smaller drainage areas that are peak sensitive. This is accomplished 

by removing volume from the rising and falling limbs of the hyetograph, but maintaining peak flows in the center 

portion of the original hyetograph. See Figure 3 for a visual of these adjustments. Multiple iterations were made 

to the modified excess rainfall hyetograph. Comparisons were made between flows in the model and gage analysis 

flows, regression flows, and base model flows (prior to any areal reduction) to determine the most appropriate 

areal adjustment ratio for Rock Creek, which was determined to be 79%. Based on the methodology described in 

Natural Resource Conservation Service (NRCS) Technical Release 60- Earth Dams and Reservoirs [14], areal 

reduction for humid and sub-humid climates, like those in Kansas, can have an areal adjustment ratio as low as 

78%. The model flows at the USGS Gage on Rock Creek, located upstream of Louisville, were slightly higher than 

the gage analysis flows. The model flows at State Route 99, located in the City of Louisville and within the detailed 

Zone AE area, were slightly lower than the 1% annual peak discharges described in the current effective FIS report 

for Pottawatomie County. Flows at various locations in the upper reaches of the model were within reasonable 

tolerances of the regression flows and base model flows (before areal reduction was applied). These comparisons 

provide confidence in the modified excess rainfall hyetograph applied to the model.  

Figure 3: Example of Original Excess Rainfall Hyetograph vs Modified Excess Rainfall Hyetograph for Areal Reduction Purposes 
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Floodplain Plotting 

This model was developed to depict flooding for approximately 8.5 miles of Rock Creek, extending from its 

confluence with Vermillion Creek to the Zone AE area near the City of Louisville, which begins approximately 1.1 

miles downstream of State Route 99. The portion of Rock Creek included in this study is considered Zone A area. 

Floodplain plotting for the portion of the model not receiving direct precipitation was done using GIS processing 

on the max water surface elevation grid. Floodplain plotting for the portion of the model receiving direct 

precipitation and included in this study area was done using a shore-lining process developed by Wood E&IS.  

With rain on grid modeling, flood elevations are computed for the first cell and water gets deeper as you move 

downstream. The resultant floodplain covers a significant amount of the studied area. This level of holistic analysis 

needs to be balanced with flood insurance policy intent. Thus, GIS processing has been done on the computed 

raw water surface elevation and depth grids taken directly from the HEC-RAS model to create regulatory 

floodplains that reflect flooding from Rock Creek. New water surface elevations are calculated based on flooding 

origins for the stream, and never exceed the original water surface elevations from the HEC-RAS model. The net 

result is that the water surface is ‘run into the ground’ or ‘shore-lined’ from the flooding origins to generate the 

“regulatory floodplains and grids”. Note that this plotting is produced from the 1-meter, NAVD 88 vertical datum, 

LiDAR data. Figure 4 shows a comparison between the raw water surface elevation grid and the “plotted regulatory 

floodplain and grid”. “Regulatory floodplains and grids” have been developed for the 1% annual chance storm 

event. “Regulatory floodplains and grids” will also be developed for the 0.2% annual chance storm event following 

Independent Technical Review. 

Figure 4: Plotted Floodplains verse Raw Water Surface Elevation Grid 
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Hydraulic Results 
The resulting 1% and 0.2% annual chance floodplain elevations produced by the HEC-RAS models were plotted 

on the digital terrain produced from 1-meter, NAVD 88 vertical datum, LiDAR data for all streams modelled.  

Base Flood Elevations (BFE) were developed for the Zone AE areas by using GIS processes.  Contour GIS processes 

were utilized to effectively derive representative spatial BFE lines.  Please note that for the 2D areas, BFE’s will vary 

greatly and will be dependent on the hydraulic results of each cell location.  Therefore, BFE’s in the 2D area will 

spatially fluctuate horizontally across the floodplain boundary, based on the hydraulic results.  

Profiles have been developed for the Zone AE portion of Willard Creek and for the Kansas River; containing the 

10%, 4%, 2%, 1%, 1% Plus, and 0.2% annual chance events. Profiles were not developed for the Zone AE portion 

of College Creek since it was developed using 2D modeling. 

Floodways were plotted for the Zone AE portion of Willard Creek and for the Kansas River in accordance with FEMA 

Guidelines and Specifications. Encroachment stations developed from the HEC-RAS models were used in floodway 

development, assuming a surcharge between 0.0 and 1.0 foot. Floodway data tables were created for Zone AE 

portion of Willard Creek and for the Kansas River, and contains the floodway data taken from the HEC-RAS models.  

A floodway was not developed for College Creek. The current effective maps for St. Marys does not include a 

floodway for College Creek. The use of full two-dimensional modeling offers more benefit to the community than 

other modeling methods that would currently allow the creation of a floodway. This approach will be discussed 

with the community stakeholders during the flood risk review.  

Comparisons to Current Effective Mapping 

College Creek, Willard Creek, and a portion of the Kansas River located in Pottawatomie County were previously 

mapped as Zone AE flood zones, but are currently excluded from the digital portion of the county maps and are 

required to use the old paper maps. The paper maps for the City of St. Marys are based on hydraulic analyses 

completed in 1979. The paper maps for the Unincorporated Areas of the County are based on hydraulic analyses 

completed in 1987. The portion of the Kansas River located in Wabaunsee County is currently mapped as Zone A 

flood zones. A hydrologic and hydraulic analysis for Pottawatomie County was completed in 2008, with mapping 

information included in a preliminary DFIRM database. However, the mapping for those areas included in this study 

did not go forward on the effective maps.   

The new floodplains for College Creek are larger than those depicted on the paper maps, but include more holes 

in the overflow area to the west. The new floodplains are smaller, however, than those included in the 2008 

preliminary DFIRM database. This is most likely due to the application of 2D modeling methodology.  

The new floodplains for Willard Creek appear to be relatively similar to those depicted on the paper maps. The 

floodplains and floodway in the new mapping are generally smaller upstream of the railroad, when compared to 

the 2008 preliminary DFIRM database; and the floodway is very similar downstream of the railroad. The floodplain 

is larger, however, between Highway 24 and Palmer Street, with an overflow added to the floodplain just north of 

Highway 24.  

The new floodplains for the Kansas River are generally slightly larger than those depicted on the paper maps for 

Pottawatomie County and the 2008 preliminary DFIRM database. Near St. Marys, the new floodplains are similar, 

with a small increase on the west side of town and to the southeast. The new floodway is split near St. Marys, 

following the old Kansas River channel that connects to Doyle Creek, just south of town; appearing larger in size. 

An area on the east side of Belvue, and further to the east and southeast, is being added to the floodplain. The 

new floodplains and floodway near the City of Wamego are very similar to the paper maps and 2008 preliminary 

DFIRM database.  Some other noticeable differences in the mapping include a larger floodway at the upstream 
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end of the model, a smaller floodway on the downstream side of Paxico Road/Schoeman Road and a larger 

floodway on the upstream side of the road, and the discontinuity in the floodway and the 0.2% annual chance 

floodplain at the Pottawatomie County- Shawnee County line to the Shawnee County effective maps. The mapping 

done for Shawnee County was completed with the assumption that the levee-like structure would overtop during 

the 1% annual chance storm event further upstream. The floodplain wraps around the levee-like structure but does 

not overtop the structure. The floodway can be more narrow than what the Shawnee County floodway depicts and 

still meet the surcharge requirements and downstream boundary conditions, therefore, it is considered appropriate 

to have a mis-matched floodway at the county line, to appropriately map the floodway for Pottawatomie County. 

Similarly, it is appropriate to accurately plot the 0.2% annual chance floodplain for the Pottawatomie County map. 

A comparison of the 1% annual chance water surface elevations from this hydraulic analysis to the current effective 

maps (paper or digital) and 2018 preliminary DFIRM database at a couple of locations along each stream is shown 

in Table 3.  

Table 3: Comparison of 1% Annual Chance Water Surface Elevations  

Location 

1% Annual Chance Water Surface Elevation  

Feet (NAVD88) 

Current Effective 

Maps 

2008 Preliminary 

DFIRM Database 
New Modeling 

College Creek    

Approximately 1,000 ft downstream of    

E Palmer St 
950.3 951.0 947.6 

Immediately upstream of US Highway 24 958.3 960.3 960.4 

Willard Creek    

Approximately 220 ft downstream of     

W Palmer St 
942.3 943.2 944.1 

Approximately 240 ft upstream of 

Oregon Trail Rd/ W Durink St 
968.3 968.4 965.9 

Kansas River    

Immediately upstream of Paxico 

Road/Schoeman Road 
949.3 951.0 951.7 

Immediately upstream of Highway 99 978.0 978.0 979.0 

 

Changes have occurred to the streams and nearby areas since the previous hydraulic modeling was completed. In 

addition, current topography information and modeling techniques are much more advanced than when the 

previous hydraulic modeling was done. Detailed hydraulic modeling techniques were used, including field survey 

information for the channels and hydraulic structure geometry. In addition, two-dimensional modeling was utilized 

for College Creek to adequately represent multi-directional flow from the stream. Therefore, we are confident in 

the accuracy of the floodplains produced from the new hydrologic and hydraulic analyses performed. 
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Disclaimer:  As mapping tasks are completed, the potential for minor changes to the information submitted in the hydrology 

submission and within this report may become necessary.  The data provided in this submission and report may not be 

completely representative of the hydraulics used to produce the final map product.  Therefore, this report and the 

hydraulics submission should be considered as draft.  This submission should be considered a complete step in progress but 

not necessarily the final product since the post preliminary process is not yet completed and the floodplain maps are not yet 

effective.  
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Appendix E – Floodplain Comparison Maps 

 

(Existing Conditions v. Reviewed Scenarios) 

  



 
 

 
 

Comparison of 1% Annual Chance (100yr) Floodplains for College Creek 

  

Key 

Draft 100yr floodplain based on current 

conditions 

Alternative 100yr floodplain with channel 

modifications (No detention structure or 

bridge modifications) 

 



 
 

 
 

Comparison of 1% Annual Chance (100yr) Floodplains for College Creek 

  

Key 

Draft 100yr floodplain based on current 

conditions 

Alternative 100yr floodplain with bridge 

openings enlarged (no detention structure 

or channel modifications) 

 



 
 

 
 

Comparison of 1% Annual Chance (100yr) Floodplains for College Creek  

 

Key 

Draft 100yr floodplain based on current 

conditions 

Alternative 100yr floodplain with 

channel modifications and Highway 24 

and Palmer Street openings enlarged 

(No detention structure) 

 

Railroad Bridge

US 24 Culvert

Palmer St. Culvert

Location of Stream
Improvements



 
 

 
 

Comparison of 1% Annual Chance (100yr) Floodplains for College Creek 

 

Key 

Draft 100yr floodplain based on current 

conditions 

Alternative 100yr floodplain with detention 

dam and channel modification 

 



 
 

 
 

Comparison of Alternative 0.2% Annual Chance (500yr) Floodplains for College Creek 

 
Key 

500yr floodplain with dam that controls 

100yr flows & channel modification 

500yr floodplain with dam that controls 

500yr flows & channel modification 
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Appendix F – Proposed Detention Dam Data 

 

Prepared by Wood 

  



 

 

 

 

 

 

Proposed Detention Dam 

Details: 

Principle Spillway- 2-ft diameter concrete culvert and riser with an inlet elevation of 975.0 

Auxiliary Spillway- 200-ft wide earthen spillway with a crest elevation of 1000.7 

Dam- 860-ft long earthen dam with a top elevation of 1006.2, a top width of 15 feet, and 3:1 side slopes 

Note: Low Elevation of Mt. Calvary Road is 1007.2  

Key 

Dam Location 

Extent of Top of Dam Elevation 

Extent of Auxiliary Spillway Elevation 

Mt. Calvary Road



Stage-Storage Table for Proposed Detention Dam 

Elevation (ft) Volume (acre-ft) 
Volume above 

Principle Spillway 
(acre-ft) 

Special Note 

973 0.00 0.00  

974 0.01 0.00  

975 0.06 0.00 Principle Spillway Elevation 

976 0.18 0.11  

977 0.34 0.28  

978 0.60 0.53  

979 0.96 0.90  

980 1.45 1.39  

981 2.05 1.99  

982 2.81 2.75  

983 3.75 3.68  

984 4.86 4.80  

985 6.17 6.11  

986 7.84 7.78  

987 9.99 9.93  

988 12.69 12.63  

989 16.02 15.96  

990 19.94 19.88  

991 24.56 24.50  

992 30.11 30.05  

993 36.53 36.47  

994 44.02 43.96  

995 52.94 52.87  

996 63.31 63.25  

997 75.09 75.02  

998 88.28 88.22  

999 102.82 102.76  

1000 118.90 118.84  

1000.7 131.03 130.97 Auxiliary Spillway Elevation 

1001 136.44 136.37  

1002 155.36 155.30  

1003 175.69 175.63  

1004 197.40 197.33  

1005 220.62 220.55  

1006 245.46 245.40  

1006.2 250.63 250.57 Top of Dam Elevation 

 



Stage-Discharge Table for Proposed Detention Dam 

Elevation 
(ft) 

Discharge 
(cfs) 

Elevation 
(ft) 

Discharge 
(cfs) 

Elevation 
(ft) 

Discharge 
(cfs) 

Elevation 
(ft) 

Discharge 
(cfs) 

975.0 0 982.2 42.9 989.4 63.9 996.6 79.5 

975.2 0.2 982.4 43.6 989.6 64.4 996.8 79.9 

975.4 0.7 982.6 44.3 989.8 64.8 997.0 80.3 

975.6 1.5 982.8 45 990.0 65.3 997.2 80.7 

975.8 2.5 983.0 45.6 990.2 65.8 997.4 81.1 

976.0 3.7 983.2 46.4 990.4 66.3 997.6 81.4 

976.2 5.2 983.4 47.1 990.6 66.7 997.8 81.8 

976.4 6.7 983.6 47.7 990.8 67.2 998.0 82.2 

976.6 8.4 983.8 48.3 991.0 67.7 998.2 82.6 

976.8 10.2 984.0 49 991.2 68.1 998.4 83 

977.0 12.1 984.2 49.6 991.4 68.6 998.6 83.3 

977.2 14 984.4 50.2 991.6 69 998.8 83.7 

977.4 15.9 984.6 50.8 991.8 69.5 999.0 84.1 

977.6 17.8 984.8 51.5 992.0 69.9 999.2 84.4 

977.8 19.7 985.0 52.1 992.2 70.4 999.4 84.8 

978.0 21.5 985.2 52.7 992.4 70.8 999.6 85.2 

978.2 23.3 985.4 53.3 992.6 71.3 999.8 85.5 

978.4 24.8 985.6 53.8 992.8 71.7 1000.0 85.9 

978.6 26.4 985.8 54.4 993.0 72.1 1000.2 86.3 

978.8 27.9 986.0 55 993.2 72.6 1000.4 86.6 

979.0 29.1 986.2 55.5 993.4 73 1000.6 87 

979.2 30.2 986.4 56.1 993.6 73.4 1000.8 116.6 

979.4 31.2 986.6 56.6 993.8 73.8 1001.0 195.1 

979.6 32.2 986.8 57.2 994.0 74.2 1001.2 299.9 

979.8 33.1 987.0 57.7 994.2 74.7 1001.4 426 

980.0 34.1 987.2 58.3 994.4 75.1 1001.6 563.5 

980.2 34.9 987.4 58.8 994.6 75.5 1001.8 727.6 

980.4 35.8 987.6 59.4 994.8 75.9 1002.0 904.9 

980.6 36.7 987.8 59.9 995.0 995 1002.2 1088.4 

980.8 37.5 988.0 60.4 995.2 76.7 1002.4 1277.1 

981.0 38.3 988.2 60.9 995.4 77.1 1002.6 1502.6 

981.2 39.2 988.4 61.4 995.6 77.5 1002.8 1720.9 

981.4 39.8 988.6 61.9 995.8 77.9 1003.0 1960.9 

981.6 40.7 988.8 62.4 996.0 78.3 1003.2 2096 

981.8 41.5 989.0 62.9 996.2 78.7   

982.0 42.2 989.2 63.4 996.4 79.1   



 

 

 

 

 

 

 

 

Approximate Auxiliary 

Spillway Location 

Principle Spillway 

Location 

Special Considerations:  

- This design information is based on the detention area being essentially dry, providing sediment storage only.    

- This design information assumes that no excavation will be done within the detention area. If excavation is done, there will be 

additional storage provided than what is shown in the stage-storage table.  

- If it is desired to raise the principle spillway to achieve a wet detention dam, the storage available between elevation 975.0 and the 

raised principle spillway elevation, shown in the stage-storage table, will need to be excavated between the elevation of the raised 

principle spillway and the auxiliary spillway elevation of 1000.7. 

Proposed Detention Dam 

Key 

Dam Location 

Extent of Top of Dam Elevation 

Extent of Auxiliary Spillway Elevation 
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Appendix G – Stream Profile and Cross Sections 
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Cross Sections along College Creek 

 

 



 

 



 

 



Aerial View of College Creek 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cross Section A (Station 4,240) 

Cross Section E (Station 5,060) 

Cross Section D (Station 4,900) 

Cross Section C (Station 4,675) 

Cross Section F (Station 5,220) 

Cross Section B (Station 4,430) 

Field Entrance Bridge



Items to Note:  

• The WSEs shown in these profiles is for the 100-year storm, assuming that the 

proposed modifications shown in this document are completed along the College 

Creek channel, and that the proposed detention dam is constructed upstream of 

town. 

• A drop structure would be needed just downstream of Palmer Street, with a 

concrete erosion protection area and walls. The remaining portion of the modified 

channel is assumed to be well-maintained earthen ground.  

• The side slopes of the modified channel are 2.5:1 

• The channel widens from a bottom width of 20 feet to a bottom width of 35 feet 

at station 4,530, with the wider channel being downstream of this location. 
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Appendix H – USGS StreamStats Report 

 

  



StreamStats Report

Basin Characteristics

Parameter Code Parameter Description Value Unit

CONTDA Area that contributes flow to a point on a stream 1.17 square miles

DRNAREA Area that drains to a point on a stream 1.17 square miles

LC11CRPHAY Percentage of cultivated crops and hay, classes 81 and 82, from NLCD 2011 44.22 percent

LC11DEV Percentage of developed (urban) land from NLCD 2011 classes 21-24 19.3 percent

LC11FOREST Percentage of forest from NLCD 2011 classes 41-43 4.318 percent

LC11HERB Percentage of herbaceous from NLCD 2011 classes 71-74 30.23 percent

LC11IMP Average percentage of impervious area determined from NLCD 2011 impervious dataset 3.79 percent

LC11WATER Percent of open water, class 11, from NLCD 2011 1.6 percent

LC11WETLND Percentage of wetlands, classes 90 and 95, from NLCD 2011 0.15 percent

NONCONTDA Area covered by noncontributing drainage area 0 square miles

PCTREG1 Percentage of drainage area located in Region 1 100 percent

PCTREG2 Percentage of drainage area located in Region 2 0 percent

PRECPRIS10 Basin average mean annual precipitation for 1981 to 2010 from PRISM 35.5 inches

Peak-Flow Statistics Parameters [Peak Flow Region 1 2017 5063]

Parameter Code Parameter Name Value Units Min Limit Max Limit

CONTDA Contributing Drainage Area 1.17 square miles 0.17 15000

PRECPRIS10 Mean Annual Precip PRISM 1981 2010 35.5 inches 15.3 47

Peak-Flow Statistics Flow Report [Peak Flow Region 1 2017 5063]

PIl:  Prediction Interval-Lower,  PIu: Prediction Interval-Upper,  SEp: Standard Error of Prediction, SE: Standard Error (other -- see report)

Statistic Value Unit SEp

2 Year Peak Flood 327 ft^3/s 49.9

5 Year Peak Flood 710 ft^3/s 43.3

10 Year Peak Flood 1030 ft^3/s 43.6

Region ID: KS

Workspace ID: KS20181023185153745000

Clicked Point (Latitude, Longitude): 39.19818, -96.05596

Time: 2018-10-23 13:52:09 -0500

Page 2 of 3StreamStats
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Statistic Value Unit SEp

25 Year Peak Flood 1520 ft^3/s 45.5

50 Year Peak Flood 1940 ft^3/s 48.4

100 Year Peak Flood 2380 ft^3/s 51.9

200 Year Peak Flood 2930 ft^3/s 55

500 Year Peak Flood 3670 ft^3/s 59.9

Peak-Flow Statistics Citations

Painter, C.C., Heimann, D.C., and Lanning-Rush, J.L.,2017, Methods for estimating annual exceedance-probability streamflows for streams in 

Kansas based on data through water year 2015: U.S. Geological Survey Scientific Investigations Report 2017–5063, 20 p.

(https://doi.org/10.3133/sir20175063)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for 

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the 

U.S. Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer 

systems, nor shall the act of distribution constitute any such warranty. 

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous 

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the 

USGS or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, 

the software is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or 

unauthorized use. 

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. 

Government. 

Application Version: 4.2.1

Page 3 of 3StreamStats
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Appendix I – Engineer’s Opinion of Probable Project Cost 



Date: 17-Dec-18 Benesch Proj.#: 130575.00

1 Mobilization 1 LS $58,000.00 58,000.00$             

2 Construction Staking 1 LS $25,000.00 25,000.00$             

3 Clearing and Grubbing 30 AC $1,000.00 30,000.00$             

4 Temporary Erosion Control 8 AC $1,500.00 12,000.00$             

5 Permanent Seeding 8 AC $2,500.00 20,000.00$             

6 Temporary Traffic Control 1 LS $1,500.00 1,500.00$               

7 Unclassified Excavation 125,000 CY $4.00 500,000.00$           

8 Embankment Construction 125,000 CY $2.50 312,500.00$           

9 Primary Spillway/Control Structure 1 LS $100,000.00 100,000.00$           

10 Low Level Drainage Works 1 LS $50,000.00 50,000.00$             

11 Rip Rap 500 CY $80.00 40,000.00$             

12 Non-Woven Geotextile 750 SY $3.00 2,250.00$               

13

14 -$                        

15 -$                        

16 -$                        

1,151,250.00$       

1,245,200.00$       

311,300.00$           

1,556,500.00$       

155,000.00$           

78,000.00$             

16,000.00$             

125,000.00$           

40,000.00$             

415,000.00$           

125,000.00$           

2,510,500.00$       

NOTE:

Geotechnical Investigation

Utility Relocates

Easement Negotiation & Acquisition

Permitting Coordination and Fees

Construction Engineering

Stream Mitigation

Bid prices are from the Kansas Department of Transportation 2017 Bid Tabs when applicable.

A Conceptual Estimate of Probable Costs outlines the estimated costs for the design, permitting, and construction of the preferred conceptual plan. This 

estimate is based on 2017/2018 construction costs.  It is possible that the design development process may reveal conditions at the site which could not be 

anticipated or known and which could alter the necessary services and construction costs.  Consultant has no control over the cost of labor, materials, 

equipment, or services furnished by others or over the Contractor(s) methods of determining prices, or over competitive bidding or market conditions.  

Consultant makes no warranty that the Client’s actual Total Project or Construction Costs will not vary from the Consultant’s estimate.  

Project Total (FY 2020)

ESMT. CONSTRUCTION COST (FY 2020)(4% Yearly Growth Rate)

Contingencies (25%)

Design Engineering

ESTIMATED CONSTRUCTION COST (FY 2018)

ESTIMATED CONSTRUCTION COST (FY 2020)

ESTIMATED UNIT 

PRICE
TOTAL

City of St. Marys - Flood Mitigation Improvements

Estimator: Brent Chesnut, P.E. (Alfred Benesch & Company)

ENGINEER'S OPINION OF PROBABLE PROJECT COST

Detention Facility

ITEM DESCRIPTION
ESTIMATED 

QUANTITY
UNITS

1



Date: 17-Dec-18 Benesch Proj.#: 130575.00

1 Mobilization 1 LS $12,000.00 12,000.00$             

2 Construction Staking 1 LS $8,000.00 8,000.00$               

3 Clearing and Grubbing 3.5 AC $1,000.00 3,500.00$               

4 Temporary Erosion Control 3.5 AC $1,500.00 5,250.00$               

5 Permanent Seeding 3.5 AC $2,500.00 8,750.00$               

6 Temporary Traffic Control 1 LS $4,500.00 4,500.00$               

7 Drop Structure 1 LS $25,000.00 25,000.00$             

8 Unclassified Excavation 8,600 CY $4.00 34,400.00$             

9 Streambank Stabilization Blankets 13,600 SY $10.00 136,000.00$           

10 -$                        

11 -$                        

12 -$                        

13 -$                        

14 -$                        

15 -$                        

237,400.00$          

256,800.00$           

64,200.00$             

321,000.00$          

32,000.00$             

16,000.00$             

8,000.00$               

26,000.00$             

19,500.00$             

-$                        

26,000.00$             

448,500.00$          

NOTE:

TOTAL

City of St. Marys - Flood Mitigation Improvements

Estimator: Brent Chesnut, P.E. (Alfred Benesch & Company)

ENGINEER'S OPINION OF PROBABLE PROJECT COST

College Creek Channel Modifications
South of Palmer Street

Design Engineering

ITEM DESCRIPTION
ESTIMATED 

QUANTITY
UNITS

ESTIMATED UNIT 

PRICE

ESTIMATED CONSTRUCTION COST (FY 2018)

ESMT. CONSTRUCTION COST (FY 2020)(4% Yearly Growth Rate)

Contingencies (25%)

ESTIMATED CONSTRUCTION COST (FY 2020)

Bid prices are from the Kansas Department of Transportation 2017 Bid Tabs when applicable.

A Conceptual Estimate of Probable Costs outlines the estimated costs for the design, permitting, and construction of the preferred conceptual plan. This 

estimate is based on 2017/2018 construction costs.  It is possible that the design development process may reveal conditions at the site which could not be 

anticipated or known and which could alter the necessary services and construction costs.  Consultant has no control over the cost of labor, materials, 

equipment, or services furnished by others or over the Contractor(s) methods of determining prices, or over competitive bidding or market conditions.  

Consultant makes no warranty that the Client’s actual Total Project or Construction Costs will not vary from the Consultant’s estimate.  

Geotechnical Investigation

Utility Relocates

Easement Negotiation & Acquisition

Permitting Coordination and Fees

Construction Engineering

Project Total (FY 2020)

Stream Mitigation

2
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