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UPPER TURKEY CREEK

Alternatives Screening Results

Oct '14 price level Inter Rate: 3.375%
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Total Average 

Annual Cost

 Residual 

Damages With 

Project 

Residual 

Damages as a 

% of Fut WO 

Proj Dmg Avg Ann Benefits

Net Annual 

Benefits

B/C Ratio at 

3.375%, 50 yr 

pd of anal

Conditional 

Probability of 

Design 

Containing 1% 

Event

Future Without Proj Cond N/A 918.58 4,749,600$      0.001

UTC Alternative 2b Alternative 2 Epsilon UTC_A2_050_E_Merriam Levee, existing bridges 920.05 919.77 23,883,000$  2,712,000$    10,122,000$   15,000$           36,732,000$    23,875,800$    12,856,200$    2,946,400$    39,678,400$    1,653,700$     -$          -$                40,800$      1,694,500$  1,589,000$      33% 3,160,600$     1,466,100$    1.9              0.644

UTC Alternative 2c Alternative 2 Gamma UTC_A2_100_E_Merriam Levee, existing bridges 920.49 919.77 24,261,000$  2,748,000$    10,122,000$   15,000$           37,146,000$    24,144,900$    13,001,100$    2,974,100$    40,120,100$    1,672,100$     -$          -$                40,800$      1,712,900$  1,437,500$      30% 3,312,100$     1,599,200$    1.9              0.740

Modified 2012 Preferred Levee Alternative 2 Zeta UTC_A2_90%_E_Merriam Levee, existing bridges 920.98 919.77 24,655,000$  2,787,000$    10,122,000$   15,000$           37,579,000$    24,426,400$    13,152,600$    3,003,900$    40,582,900$    1,691,400$     -$          -$                40,800$      1,732,200$  1,304,900$      27% 3,444,700$     1,712,500$    2.0              0.829

2014 Atlas14 Levee NA NA Levee, existing bridges 922.69 919.69 29,771,000$  3,287,000$    9,954,000$     15,000$           43,026,000$    27,966,900$    15,059,100$    4,021,100$    47,047,100$    1,960,800$     -$          -$                40,800$      2,001,600$  1,046,700$      22% 3,702,900$     1,701,300$    1.8              0.995

Budget Inter Rate: 7.000%

Pd of Anal 50                   

Budget Interest Rate of 7% : (f): 0.07245985    

B/C Ratio at 

7.000%, 50 yr 

pd of anal

Future Without Proj Cond N/A 918.58 4,749,600$      0.001

UTC Alternative 2b Alternative 2 Epsilon UTC_A2_050_E_Merriam Levee, existing bridges 920.05 919.77 23,883,000$  2,712,000$    10,122,000$   15,000$           36,732,000$    23,875,800$    12,856,200$    6,409,400$    43,141,400$    3,126,000$     -$          -$                35,000$      3,161,000$  1,589,000$      33% 3,160,600$     (400)$             0.9999        0.644

UTC Alternative 2c Alternative 2 Gamma UTC_A2_100_E_Merriam Levee, existing bridges 920.49 919.77 24,261,000$  2,748,000$    10,122,000$   15,000$           37,146,000$    24,144,900$    13,001,100$    6,469,600$    43,615,600$    3,160,400$     -$          -$                35,000$      3,195,400$  1,437,500$      30% 3,312,100$     116,700$       1.04            0.740

Modified 2012 Preferred Levee Alternative 2 Zeta UTC_A2_90%_E_Merriam Levee, existing bridges 920.98 919.77 24,655,000$  2,787,000$    10,122,000$   15,000$           37,579,000$    24,426,400$    13,152,600$    6,534,400$    44,113,400$    3,196,500$     -$          -$                35,000$      3,231,500$  1,304,900$      27% 3,444,700$     213,200$       1.07            0.829

2014 Atlas14 Levee NA NA Levee, existing bridges 922.69 919.69 29,771,000$  3,287,000$    9,954,000$     15,000$           43,026,000$    27,966,900$    15,059,100$    8,754,100$    51,780,100$    3,752,000$     -$          -$                35,000$      3,787,000$  1,046,700$      22% 3,702,900$     (84,100)$        0.98            0.995

NOTES:

Draft
Index Point for Merriam 

(Protected Area, Reach 3b): 3.298

For Official Use Only
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1. INTRODUCTION 
This section of the Engineering Appendix presents a discussion of the civil engineering 
considerations for the selected plan.  Details covered in this section were not appropriate in the 
description of the selected plan in Chapter 7.  This section covers assumptions used to develop 
the selected plan cost estimate.  Recommendations for further investigations during 
Preconstruction Engineering and Design are also contained.  Features described are located using 
one of two methods; the first method describes the location based on its relationship to existing 
features (i.e. north of Johnson Drive), the second method describes the location based on the 
channel stationing (i.e. STA 3.610).  Channel stationing units are miles and correspond to the 
stationing used in the HEC-RAS Model.  Channel stationing can be found in Figures 7-1 through 
7-6 in Chapter 7.  

2. SURVEY 
During development of the alternatives using Atlas 14 flows two sources of information were 
used.  The first source was GIS utility information developed by LBG.  The second source of 
information is Johnson County Automated Information Mapping System (AIMS).  Two foot 
contour information is available on this website. 

These sources are adequate for planning studies but are not adequate for PED.  During PED 
ground survey of the area is recommended.  The project footprint and urban environment make 
land based survey preferable to aerial survey.  The PED survey should capture existing 
topographic and planimetric features. 

3. ACCESS ROADS 
This project is located in a developed area of Merriam Kansas parallel to Interstate 35 (I-35). Two 
exits from I-35 are located near the project limits. The Shawnee Mission Parkway (Exit 228B) is 
located at the upstream end of the project limits. The Johnson Drive (Exit 229) exit is located near 
the midpoint of the project limits. Connecting I-35 to the project are three urban corridors; 
Shawnee Mission Parkway, Johnson Drive, and Merriam Drive. These urban corridors carry light 
industrial and retail traffic. Merriam Drive runs north/south connecting Shawnee Mission 
Parkway and Johnson Drive. 

4. CONSTRUCTION STAGING 
Construction and engineering division staff determined 2 acres is adequate construction staging. 
Four sites have been identified; one contains one half acre of hardstand while the remaining three 
contain at least two acres. The first site, located northwest of the intersection of Merriam Drive 
and Turkey Creek is being acquired for this project. This site is accessed from Merriam Drive and 
contains seven tenths of an acre for construction staging. This site contains one half acre of 
existing hardstand. The second site is a combination of the farmers market and an adjacent 
property acquired for the project. Access to this site is from Merriam Drive and contains 2.0 acres 
for construction staging. The third site combines a park and adjacent property acquired for this 
project. This site has access from West 61st Street via Mastin Street and Shawnee Mission 
Parkway and has 2.0 acres available for construction staging. The fourth site is an area bounded 
by Shawnee Mission Parkway and Merriam Drive. This area has access from Merriam Drive and 
has 3.6 acres available for construction staging. 
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5. BORROW AREA 
LBG determined that sufficient borrow was not available on site or other sites owned by the 
sponsor.  LBG then found a commercial source with available borrow.  Cost estimates developed 
by LBG used quotes from this commercial source. USACE used borrow source information 
developed by LBG. 

6. UTILITIES 

6.1 ELECTRICAL 
Overhead electrical lines cross project features at one location within the project limits.  At this 
location (Sta. 3.350), levees are proposed on both banks of Turkey Creek.  At this location both 
vertical and horizontal relocations are required.  The vertical relocation is required to provide 
adequate vertical clearance between power line and top of levees.  The horizontal relocation 
occurs on the left bank to accommodate levee alignment. Three hundred twenty five feet and one 
hundred feet of vertical and horizontal relocation are required respectively. 

6.2 DOMESTIC WATER 
STA 3.610: An existing DIP domestic water line crosses Turkey Creek, right bank levee and left 
bank floodwalls.  The line will be relocated up and over the floodwalls and levee.  The total 
relocation of six inch diameter water line is 240 feet comprised of 220 feet of horizontal and 20 
feet of vertical relocation.  The total relocation of eight inch diameter water line is 650 feet 
comprised of 610 feet of horizontal and 40 feet of vertical relocation.  Both six and eight inch 
domestic waterlines will be excavated and replaced with restrained joint DIP.  Because Turkey 
Creek invert is on bedrock it is assumed that waterline passing through the channel are concrete 
encased. 

STA 3.100: An existing eight inch DIP domestic water line crosses Turkey Creek and right bank 
floodwall.  The line will be relocated up and over the floodwall.  The total relocation is 280 feet 
comprised of 260 feet of horizontal and 20 feet of vertical relocation. The domestic waterline will 
be excavated and replaced with eight inch restrained joint DIP.  Because Turkey Creek invert is 
on bedrock it is assumed that waterline passing through the channel are concrete encased. 

SAT 3.040: An existing one inch steel domestic water line crosses the right bank floodwall.  The 
total length of relocation is 50 feet comprised of 30 feet of horizontal and 20 feet of vertical 
relocation.  The domestic waterline will be excavated and replaced with one inch welded steel 
pipe. 

STA 2.623: An existing eight inch DIP domestic water line crosses Turkey Creek and floodwall 
on both banks.  This line is parallel to and behind the east Merriam Drive curb.  The domestic 
water line will be relocated up and over the floodwalls.  The total relocation is 190 feet comprised 
of 150 feet of horizontal and 40 feet of vertical relocation.  The domestic waterline will be 
excavated and replaced with eight inch restrained joint DIP.  Because Turkey Creek invert is on 
bedrock it is assumed that waterline passing through the channel are concrete encased. 

6.3 NATURAL GAS 
STA 3.190: An existing two inch gas line crosses left bank floodwall alignment.  For this report it 
is assumed the existing pipe is Polyethylene (PE).  At this location 320 feet of two inch PE pipe 
will be excavated and replaced with two inch PE pipe.  Turkey Creek high water events have 
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durations of a few hours.  Geotechnical engineering judgment determined that underseepage 
landward of floodwalls/levees is not a concern.  If underseepage is not a concern then PE pipe 
does not risk flotation. 

STA 2.070: An existing eight inch natural gas line crosses Turkey Creek and the right bank 
floodwall.  This line is parallel to and behind the south Johnson Drive curb.  The base mapping 
available does not indicate pipe material type.  is located under the left bank floodwall footprint.  
This report recommends replacement of the line between Merriam Drive and Merriam Lane.  At 
this location the natural gas line will be relocated up and over the floodwall.  The total relocation 
is 270 feet comprised of 250 feet of horizontal and 20 feet of vertical relocation.  The natural gas 
line will be welded steel and the vertical portion will be insulated. 

STA 2.623: An existing four inch steel pipe is located under the left bank floodwall footprint.  
This line is parallel to and behind the east Merriam Drive curb.  The steel line is attached to the 
Merriam Drive bridge deck across Turkey Creek.  The portion of line attached to the bridge is 
insulated.  At this location the natural gas line will be relocated up and over the floodwall on each 
bank.  Each up and over is 50 feet of length comprised of 30 feet of horizontal and 20 feet of 
vertical relocation.  The natural gas line will be welded steel and the vertical portion will be 
insulated. 

6.4 SANITARY SEWERS 
STA 3.664: The relocation at this station consists of Turkey Creek, left bank and right bank 
floodwall crossings.  The base mapping does not indicate sanitary sewer line diameter or material 
type.  For this report the line is assumed to be a twelve inch PVC line.  This relocation requires a 
total installation of 330 feet of twelve inch RCP and three 48 inch diameter manholes. 

STA 3.480: The relocation at this station consists of left bank relocation upstream to station 
3.630.  This relocation spans 0.15 mile, but is classified as one relocation because elements are 
contiguous.  The base mapping does not indicate sanitary sewer line diameter or material type.  
For this report the line is assumed to be a twelve inch PVC line.  This relocation requires 
installation of 970 feet of twelve inch RCP and eight 48 inch diameter manholes. 

STA 3.400: The relocation at this station consists of left bank relocation where the existing 
sanitary sewer crosses the levee.  The base mapping does not indicate sanitary sewer line 
diameter or material type.  For this report the line is assumed to be a twelve inch PVC line.  This 
relocation requires installation of 130 feet of twelve inch RCP and two 48 inch diameter 
manholes. 

STA 3.104: The relocation at this station consists of left bank relocation upstream to station 
3.282.  This relocation spans 0.18 mile, but is classified as one relocation because elements are 
contiguous.  The base mapping does not indicate sanitary sewer line diameter or material type.  
For this report the line is assumed to be a twelve inch PVC line.  This relocation requires 
installation of 770 feet of twelve inch RCP and six 48 inch diameter manholes. 

STA 3.045: The relocation at this station consists of a creek and right bank floodwall crossing.  
The base mapping does not indicate sanitary sewer line diameter or material type.  For this report 
the line is assumed to be a twelve inch PVC line.  This relocation requires a total installation of 
220 feet of twelve inch RCP and three 48 inch diameter manholes. 

STA 2.730: The relocation at this station consists of three creek crossings and right bank 
relocations upstream to station 3.010.  This relocation spans 0.28 mile, but is classified as one 
relocation because elements are contiguous.  The base mapping does not indicate sanitary sewer 
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line diameter or material type.  For this report the line is assumed to be a twelve inch PVC line.  
This relocation requires installation of 1,670 feet of twelve inch RCP and twelve 48 inch diameter 
manholes. 

STA 2.640: An existing sanitary sewer line crosses the left bank floodwall alignment.  The base 
mapping does not indicate sanitary sewer line diameter or material type.  For this report the line is 
assumed to be a twelve inch PVC line.  At this location 100 feet of twelve inch PVC pipe will be 
excavated and replaced with twelve inch Reinforced Concrete Pipe (RCP).  This relocation will 
require two 48 inch diameter manholes. 

6.5 STORM SEWER OUTFALLS 
Storm Sewer outfalls under proposed levee and flood walls require modification.  Outfalls have to 
be modified to ensure high water flows in Turkey Creek do not back flow through storm sewer 
systems.  The back flow prevention system includes a manhole installed on the landward side of 
the levee or flood wall.  The storm sewer under the levee or floodwall is replaced with RCP and 
on the creek side of the protection a junction box is installed.  A flap gate is installed within the 
junction box to prevent back flow.  Under levees and floodwalls 83 and 35 feet of existing pipe is 
demolished and replaced with RCP respectively.  Replaced pipe will have a minimum diameter of 
24 inches.  Kansas City District guidance indicates storm sewer lines under urban levees should 
be a minimum diameter of 48 inches.  For this project the civil design section and geotechnical 
section determined that a minimum of 24 inches is acceptable.  This decision requires inspection 
of these structures with video equipment in place of manual inspection.  Drainage modifications 
are installed in the following locations. 

STA 3.660 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 24 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.578 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 24 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.548 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace an 18 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.520 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 36 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.450 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 36 inch CMP drainage structure which passes under proposed levee. 

STA 3.422 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall.  
Nearby drainage structures will be routed to this structure to minimize levee/floodwall crossings.  
Existing right bank drainage structures to be combined include a 24 inch CMP at Sta 3.441 and a 
12 inch CMP at Sta 3.465.  Fifteen feet of the existing lines at Sta 3.441 and 3.456 will be 
removed to accommodate auger cast piles.  The remainder of the existing lines at Sta 3.441 and 
3.456 will be grout filled. The combined system will require a 36 inch RCP. 

STA 3.350 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 42 inch CMP drainage structure which passes under proposed levee.  
Nearby drainage structures will be routed to this structure to minimize levee/floodwall crossings.  
Existing left bank drainage structures to be combined include a 24 inch CMP at Sta 3.355.  
Fifteen feet of the existing line at Sta 3.355 will be removed to accommodate auger cast piles.  
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The remainder of the existing line at Sta 3.355 will be grout filled. The combined system will 
require a 42 inch RCP. 

STA 3.299 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 24 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.228 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 24 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.194 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall.  
Nearby drainage structures will be routed to this structure to minimize levee/floodwall crossings.  
Existing left bank drainage structures to be combined include a 24 inch CMP at Sta 3.226.  
Fifteen feet of the existing line at Sta 3.226will be removed to accommodate auger cast piles.  
The remainder of the existing line at Sta 3.226 will be grout filled. The combined system will 
require a 24 inch RCP. 

STA 3.190 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed levee.  
Nearby drainage structures will be routed to this structure to minimize levee/floodwall crossings.  
Existing right bank drainage structures to be combined include a 36 inch CMP at Sta 3.195.  
Fifteen feet of the existing line at Sta 3.195 will be removed to accommodate auger cast piles.  
The remainder of the existing line at Sta 3.195 will be grout filled. The combined system will 
require a 36 inch RCP. 

STA 3.150 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 36 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.112 Right Bank: At this location a 54 inch CMP drainage structure outlets at a headwall.  
At this location a new headwall will be installed and a flap gate will be installed at the headwall. 

STA 3.109 Right Bank: At this location a triple seven foot by seven foot RCP passes under a 
proposed floodwall.  At this location a different solution to prevent backflow is employed.  At 
this location a new headwall will be installed and flap gates will be installed at the headwall. 

STA 3.098 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.042 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 36 inch CMP drainage structure which passes under proposed floodwall. 

STA 2.890 Right Bank: At this location a different solution provides backflow prevention system.  
This system drainage structure will be routed to the detention basin.  This detention basin is 
discussed further below.  This relocation will require 200ft of 18 inch RCP and one 48 inch 
manhole.  Fifteen feet of the existing line will be removed to accommodate auger cast piles.  The 
remainder of the existing system will be grout filled. 

STA 2.854 Right Bank: At this location a different solution provides backflow prevention system.  
This system drainage structure will be routed to the detention basin.  This detention basin is 
discussed further below.  This relocation will require 125ft of 36 inch RCP and one 60 inch 
manhole.  Fifteen feet of the existing line will be removed to accommodate auger cast piles.  The 
remainder of the existing system will be grout filled. 

STA 2.830 Right Bank: At this location a different solution provides backflow prevention system.  
This system drainage structure will be routed to the detention basin.  This detention basin is 
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discussed further below.  This relocation will require 125ft of 12 inch RCP and one 48 inch 
manhole.  Fifteen feet of the existing line will be removed to accommodate auger cast piles.  The 
remainder of the existing system will be grout filled. 

STA 2.756 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 24 inch CMP drainage structure which passes under proposed floodwall. 

STA 2.655 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 24 inch CMP drainage structure which passes under proposed floodwall. 

STA 3.2.650 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall.  
Nearby drainage structures will be routed to this structure to minimize levee/floodwall crossings.  
Existing left bank drainage structures to be combined include a 24 inch CMP at Sta 2.668, an 
eight inch HDPE at Sta 2.662, an eight inch HDPE at Sta 2.659, and an eight inch HDPE at Sta 
2.655.  Fifteen feet of the existing lines at Sta 2.668, 2.662. 2.659 and 2.655 will be removed to 
accommodate auger cast piles.  The remainder of the existing lines at Sta 2.668, 2.662. 2.659 and 
2.655 will be grout filled. The combined system will require a 48 inch RCP. 

STA 2.632 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall. 

STA 2.632 Left Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall. 

STA 2.609 Right Bank: At this location a backflow prevention system will be installed.  This 
system will replace a 12 inch CMP drainage structure which passes under proposed floodwall. 

  

6.6 DETENTION BASIN 
Drainage system modifications for Upper Turkey Creek were examined under Alternatives 1 
through 3 as part of LBG’s analysis. Drainage system modifications are required for the internal 
drainage of the City of Merriam because after the construction of floodwalls/levees, the drainage 
from the city would not be conveyed to Upper Turkey Creek in its current configuration. 
Drainage system modifications were broken down per storm intensity. The storm intensities 
analyzed are as follows: 10-percent AEP (10-year event), 2-percent AEP (50-year event), 1-
percent AEP (100-year event), 0.5-percent AEP (200-year event), and 0.2-percent AEP (500-year 
event). 

Initially, LBG developed a concept using two pump stations located in lower areas of Merriam. It 
was intended that the pumps would pump all drainage flows downstream of the project area past 
any potentially constructed levees or floodwalls. After submitting the conceptual design for the 
pump stations and associated drainage components, the USACE performed a value engineering 
analysis on the ability to use a less costly alternative to pumps. During the value engineering 
analysis, it was found that a detention basin could be installed adjacent to the Farmers’ Market in 
Merriam. The detention basin was sized to hold 2.14 acre-feet of water and have a maximum 
slope of 3:1 on all sides. The design also called for a 60-inch reinforced concrete pipe outlet pipe 
from the detention basin through the levee into Turkey Creek in addition to the rerouting of all 
flows in the area to the detention basin.  

Drainage system modifications were also assessed for the locally preferred alternative. This 
alternative is preferred by the local Merriam government and involves relocating the detention 
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basin to just north of the Farmers’ Market. This particular option also included the demolition of 
a building located in the preferred detention basin location. 

6.7 STORMWATCH GAGE 3010 
An existing stormwatch gage is located at the southwest corner of Merriam Drive and Johnson 
Drive.  The gage collects stage information only.  The existing location is within the proposed 
floodwall footprint.  The stormwatch gage will be relocated landward of the proposed floodwall. 

7. BIKE TRAIL 
An existing bike trail runs just landward of Turkey Creek banks.  The trail is six feet wide and is 
paved with asphalt concrete.  Replacement and relocation of this trail is required throughout the 
project limits.  The replacement sections will be asphalt concrete six feet wide with six inches of 
aggregate base, three inches of base course and two inches of surface course. Information for 
replacements and relocations are provided below. 

STA 3.569 Right Bank: At this location 100 feet of bike trail will be demolished during 
construction and will be replaced. 

STA 3.569 Left Bank: At this location 370 feet of bike trail will be demolished during 
construction and will be replaced.  This replacement will extend downstream to Sta 3.499 

STA 3.349 Left Bank: At this location 100 feet of bike trail will be demolished during 
construction and will be relocated.  Relocation is required to provide levee crossing.  Since the 
relocation will be on the levee additional real estate is not required. 

STA 3.250 Left Bank: At this location 700 feet of bike trail will be demolished during 
construction and will be replaced.  This replacement will extend downstream to Sta 3.117 

STA 2.679 Left Bank: At this location 200 feet of bike trail will be demolished and relocated.  
Two hundred and fifty feet of relocated bike trail is required to provide levee crossing.  Since the 
relocation will be on property acquired in fee, additional real estate is not required. 

8. QUANTITIES 
Quantities were calculated as a joint effort of the civil, structural, geotechnical and cost engineers.  
The cost estimator led the effort to calculate and compile quantities.  The civil engineer provided 
levee, utility relocation, bike trail and site work details to the cost estimator.  The structural 
engineer provided floodwall information to the cost estimator.  The geotechnical engineer 
provided inspection trench, foundation replacement and auger cast pile information to the cost 
estimator.  Each discipline worked with the cost estimator and other disciplines as required to 
develop construction quantities and scheduling.  The cost estimator provided this information to 
the Cost Mandatory Center of Expertise as part of the cost estimate certification process.  
Quantity estimates provided throughout this report are taken from the quantity estimate produced 
by the cost estimator to support the certified cost estimate. 
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1. INTRODUCTION 
It was determined in Section I that the use of the inverted cantilever T-type wall would be best suited to 
provide adequate flood protection along upper Turkey Creek.  However as a result of the Independent 
External Peer Review Process (IEPR), it was determined to use the higher Atlas 14 flows as described in 
Chapter 3.  Upon revaluation of the floodwalls for the higher flows, the Sponsor agreed to the 1-percent 
AEP (100-year event) through downtown Merriam with an estimated assurance (conditional non-
exceedance probability) of 82.9-percent (varying 0-6.5 ft tall floodwall) level of protection referred to as 
the Final NED Plan in this report.  The existing stacked limestone retaining wall and its ability to provide 
adequate soil stability was suspect.  This determination was made by way of historical documentation and 
photographs found within the Kansas City District that shows evidence of the piping of materials behind 
the wall.  To mitigate the soil stability concerns and for the purposes of this analysis, the horizontal base 
of the floodwall will be supported by ground modified soil columns.  A key will not be necessary for 
sliding as the base will be entrenched within the reinforcing soil on the land side of floodwall.  The river 
side of the floodwall will be supported by the soil reinforcing and is weighted down by soil.  Pore 
pressures from a high water event should have minimal effects for stability. The general configuration of 
the flood wall is given in Figure 2-1.   

 

         

 
Figure 2-1: Typical Flood Wall   
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2. ANALYSIS 
The flood walls have been preliminary designed for strength and stability. Assumptions are as follows: 
 
• Wall Height. Civil section produced profiles were used to determine approximate wall heights.  
Incorporating required risk and uncertainty, the stickup height of the stems range from 0 to 6.5 ft high for 
the modified NED plan with Atlas 14 flows. A significant percentage of floodwall length has wall heights 
in the upper third of the stickup height range. For simplicity one wall height was chosen of the tallest 
wall. 
 
• Stability Analysis and uplift. CTWALL CASE program was used for stability analysis. It assumes linear 
line of creep and seepage under the wall. In reality, the modified soil should have very low permeability 
that makes the pore pressure from a creek loading ineffectual. Thus the CTWALL analysis with seepage 
should be very conservative. To reduce the conservatism, the protected side groundwater elevation was 
arbitrarily chosen to be 6” above the bottom of the wall’s foundation. 
 
• Structure Classification. Due to an engineered soil modification, the factors of safety were taken 
from EM 1110-2-2100 based upon a well-defined site condition, critical structure. 
 
• Shear strength. After discussing with a geotechnical engineer, a 35 degree angle of friction was selected 
as a low value for the modified soil. Drained conditions are expected to control due to high cohesive 
strengths of the modified soil. Backfill is assumed to have 30 degree angle of friction. 
 
• Strength Analysis. A preliminary reinforced concrete strength design was used for shear and flexure of 
the wall in accordance with EM 1110-2-2104. An 18” stem and footer is adequate with No. 7 bars at 12” 
on-center (O.C.) for primary reinforcement. This is based on a strength analysis with 10 ft of head on the 
stem, 3 ft soil on the heel, 4000 psi concrete, and Grade 60 rebar. 
 
Temperature and shrinkage (i.e. longitudinal steel) was taken the larger of EM 1110-2-2104 and 
ACI 350-06. ACI 350 controls, requiring No. 7 at 12” O.C. in the top of the footer and both sides of 
the stem, and No. 5 at 12” O.C. in the footer’s bottom mat. 

Table 2-1 includes a list of the preliminary design parameters and assumed values necessary for the slope 
stability and the evaluation of the stability of the retaining wall structures for this feasibility study. The 
parameters as noted are on the conservative end, and likely a more economical design could be developed 
during the design phase after conducting additional geotechnical, survey, and site specific hydrographic 
data.  

Table 2-1: Design Parameter Assumptions 

Parameter Value Unit 
Concrete Strength 4,000 psi 

Soil (natural) Density (moist) 120 pcf 

Soil (natural) Density (submerged) 65 pcf 

Concrete Density 150 pcf 

Angle of Friction (improved soil mass) 35 degrees 

Angle of Friction (compacted material) 30 degrees 
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1. SITE DESCRIPTION 

1.1 STUDY AREA 

The study area covers approximately 23 square miles which comprises the Upper Turkey Creek drainage 
basin in Wyandotte and Johnson Counties, Kansas. The Turkey Creek channel starts at the headwaters in 
Lenexa, Kansas and stretches about 15 miles north following Interstate 35 to the confluence with the 
lower Kansas River. Within this area are the Cities of Lenexa, Shawnee, Merriam, Overland Park, 
Mission, Roeland Park, Westwood, and Kansas City, Kansas (largely urban commercial and residential). 

The floodplain of Turkey Creek varies from 50 to 400 feet wide at segments. Elevations in the Turkey 
Creek basin vary from 1035 feet (NED 1/3, USGS) in the area surrounding the headwaters to 755 feet 
(NED 1/3, USGS) at the mouth of the Turkey Creek. There are 12 small tributary waterways that 
contribute to the flow of the Upper Turkey Creek. The major tributaries include: Quail Creek (Antioch Rd 
and I-35), Quaker Creek (North of 61st St.), Hickory Creek (Antioch Rd), Shawnee Creek (51st and 
Farley). Many other small creeks and drainage ways also contribute to the Turkey Creek, but they are 
smaller and unnamed. Figure 3-1 illustrates the Upper and Lower Turkey Creek drainage basins. 

 

Figure 3-1. Upper and Lower Turkey Creek Drainage Basin 
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The Turkey Creek floodplain includes multiple downtown and commercial areas, residential 
neighborhoods, and industrial parks. The maximum floodplain is approximately 400 feet wide and most 
of these aforementioned areas are located directly next to the main Turkey Creek channel. The floodplain 
zone of Turkey Creek contains more than 40 residential structures and approximately 100 commercial and 
public facilities.  

There are a total of 27 roadway bridge crossings on the Turkey Creek channel including large traffic 
roadways: Merriam Dr., Johnson Dr., Shawnee Mission Pkwy, W 67th St., W 75th St., Interstate 35 (three 
times), S 18th Expressway, Southwest Blvd, and S 7th St Trafficway. There are also four major rail 
crossings and two pedestrian bridges over Turkey Creek.  

1.2 UPPER TURKEY CREEK 

The headwaters of the Turkey Creek Basin originate in Lenexa, Kansas, just south of 89th Street. The 
portion of the watershed upstream of the 4.4 Burlington Northern Santa Fe (BNSF) Railroad Bridge near 
the river mile 2.12 is referred to in this study as Upper Turkey Creek. Lower Turkey is the downstream 
segment of the channel until the confluence with the lower Kansas River. This division of the two 
segments of the river and the surrounding area is shown in Figure 3-2. The Kansas Department of 
Transportation and Merriam Drainage District are currently in the construction phase of several projects 
to improve storm culverts and bridges susceptible to overtopping on the Upper Turkey Creek. Projects 
that have been completed in the Upper Turkey Creek in the past include: Antioch Bridge, BNSF 7.44 
Railroad Bridge, Waterfall Park, and Johnson County Hazard Mitigation Projects.   

 

Figure 3-2. Turkey Creek Upper and Lower Reaches (Source Google ™ Earth ®, © 2012 Google) 

Lower Turkey Creek 

Upper Turkey Creek 

Kansas River 

Upper Turkey Creek   

Lower Turkey Creek   
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1.3 DOWNSTREAM CHANNELS 

The two channels located downstream of Upper Turkey Creek are Lower Turkey Creek and the Kansas 
River.  

1.3.1 LOWER TURKEY CREEK 

Lower Turkey Creek is the segment of Turkey Creek below the 4.4 BNSF Railroad Bridge to the 
confluence with the Kansas River. This segment stretches approximately 2.17 miles total and goes 
through the Turkey Creek tunnel for about 1,700 feet before discharging into the Kansas River. The 
tunnel was built in 1919 and its cross section is a horseshoe shape that is 28 feet in diameter. The lower 
portion has undergone many channel improvements and construction projects in the past. Currently, a 
large fraction of Lower Turkey Creek has been channelized. USACE recently completed the Turkey 
Creek Basin Construction Project, which included: 1,300 feet of improvements to the tunnel, bridge 
modification, channel widening, and enlargements to the hillside interceptors. The project was completed 
before the start of 2012. 

1.3.2 KANSAS RIVER 

The Kansas River Basin is located in northern Kansas, southern Nebraska, and Eastern Colorado. Major 
tributaries include the Big Blue, the Republican, the Saline, the Solomon, and the Smoky Hill Rivers. 
Much of the river’s watershed is dammed for flood control, but the river is generally free-flowing and has 
only minor obstructions, including diversion weirs and one low impact hydroelectric dam. The Kansas 
River is formed by the convergence of the Republican and Smokey Hill Rivers at Junction City, Kansas. 
The top width of the Kansas River at the confluence of Turkey Creek is about 570 feet. The Kansas River 
Drainage Basin is approximately 60,000 square miles, above the confluence of the Turkey Creek. 
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2. SITE BACKGROUND 

2.1 PURPOSE 

This study was initiated in response to events observed in the Kansas City Metro area during the flooding 
of October 1998. As a result of urban expansion in the Turkey Creek river basin, and the heavy rains of 
October 1998 combined with the increased storm water flows of the urban area created a large flash flood 
event causing millions of dollars in damages to the local communities. Although this flood was the most 
devastating in recent memory, there were also many smaller scale flood events and floods that were larger 
in magnitude in the past. The following sections provide a discussion of the flood history of Turkey Creek 
and the surrounding river basin, including background information of the 1961, 1977, 1993, and 1998 
flood events. 

2.2 FLOOD HISTORY 

Major floods on Turkey Creek are usually caused by a short-duration, high-intensity storm following an 
extended period of general rainfall on the basin. The rainfall preceding the heavy rains saturates the soil, 
preventing further infiltration of the water into the soil and forcing it to continue into the Turkey Creek 
channel, creating a higher than average flow. Since the Turkey Creek channel is so narrow and urbanized, 
it usually deals with flash flood events which are hard to prepare for and for the most part unexpected. 
Earlier flood events on Turkey Creek are known to have happened in 1844, 1951, 1958, 1961, and 1968, 
but very little information was documented on these events. Recent flood events that have available 
records and documentation include 1977, 1983, 1986, 1993, 1995, 1996, and 1998. However, the focus 
will be on the three largest flood events which were 1977, 1993, and 1998. These three flood’s rainfall 
data taken on the same rain gauge at Shawnee, Kansas is shown below on Table 3-1. There is no uniform 
available data for flow or high water during these three major events. 

Table 3-1. Comparison of Rainfall Totals for Floods of 1997, 1993, and 1998 at NOAA Raing Gage 
in Shawnee, Kansas 

Flood 
Event 
Date 

Peak Hour Rainfall 
(inches) 

Total Flood Rainfall 
(inches) 

Recorded Dates 
 

1977 1.60 10.90 9/12/1977-9/13/1977 
1993 1.50 6.00 7/10/1993 
1998 3.51 5.61 10/4/1998 

2.2.1 FLOOD OF 1961 

A great flood event happened during June of 1961. However, very little documentation was kept 
regarding the nature, extent, and magnitude of the rainfall. Also no data is available that pertains to flood 
stages, flows, and the damages that resulted from this event. 

2.2.2 FLOOD OF 1977 

Locally known as the Plaza Flood, this was a flash flood event that occurred September 12-13, 1977 
through the Kansas City Metro area. It was caused by a high intensity storm that followed a long period 
of light rain. Most of the focus was put on Brush Creek which travels through the Plaza and discharges 
into the Blue River. During this event there were 25 fatalities and 1000 automobiles totaled, along with 
millions of dollars in damages to the commercial and residential areas surrounding Brush Creek.  
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In the Turkey Creek area, $8.1 million in damages occurred due to flooding. Although damages were 
extensive, the Urban Study conducted following the flood determined that it was not feasible to 
implement a program for managing flood events along Turkey Creek. 

2.2.3 FLOOD OF 1993 

Extensive flooding occurred on July 10, 1993. Although this year was also a major flood year for the 
Missouri and Kansas Rivers in Kansas City, this was an unrelated flash flood event caused by high 
intensity storms on that date. When Turkey Creek flooded in 1993 it overtopped Interstate 35 at five 
different locations. The flooding that occurred during this event also caused one fatality. Damages from 
the 1993 event were estimated at $3.4 million in Merriam, Kansas and $20 million in the lower basin. 

2.2.4 FLOOD OF 1998 

The maximum flood of record for Turkey Creek occurred in October 1998 and resulted from the 
combined effects of saturated soil due to a week with 6 out of 7 days of rain and a high intensity storm 
that started in October 4, 1998. The storm covered the Kansas City Metro area with rain for the entire day 
with afternoon rainfall totals of 0.25 to 1.00 inch. Around 7:00 pm another round of storms produced an 
additional 3 to 5 inches of rain in a 2-hour period. This rainfall produced by this event exceeded the 
rainfall amount defined as the 1-percent annual exceedance probability (AEP) (100-year event) at the 
time. Although this flood had the least amount of total rainfall when compared to the 1977 and 1993 
floods, it produced the highest amount of rainfall in the peak hour. To illustrate the rapidness of this event 
Figure 3-3, illustrates the 10 hours of  highest rainfall intensity of the October 1998 rainfall event 
hyetograph. The worst damaged cause by this flood occurred at Merriam, Kansas near the midpoint of the 
Upper Turkey Creek reach. Multiple bridges and roadways were flooded during this event including 
Interstate 35 and the BNSF railroad tracks south of 75th St. The total cost of damages were estimated at 
$12.0 million in Merriam and $20 million in the lower basin area. 

 

Figure 3-3. Hyetograph illustrating the rainfall distribution over the 10-hour period that made up 
the largest percent of rainfall during the October 4, 1998 event 
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3. HYDROLOGY 

3.1 EXISTING CONDITION OFFICIAL HYDROLOGIC STUDY 

In May 31, 2005, the Larkin Group Inc. (Larkin) completed a watershed study titled Northeast Johnson 
County Watershed Study (JOCO). The JOCO report was produced by Larkin for the Storm Management 
Program of Johnson County, Kansas. As part of the JOCO, Larkin developed a hydrologic model using 
the U.S. Army Corps of Engineers (USACE) software HEC-1. HEC-1 is computer software designed to 
simulate runoff response of a river basin to precipitation by representing the basin as an interconnected 
system of hydrologic and hydraulic components.  

This HEC-1 model produced by Larkin included the complete watershed contributing to the upper portion 
of Turkey Creek, here on referred to as Upper Turkey Creek .  During the early stage of the Upper Turkey 
Creek Feasibility Study it was decided to use Larkin’s HEC-1 model (HEC-1 model) as the official 
existing conditions hydrologic model for the Upper Turkey Creek Feasibility Study. Most of the 
information included in this section was extracted from the JOCO report. The development of the JOCO 
HEC-1 model was documented in Section 6 of the JOCO report.  

3.2 WATERSHED LOCATION AND DELINEATION 

The Turkey Creek Watershed has headwaters starting near 89th Street and Bond, the creek flows in a 
northeasterly direction to the Johnson County Line near Lamar Avenue, which is the downstream end of 
this study. Downstream of the study limits, Turkey Creek flows east northeasterly about 3.4 miles to the 
Kansas River.  The total drainage area of Turkey Creek to the confluence with the Kansas River is about 
30 square miles and includes the drainage areas of both Upper Turkey Creek and Lower Turkey Creek in 
northeastern Johnson County, Kansas as well as drainage areas in Wyandotte County, Kansas, and 
Jackson County, Missouri.  

Turkey Creek, in Johnson County has a main channel length of approximately 7.9 mi (41,700 feet) with 
an elevation drop of 191 feet.  Elevations within the study area range from 1086 to 831 feet above mean 
sea level.  The cities in the study area portion of the Turkey Creek watershed are Mission, Overland Park, 
Merriam, Lenexa, and Shawnee. An aerial photo illustrating the location of the Turkey Creek Watershed 
in reference to several highways and cities is attached. 

3.3 SOILS 

The two basic soil types present in the project area are silt loams and silty-clay loams. Approximately 70 
percent of the watershed consists of the Sharpsburg soil unit, which is a silt loam. This soil is known for 
being deep, well drained and in the B hydrologic group. It is usually found in the uplands and has a range 
of slope from 3 to 8 percent.  The soils data used for hydrologic analysis in the JOCO study is illustrated 
in Figure 3-4. 

The other silt loams, covering approximately 15 percent of the area are the Grundy, Kennebec, and 
Ladoga soil units.  The Grundy unit is deep, poorly drained, is in the C hydrologic group, has a slope 
range of 1 to 3 percent and is found in the uplands.  The Ladoga unit, also found in the uplands is found to 
be deep, well drained, is in the B hydrologic group and has a slope range from 3 to 15 percent.  The 
Kennebec unit, which has a significant amount of humus, is deep, well drained, in the B hydrologic 
group, and is found primarily in bottom lands.  

The silty-clay loam found in this study is grouped into two categories, those with deep or shallow layers.  
These silt clay loams make up the remaining 15 percent of the soils in the watershed.  The deep layers 
consist of the Martin, and Orthents soil units.  Both of these units have similar characteristics in that they 
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both are well drained, in the C hydrologic group and are primarily found in the uplands.  The Martin soils 
can have slopes up to 11 percent while the Orthents soil unit has slopes range from 3 to 6 percent.  

The shallow layers of silty-clay loam are the Sogn and Vinland soil units.  These soils are primarily 
detritus of limestone or shale rock layers.  Both are excessively drained, found in the uplands, are in the D 
hydrologic group, and have slope ranges from 5 to 20 percent. 

 

Figure 3-4. Illustration of soil types available on Turkey Creek (Modified from JOCO Figure 3-4) 
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3.4 SURFACE EXISTING CONDITIONS OF THE WATERSHED 

The surface conditions (or land covering) are an important factor in determining the amount of 
precipitation that runs off the land.  Analysis of surface conditions typically includes land uses, 
vegetation, and land conservation practices.  The large majority of the JOCO study area is fully developed 
and urbanized including Turkey Creek Watershed (Figure 3-5).  A quantitative analysis of existing land 
use was not required for the JOCO because the required hydrologic data was acquired from a detailed 
study of impervious surfaces. However, the study area can be roughly characterized as follows: 

• About 36.0 square miles of the study area is urbanized and fully developed.  About 0.5 square 
miles of undeveloped land, planned for future development is present in the Lake Quivira 
Watershed in western Shawnee.  This undeveloped land is either pasture or woodlands.  Open 
areas are also present in the community of Lake Quivira, but the planned use is for those areas to 
remain as wooded open space. 

• About 60 to 70 percent of the urban area is residential usage (subdivisions of single-family 
homes, multi-family dwellings, and apartment complexes. 

• About 20 to 25 percent of the land is used for commercial, business or institutional uses, 
including retail shopping, restaurants, entertainment, offices, hospitals, schools, churches and 
synagogues. 

• Less than 5 percent of the urban land is used for light industries. 
• The remainder of the urban land is open space (such as floodplain areas), parks, golf courses, or 

transportation corridors. 
• The average percent imperviousness for the entire study area is approximately 38 percent. 

 

Figure 3-5. Illustration of impervious surfaces on Turkey Creek (Modified from JOCO Figure 3-5) 
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3.5 FUTURE WITHOUT PROJECT HYDROLOGY 

The Turkey Creek watershed in the existing conditions analysis is fully urbanized and has been for some 
time.  Therefore, any new development would essentially require demolition of existing developed areas.  
Additionally, according to the City of Merriam, when new developments are proposed, the City and 
County require that these businesses manage their stormwater using detention such that post project flows 
do not increase.  For example, this was required of IKEA which is the most recent large project 
constructed in the Turkey Creek watershed.  Therefore, no changes were made to the existing conditions 
hydrology study to account for future development.   

3.6 PRECIPITATION 

The precipitation values used in the HEC-1 model were determined using the 24-hour precipitation maps 
included in NOAA’s Technical Paper Number 40 (TP-40). These values are summarized in Table 3-2. 
For hydrologic modeling purpose, a Soil Conservation Service (SCS) Type II temporal distribution was 
assumed. 

Table 3-2. AEP and precipitation totals for 24 hour rainfall events based on TP-40 

AEP 
(percentage) 

Average Return Period 
(years) 

24-hour Rainfall Amount 
(inches) 

50  2 3.6 
20 5 4.5 
10 10 5.3 
4 25 6.2 
2 50 6.9 
1 100 7.8 

0.5 200 8.4 
0.2 500 9.3 

 

3.7 UPDATED PRECIPITATION 

In April 2013, updated rainfall estimates for the Midwestern States were published by the National 
Oceanic and Atmospheric Administration (NOAA).  The report is titled “NOAA Atlas 14 – Precipitation 
Frequency Atlas of the United States – Volume 8 – Version 2.0: Midwestern States” (Atlas 14). This 
publication coincided with the completion of the Alternative Formulation Briefing. By then, the 
feasibility level design had been completed and the project delivery team was preparing the report for the 
Independent External Peer Review (IEPR). One comment made by the IEPR team suggested that the 
hydrologic data used for design could be outdated and mentioned the recent publication of Atlas 14. This 
comment initiated an investigation of the potential impacts of the Atlas 14 precipitation values on the 
proposed NED project.  

The changes in precipitation translated into modified flow-frequency relationships for the Upper Turkey 
Creek reach. Table 3-3 summarizes the frequency-precipitation relationship determined using Atlas 14. It 
should be emphasized that the Atlas 14 precipitation resulted in larger events for all frequencies 
especially for events with an AEP less than 2 percent. Although reformulation could not be attained, the 
NED plan was revised to ensure the level of protection proposed was not exceeded by the new resulting 
flows. Further details regarding the analysis conducted and the changes adopted in the Final NED Plan 
are summarized in Chapter 7 
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Table 3-3. AEP and precipitation totals for 24-hour rainfall events based on Atlas 14 

AEP 
(percentage) 

Average Return Period 
(years) 

24-hour Rainfall Amount 
(inches) 

50  2 3.7 
20 5 4.7 
10 10 5.5 
4 25 6.8 
2 50 7.8 
1 100 8.8 

0.5 200 9.9 
0.2 500 11.4 

 

3.8 STREAM FLOW 

Johnson County, Kansas receives a mean annual rainfall of approximately 38 inches.  This area is known 
to have intense thunderstorms between May and September that produce heavy rainfall.  These storms can 
produce high stream flows and flooding in the area of study included in the JOCO Report. Some of these 
high stream flows have a short duration making Turkey Creek dangerous during these high events. 
Streams like Turkey Creek, that have the tendency to produce high flow and low duration peaks are 
referred to as flashy streams.   

There is one U.S. Geological Survey (USGS) stream gage associated with the study area. This gage is 
identified as Gage 06893557 and is located near Ward Parkway in Kansas City, Missouri. It monitors 
Brush Creek downstream of the study area.  The USGS has reported data for this gage since 1999 and the 
average annual mean stream flow for this gage is 10.31 cubic feet per second (cfs). Based on 
conversations with USGS Staff (Don Wilkinson) in 2002, the 100-year flow at this location has been 
estimated at approximately 16,000 cfs based on variety of source data, but not enough data has been 
collected from the gage to verify this estimate. Although this gage is not directly related to Turkey Creek, 
it was an important calibration tool for Larkin during the preparation of the JOCO HEC-1 model. 

The Johnson County stream gage network (Storm Watch System) has four gage stations in the vicinity of 
the Turkey Creek watershed. These gages were only recently added in the late 1990’s, and therefore, were 
not used as a basis for establishing the precipitation values for the hydrologic models. Two of these 
stream gage stations, identified as 3010 and 3020, are within the Turkey Creek Watershed (Table 3-4). 
These gauging stations are not set up for stream flow measurement, but collect precipitation and water 
level data. The location of these gages with respect to the Turkey Creek watershed is illustrated in Figure 
3-6. 

Table 3-4. Turkey Creek Watershed Gages in the Storm Watch Gage Network 

Gage Location Oldest Available Record 

3010 Johnson Drive September 14, 1999 
3020 65th Street March 23, 2000 
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Figure 3-6. Illustration of Turkey Creek Watershed with location of precipitation and stream gages 
(Modified from JOCO Figure 3-3)  

3.8.1 UPDATED DESIGN DISCHARGES 

The design discharges were obtained from the HEC-1 model updated with the Atlas 14 precipitation 
values. Detailed discharge values used in the hydraulic model to determine the water surface profiles are 
presented in Exhibit 2. 

3.8.2 CLIMATE CHANGE CONSIDERATIONS 

In order to document expected changes in temperature and precipitation within the study location a trend 
analysis was conducted using the Kansas City weather station. This station was selected due to the long 
record dating back to October 1, 1893.  First, annual daily maximum and minimum temperature records 
were analyzed to determine if temperature trends appear to be present within the study area.  Figure 3-7 
presents the temperature trend analysis.  
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Figure 3-7. Annual maximum and minimum daily temperatures at Kansas City, Missouri 
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As seen in the figure, an increasing trend is present in the data. Recent studies have linked increasing 
temperature trends with increasing precipitation.  Huntington (2006) reported recent meteorological 
models relating temperature and precipitation have shown a degree of proportionality between these two 
variables of approximately a 4.3% increase in precipitation per degree Kelvin, although this journal article 
was looking at mean values rather than extreme precipitation events.   

Using the trendline for annual maximum temperature in Figure 3-7, an increase of 1.46 degrees 
Fahrenheit (0.81 Kelvin) is expected in the next 50 years.  Available NOAA models suggest an average 
increase of 3 to 5 degrees Fahrenheit (1.6 to 2.8 Kelvin) over the next 70 years, while citing considerable 
uncertainty with these estimates.  These projections in temperature coupled with the temperature-
precipitation relationship from the Huntington (2006) study result in an estimated increase in precipitation 
of 3.5 to 12 percent.  The NOAA model projections show less effect on annual mean precipitation with an 
estimated increase of less than a 5 percent with decreases modeled for summer when most major flood 
events occur. The largest increases are shown for winter season when few floods occur and more modest 
increases during spring and fall when some flood events historically occur in the Kansas City region.  
Figure 3-8 presents a graphic from the NOAA report which includes the state of Kansas. Climate change 
is discussed in more detail in Chapter 7 of the main report in accordance with ECB No. 2014-10.     

 

Figure 3-8.  Simulated difference in annual and seasonal mean precipitation (%) for the Great 
Plains Region (2041-2017 with respect to the reference period of 1971-2000).  From NOAA 2013.   

 



Upper Turkey Creek 
Johnson County and Wyandotte County, Kansas 

Flood Risk Management Project 
Feasibility Study Report with Integrated Environmental Assessment 

 

 
B3-14 

Specific to the Upper Turkey Creek study, 24 hour precipitation values were utilized for analysis with a 
SCS Type II synthetic distribution.  Figure 3-9 presents trend analysis for 1 to 5 day precipitation at 
Kansas City, Missouri. 

 

Figure 3-9. Maximum Annual Daily to Five Day Precipitation at Kansas City, MO 

Figure 3-9 suggests that stronger trends are present in the five day precipitation values as compared to 
shorter precipitation durations.  The linear trend analysis yields an increase of approximately 7%, 4.8%, 
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and 3.1% per degree Kelvin for the 5 day, 2 day, and 1 day durations, respectfully.  Since 24 hour 
precipitation values with an SCS Type II distribution were utilized for the study,, the trends in 24 hour 
precipitation were considered the most important.  Using a 3.1% increase per degree Kelvin against a 
range of 0.8 to 2.8 degree Kelvin increases would yield a potential difference in peak precipitation 
between 2.5 and 8.7 percent. This increase in precipitation could be considered  proportional to the 
expected increases in peak flows.  Considerable uncertainty exists in the trend analysis methodology as 
annual peak precipitation events are not necessarily coincident with periods of increased temperature, and 
the events are not evenly distributed.  Additionally, longer term climate modeling show decreasing trends 
in mean precipitation during summer when most flood events occur.  Generally speaking, changes less 
than 10% are considered within our ability to accurately measure streamflow, and the best estimate for the 
Kansas City area would be approximately 2.5 percent as it is based off of local trends in 24 hour 
precipitation versus annual maximum temperature trends.  As mentioned previously, considerable 
uncertainty exists with this methodology.   

However, while 24 hour values were used, much shorter duration intensities of precipitation are what 
drive peak streamflows for Turkey Creek.  For example, approximately 3.5 inches of rain fell in 1 hour 
during the record 1998 event whereas the full storm was just over 5 inches.  The SCS Type II storm 
distribution places over 3.9 inches of rain in one hour if using the 8.8 inch 24 hour intensity from Atlas 
14, whereas the 1 hour value for Atlas 14 is 3.6 inches, indicating the methodology is already 
conservative by 12% for 1 hour durations. For longer durations, e.g. the three hour precipitation, the SCS 
Type II and Atlas 14 publication yield very similar depths.  Given the way the calculations were made for 
Upper Turkey Creek, and the likely small projections of potential increases in extreme precipitation, the 
effects of climate change are expected to be insignificant for this study.  Additionally, the hydrologic 
uncertainty analysis has considered much greater uncertainties associated with flows than are considered 
possible with projections from trend analysis and climate change models.   
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4. HYDRAULICS 

4.1 BACKGROUND 

Due to a recent period of rapid urban expansion Turkey Creek storm water flows have increased. The 
basin is now considered to be fully developed.  In 1998 heavy rains caused millions of dollars in flood 
damage to the local communities. The existing stream-hydraulic conditions of Turkey Creek were 
modeled using the Hydrologic Engineering Center River Analysis System version 3.1.3 (HEC-RAS). 
HEC-RAS is a software developed by the USACE to conduct one dimensional steady flow river hydraulic 
calculations. The base of the existing Upper Turkey Creek Feasibility Study existing condition model was 
the JOCO hydraulic HEC-RAS model. This model was modified in 2003 by USACE engineers to 
incorporate the proposed new BNSF railroad bridge just downstream of Merriam.  

As part of the Upper Turkey Creek Feasibility Study, the Louis Berger Group (LBG) used HEC-RAS 
flood models that were provided by both USACE and JOCO. The JOCO model, which was based on 
earlier USACE modeling efforts, was used for the Merriam portion of Turkey Creek because it had 
recently undergone review by the Federal Emergency Management Association (FEMA) and once 
approved the model would set the limits for 100-year FEMA firm mapping. The JOCO model was used 
for flood reduction improvements within the downtown Merriam area. This area sustained the most 
damage during the 1998 flood and was the focal point of the FDR study. The channel modifications 
within this area were predominantly bounded by the Shawnee Mission Parkway and Merriam Drive 
bridges. The USACE model was used to study flood reduction measures within the Roe Lane Industrial 
Park. This area is located at the downstream end of the Upper Turkey Creek reach in Wyandotte County 
between Route 69 and Roe Lane. This area not only floods from channel overtopping but also has back 
flooding problems through a rail opening in the route 69 bridge. Both models were combined into a single 
existing conditions model to establish a baseline to evaluate the proposed alternatives during the 
feasibility phase.    

4.2 EXISTING CONDITIONS HEC-RAS MODEL DEVELOPMENT 

The JOCO model was developed using the critical depth methodology without due consideration to the 
Wyandotte County cross-sections from an earlier USACE Turkey Creek model. As the areas evaluated by 
JOCO and USACE are contiguous, changes within either study area could potentially impact upstream 
and downstream areas. To eliminate any uncertainty of these potential impacts, USACE sought to create a 
model that incorporated the FEMA FIRM mapping efforts with the USACE modeling efforts to provide a 
comprehensive understanding of the two study areas. It was therefore necessary to integrate this portion 
of the model back into the USACE model, incorporate the Wyandotte County cross-sections into the new 
model, re-configure the baseline to reflect the findings of the JOCO model and model the conditions 
under eight different storm events (2, 5, 10, 20, 50, 100, 200, and 500-year). 

4.2.1 UPPER TURKEY CREEK REACHES 

This combined HEC-RAS model is considered the existing condition hydraulic model for the Upper 
Turkey Creek Feasibility Study. In this HEC-RAS model, the main channel reaches are identified in 
general as TC-M## and the tributaries as TR## (in which ## represents a two digit identification number). 
The model consists of 13 reaches of which five comprise Turkey Creek main channel, five comprise the 
two tributaries, and the others are used to model various split flows during high stage flood events. Table 
3-5 includes all the reaches included in the existing model and Exhibit 1 illustrates the location of the 
reaches over an aerial photo.  
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Table 3-5. Reaches included in the Upper Turkey Creek Existing Condition HEC-RAS Model 

Reach Cross Sections Remarks 

TC-M120 7.508 to 5.647 Turkey Creek upstream reach 
TC-M85 -0.073 to -0.504 Reach between I-35 Bypass and RR Bypass  
TC-M81 -0.524 to -1.272 Turkey Creek along split with RR Bypass 
TC-M80 5.513 to 0.217 Largest reach of Turkey Creek in model 
TC-M80a 0.115 to 0.001 Turkey Creek along split with I-35 Bypass 
TRIB88 6.771 to 6.756 Upstream of TRIB85 
TRIB87 6.760 to 6.743 Upstream of TRIB85 
TRIB85 6.712 to 5.855 Combined downstream with TRIB 81 
TRIB81 6.708 to 5.649 Combined downstream with TRIB 85 

TES-87 5.900 to 5.807 Floodplain cross section perpendicular to TC-M120  
(Junction of TRIB81 and TRIB85) 

I-35 Bypass 0.115 to 0.001 Split flow parallel to TC-M80a 
RR Bypass -0.525 to -0.590 Split flow parallel to TC-M81 

ITC -1.344 to -1.479 Turkey Creek downstream reach (discharge from RR-
Bypass  

 

Because the original JOCO model does not have reaches that terminate at the shared county line, some 
investigation of reach TC-M85 was required before merging the two models could be accomplished. In 
the JOCO model, this reach only contains three sections. One of these sections contains the downstream 
boundary condition. In the USACE model, the reach contains many more sections and continues 
downstream into Wyandotte County where it terminates into additional reaches. Because of this 
difference the three related sections from both models, stations -0.073, -0.132 and -0.206, were compared 
to ensure they contained identical geometry and coding. The resulting comparison indicated that the 
sections matched, the entire reach from the USACE model seamlessly replaced TC-M85 within the JOCO 
model allowing additional reaches within Wyandotte County to be imported. The JOCO boundary 
condition was changed to reflect the new downstream terminus station within the reach designated as 
ITC, river station -1.479. The downstream boundary condition was also changed from “critical depth” to 
“rating curve” in order to reference data created by the USACE which evaluates water surface dependant 
flow rates. Use of this rating curve more accurately portrays the connectivity with the Lower Turkey 
Creek river system. 

Junction 9, which connects reaches I-35 Bypass and TC-M80a to TC-M85, was updated to include 
junction length data found in the USACE model. This data helps to minimize calculation errors associated 
with energy losses across complicated river junctions. Three additional areas within the Johnson County 
portion of the UTC-Existing model were updated with information from the USACE model: Piers within 
the bridge section at river station 0.061 in reach TC-M80a were repositioned so that they accurately 
reflected bridge deck coding; An ineffective area marker was added to the overbank area at station 2.312 
of reach TC-M80. Terrain and bridge modifications between TC-M80 stations 2.002 to 2.12 were 
necessary to reflect the BNSF rail bridge reconstruction which required extensive recoding. 
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4.3 EXISTING CONDITIONS HEC-RAS MODEL – ATLAS 14 DISCHARGES 

The results from the Atlas 14 based HEC-1 model translated into new flow-frequency relationships for 
the Upper Turkey Creek reach. The Q-break locations in the original model were evaluated to determine 
the correct expected channel discharges produced by the Atlas 14 updated rainfall values.  

In general, the Atlas 14 discharges were higher than the original estimates. The minimum average 
increase in discharge was determined to be 2% for the 20-percent ACE event and the maximum average 
increase was approximately 17% for the 0.2-percent ACE event. Typically, the average increase 
augmented with lower frequencies except between the 50- percent and the 20-percent ACE events. The 
average flow increase for the 50-percent ACE event was 3% while the average flow increase for the 20-
percent ACE event was 2%. Exhibit 2 summarizes the design discharges based on TP-40 and Atlas 14 and 
the flow change locations in the HEC-RAS model.  

4.4 EXISTING CONDITIONS HEC-RAS MODEL – RESULTS 

In addition to the flow updates, the HEC-RAS model version was also updated from version 3.1.3 to 
version 4.1.0. The tabular results from the HEC-RAS model are included in Exhibit 3. The 10%, 2%, 1%, 
and 0.2% ACE water surface profiles of the UTC main channel – which include model reaches TC-M81, 
TC-M85, TC-M80a, TC-M80, and TC-M120 – are illustrated in Exhibit 4. 

4.5 FUTURE CONDITIONS HYDRAULIC ASSUMPTIONS 

Potential future changes in the river morphology due to natural and or man made changes were 
considered to be negligible.  Factors considered include: 

1) Construction of new bridges, although none are currently known to be scheduled for replacement 
or construction, would be expected to occur with zero rise requirements due to the community’s 
active participation in the national flood insurance program.  Potential future development in the 
floodway would be limited for similar reasons, along with the presence of I-35 and park lands 
which would essentially make such development infeasible. 

2) Final stages of construction of the Corps Lower Turkey Creek project are in progress.  The 
project has a documented no rise certification dated November 18, 2014 from HNTB, and results 
in a drop of water surface that extends approximately 1,200 feet upstream of the project then 
converges with the pre-project profiles approximately 4 miles downstream of the Upper Turkey 
Creek Project.   

3) The Merriam Drainage District has a strong operational budget and regularly performs 
maintenance of the channel within the project limits if any large deposits of rock or debris are 
observed. 
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5. PROPOSED CONDITIONS 

5.1 INTRODUCTION 

LBG initially attempted to store potential flood flows within upstream watershed areas of Turkey Creek 
by creating detention basins within certain existing or proposed over bank areas. After extensive work 
with both the HEC-1 and HEC-RAS models, it was determined that the available volume of flood storage 
was not sufficient to significantly reduce peak flood flows. Most of the available land was already being 
modeled as flood storage within the HEC-1 model and additional modifications in these areas did not 
provide sufficient storage volume to reduce flood levels within downtown Merriam. LBG also 
investigated the possibility of using a bypass tunnel. This concept was dismissed due to the extreme costs 
associated with this type of construction. Because the storage and bypass concepts were not feasible, LBG 
focused on methods of channel modification and widening to improve flood conditions. Three methods of 
flood protection were developed in the hydraulic analysis included: 1) channel widening; 2) levee and 
flood wall installation; and 3) a combination of channel widening, levees and flood walls. 

Following the creation of the alternatives, data was extracted from the model and the water surface 
elevations were analyzed to determine the level of protection each alternative provided within the 
immediate project area. It was also required to demonstrate that the alternatives did not raise water 
surface profiles upstream of the project area. Following the creation of the various alternatives, the 
models were run, the data was extracted, and the extent of flooding was determined. Exhibit 1 displays 
the area of Upper Turkey Creek and its associated watershed versus the HEC-RAS configuration. 

5.2 ALTERNATIVE NOMENCLATURE 

For the purpose of distinguishing between the latest versions of the contiguous model data and previous 
models and GIS submissions, it was necessary to develop a unique file naming convention during the 
modeling process. The new convention had a 12 character limit due to HEC-RAS file name length 
restriction. The new naming convention, UTC_A#_###_A, consists of four variables separated by an 
underscore (example: UTC_A1_050_E). The first variable (UTC) denotes the project location as Upper 
Turkey Creek. The second variable (A#) denotes the alternative and number. The number represents the 
method of flood protection: (1) Channel Widening; (2) Levee and flood walls; or (3) Combination of 
channel widening and levee/flood walls. The third variable (###) represents the level of protection 
provided by the alternative for a given storm year. Three levels of protection have been formulated during 
this study; the 10-percent AEP (10-year event [010]), the 2-percent AEP (50-year event [050]), and the 
made to major bridge structures within the project areas. The alpha character will be either an M 
(Modified) or an E (Existing). In alternatives denoting the E, major bridges were not modified to 
accommodate storm flows. In alternatives with the M, only structures impeding storm flows for the 
desired level of protection were modified. Since the existing conditions contiguous model, also known as 
future without project, should keep the same nomenclature format the (A#) variable would be replaced 
with an EX to represent existing (example: UTC_EX_###_E). The last variable (A) represents whether 
modifications have been made to major bridge structures within the project areas. The alpha character will 
be either an M (Modified) or an E (Existing). In alternatives denoting the E, major bridges were not 
modified to accommodate storm flows. In alternatives with the M, only structures impeding storm flows 
for the desired level of protection were modified. Since the existing conditions contiguous model, also 
known as future without project, should keep the same nomenclature format the (A#) variable would be 
replaced with an EX to represent existing (example: UTC_EX_###_E). 
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5.3 DESCRIPTIONS OF ALTERNATIVES 

The following flood damage reduction alternatives were analyzed using HEC-RAS 3.1.3. The alternatives 
were prepared for the 10-percent AEP (10-year event), 2-percent AEP (50-year event), and the 1-percent 
AEP (100-year event). For levee and flood wall alternatives and combination alternatives, 0.5-percent 
AEP (200-year event) and 0.2-percent AEP (500-year event) were also considered. Some alternatives 
require the replacement of a small foot bridge at river station 3.568, within reach TC-M80, to 
accommodate levee or channel widening.  It should be noted that replacement of this minor bridge does 
not encompass the same level of effort or expense as modifying a major structure such as the Merriam 
Road bridge. Where channel widening is included in the proposed modifications, it was necessary to 
widen some bridge sections to accommodate excavation. Another modification to the alternatives was the 
removal of the inline structure at station 3.23. This structure does not appear to act as a channel restriction 
until the proposed channel shape modifications are performed. The 2006 aerial imagery was checked to 
confirm the location, type, and purpose of the structure prior to removal. Based on the aerial imagery, the 
channel has been relined with limestone blocks and no inline structures, weirs, large culvert openings, or 
tributary connections are located between sections 3.225 and 3.231. The location remains as a river mile 
station within the HEC-RAS model, however, the section elevation data for the structure was removed. 
Table 3-6 provides a summary of the HEC-RAS project model alternatives and respective nomenclature. 

Table 3-6. Model Alternatives Nomenclature 

Alternative Type of Improvement Annual Exceedance Probability 
UTC_A1_010_E Channel Widening 10-percent AEP (10-year event) 
UTC_A1_050_E Channel Widening 2-percent AEP (50-year event) 
UTC_A1_050_M Channel Widening 2-percent AEP (50-year event) 
UTC_A1_100_E Channel Widening 1-percent AEP (100-year event) 
UTC_A1_100_M Channel Widening 1-percent AEP (100-year event) 
UTC_A2_10_E Levee or Flood Wall 10-percent AEP (10-year event) 
UTC_A2_50_E Levee or Flood Wall 2-percent AEP (50-year event) 
UTC_A2_100_E Levee or Flood Wall 1-percent AEP (100-year event) 
UTC_A2_200_E Levee or Flood Wall 0.5 percent AEP (200-year event) 
UTC_A2_500_E Levee or Flood Wall 0.2 percent AEP (500-year event) 
UTC_A3_010_E Combination 10-percent AEP (10-year event) 
UTC_A3_050_E Combination 2-percent AEP (50-year event) 

UTC_A3_050_M Combination 2-percent AEP (50-year event) 
UTC_A3_100_E Combination 1-percent AEP (100-year event) 
UTC_A3_100_M Combination 1-percent AEP (100-year event) 
UTC_A3_200_E Combination 0.5 percent AEP (200-year event) 
UTC_A3_500_E Combination 0.2 percent AEP (500-year event) 

5.3.1 FUTURE CONDITIONS WITHOUT PROJECT 

The Future Conditions Without Project is the product of integrating two Turkey Creek HEC-RAS models 
into one contiguous model as discussed previously. This model simulates water surface elevations based 
on current stream configurations, channel shapes, overbank areas, and storm flow data. This model does 
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not simulate the effects of structural or channel modifications within the Turkey Creek river basin. The 
assumption was made that any river, creek, or tributary erosion or storm related damage would be 
addressed and fixed at the county level and that the basin systems and characteristics modeled would 
remain within a sufficient margin of deviation.  

5.3.2 ALTERNATIVE 1 – CHANNEL WIDENING  

Channel widening was considered in areas where over bank expansion was available. Because the 
majority of the channel currently has a hard slate bottom, channel bottom excavation was kept to a 
minimum. The proposed channel bottom width was kept constant, wherever possible, with a maximum 
side slope in most areas of 2H:1V, which requires the channels to be lined with either rip rap bio-
stabilization or concrete block measures. These techniques are more ascetically appealing and less 
expensive than concrete channel hardening measures. Areas that require slopes in excess of 1H:1V 
(steeper) were treated with hardened revetments such as pre-cast retaining wall block or the local 
limestone blocks currently used in some downtown areas.  

5.3.2.1 UTC_A1_010_E 
Channel widening alternative using channel bottom widths ranging from 40 to 60 feet and 3H:1V side 
walls throughout downtown Merriam. The intent was to only to modify sections that could not 
accommodate the 10-percent AEP (10-year event). Through the Roe Lane Industrial Park, a narrower 
bottom width of 30 feet was used with a 1H:1V side slope because of limited available overbank area. 
The bottom of the channel was also modified to have an approximate slope of 0.0043 ft/ft to promote a 
consistent energy slope through the industrial park and reduce over bank flooding. 

5.3.2.2 UTC_A1_050_E 
Channel widening alternative using a channel bottom width of 60 feet and 2H:1V side slope for the reach 
between Shawnee Mission Drive and Merriam Drive. Sections 3.690 and 3.665, immediately upstream of 
Shawnee Mission Drive, have an increased channel bottom width to accommodate the main stem and 
tributary confluence of flows. In an effort to minimize excavation where possible, just the channel side 
slopes were modified to conform to the 2H:1V slope with rip rap bio-stabilization measures. The 
proposed channel through the Roe Lane Industrial Park has a bottom width of 50 feet with a 1H:1V 
sloped side wall. The bottom of the channel was excavated at an approximate slope of 0.0043 ft/ft to 
promote a consistent energy slope through the industrial park to reduce over bank flooding.  

5.3.2.3 UTC_A1_050_M 
For this alternative, the UTC_A1_050_E channel geometry was used with structural modifications made 
to the Shawnee Mission and Merriam Drive bridges. Some channel modifications were made upstream of 
Shawnee Mission, between sections 3.855 and 3.711, to improve the transition of the channel to the wider 
bridge opening. The four existing 14-foot wide culverts were removed and replaced with a 210-foot span 
supported by six piers spaced at 30-foot intervals. The lower bridge deck was raised 2.4 feet to enable the 
2-percent AEP (50-year event) flow to pass through the bridge openings without overtopping. This bridge 
design also allows the 1-percent AEP (100-year event) flow to pass without overtopping the bridge deck 
while locally staying within the 2-percent AEP (50-year event) design channel. The existing culverts were 
a major restriction and caused the water surface to overtop the bridge at 5.77 feet above the top of culvert. 
The Merriam Drive bridge span was increased from 53 feet to 88 feet with four equally spaced piers. The 
bottom of the deck was raised one foot to accommodate the 2-percent AEP (50-year event) flows.  

5.3.2.4 UTC_A1_100_E 
Channel widening alternative utilizing 100-foot bottom widths and 2H:1V sloped side walls for the reach 
between Shawnee Mission Drive and Merriam Drive. Due to structural obstructions or topographical 
restrictions, some sections within this reach were coded to provide a transition to the proposed 100-foot 
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channel bottom width while maintaining the 2H:1V side slope. The pedestrian bridge at section 3.568 was 
modified to span 160 feet with a vertical clearance height of 4 feet which helped reduce flood levels by 
6.87 feet at the upstream bridge section.   

5.3.2.5 UTC_A1_100_M 
Channel widening alternative using 100-foot bottom widths with 2H:1V sloped side walls for the reach 
between Shawnee Mission Drive and Merriam Drive. Due to structural obstructions or topographical 
restrictions, some sections within this reach were coded with less than the proposed 100-foot channel 
bottom width while maintaining the 2H:1V side slope. For the purpose of lowering water surface 
elevations in downtown Merriam, modifications were made to both the Shawnee Mission and Merriam 
Drive bridges. The Shawnee Mission Drive Bridge was enlarged to span 210 feet across six piers. The 
lower bridge deck was raised 2.85 feet to insure that the deck would not obstruct storm flows. Between 
sections 3.855 and 3.665, the channel bottom width transitioned to 200 feet to accommodate the new 
bridge openings. This proposed bridge and channel configuration reduced the upstream water surface by 
approximately 6 feet and reduced overtopping the road. The pedestrian bridge at section 3.568 was 
modified to span 160 feet with a vertical clearance height of four feet which helped reduce flood levels by 
6.87 feet at the upstream bridge section. The Merriam Drive Bridge was enlarged to conform to the new 
channel shape. The proposed bridge spans 179 feet across seven piers. The lower bridge deck elevation 
was also raised by one foot. The alternative still required channel geometry modifications as found in 
alternative UTC_A1_100_E. 

5.3.2.6 UTC_A1_200_E 
The Channel widening alternative developed for the 0.5-percent AEP (200-year event) utilizes the same 
channel configuration as the 1-percent AEP (100-year event) channel alternative (UTC_A1_100_E) due 
to the limitations in land area required to create a wide enough channel that would contain the storm 
event. This configuration does not contain the entire 0.5-percent AEP (200-year event) at all locations 
within the project area, but it does reduce the 0.5-percent AEP (200-year event) water surface profile 
approximately 0.75 feet in the Merriam project area.  

5.3.2.7 UTC_A1_500_E 
The Channel widening alternative developed for the 0.2-percent AEP (500-year event) is utilizing the 
same channel configuration at the 1-percent AEP (100-year event) channel alternative (UTC_A1_100_E) 
due to the limitations in land area required to create a wide enough channel that would contain the storm 
event. This configuration does not contain the entire 0.2-percent AEP (500-year event) at all locations 
within the project area, but it does reduce the 0.2-percent AEP (500-year event) water surface profile 
approximately 0.68 feet in the Merriam project area.  

5.3.3 ALTERNATIVE 2 – LEVEE AND FLOOD WALL INSTALLATION 

Another flood abatement measure modeled was the installation of levees and flood walls. A levee wall is 
a compacted earthen mound that has 2 1/2H to 1V side slopes with a 10-foot crown regardless of levee 
height. Flood walls were used when space requirements for levees was greater than the available over 
bank area. The proposed flood walls would consist of a reinforced concrete retaining wall with a 
minimum thickness of two feet.  

After hydrology was updated to incorporate Atlas 14, an additional alternative was formulated called 
Alternative 2G in the main body of the report as discussed in Section 5.3.3.2.   

5.3.3.1 UTC_A2_010_E, UTC_A2_050_E, UTC_A2_100_E, UTC_A2_200_E, and UTC_A2_500_E 
These alternatives involve the installation of concrete flood walls and/or earthen levees in the downtown 
Merriam area. Three levels of protection have been evaluated using flood prevention techniques in order 
to protect against 10-percent AEP (10-year event), 2-percent AEP (50-year event), 1-percent AEP (100-
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year event), 0.5-percent AEP (200-year event), and the 0.2-percent AEP (500-year event). The coding 
within HEC-RAS does not distinguish between levee and flood walls, but does acknowledge the presence 
of a water retaining structure. Levee walls consist of an earthen embankment with a vegetative surface 
with 2 1/2H:1V side slopes and a 10-foot crown. The levee heights vary dependent upon location and 
water level protection needs, but a maximum levee height of eight feet was determine for the 0.2 percent 
AEP. Flood walls are reinforced concrete retaining wall structures which vary in height depending on 
location and water level protection requirements. As a supplement to the levee and flood wall protection 
measures, the inclusion of reinforced headwalls at bridge crossings reduced the risk of overtopping during 
flood events.  

The downtown Merriam’s levee system is bounded by the Shawnee Mission Parkway and Merriam Drive 
bridges. These bridges will require the installation of reinforced headwalls. Two of the UTC_A2 
alternatives modified the pedestrian bridge located at station 3.568. Alternative UTC_A2_050_E requires 
a new bridge which spans 160 feet across the new levee walls. For Alternative UTC_A2_100_E, the 
proposed bridge would span 320 feet across the new levee walls. This alternative uses existing overbank 
area for floodway flow thus increasing the distance between the levee walls. If it is determined that 
additional structural support is required, piers could be added to shorten the overall span.  However, 
placement of these piers would be limited to outside the main channel area. At a minimum, these bridges 
should provide a vertical clearance equal to that of the levee height in the area. The replacement of this 
bridge is necessary to reduce water surface elevations and the floodwall height in the area.  

5.3.3.2 Alternative 2G (added after the hydrology update to Atlas 14) 
A new alternative 2G was formulated following updates to Atlas 14 flows to provide a similar product to 
the pre-Atlas 14 tentative selected plan (TSP) 2D.  Alternative 2D, which had 2.5 feet of freeboard above 
the 1% ACE event, happened to meet USACE reliability criteria for National Flood Insurance Program 
(NFIP) levee accreditation requirements by providing over 90% assurance of passing the 1% ACE event.  
In formulating Alternative 2G, freeboard requirements of FEMA were also considered relevant assuming 
a private engineering firm may perform the NFIP levee certification.  FEMA requires a minimum 3 feet 
of freeboard above the 1% ACE event and an additional 1 foot of freeboard within 100 feet of bridges, 
which would include any headwalls on the bridges in this case.  In order to pass these flows with feasible 
levee and bridge headwall heights, Alternative 2G required additional modeling and analysis of the 
Merriam Drive Bridge and the addition of a triple 5 feet by 5 feet box culvert on the right side of the 
existing bridge opening.  The modeling approach utilized a new lateral structure at river station 2.718 
connecting to the creek downstream of the bridge at river station 2.623.  The triple 5x5 feet structure 
would be a 300 feet long box culvert with an upstream invert elevation of 897.9 feet and downstream 
invert of 896 feet. Mannings roughness was set at 0.013 for the culvert.  This alternative generally 
resulted in a 2 feet higher floodwall for most of the reach as compared to Alternative 2D.  Without the 
triple box culvert and only raising levees and bridge headwalls, water surfaces would increase 
approximately 5.2 feet just upstream of the Merriam Drive Bridge compared to the 1% ACE event TP40 
based flow profiles, bringing the headwall to infeasible heights.      

5.3.4 ALTERNATIVE 3 – COMBINATION OF CHANNEL WIDENING, LEVEES, AND 
FLOODWALLS  

The combination alternative was created with the intent of minimizing the width increase of channel 
widening by introducing a levee wall where needed. It was anticipated that a combination of the two flood 
abatement measures would be more cost effective than levees or flood walls alone while providing better 
flood protection than channel widening alone. 
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5.3.4.1 UTC_A3_010_E 
Combination alternative using a typical channel bottom width of 50 feet with 3H:1V sloped side walls 
through downtown Merriam. A few channel sections downstream of Shawnee Mission Parkway have an 
increased channel bottom width of 70 feet in order to accommodate the main stem and tributary 
confluence of flows. As with previous alternatives, this alternative followed the convention of modifying 
sections that could not accommodate the 10-percent (10-year event). Levee and flood wall systems were 
used between sections 3.231 and 2.651 to either contain flood flows or provide a minimum of two feet of 
freeboard protection. The pedestrian bridge at section 3.568 was modified to span 114 feet with a vertical 
clearance height of three feet above the bank elevation which reduced flood levels by 3.87 feet at the 
upstream bridge section.  

5.3.4.2 UTC_A3_050_E 
Combination alternative using a typical channel bottom width of 60 feet with 2H:1V side wall slopes 
through downtown Merriam. A few channel sections downstream of Shawnee Mission Parkway have 
been modified to 90 and 120 feet widths in order to accommodate the main stem and tributary confluence 
of flows. Wherever practical, the alternative followed the convention of only modifying sections that 
could not accommodate the 2-percent AEP (50-year event). Levee and flood wall systems were used 
between sections 3.420 and 2.440 to either contain flood flows or provide a minimum of two feet of 
freeboard protection. Protection heights generally remained at or below three feet. The pedestrian bridge 
at section 3.568 was modified to span 114 feet with a vertical clearance height of three feet above the 
bank elevation which reduced flood levels by 3.88 feet at the upstream bridge section.  

5.3.4.3 UTC_A3_050_M 
Combination alternative using a typical channel bottom width of 60 feet with 2H:1V side wall slopes 
through downtown Merriam. A few channel sections upstream and downstream of Shawnee Mission 
Parkway have been modified to transition to and from the modified 210-foot bridge opening. The bridge 
was enlarged to span 210 feet over six evenly spaced piers. The lower bridge deck was raise by 2.4 feet to 
accommodate storm flows. Downstream of the proposed bridge the channel transitions back to its existing 
shape over a tenth of a mile. The alternative geometry was typically the same as that found in alternative 
UTC_A3_050_E. The pedestrian bridge at section 3.568 was modified to span 114 feet with a vertical 
clearance height of three feet to reduce flood levels by 3.23 feet at the upstream bridge section. The 
Merriam Drive Bridge was enlarged to an 88-foot span supported by four piers. The channel sections 
immediately upstream and downstream of the bridge were enlarged to a 95-foot bottom with 1H:1V side 
wall slopes. Through Roe Lane, a bottom width of 50 feet was used with a 1H:1V side wall slope. The 
bottom of the channel was also modified to have an approximate slope of 0.0043 ft/ft to promote a 
consistent energy slope through the industrial park and reduce over bank flooding.  

5.3.4.4 UTC_A3_100_E 
Combination alternative using a typical channel bottom width of 100 feet with 2H:1V side wall slopes 
through downtown Merriam. The pedestrian bridge at section 3.568 was modified to span 167 feet with a 
vertical clearance height of four feet which reduced flood levels by 6.87 feet at the upstream bridge 
section.  

5.3.4.5 UTC_A3_100_M 
Combination alternative utilizing 100-foot bottom widths with 2H:1V sloped side walls for the reach 
between Shawnee Mission Drive and Merriam Drive. Due to structural obstructions or topographical 
restrictions, some sections within this reach were coded with less than the proposed 100-foot channel 
bottom width while maintaining the 2H:1V side slope. For the purpose of lowering water surface 
elevations in downtown Merriam, modifications were made to both the Shawnee Mission and Merriam 
Drive bridges. The Shawnee Mission Drive Bridge was enlarged to span 210 feet across six piers. The 
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lower bridge deck was raised by 2.40 feet to insure that the deck would not obstruct storm flows. Between 
sections 3.855 and 3.690, the channel bottom width transitioned to 200 feet to accommodate the new 
bridge openings. This proposed bridge and channel configuration reduced the immediate upstream water 
surface by an average of approximately four feet when compared to water surface elevations from 
UTC_A3_100_E. This bridge modification also reduced the upstream water surface by an average of 1.47 
feet with the reduction affecting nearly a one-half mile of stream. The pedestrian bridge at section 3.568 
was modified to span 160 feet with a vertical clearance height of four feet which reduced flood levels by 
6.87 feet at the upstream bridge section in comparison to existing conditions. The Merriam Drive Bridge 
was enlarged to conform to the new channel shape. The proposed bridge spans 179 feet across seven 
piers.  The lower bridge deck elevation was also raised by one foot. This modification reduced water 
surfaces an average of 2.23 feet for a distance of 0.65 miles upstream when compared to the existing 
structure used in alternative UTC_A3_100_E. The largest water surface drops can be found in the fourth 
of a mile immediately upstream of Merriam Drive. These reductions are as large as 3.44 feet below those 
found in the UTC_A3_100_E alternative. This bridge modification reduced the levee and flood wall 
protection heights throughout the Merriam Downtown area by an average of 2.23 feet, over a distance of 
approximately 0.68 miles.   

5.3.4.6 UTC_A3_200_E 
The Channel widening alternative developed for the 0.5-percent AEP (200-year event) utilizes the same 
channel configuration as the 1-percent AEP (100-year event) channel alternative (UTC_A3_100_E) due 
to the limitations in land area required to create a wide enough channel that would contain the storm 
event. This configuration does not contain the entire 0.5-percent AEP (200-year event) at all locations 
within the project area, but it does reduce the 0.5-percent AEP (200-year event) water surface profile 
approximately 0.75 feet in the Merriam project area. Additional levees along sections of the creek, 
required to contain the 0.5-percent AEP (200-year event), are included. 

5.3.4.7 UTC_A3_500_E 
The Channel widening alternative developed for the 0.2-percent AEP (500-year event) is utilizing the 
same channel configuration at the 1-percent AEP (100-year event) channel alternative (UTC_A3_100_E) 
due to the limitations in land area required to create a wide enough channel that would contain the storm 
event. This configuration does not contain the entire 0.2-percent AEP (500-year event) at all locations 
within the project area, but it does reduce the 0.2-percent AEP (500-year event) water surface profile 
approximately 0.68 feet in the Merriam project area. Additional levees along sections of the creek, 
required to contain the 0.2-percent AEP (500-year event). 

5.4 BRIDGE MODIFICATION 

A separate modeling scenario was created in addition to the scenarios described above. The plan 
incorporated the geometry of Alternative 2 and focused on the 1-percent AEP (100-year event) level of 
protection. The existing bridge at river station 2.636 was modified by having an increased width to 
prevent overtopping at Merriam Drive. 

5.5 QUALITY CONTROL REVIEW 

Following the coding of the various alternatives in each of the models, a quality control review was 
conducted to ensure that errors and omissions were removed from the modeling scenarios.  

LBG performed a quality assurance/quality control (QA/QC) review of the Upper Turkey Creek HEC-
RAS model on September 15-16, 2010. Personnel from LBG with experience with the HEC_RAS model 
were involved in the review to check the items listed as follows: 
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1. Project geometry for each HEC-RAS Plan to make sure each section was consistently 
representing conditions associated with each plan scenario. 

2. Roughness coefficients for each section in each HEC-RAS Plan to make sure they 
consistently represented conditions associated with each plan scenario. 

3. Bridge geometry for each HEC-RAS Plan to make sure each bridge was consistently 
representing conditions associated with each plan scenario. 

4. Levee locations and heights for each plan scenario to make sure they had two feet of 
freeboard for each hydrologic condition. 

5. Water surface elevations, energy grade lines, velocities, and Froude numbers in 
association with certain sections that were showing a slight increase in water surface 
elevations even though  the channel was being widened. The geometry was verified to 
ensure accuracy and consistency. 

6. Left bank, right bank, and main channel flow rates and where bank locations were set (to 
compare the effects of improved channels on overbank flow where there were slight 
increases due to reduced energy grade lines and velocities at certain cross section 
locations). 

7. Excel spreadsheet showing comparison of water surface elevations for proposed 
conditions with  existing conditions to make sure there were no errors in transporting data 
from HEC-RAS to the  Excel spreadsheet. (It should be noted that initial inconsistencies 
were due to transposition errors  in the original data provided to the USACE for review. 
This was subsequently discovered and  corrected before this QA/QC review took place). 

8. LBG corrected the roughness coefficients at one stream section (River Station 3.165) 
where there were inconsistent water surface elevation results. 

5.6 PREFERRED ALTERNATIVE MODEL RESULTS 

After the evaluating the proposed alternatives, Alternative 2 was selected as the preferred alternative. This 
alternative, originally designed for the TP-40 based flows, was found sufficient to maintain the Atlas 14 
based flows within the channel banks. The proposed features are located along the HEC-RAS model 
reach identified as TC-M80 (reach of interest). Additional alternatives fully designed to accommodate the 
Atlas 14 based flows with reliability above 90% were also evaluated but found cost prohibitive and 
unacceptable aesthetically by the sponsors. The reliability of the current preferred alternative is under 
90% and this was communicated to the sponsors. Figure 3-10 illustrates the 1% ACE water surface 
elevation profile obtained with the TP-40 based flows and the Atlas 14 based flows. A table summarizing 
the HEC-RAS model results for the reach of interest is included in Exhibit 5. Additionally, the 10%, 2%, 
1%, and 0.2% ACE water surface profiles for the same reach are illustrated in Exhibit 6. 

The design team acknowledges that, due to the presence of bridge headwalls, the pressure flow conditions 
which will occur under Merriam Bridge will have the potential to cause scour. Based on the model 
results, which uses Atlas 14 flows, velocities will nearly double under pressurized conditions when 
compared to pre-project conditions. However, the bed material under Merriam Bridge is mostly exposed 
bedrock.  

Although the formation of a scour hole under the bridge is possible, it will take long term sustained high 
flows and velocities to form it and Turkey Creek is characterized mainly for its short duration floods. The 
team expects that if a scour hole under the bridge develops in the future, its formation will be slow and 
countermeasures to mitigate it could be implemented before placing the bridge stability in danger. The 
concern of contraction scour is also possible and addition of revetment upstream and downstream from 
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the Merriam Bridge was included in the cost risk analysis. The feasibility design team will recommend a 
detailed evaluation of the pressure flow conditions according to FHWA (2012) and appropriate bridge 
scour countermeasures consistent with FHWA(2012, 2009) and USACE EM 110-2-1601 Hydraulic 
Design of Flood Control Channels(1994). During the design phase a refined hydraulic model will be built 
along this reach to make sure a more robust understanding of the pressurized flow condition and the 
velocity changes is achieved.  
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Figure 3-10. Illustration of 1% ACE Turkey Creek –TP-40 and Atlas 14 based flows - water surface 
profiles for the preferred alternative along reach TC-M80 (project reach)  
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5.6.1 DISCUSSION OF POTENTIAL INDUCED DAMAGES 

Potential for induced damages is discussed in the following two sections for areas upstream and 
downstream of the proposed project. 

5.6.1.1 Upstream Induced Damages 
Induced damages upstream of levee projects tend to occur as a result of increased backwater effects. 
These backwater effects can cause increased flood heights within and immediately upstream of the project 
limits. In the specific situation at Upper Turkey Creek, the upstream end of the project ties into the 
embankments of Shawnee Mission Drive which are considered high ground.  Areas downstream of 
Shawnee Mission Drive are either located on high ground or are protected by the proposed project.  
Accordingly, potential for induced damages would be located upstream of Shawnee Mission Drive.   

Using Atlas 14 flows, the HEC-RAS model shows that the water surface profile increases 0.35 feet 
immediately downstream of Shawnee Mission Drive in the “with-project” condition during the 1/100 
ACE event.  Upstream of Shawnee Mission Drive, the maximum increase is 0.12 feet at cross section 
3.726, with no difference in water surface elevations by cross section 4.099 located approximately 1,900 
feet upstream of the bridge.  For comparison, pre-project flow depth at cross section 3.726 is 16.1 feet 
during the 1/100 ACE event, compared to 16.2 feet depth with project.  The results of the modeling were 
mapped using the most recent terrain data as shown in Exhibits 7 and 8. No appreciable change in 
inundation extent can be seen between the maps with and without project in this area.  Additionally, even 
the 1/500 ACE event does not result in inundation of any buildings within the 1900-feet reach upstream 
of Shawnee Mission Drive.  Events of this magnitude could result in overtopping of the proposed levee 
system and it is anticipated that larger events would result in overtopping of the proposed levee system. 
These larger events would be expected to have less impact on the water surface elevation upstream of 
Shawnee Mission Drive due to conveyance behind the levee. Considering the modeling results and 
comparison of inundation areas, induced damages are not expected upstream of the proposed project. 
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5.6.1.2 Downstream Induced Damages 
Potential for induced damages downstream of a levee project occur only if the proposed levee system 
results in an obstruction that causes a loss of significant floodplain storage and reduction of the natural 
attenuation in the stream.  In the case of Upper Turkey Creek (UTC), the majority of the flow is conveyed 
within the main channel and the leveed area is not anticipated to have significant effects; however, the 
only way to definitively answer the question would be through use of unsteady-state flow analysis.   
 
Table 3-2 of EM 1110-2-1416 (EM) provides guidance for the type of models applicable at the different 
study phases. As seen in this table, for a feasibility study, the use of a gradually varied unsteady flow 
model (GVUSF) “… is possible, but unlikely, on most flood control studies.”  Table 3-4 of EM provides 
additional information for levees and channel projects stating that the typical analysis procedure is 
“GVSF (gradually varied steady flow) normally”.  For overbank flow, the EM states use as “GVSF 
normally, GVUSF/Multi-D for very wide floodplains or alluvial fans.”  In the case of UTC, the natural 
floodplain provides some conveyance but little storage.  Therefore, using guidance from the EM, use of 
GVUSF models are more common to design phases of the project and the appropriate tool for analysis for 
a project such as UTC is a steady flow model.  
 
In an attempt to address concerns regarding the potential induced downstream damages, a rough 
unsteady-state model was created to test sensitivity to unsteady flow routings with and without the levee. 
This model was created by 1) cropping the model to the UTC project limits only along Turkey Creek, 2) 
making the upstream boundary an unsteady flow hydrograph of the 1/100 ACE event and the downstream 
boundary a rating curve using elevations from the steady state model, and 3) removing the bridges and 
crudely modeling the bridge effects by adding ineffective flow areas.  To generate the unsteady flow 
hydrograph in an HEC-DSS format for input in the HEC-RAS model, the HEC1 model was imported into 
HEC-HMS and modified to fix errors generated in the importing process with the most direct reasonable 
method without re-checking results against HEC-1 output. The resultant hydrograph was then scaled 
down slightly to provide water surface profiles just below levee overtopping.  The flow at the upstream 
end of the model was input and routed downstream using geometry with and without levees. This model 
did not include lateral inflows.  The analysis was set up to simply test change in attenuation with and 
without project.  A full GVUSF analysis would require significant additional effort to reduce numerical 
instabilities and better model bridges and inflows, etc.  This would include modeling storage benefits due 
to detention of the interior drainage area while the levee is loaded in the with-project case. 
 
The simplified GVUSF analysis showed that in the without project case, flows entering the project reach 
attenuated 1.5 percent by the time they reach the downstream project limits.  In the with-project case, 
flows attenuated 1.9 percent.  Numeric instabilities were present in the maximum water surface profiles of 
the with-project condition as water surfaces are slightly higher and more backwater is present upstream of 
bridges which could explain why slightly more attenuation was shown in the with-project case.  None-
the-less, in the side by side comparison, the peak flows downstream matched within 0.4% and timing of 
the peak was less than five minutes sooner in the with-project case, indicating that the levee’s effect on 
attenuation is negligible. This analysis does not take into account that the interior areas will detain local 
runoff while the levee is loaded, which could decrease peak flows slightly downstream.  For floods in 
excess of the levee capacity, the likely effect is a temporary decrease in downstream flows while levee 
overtopping is occurring.   
 
Therefore, the potential for downstream induced damages from UTC is considered negligible.  Hydraulic 
analysis has been conducted in accordance with USACE design guidance. 
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5.6.2 RISK WARNING TIME 

To estimate risk warning time with project, hydraulic model and available stage gages on Turkey Creek 
were analyzed. Using the hydraulic model, the 1% ACE event flow hydrograph was transformed to a 
stage hydrograph at cross section 2.623 just downstream of Merriam Drive Bridge. This bridge is located 
at the downstream end of the project reach. The obtained stage hydrograph was compared to the 
precipitation (Figure 3-11).  Maximum rate of rise is approximately 7 feet per hour when the creek would 
rise approximately 9 feet in 1.25 hours.  The peak would occur within 1.5 hours of the onset of the most 
intense period of precipitation, and within approximately 45 minutes of when the precipitation rate slows.  
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Figure 3-11. Estimated stage hydrograph at the downstream end of the project reach (downstream 
of Merriam Drive) and precipitation during a 1% ACE event 

Also, available precipitation and stage data for two of the largest events measured on StormWatch gages 
along Turkey Creek were compiled.  The events analyzed occurred on August 9, 2007 and June 13, 2010.  
Of greatest interest is the Gage 3010 at Johnson Drive located in the middle of the project reach, where in 
the August 2007 event approximately 1.75 inches of rain fell in 45 minutes with total rainfall of 
approximately 3.2 inches, whereas in the June 2010 event, approximately 2 inches of rain fell in 3 hours.  
Of secondary interest is the Antioch Ramp Gage 3090 located approximately 0.6 miles downstream of the 
project in the vicinity of Waterfall Park.  For reference, the Antioch Ramp gage is located just 
downstream of a significant left bank tributary.  Both gages came online after the record 1998 event 
occurred, with Johnson Drive coming online on 9/14/1999 and Antioch Road coming online on 
10/6/2006.  Figure 3-12 presents a plot of the 2007 hydrographs and precipitation measured at the 
Johnson Drive and Antioch Ramp gages.  At both locations, the stream gages peaked within 1 hour and 
15 minutes of the onset of the heaviest precipitation and within approximately 15 minutes of when 
precipitation stopped.  Rate of rise of the August 2007 event was approximately 10 feet in 1 hour at 
Johnson Drive.   
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Figure 3-12. Stage hydrographs and cumulative precipitation for StormWatch gages at Johnson 
Drive and the Antioch Ramp during the August 2007 event 

For the 2010 event, the storm intensity at Johnson Drive was more variable, with the most intense period 
having approximately 1 inch of rain in a 1 hour period after a little more than an inch of rain had already 
occurred.  Figure 3-13 presents a plot of the gage heights and cumulative precipitation at Johnson Drive 
for the June 2010 event.  In this event, the peak stage occurred within 40 minutes of the onset of the 
heaviest precipitation, and only 20 minutes after the rate of precipitation slowed and while it was still 
raining.  Rate of rise of the June 2010 event was 3.5 feet in the last 20 minutes. 
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Figure 3-13. Gage height hydrograph and cumulative precipitation for the StormWatch gage at 
Johnson Drive during the June 2010 event 

 

After considering the available model and StormWatch data for the project site, risk warning time is 
expected to be less than 1.5 hours and likely closer to an average of 30 minutes or less in most cases.  
Longer response times would require first responders to operate during periods of heavy precipitation.  
Rates of rise of 7 to 10 feet per hour can be expected to occur within the project reach.   
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6. DATA CONVERSION FOR HEC-FDA ANALYSIS 
The results of a HEC-RAS model provide a one-dimensional simulation. Common industry belief is that 
this model, albeit a highly versatile tool, is not able to accurately model all dynamics of flood events, 
especially in a highly urbanized watershed. To supplement the results of HEC-RAS, the USACE applies 
the Hydrologic Engineering Center’s Flood Damage Reduction Analysis (HEC-FDA, or FDA) model to 
statistically determine the expected flood damage associated with existing conditions, as well as proposed 
mitigation measures, for various flood events using hydrologic, hydraulic and economic relationships. 
The results of the FDA model serve as a decision support tool that allows stakeholders to have a better 
appreciation of the consequences of each flood event. The FDA model requires valuation data and 
associated flood elevations at each structure or cross-section in a very specific format. LBG was 
contracted by the USACE to provide reliable hydraulic output data using HEC-RAS and formatting the 
data for inclusion into the FDA model. 

One particularly challenging aspect of this task was to organize the HEC-RAS output into a format that 
was consistent with the input form required by the FDA model. For the HEC-RAS modeling, Upper 
Turkey Creek was divided into multiple reaches with separating lines at points of confluence at 
tributaries. The output data from the HEC-RAS model is grouped by reach, from upstream to 
downstream, for all modeling events (e.g. TC-M120, 50- to 0.2-percent AEP [2- to 500-year event]) 
whereas the FDA model requires the data be grouped by modeling event (i.e. all reaches 50-percent AEP 
(2-year event), all reaches 20-percent AEP (5-year event), etc) with the downstream reaches first. 
Therefore, the output from the HEC-RAS model had to be reconfigured for input into the FDA model. 
The Upper Turkey Creek reaches had to first be combined to form one continuous reach and the order of 
the reaches reversed. The data was then arranged by modeling event. LBG used Visual Basic for 
Applications (VBA) coding to arrange the data in the necessary format for the FDA model. 

Based on structure and/or channel geometry, water surface output from the HEC-RAS model rises and 
falls accordingly. In some cases, the water surface elevation at a particular structure or cross-section may 
be lower than that of the next downstream feature. The FDA model requires a smooth water surface 
elevation with a steadily decreasing water surface from upstream to downstream. The challenge is to 
smooth the water surface elevation without grossly altering the data. This was accomplished by beginning 
with the most downstream data point, evaluating each upstream data point, and adjusting the data point by 
0.1-foot increments until a positive slope was achieved. The percentage of values within the combined 
Turkey Creek reach requiring modification ranged from eight percent to twenty-four percent with an 
average of seventeen percent of the data points requiring adjustment. 

The FDA model input requires that the water surface elevation profiles became progressively higher with 
higher intensity storms. This hydraulic behavior is a tendency but not a rule since increases in velocity 
due to constricted higher flows can result in slightly lower water surface elevations for higher intensity 
storms. The results from the HEC-RAS model showed a few locations where higher flows resulted in a 
decrease in water surface elevation instead of an increase. In order to apply the FDA model for analysis, 
USACE instructed that the results from the model be modified to ensure increasing water surface 
elevations with higher storm intensities. For this, the HEC-RAS output for the 50-percent AEP (2-year 
event) was used as the baseline. Data for next event, the 20-percent AEP (5-year event), was compared to 
the 50-percent AEP (2-year event) data and adjusted, as necessary, to insure that the water surface 
elevation at each cross-section was greater than the previous modeling event. Similarly, each subsequent 
storm event was compared to the previous and adjusted as necessary (e.g. 10-percent AEP (10-year event) 
compared to the 20-percent AEP (5-year event), 2-percent AEP (20-year event) compared to the 10-
percent AEP (10-year event), etc.). 
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6.1 RELIABLE LEVEL OF PROTECTION 

Analysis of the FDA revealed that for Alternative 2, it was determined that there was an 86 percent 
reliable factor for the 1-percent AEP (100-year event) profile. Therefore, USACE instructed the AE to 
create a new modeling scenario that would achieve a reliable factor of at least 90 percent. 

This additional modeling scenario was created that represented the 90 percent reliability factor for the 
levee/floodwall alternative. To accomplish this, a new modeling plan was defined in HEC-RAS and the 
levees in the HEC-RAS model were increased.  

After executing the model, it was found that only the 0.5-percent AEP (200-year event) and 0.2-percent 
AEP (500-year event) profiles increased as a result of the increased levee height, as all other profiles were 
contain by the previous levee. Table 3-7 displays the cross sections that were modified, the levee heights 
associated at the respective river stations, and the water surface elevations generated during the 1-percent 
AEP (100-year event).  

Table 3-7. 90 Percent Reliability Level of Protection 

 
Left Bank Right Bank 

 
River Station Top Of Wall/Levee Top Of Wall/Levee 

Water Surface 
Elevation 

2.623 909.00 909.00 906.47 

2.651 913.00 913.00 910.5 

2.719 - 912.74 910.24 

2.777 - 913.89 911.39 

2.813 - 914.75 912.25 

2.945 - 914.90 912.4 

3.040 - 917.65 915.15 

3.070 - 918.16 915.66 

3.096 - 917.59 915.09 

3.165 917.55 917.55 915.05 

3.225 920.38 920.38 917.88 

3.231 920.39 920.39 917.89 

3.298 920.99 920.99 918.49 

3.345 921.55 921.55 919.05 

3.420 924.98 924.98 922.48 

3.481 927.83 927.83 925.33 

3.539 928.78 928.78 926.28 

3.560 930.81 930.81 928.31 

3.607 931.78 - 929.28 

3.665 935.31 935.31 932.81 

3.690 936.85 936.85 934.35 

6.2 NO RISE CERTIFICATION 

Based upon the results of the 90 percent reliability level of protection, water surface elevations for this 
alternative were compared to the existing conditions water surface elevations upstream of the project area. 
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The results of the water surface elevation comparison are shown in Table 3-8 below. As can be seen, the 
resultant water surface elevations upstream of the project area are at or below the existing water surface 
elevations for the same AEP. 

Table 3-8. No Rise Water Surface Elevation Comparison 

River Station AEP UTC-Exist. 
UTC_A2_90% 

Alternative 
UTC_A2_90% 

Alternative 

 

Profile WS El (Ft.) WS El (Ft.) WS El 
Change (Ft.) 

3.726 10 934.51 934.41 0.1 

3.726 2 936.29 936.37 -0.08 

3.726 1 936.53 936.63 -0.1 

3.726 0.2 937.47 937.6 -0.13 

3.823 10 934.93 934.86 0.07 

3.823 2 936.32 936.38 -0.06 

3.823 1 936.5 936.58 -0.08 

3.823 0.2 937.17 937.28 -0.11 

3.855 10 935.14 935.08 0.06 

3.855 2 936.59 936.64 -0.05 

3.855 1 936.78 936.85 -0.07 

3.855 0.2 937.51 937.6 -0.09 

3.892 10 935.2 935.14 0.06 

3.892 2 936.8 936.86 -0.06 

3.892 1 937.03 937.09 -0.06 

3.892 0.2 937.91 938 -0.09 

3.921 10 936.16 936.13 0.03 
3.921 2 937.8 937.82 -0.02 
3.921 1 938.02 938.05 -0.03 
3.921 0.2 938.93 938.96 -0.03 

3.952 10 936.56 936.54 0.02 
3.952 2 938.41 938.43 -0.02 
3.952 1 938.68 938.7 -0.02 
3.952 0.2 939.75 939.78 -0.03 

3.990 10 936.48 936.45 0.03 
3.990 2 938.54 938.55 -0.01 
3.990 1 938.82 938.85 -0.03 
3.990 0.2 940.01 940.03 -0.02 

4.050 10 936.81 936.79 0.02 
4.050 2 938.35 938.37 -0.02 
4.050 1 938.6 938.62 -0.02 
4.050 0.2 939.68 939.71 -0.03 
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River Station AEP UTC-Exist. 
UTC_A2_90% 

Alternative 
UTC_A2_90% 

Alternative 

 

Profile WS El (Ft.) WS El (Ft.) WS El 
Change (Ft.) 

4.099 10 937.68 937.67 0.01 
4.099 2 938.93 938.94 -0.01 
4.099 1 939.13 939.13 0 
4.099 0.2 940.25 940.25 0 

 

The detention pond included within the protected area for internal drainage will contain localized flooding 
during the peak stages of Upper Turkey Creek and will only release a fraction of the accumulated volume 
during the 1-percent AEP (100-year event). This controlled release is not expected to alter the runoff 
characteristics downstream of the City of Merriam or significantly change the magnitude of the 1-percent 
AEP (100-year event) downstream of the project area. 

The impacts of the Upper Turkey Creek flood control project beyond its upstream and downstream 
boundaries were evaluated through a qualitative review of the utilized HEC-RAS hydraulic model. The 
results obtained from this model suggest that, under current condition, most of the overtopping occurs 
along the Merriam Reach. The total overbank area flooded under current condition is approximately 0.12 
acres (fully urbanized) through which flood waters move rapidly, eliminating the potential for discharge 
attenuation within the project reach. While outside-of-bank or overbank flooding within the project site 
alleviates flooding upstream and downstream, it is important to consider the volume of water “leaving” 
the channel during the overtopping event.  

Modeling results also show some overbank flow under existing condition; however, due relative short 
duration of the Turkey Creek hydrographs (flashy nature) it can be inferred that this period of overtopping 
will be brief and will not result in a significant reduction of water volume moving downstream. Therefore, 
it is unlikely that the preferred plan will result in an increase in discharge downstream of the project area 
due to the reduction of overbank flow. 

Additionally, is noted that the flow regime throughout the project reach and downstream is subcritical. 
Under subcritical flow, changes to the water surface elevation caused by decreases in the conveyance 
capacity of the channel will mainly propagate upstream (backwater). Also, the presence of a series of 
bridges upstream and downstream of the project reach will serve as flow-conveyance control structures 
maintaining the peak flow almost unchanged on the “with-project” condition. 

The proposed project area is bounded by the Shawnee Mission Parkway and Merriam Drive bridges. 
Major bridge modifications are not implemented under the Recommended Plan because there would be 
no additional benefit to this action. However, a 4-foot high headwall (i.e., bridge parapet support 
structure) would be installed at the Merriam Drive Bridge crossing to maintain the flows in the river 
channel. This modification creates no increase in water surface elevation upstream of the bridge. 

To minimize the induced damages upstream of Shawnee Mission Parkway, overtopping of the road will 
be required to remain, such that no rise in upstream water surface elevations will occur. During final 
design, a reevaluation of the hydraulic model will be required if modifications to the bridge to prevent 
overtopping is desired. 
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6.3 STAGE UNCERTAINTY AND STANDARD ERROR 

According to EM 1110-2-1619 (EM 1619), the determination of stage-discharge uncertainty requires 
accounting for the uncertainty associated with factors affecting the stage-discharge relationship. These 
factors include bed forms, water temperature, debris or other obstructions, unsteady flow effects, variation 
in hydraulic roughness with season, sediment transport, channel scour or deposition, changes in channel 
shape during or as a result of flood events, as well as other factors. In some instances, uncertainty might 
be introduced into the stage-discharge curve due to measurement errors from instrumentation or method 
of flow measurement, waves, and other factors in the actual measurement of stage and discharge. 

For Turkey Creek, factors like bed form, water temperature, and obstructions were neglected. The bed 
material of the creek is predominantly composed of gravels, cobbles, and sands. The bed load volume is 
not considered significant enough to produce bed formations of a scale that could impact the hydraulics of 
flood events with an annual chance of exceedance less than 50% (2-year event). Additionally, with future 
maintenance by the active drainage district, channel deposits of cobbles, if they do occur, will be removed 
and not allowed to accumulate.  The lowest temperatures are experienced typically between November 
and March. During this cold season, the surface of Turkey Creek can freeze but the flows are traditionally 
the year lowest limiting the potential impact associated with temperature. Although the presence of 
woody debris in the lower portion of Turkey Creek is relatively common, there are not known records of 
issues caused by debris loads or blockages along the upper portion of Turkey Creek. Thus, stage changes 
induced by debris or obstructions were ignored for analysis. Variations in stage due to hydraulic 
roughness changes with season, potential channel scour or deposition, changes in channel shape during or 
as a result of flood events, as well as other factors were considered minor natural variations of the 
channel. 

For ungaged streams like Turkey Creek, EM 1619 recommends the use of Equation 5-5. This equation is 
used as an upper bound estimate in the absence of other data. Equation 5-5 is stated as: 
 

 
 
where S is the standard deviation of uncertainty in meters, HRange is the maximum expected or observed 
stage range, ABasin is the basin area in square kilometers, Q100 is the 100-year estimated discharge in 
cubic meter per second, and IBed is a stream identifier for the size bed material which control the flow in 
the reach of interest. [Note: Q100 units were assumed to be cubic meters per second since EM 1110-2-
1619 stated the units for this value as centimeters which is inconsistent with discharge] 

The size bed materials which control the flow were identified as gravels and cobbles for the reach of 
interest. Accordingly, bed identifiers between 2 and 3 from Table 5-1 of EM 1619 were tested.  Results of 
the roughness sensitivity analysis were used to estimate HRange using values of 1 meter, 0.67 meters, and 
0.30 meters (equivalent to 3.28 feet, 2.20feet, and 0.98 feet respectively) . The watershed area of 59.60 
square kilometer (23 square mile) utilized and Q100 equal to 491.2 cubic meters per second (equivalent to 
17,348 cubic feet per second) at the downstream end of the proposed levee.  This equation yields a 
standard deviation of less than 0.2 feet for all tries. 

 Considering that the hydraulic analysis for Turkey Creek was mostly based on a computer model without 
any stream gages available for calibration (only high water marks from a 1998 event), the methodology 
for determining uncertainty in stage for ungaged streams presented in EM 1110-2-1619 was applied.  

Sensitivity checks were conducted using the “with project” model configuration to test the influence of 
changes in the channel roughness on the water surface elevation profiles of the 100-year event. These 
checks consisted on modifying the roughness coefficients in the model by plus or minus 20%. The stage 
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variance in the reach was found to be the greatest immediately upstream of the Merriam Drive Bridge and 
it ranged between a drop of 1.2 feet to an increase of 2.1 feet. The reach impacted represents 
approximately 11% of the reach of interest. The second greatest variance occurs upstream of Johnson 
Drive and it ranged from a drop of  1.1 feet to an increase of 1.1 feet representing 22% of the area of 
interest. For reaches out of bridge backwater influence, differences were generally within 0.5 feet.   

Increasing and decreasing the roughness parameters by 20% yielded a range in channel roughness 
between 0.028 and 0.042 which was considered reasonable.  Expanding the analysis beyond this range 
would result in channel roughness values uncharacteristic for this stream type.  Sensitivity analysis 
showed that for a majority of the reach, water surface elevations of the 100-year event are generally 
insensitive to wide variations in channel roughness.   

Bridges have much less effect on water surface profiles for flood events less frequent than the 100-year 
event.  For example, for the 50-year event, a 20% increase in channel roughness shows only a 1-feet stage 
increase upstream of the Merriam Bridge as compared to the 2.1 feet increase for the 100-year event.  
Therefore, the location with the most sensitivity to water surface profiles is the downstream 11% of the 
proposed levee reach just upstream of Merriam Drive and only for events larger than a 50-year event.  
This location is also the desired initial overtopping location since it is the one with least likely impacts to 
damage large sections of the levee system or upstream properties.  Flows would be able to quickly re-
enter the creek along the right bank of the channel downstream of the proposed project. 

Table 5-2 from EM 1619 was used to estimate uncertainty due to topographic information and confidence 
in estimated roughness parameters.  The geometry used to develop the model is based mostly on 1998 
aerial Planimetric data with 25 feet grid cells and breakline files supplemented with field surveys. Due to 
limited calibration data, coupled with sensitivity checks, confidence in the estimate of the roughness 
parameters is considered fair to porr.  Accordingly, a standard deviation of approximately 1.0 feet was 
assumed.   

Uncertainty due to natural variations as estimated using equation 5-5 is combined with values from Table 
5-2 using equation 5-6 from EM 1619 to estimate standard deviation of total uncertainty as: 

 

 
 

Based on these calculations a standard error value of 1 foot for stage uncertainty was adopted for all 
additional calculations including the FDA analysis. The sensitivity analysis supports this value as 
reasonable for the upper portion of Turkey Creek. 



Upper Turkey Creek 
Johnson County and Wyandotte County, Kansas 

Flood Risk Management Project 
Feasibility Study Report with Integrated Environmental Assessment 

 

 
B3-40 

7. VALUE ENGINEERING OF INTERIOR DRAINAGE ALTERNATIVES   

7.1 INTRODUCTION 

An economic analysis of Alternative 2: Levee and Flood Wall Installation and Alternative 3: Combination 
of Channel widening, Levees, and Floodwalls was performed by the Planning Branch (PM-PF). Within 
these two alternatives, two pumping stations are proposed to be constructed to drain a small watershed 
with an approximate area of 36 acres and located in the City of Merriam, Johnson County, KS (Figure 3-
14). This watershed possesses a relatively flat topography and it is proposed to protect it with a levee 
located along the right bank of the Turkey Creek reach. The use of these pump-stations carry an operation 
and maintenance cost that reduces the cost-benefit ratio of several of the proposed alternatives. As part of 
the economic analysis, the value engineering team (VET) was requested to find value engineering options 
to the use of pump for interior drainage. 

 

Figure 3-14: Location Map and Aerial Photograph of the City of Merriam, Johnson County, 
Kansas 

7.2 HYDROLOGY 

Using a 3-meter digital elevation model, a 1-foot contour map of a portion of the city of Merriam was 
produced (Figure 3-15). Although the limitations of this approach are recognized, the lack of better 
topographical data and the flatness of the region influenced the decision to produce the contours at this 
density level. The contour map allowed the PDT to delineate the watershed based on best engineering 
judgment and previous information provided by LBG. The delineated watershed has an area of 36 acres 
equivalent to 0.06 square miles (mi2). 
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Figure 3-15: Topographic map of Merriam Reach and delineated watershed 

In order to parallel the current hydrologic analysis to the previous one from AE, it was decided to divide 
the watershed into two subwatersheds. The northern subwatershed (SN) has an area of 14 acres (0.02 mi2) 
and the southern subwatershed (SS) an area of 22 acres (0.04 mi2). These subwatersheds are illustrated in 
Figure 3-16. The methodology presented in the U.S. Department of Agriculture Technical Release 55 
(TR-55, U.S. Department of Agriculture, 1986) was used to determine the effective runoff and time of 
concentration for these subwatersheds. Based on information from aerial pictures and considering soils 
traditionally found on the region, the curve number for each subwatershed were estimated at 96 for SN 
and 95 for SS. The USACE requested existing stormwater system (ESS) plans from the City of Merriam 
but these plans are not available. The only related information available is a GIS schematic illustrating the 
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location of a fraction of pipelines and inlets. This information is incomplete, unverified, and does not 
include additional information like diameters, inverts, flow direction, or slopes.   Due to lack of detailed 
information, the existing stormwater drainage system was not considered in this analysis. Not considering 
the ESS for planning in this case is considered a conservative approach because its capacity was not 
included to estimate the detention volume. The ESS will likely offer a small detention volume plus it will 
add some travel time to the flows potentially changing the time of concentration. Including the ESS into a 
design analysis will most likely reduce the required size of the detention pond. It is strongly 
recommended to refine this study to include the ESS capacity in order to better estimate the required 
detention volume. It has been suggested, based on comparison with other small cities in the vicinity, that 
the capacity of the system should correspond to a 10-year runoff event but this information could not be 
verified. 

   

Figure 3-16: Topographic map of Merriam Reach and delineated subwatersheds 
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It is possible that the changes to the stormwater system of the City of Merriam (i.e. detention) may have 
an impact in the timing and location of discharges when compared to the original model but these 
changes, if any, are expected to be negligible. The size of the watershed considered for interior drainage 
analysis in the value engineering is approximately 0.06 square miles while the size of the Upper Turkey 
Creek watershed upstream of the City of Merriam is approximately 20 square miles. It is expected that the 
timing and magnitude of the flows downstream of the City of Merriam will be controlled by Turkey 
Creek watershed and that the impact of the interior watershed would be too small to significantly alter the 
timing or peak magnitudes to downstream communities. 

The TR-55 methodology requires the total precipitation from 24-hour design storms. In this case the 10-
percent AEP (10-year event), 2-percent AEP (50-year event), and the 1-percent AEP (100-year event) 
were considered. The total precipitation for these events was calculated using rainfall intensities reported 
in the Kansas Department of Transportation Rainfall Intensity Tables for Kansas Counties (McEnroe, 
1997). Table 3-9 shows the 24-hour rainfall intensities and total precipitation calculated for Johnson 
County. 

Table 3-9. 24-hour Rainfall Intensities and Total Precipitation for Johnson County, Kansas 
Return Period Intensity (in/hr) Precipitation (in) 
10 year 0.22 5.4 
50 year 0.29 7.0 
100 year 0.32 7.9 

 
After analyzing the subwatersheds and determining their flow length, the times of concentration were 
calculated using the travel time methodology presented in TR-55. The calculations showed a time of 
concentration for subwatershed SN of 8 minutes (min) and for subwatershed SS of 27 min. Figure 3-17 
and Figure 3-18 illustrate the worksheets used to estimate the times of concentration and travel time. 
Assuming a free outlet at the discharge points for both subwatersheds, runoff hydrographs for the 10-
percent AEP (10-year event), 2-percent AEP (50-year event), and the 1-percent AEP (100-year event) 
were obtained and are presented in Figure 3-19 and Figure 3-20. (Note: The total volume of runoff was 
estimated by integration of the hydrograph curves for each subwatershed). 
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Figure 3-17: Time of concentration worksheet for northern subwatershed SN 
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Figure 3-18: Time of concentration worksheet for southern subwatershed SS 
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Figure 3-19: Estimated runoff hydrograph for SN 

 

Figure 3-20: Estimated runoff hydrograph for SS 
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24-hour Rainfall Intensities and Total Precipitation for Johnson County, Kansas 

Table 3-9. Runoff Volume and Peak Flow for the Studied Subwatersheds and Total Watershed 

Watershed Unit Event Volume (ft3) Volume (acre-ft) Peak Flow (cfs) 

SN 
10-year 256003 6 92.9 

50-year 337964 8 121.4 

100-year 384778 9 137.3 

SS 
10-year 395696 9 93.8 

50-year 527718 12 123.3 

100-year 600919 14 139.6 

7.3 HYDRAULICS 

The steady state hydraulic model containing the alternatives developed by the AE was used to obtain 
water surface profiles for Turkey Creek. The model is assumed to be a representation of the hydraulic 
behavior of the reach after the levee construction. The reach of interest for this study is bounded upstream 
by cross section 3.07 (right upstream from the Johnson Drive Bridge) and downstream by cross section 
2.507 (about 680 feet downstream from the Merriam Drive Bridge). Figure 3-21 illustrates the location of 
the cross sections used to model the Merriam Reach. The water surface profiles (WSPs) for the 10-
percent AEP (10-year event), 2-percent AEP (50-year event), and the 1-percent AEP (100-year event) 
between these cross sections are included in the attachment.  

 

Figure 3-21: Location of Cross Sections used to Model Merriam Reach 



Upper Turkey Creek 
Johnson County and Wyandotte County, Kansas 

Flood Risk Management Project 
Feasibility Study Report with Integrated Environmental Assessment 

 

 
B3-48 

7.4 ANALYSIS AND ALTERNATIVES  

The purpose of the value engineering study was to find alternatives to the pumping stations. In this case 
the alternatives are basically limited to gravity driven drainage. From the analysis of the watershed, it is 
clear that a detention feature is necessary to store some of the runoff due to the flatness of the watershed 
under consideration. The other important design parameter is available head. After examining the WSPs 
from the model, it can be noticed that the water surface elevation (WSEL) drops drastically downstream 
of the Merriam Drive Bridge (cross section 2.507). This drop can be used to provide enough head from a 
detention feature to a discharge point into Turkey Creek. Additionally, if a comparison is made 
concerning the size of the watershed under consideration versus the area of the upper Turkey Creek 
watershed which is approximately 20 mi2 (U.S. Army Corps of Engineers Kansas City District, 2009), the 
probability of having coincidental events from the watershed and on Turkey Creek is reduced. For urban 
drainage design purposes, the Federal Highway Administration in their Hydraulic Engineering Circular 
No. 22 (Federal Highway Administration, 1996) proposed a series of expected coincidental flows based 
on watershed area ratios (Table 3-10). 

Considering the area of the Merriam Reach watershed versus the Upper Turkey Creek watershed we find 
a ratio of 1:350. Based on the information provided in 3-9 and conservatively assuming a ration of 1:100, 
when designing for a 10-percent AEP (10-year event) on the Merriam Reach watershed we should expect 
a 20-percent AEP (5-year event) on Turkey Creek and when designing for a 1-percent AEP (100-year 
event) on Merriam Reach we should expect a 4-percent AEP (25-year event) on Turkey Creek. 
Interpolating from these results we can also expect that for a 2-percent AEP (50-year event) on the 
Merriam Reach watershed, a 10-percent AEP (10-year event) should be expected on the Turkey Creek. 
Based on the information provided, the following alternatives are proposed for further investigation. 

 

Table 3-10. Frequency for Coincidental Occurrence (HEC_22, Table 7-3) 

Area Ratio 
Frequency for Coincidental Occurrence 

10-year Design 100-year Design 
Main Stem Tributary Main Stem Tributary 

1,000 to 1 2 
10 

10 
2 

10 
100 

100 
10 

100 to 1 5 
10 

10 
5 

25 
100 

100 
25 

10 to 1 10 
10 

10 
10 

50 
100 

100 
50 

7.5 ALTERNATIVE 1: SURFACE DETENTION 

The lowest ground elevation for most of the interior area protected by the levee is approximately 910 feet. 
This elevation is 5.2 feet higher than the WSEL at cross section 2.507 (i.e. 904.8 feet) for the 100-yeer 
event. This change in elevation can provide enough head for a culvert to drain the detention basins into 
Turkey Creek making unnecessary the use of the information presented in 3-10. For analysis purposes, 
the detention level can be set to be 910 feet. The proposed location for this outlet is illustrated in the 
attached exhibits. Assuming no head losses (friction and minor losses) between the detention level and the 
outlet invert, an estimation of an exit velocity for design as 18 feet per second (ft/s) can be made. It is 
likely that this velocity may be too high for a final design; nevertheless, it is likely that an increased in 
head losses will decrease this estimated velocity. Using this information and the design peak flow, pipe 
diameters and detention areas can be calculated. Table 3-11 presents various scenarios of detention 
volumes required for different peak flows. These results were obtained applying the methodology 
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presented in the TR-55 to estimate detention areas. An example of the calculations is included in the 
attached exhibits. 

 

Table 3-11. Detention Volume Required and Pipe Diameter for Various Outflows 

Subwatershed Event 
Peak Flow 

(cfs) 
Outflow 

(cfs) 
Pipe Diameter 

(ft) 
Detention Volume 

(acre-ft) 

SN 

10 92.92 
92.92 2.56 ≈ 0 

70 2.23 1.22 
50 1.88 1.71 

50 121.39 
121.39 2.93 ≈ 0 

90 2.52 1.61 
60 2.06 2.38 

100 137.28 
137.28 3.12 ≈ 0 

100 2.66 1.86 
80 2.38 2.34 

SS 

10 93.79 
93.79 2.58 ≈ 0 

70 2.23 1.94 
50 1.88 2.71 

50 123.32 
123.32 2.95 ≈ 0 

90 2.52 2.58 
60 2.06 3.78 

100 139.6 
139.6 3.14 ≈ 0 
100 2.66 2.97 
80 2.38 3.72 

 

Based on the results shown in Table 3-10 some locations for detention basins are suggested for further 
consideration and analysis. For subwatershed SN two locations are suggested and illustrated in Figure 3-
22. The first one has an area of 3.9 acres but it is apparent from the aerial picture that it will require the 
relocation of several businesses. The second proposed location has an area of 1.9 acres and it is apparent 
from the aerial picture that it may require the relocation of one business. Regrading these areas will be 
necessary to provide drainage and assure a ponding level of 910 feet. The final design of the long culvert 
and its location will be left for further analysis during advanced stages of design.  

Two locations are also suggested for subwatershed SS (Figure 3-23). The first one has an area of 3.9 acres 
and will possibly require the relocation of Merriam Marketplace. The second proposed location has an 
area of 1.5 acres and will possibly require the relocation of one business. Re-grading these areas will be 
necessary to provide drainage and assure a pond level of 910 feet. The pipe should have an invert 
elevation at the outlet of 904.8 feet and a minimum slope to ensure gravity flow. The final design of the 
long culvert and its location will be determined during advanced stages of design. 



Upper Turkey Creek 
Johnson County and Wyandotte County, Kansas 

Flood Risk Management Project 
Feasibility Study Report with Integrated Environmental Assessment 

 

 
B3-50 

 

Figure 3-22: Location of Two Suggested Areas for Detention Basins on Subwatershed SN 

 

Figure 3-23: Location of Two Suggested Areas for Detention Basins on Subwatershed SN 

Determining locations to provide detention for the whole watershed would require larger continuous areas 
or deeper basins to contain the required volume. If the frequency of coincidental occurrences is 
considered then it could be possible to find one location deep enough to provide detention for the whole 
watershed and still have room to provide a minimum slope to the outlet pipe.  
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7.6 ALTERNATIVE 2: UNDERGROUND DETENTION 

During the construction of the levee along Turkey Creek it is also possible to bury a retention structure. 
This structure could be a concrete box with a series of inlets at ground level and should be placed parallel 
to the levee (Figure 3-24). This structure would provide a minimum storage but has the benefit of 
avoiding the relocation of most of the businesses otherwise affected. Table 3-12 summarizes preliminary 
results of the structure size and outlet pipe diameter required from different outflows. This alternative was 
evaluated only for the whole watershed but the concept can be extended to each subwatershed and the 
basic calculations have been attached. The underground detention approach will require structures 
ranging from 3.5 feet x 15 feet to 3.5 feet x 25 feet.  

 

Figure 3-24: Location of Proposed Underground Retention Structure and Potential Inlet Locations 

 

Table 3-12. Minimum Detention Volume and Pipe Diameter for the Total Watershed 

Event 
Peak Flow 

(cfs) 
Length 

(ft) 
Height 

(ft) 
Width 

(ft) 
Outflow 

(cfs) 
Pipe Diameter 

(ft) 
Detention Volume 

(acre-ft) 
10 155.3 1914 3.5 15 147.5 3.2 2.3 
50 203.24 1914 3.5 20 160.5 3.4 3.1 
100 230.25 1914 3.5 25 172.8 3.5 3.8 
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Exhibit 1 
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Exhibit 1. Upper Turkey Creek HEC-RAS existing-condition model cross sections per reach in reference to Turkey Creek watershed.(Note: Reach RR-Bypass is not included in this illustration) 
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Exhibit 2 



50% ACE Event  20% ACE Event 10% ACE Event  5% ACE Event 2% ACE Event  1% ACE Event 0.05% ACE Event  0.02% ACE Event

(2‐yr Event) (5‐yr Event) (10‐yr Event) (20‐yr Event) (50‐yr Event) (100‐yr Event) (200‐yr Event) (500‐yr Event)
ATLAS 14 TC‐M120          7.508 572 759 924 1165 1348 1564 1779 2073

TP‐40  557 736 880 1017 1290 1368 1485 1712

ATLAS 14 TC‐M120          7.182 1010 1357 1647 2047 2345 2653 2904 3207
TP‐40  982 1314 1570 1802 2253 2377 2548 2828

ATLAS 14 TC‐M120          7.078 1318 1765 2128 2678 3104 3396 3697 4249
TP‐40  1281 1715 2022 2355 2965 3104 3289 3601

ATLAS 14 TC‐M120          6.4 1908 2391 3115 4166 5033 5631 6272 7102
TP‐40  1875 2271 2946 3508 4766 5085 5424 6046

ATLAS 14 TC‐M120          6.089 2135 2632 3295 4378 5182 6185 6913 7911
TP‐40  2092 2556 3084 3723 4933 5257 5833 6740

ATLAS 14 TC‐M120          5.902 2201 2820 3474 4596 5586 6480 7220 8477
TP‐40  2116 2674 3273 3885 5278 5665 6154 7047

ATLAS 14 TRIB81           6.708 226 320 406 533 632 748 865 1025
TP‐40  218 308 383 455 600 642 706 829

ATLAS 14 TRIB81           6.4 376 541 689 904 1065 1251 1434 1679
TP‐40  363 520 649 772 1014 1082 1184 1377

ATLAS 14 TRIB81           5.969 544 769 987 1307 1543 1828 2115 2506
TP‐40  525 742 928 1109 1468 1567 1719 2026

ATLAS 14 TRIB81           5.838 852 1211 1511 2007 2402 2856 3296 3893
TP‐40  823 1169 1427 1698 2276 2443 2693 3160

ATLAS 14 TRIB88           6.771 432 620 789 1045 1237 1463 1691 2000
TP‐40  418 596 743 886 1176 1258 1380 1621

ATLAS 14 TRIB87           6.76 546 746 925 1188 1390 1627 1864 2189
TP‐40  530 722 877 1027 1325 1411 1540 1791

ATLAS 14 TRIB85           6.712 933 1308 1641 2142 2532 2991 3453 4086
TP‐40  903 1262 1551 1831 2407 2573 2824 3310

8

9

10

11

12

13

Discharge for different annual chance of exceedance events (in cubic feet per second)

1

2

3

4

5

Precipitation
SourceID  Reach

Flow 

Change 
Location*

6

7

ATLAS 14 TRIB85           6.272 1131 1548 1933 2494 2903 3379 3848 4480
TP‐40  1095 1498 1828 2153 2773 2946 3206 3703

ATLAS 14 TES‐87           5.9 1987 2397 2503 2937 3169 3446 3710 4061
TP‐40  1926 2354 2474 2651 3096 3194 3347 3632

ATLAS 14 TC‐M80           5.513 2934 3872 4306 5873 7263 8764 9967 11498
TP‐40  2896 3742 4211 4800 6802 7434 8200 9662

ATLAS 14 TC‐M80           5.394 2944 3862 4328 5845 7153 8524 9736 11282
TP‐40  2903 3727 4224 4766 6724 7227 8015 9400

ATLAS 14 TC‐M80           5.023 3005 3931 4409 5897 7186 8625 9924 11511
TP‐40  2963 3795 4303 4846 6844 7279 8193 9556

ATLAS 14 TC‐M80           4.634 3764 4768 5590 7313 8678 9980 11239 12759
TP‐40  3689 4604 5399 6061 8285 8781 9549 10838

ATLAS 14 TC‐M80           4.516 3963 4976 5794 7460 8813 10144 11398 13005
TP‐40  3874 4809 5615 6251 8404 8909 9699 11018

ATLAS 14 TC‐M80           4.234 3971 5032 5877 7505 8781 10047 11248 12846
TP‐40  3889 4876 5684 6332 8411 8875 9619 10883

ATLAS 14 TC‐M80           3.726 4410 5595 6469 7890 9108 10381 11629 13363
TP‐40  4304 5447 6243 6963 8753 9212 9950 11247

ATLAS 14 TC‐M80           3.665 6461 8918 10718 13007 14839 16855 18610 21037
TP‐40  6242 8596 10293 11585 14263 15007 16101 18115

ATLAS 14 TC‐M80           3.07 6764 9291 11200 13593 15507 17691 19657 22293
TP‐40  6534 8957 10749 12124 14895 15699 16891 19091

ATLAS 14 TC‐M80           2.813 6491 8890 10849 13309 15185 17348 19333 22087
TP‐40  6267 8576 10364 11815 14593 15379 16536 18744

20

21

22

23

24

25

14
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19
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Exhibit 2. Design discharges based on TP-40 and Atlas 14 and flow change locations in the HEC-RAS model



50% ACE Event  20% ACE Event 10% ACE Event  5% ACE Event 2% ACE Event  1% ACE Event 0.05% ACE Event  0.02% ACE Event

(2‐yr Event) (5‐yr Event) (10‐yr Event) (20‐yr Event) (50‐yr Event) (100‐yr Event) (200‐yr Event) (500‐yr Event)

Discharge for different annual chance of exceedance events (in cubic feet per second)

Precipitation
SourceID  Reach

Flow 

Change 
Location*

ATLAS 14 TC‐M80           2.396 5621 7845 9843 12533 14448 16613 18641 21526
TP‐40  5434 7534 9322 10910 13853 14644 15801 18035

ATLAS 14 TC‐M80           2.065 6047 8554 10894 14033 16224 18733 21068 24355
TP‐40  5837 8205 10275 12156 15549 16453 17804 20372

ATLAS 14 TC‐M80           1.651 6049 8395 10294 13039 15699 18034 20597 23968
TP‐40  5841 8089 9850 11156 15003 15971 17152 19840

ATLAS 14 TC‐M80           1.204 6419 8938 10981 13828 16834 19441 22341 26130
TP‐40  6200 8615 10489 11906 16022 17193 18537 21413

ATLAS 14 TC‐M80           0.992 6538 9107 11201 13781 17035 19846 22744 26642
TP‐40  6312 8763 10692 12127 16097 17404 18862 21864

ATLAS 14 TC‐M80           0.628 6683 9325 11463 14131 17355 20403 23434 27557
TP‐40  6451 8973 10926 12439 16464 17818 19416 22482

ATLAS 14 I‐35 bypass      0.115 726 1013 336 1535 1885 2502 2545 4390
TP‐40  701 974 320 1351 1788 2185 2109 3581

ATLAS 14 TC‐M80a          0.115 5957 8312 11127 12596 15470 17901 20889 23167
TP‐40  5750 7999 10606 11088 14676 15633 17307 18901

ATLAS 14 TC‐M85           ‐0.073 6756 9408 11562 14251 17467 20624 23663 27865
TP‐40  6510 9054 11012 12552 16548 17893 19603 22708

ATLAS 14 TC‐M85           ‐0.403 6510 9256 10437 14250 15582 20585 23595 27183
TP‐40  6260 8900 9940 12500 14700 17900 19500 22100

ATLAS 14 RR Bypass        ‐0.525 10 1768 2310 3762 4558 6325 7018 7995
TP‐40  0 0 0 0 0 0 0 0

ATLAS 14 RR Bypass        ‐0.529 10 312 1155 2280 2544 4025 6050 7380
TP‐40  0 0 0 0 0 0 0 0

ATLAS 14 RR Bypass        ‐0.56 45 416 609 1938 3392 5405 7260 8610
TP‐40  0 0 0 0 0 0 0 0
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33

34

35

36

37

26

27

28

29

30

31

ATLAS 14 TC‐M81           ‐0.524 6510 7488 8127 10488 11024 14260 16577 19803
TP‐40  6260 8900 9940 12500 14700 17900 19500 22100

ATLAS 14 TC‐M81           ‐0.541 6614 7602 8295 10682 11236 14605 16940 20172
TP‐40  6360 9010 10100 12670 14900 18200 19800 22400

ATLAS 14 TC‐M81           ‐0.77 6614 9058 10070 12768 13250 16905 18392 20049
TP‐40  6360 10410 11790 14500 16800 20200 21000 22400

ATLAS 14 TC‐M81           ‐1.054 6739 9287 10700 12882 12720 15985 17182 19680
TP‐40  6513 10730 11870 14500 17100 20600 21000 23100

ATLAS 14 lTC              ‐1.344 6739 9287 10700 12882 12720 15985 17182 19680
TP‐40  6480 8930 10190 11300 12000 13900 14200 16000

ATLAS 14 lTC              ‐1.419 6802 9703 10784 14820 16112 21390 24442 28290
TP‐40  6540 9330 10270 13000 15200 18600 20200 23000

ATLAS 14 lTC              ‐1.479 6864 9797 10868 15048 16854 21505 24805 28782
TP‐40  6600 9420 10350 13200 15900 18700 20500 23400

* The flow change locations are identified as cross sections in the HEC‐RAS model
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Exhibit 3 



  

HEC-RAS  Plan: PreProject
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M120 7.508   001YR 259.71 1009.34 1015.60 1011.80 1015.63 0.000204 1.41 183.99 50.01 0.13
TC-M120 7.508   002YR 572.00 1009.34 1017.28 1012.90 1017.35 0.000318 2.07 275.82 59.14 0.17
TC-M120 7.508   005YR 759.00 1009.34 1018.00 1013.39 1018.09 0.000364 2.38 318.41 63.01 0.18
TC-M120 7.508   010YR 924.00 1009.34 1019.27 1013.78 1019.36 0.000278 2.32 398.19 74.22 0.16
TC-M120 7.508   020YR 1165.00 1009.34 1022.37 1014.26 1022.41 0.000102 1.79 729.48 140.57 0.11
TC-M120 7.508   050YR 1348.00 1009.34 1025.27 1014.59 1025.30 0.000045 1.42 1176.37 172.81 0.07
TC-M120 7.508   100YR 1564.00 1009.34 1029.21 1014.94 1029.22 0.000017 1.05 2211.25 329.48 0.05
TC-M120 7.508   200YR 1779.00 1009.34 1033.28 1015.28 1033.29 0.000006 0.77 3912.44 504.31 0.03
TC-M120 7.508   500YR 2073.00 1009.34 1038.87 1015.70 1038.87 0.000002 0.49 7206.08 674.47 0.02

TC-M120 7.479   001YR 259.71 1010.50 1015.34 1015.51 0.001871 3.35 77.45 29.02 0.36
TC-M120 7.479   002YR 572.00 1010.50 1016.83 1017.17 0.002051 4.65 128.45 38.98 0.41
TC-M120 7.479   005YR 759.00 1010.50 1017.43 1017.87 0.002266 5.36 152.46 42.10 0.44
TC-M120 7.479   010YR 924.00 1010.50 1018.83 1019.19 0.001342 4.91 216.31 48.72 0.35
TC-M120 7.479   020YR 1165.00 1010.50 1022.12 1022.33 0.000459 3.83 420.37 87.14 0.22
TC-M120 7.479   050YR 1348.00 1010.50 1025.13 1025.26 0.000204 3.08 827.07 200.41 0.15
TC-M120 7.479   100YR 1564.00 1010.50 1029.16 1029.20 0.000066 2.11 1940.21 359.29 0.09
TC-M120 7.479   200YR 1779.00 1010.50 1033.26 1033.28 0.000025 1.50 3598.80 478.06 0.06
TC-M120 7.479   500YR 2073.00 1010.50 1038.86 1038.87 0.000008 1.00 6920.53 672.68 0.03

TC-M120 7.438   001YR 259.71 1010.26 1013.68 1013.68 1014.54 0.016146 7.44 34.90 20.36 1.00
TC-M120 7.438   002YR 572.00 1010.26 1014.94 1014.94 1016.14 0.014869 8.79 65.08 27.80 1.01
TC-M120 7.438   005YR 759.00 1010.26 1016.23 1017.03 0.007092 7.16 105.97 35.30 0.73
TC-M120 7.438   010YR 924.00 1010.26 1018.51 1018.84 0.001856 4.61 200.22 47.01 0.39
TC-M120 7.438   020YR 1165.00 1010.26 1022.08 1022.21 0.000457 2.91 400.21 65.34 0.21
TC-M120 7.438   050YR 1348.00 1010.26 1025.13 1025.20 0.000171 2.17 623.91 82.14 0.13
TC-M120 7.438   100YR 1564.00 1010.26 1029.15 1029.19 0.000059 1.66 1003.85 107.35 0.08
TC-M120 7.438   200YR 1779.00 1010.26 1033.25 1033.27 0.000025 1.32 1717.87 270.73 0.06
TC-M120 7.438   500YR 2073.00 1010.26 1038.86 1038.87 0.000008 0.93 3377.27 314.52 0.03

TC-M120 7.247   001YR 259.71 1003.58 1006.94 1005.64 1007.19 0.002028 4.01 64.84 25.11 0.44
TC-M120 7.247   002YR 572.00 1003.58 1012.51 1006.87 1012.61 0.000199 2.53 226.42 43.89 0.16
TC-M120 7.247   005YR 759.00 1003.58 1014.82 1007.45 1014.92 0.000143 2.57 295.81 51.40 0.14
TC-M120 7.247   010YR 924.00 1003.58 1015.25 1007.88 1015.39 0.000184 2.99 308.74 52.79 0.16
TC-M120 7.247   020YR 1165.00 1003.58 1015.99 1008.46 1016.18 0.000233 3.52 330.89 59.33 0.19
TC-M120 7.247   050YR 1348.00 1003.58 1016.38 1008.86 1016.62 0.000277 3.93 342.58 66.13 0.21
TC-M120 7.247   100YR 1564.00 1003.58 1016.70 1009.32 1017.01 0.000340 4.44 352.30 73.62 0.23
TC-M120 7.247   200YR 1779.00 1003.58 1016.99 1009.74 1017.37 0.000406 4.93 360.97 80.30 0.25
TC-M120 7.247   500YR 2073.00 1003.58 1017.30 1010.26 1017.78 0.000507 5.60 370.08 89.75 0.28

TC-M120 7.182   001YR 430.51 1000.80 1004.56 1005.36 0.009171 7.18 59.99 24.03 0.80
TC-M120 7.182   002YR 1010.00 1000.80 1012.32 1012.44 0.000894 2.84 361.25 64.32 0.19
TC-M120 7.182   005YR 1357.00 1000.80 1014.72 1014.82 0.000525 2.64 590.52 126.72 0.15
TC-M120 7.182   010YR 1647.00 1000.80 1015.13 1015.26 0.000626 2.97 644.79 137.52 0.17
TC-M120 7.182   020YR 2047.00 1000.80 1015.86 1016.00 0.000644 3.15 749.49 148.55 0.17
TC-M120 7.182   050YR 2345.00 1000.80 1016.24 1016.40 0.000681 3.32 807.90 162.49 0.18
TC-M120 7.182   100YR 2653.00 1000.80 1016.56 1016.73 0.000722 3.48 864.48 198.24 0.18
TC-M120 7.182   200YR 2904.00 1000.80 1016.85 1017.02 0.000718 3.53 924.96 214.23 0.18
TC-M120 7.182   500YR 3207.00 1000.80 1017.15 1017.33 0.000718 3.59 994.24 238.48 0.18

TC-M120 7.156   001YR 430.51 998.50 1003.80 1002.25 1004.35 0.004541 5.94 72.52 19.33 0.54
TC-M120 7.156   002YR 1010.00 998.50 1012.15 1004.52 1012.32 0.000653 3.33 305.50 41.22 0.20
TC-M120 7.156   005YR 1357.00 998.50 1014.56 1005.54 1014.73 0.000493 3.36 463.05 103.73 0.18
TC-M120 7.156   010YR 1647.00 998.50 1014.92 1006.29 1015.14 0.000624 3.86 502.40 113.76 0.20
TC-M120 7.156   020YR 2047.00 998.50 1015.63 1007.22 1015.87 0.000687 4.22 593.83 148.61 0.21
TC-M120 7.156   050YR 2345.00 998.50 1015.99 1007.85 1016.26 0.000749 4.49 650.83 167.72 0.22
TC-M120 7.156   100YR 2653.00 998.50 1016.28 1008.44 1016.58 0.000822 4.78 700.58 175.18 0.23
TC-M120 7.156   200YR 2904.00 998.50 1016.56 1008.88 1016.87 0.000848 4.92 750.57 182.00 0.24
TC-M120 7.156   500YR 3207.00 998.50 1016.85 1009.40 1017.18 0.000884 5.10 804.83 189.12 0.25

TC-M120 7.132   Culvert

TC-M120 7.126   001YR 430.51 996.50 1001.70 1002.02 0.002257 4.48 96.13 25.68 0.41
TC-M120 7.126   002YR 1010.00 996.50 1003.64 1004.34 0.003614 6.72 150.35 30.47 0.53
TC-M120 7.126   005YR 1357.00 996.50 1004.64 1005.50 0.003856 7.44 182.29 32.97 0.56
TC-M120 7.126   010YR 1647.00 996.50 1005.30 1006.31 0.004101 8.06 204.56 35.84 0.58
TC-M120 7.126   020YR 2047.00 996.50 1006.16 1007.33 0.004171 8.71 237.93 41.72 0.60
TC-M120 7.126   050YR 2345.00 996.50 1006.74 1008.02 0.004092 9.11 263.53 45.48 0.60
TC-M120 7.126   100YR 2653.00 996.50 1006.94 1008.48 0.004772 10.01 272.43 46.74 0.65
TC-M120 7.126   200YR 2904.00 996.50 1007.34 1008.97 0.004744 10.34 291.61 49.36 0.65
TC-M120 7.126   500YR 3207.00 996.50 1008.29 1009.80 0.003805 10.00 341.67 55.63 0.60

TC-M120 7.078   001YR 571.51 996.37 999.54 999.54 1000.54 0.012875 8.14 73.11 36.89 0.96
TC-M120 7.078   002YR 1318.00 996.37 1001.30 1001.05 1002.70 0.008705 9.82 143.78 43.03 0.87
TC-M120 7.078   005YR 1765.00 996.37 1001.93 1001.80 1003.71 0.009262 11.16 171.12 44.98 0.92
TC-M120 7.078   010YR 2128.00 996.37 1002.46 1002.34 1004.46 0.009062 11.87 195.50 46.66 0.92
TC-M120 7.078   020YR 2678.00 996.37 1003.26 1003.09 1005.50 0.008479 12.64 233.74 49.11 0.91
TC-M120 7.078   050YR 3104.00 996.37 1003.88 1003.62 1006.24 0.007927 13.05 264.71 50.85 0.90
TC-M120 7.078   100YR 3396.00 996.37 1004.40 1003.97 1006.75 0.007177 13.07 291.49 52.34 0.87
TC-M120 7.078   200YR 3697.00 996.37 1004.70 1004.31 1007.21 0.007288 13.54 307.50 53.21 0.88
TC-M120 7.078   500YR 4249.00 996.37 1005.17 1004.85 1008.02 0.007678 14.48 332.62 54.55 0.91

G5EDHWO9
Typewritten Text
Exhibit 3. Tabular results from Existing Condition HEC-RAS model - including reaches TC-M81, TC-M85, TC-M80a, TC-M80, and TC-M120 



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

TC-M120 7.020   001YR 571.51 992.89 997.02 997.66 0.005804 6.40 89.34 30.13 0.65
TC-M120 7.020   002YR 1318.00 992.89 998.84 1000.01 0.008486 8.67 152.08 39.10 0.77
TC-M120 7.020   005YR 1765.00 992.89 1000.16 1001.30 0.005854 8.60 208.27 46.46 0.67
TC-M120 7.020   010YR 2128.00 992.89 1000.76 1002.07 0.005802 9.22 237.39 49.96 0.68
TC-M120 7.020   020YR 2678.00 992.89 1001.01 1000.30 1002.89 0.007944 11.09 249.76 51.18 0.80
TC-M120 7.020   050YR 3104.00 992.89 1001.14 1000.89 1003.55 0.009884 12.56 256.58 51.84 0.90
TC-M120 7.020   100YR 3396.00 992.89 1001.25 1001.25 1004.03 0.011085 13.46 262.55 52.41 0.95
TC-M120 7.020   200YR 3697.00 992.89 1001.61 1001.61 1004.51 0.010803 13.79 281.45 54.18 0.95
TC-M120 7.020   500YR 4249.00 992.89 1002.26 1002.26 1005.33 0.010175 14.26 317.95 57.45 0.94

TC-M120 6.967   001YR 571.51 991.17 995.96 996.18 0.004080 3.75 152.37 90.69 0.51
TC-M120 6.967   002YR 1318.00 991.17 999.12 999.24 0.000658 2.86 466.97 108.87 0.24
TC-M120 6.967   005YR 1765.00 991.17 1000.55 1000.68 0.000467 2.89 628.37 116.77 0.21
TC-M120 6.967   010YR 2128.00 991.17 1001.26 1001.40 0.000463 3.10 712.54 120.66 0.21
TC-M120 6.967   020YR 2678.00 991.17 1001.80 1002.00 0.000561 3.59 778.72 123.68 0.24
TC-M120 6.967   050YR 3104.00 991.17 1002.22 1002.46 0.000619 3.92 831.58 126.11 0.25
TC-M120 6.967   100YR 3396.00 991.17 1002.47 1002.73 0.000664 4.15 862.69 127.52 0.26
TC-M120 6.967   200YR 3697.00 991.17 1002.69 1002.98 0.000713 4.38 891.71 128.98 0.27
TC-M120 6.967   500YR 4249.00 991.17 1003.09 1003.44 0.000797 4.78 943.77 132.11 0.29

TC-M120 6.903   001YR 571.51 989.18 995.13 995.35 0.001662 3.76 151.94 43.25 0.35
TC-M120 6.903   002YR 1318.00 989.18 998.72 998.97 0.000912 4.03 333.66 58.55 0.28
TC-M120 6.903   005YR 1765.00 989.18 1000.18 1000.46 0.000791 4.29 438.08 101.27 0.27
TC-M120 6.903   010YR 2128.00 989.18 1000.90 1001.19 0.000766 4.47 513.12 107.92 0.27
TC-M120 6.903   020YR 2678.00 989.18 1001.36 1001.74 0.000934 5.11 563.58 112.18 0.30
TC-M120 6.903   050YR 3104.00 989.18 1001.74 1002.17 0.001016 5.48 606.51 115.60 0.31
TC-M120 6.903   100YR 3396.00 989.18 1001.94 1002.42 0.001086 5.74 630.52 117.44 0.32
TC-M120 6.903   200YR 3697.00 989.18 1002.12 1002.66 0.001169 6.03 651.80 119.62 0.34
TC-M120 6.903   500YR 4249.00 989.18 1002.44 1003.07 0.001308 6.52 690.29 123.66 0.36

TC-M120 6.850   001YR 571.51 991.00 993.29 993.29 994.23 0.014669 7.78 73.49 38.75 1.00
TC-M120 6.850   002YR 1318.00 991.00 998.50 994.76 998.71 0.000843 3.69 362.84 102.78 0.28
TC-M120 6.850   005YR 1765.00 991.00 1000.12 995.45 1000.27 0.000405 3.04 566.52 143.20 0.20
TC-M120 6.850   010YR 2128.00 991.00 1000.86 995.94 1001.02 0.000333 2.95 679.59 162.22 0.19
TC-M120 6.850   020YR 2678.00 991.00 1001.32 996.61 1001.52 0.000392 3.33 762.39 203.19 0.21
TC-M120 6.850   050YR 3104.00 991.00 1001.72 997.06 1001.94 0.000386 3.41 846.27 215.74 0.21
TC-M120 6.850   100YR 3396.00 991.00 1001.94 997.35 1002.18 0.000392 3.50 895.85 230.49 0.21
TC-M120 6.850   200YR 3697.00 991.00 1002.14 997.65 1002.39 0.000401 3.59 941.97 233.91 0.21
TC-M120 6.850   500YR 4249.00 991.00 1002.49 998.99 1002.77 0.000411 3.73 1025.58 238.57 0.22

TC-M120 6.836   Culvert

TC-M120 6.827   001YR 571.51 985.98 992.06 988.41 992.14 0.000421 2.28 250.77 56.72 0.19
TC-M120 6.827   002YR 1318.00 985.98 995.89 989.84 996.00 0.000305 2.66 496.20 74.31 0.18
TC-M120 6.827   005YR 1765.00 985.98 998.85 990.53 998.93 0.000189 2.32 773.10 141.20 0.14
TC-M120 6.827   010YR 2128.00 985.98 1000.28 991.03 1000.34 0.000118 2.04 1044.12 205.73 0.11
TC-M120 6.827   020YR 2678.00 985.98 1000.74 991.70 1000.83 0.000141 2.30 1140.73 210.09 0.13
TC-M120 6.827   050YR 3104.00 985.98 1001.29 992.19 1001.39 0.000137 2.35 1257.36 214.37 0.13
TC-M120 6.827   100YR 3396.00 985.98 1001.56 992.51 1001.67 0.000141 2.42 1315.90 216.42 0.13
TC-M120 6.827   200YR 3697.00 985.98 1001.78 992.82 1001.90 0.000148 2.51 1364.05 217.96 0.13
TC-M120 6.827   500YR 4249.00 985.98 1002.14 993.35 1002.29 0.000161 2.67 1442.51 220.37 0.14

TC-M120 6.767   001YR 571.51 986.09 991.97 992.02 0.000278 1.67 339.54 98.89 0.15
TC-M120 6.767   002YR 1318.00 986.09 995.87 995.92 0.000107 1.68 770.53 122.97 0.11
TC-M120 6.767   005YR 1765.00 986.09 998.84 998.88 0.000053 1.48 1174.99 157.71 0.08
TC-M120 6.767   010YR 2128.00 986.09 1000.26 1000.31 0.000044 1.46 1459.13 225.80 0.07
TC-M120 6.767   020YR 2678.00 986.09 1000.72 1000.79 0.000058 1.72 1565.49 236.50 0.09
TC-M120 6.767   050YR 3104.00 986.09 1001.27 1001.35 0.000063 1.85 1698.74 249.15 0.09
TC-M120 6.767   100YR 3396.00 986.09 1001.54 1001.63 0.000068 1.95 1767.14 255.40 0.09
TC-M120 6.767   200YR 3697.00 986.09 1001.76 1001.86 0.000074 2.05 1824.08 260.49 0.10
TC-M120 6.767   500YR 4249.00 986.09 1002.12 1002.24 0.000086 2.25 1918.84 276.19 0.11

TC-M120 6.699   001YR 571.51 986.02 991.69 991.82 0.001406 2.90 197.05 53.64 0.26
TC-M120 6.699   002YR 1318.00 986.02 995.70 995.84 0.000604 3.05 451.61 73.64 0.20
TC-M120 6.699   005YR 1765.00 986.02 998.74 998.84 0.000292 2.65 759.19 188.82 0.14
TC-M120 6.699   010YR 2128.00 986.02 1000.22 1000.28 0.000174 2.23 1094.76 247.62 0.11
TC-M120 6.699   020YR 2678.00 986.02 1000.67 1000.75 0.000206 2.49 1210.51 261.11 0.12
TC-M120 6.699   050YR 3104.00 986.02 1001.23 1001.31 0.000196 2.50 1357.91 269.95 0.12
TC-M120 6.699   100YR 3396.00 986.02 1001.50 1001.59 0.000198 2.55 1431.96 275.04 0.12
TC-M120 6.699   200YR 3697.00 986.02 1001.72 1001.82 0.000207 2.63 1492.91 279.48 0.13
TC-M120 6.699   500YR 4249.00 986.02 1002.07 1002.19 0.000222 2.78 1593.09 285.10 0.13

TC-M120 6.637   001YR 571.51 985.92 991.15 988.92 991.35 0.001443 3.51 162.91 45.51 0.31
TC-M120 6.637   002YR 1318.00 985.92 995.37 990.40 995.60 0.000802 3.85 342.55 65.88 0.25
TC-M120 6.637   005YR 1765.00 985.92 998.53 991.06 998.71 0.000437 3.44 515.12 115.43 0.20
TC-M120 6.637   010YR 2128.00 985.92 1000.11 991.57 1000.21 0.000273 2.49 844.94 135.55 0.14
TC-M120 6.637   020YR 2678.00 985.92 1000.52 992.29 1000.66 0.000350 2.90 911.49 176.60 0.16
TC-M120 6.637   050YR 3104.00 985.92 1001.07 992.82 1001.22 0.000348 3.00 1015.49 204.26 0.16
TC-M120 6.637   100YR 3396.00 985.92 1001.33 993.17 1001.50 0.000359 3.10 1076.00 255.19 0.17
TC-M120 6.637   200YR 3697.00 985.92 1001.55 993.52 1001.72 0.000377 3.22 1135.38 298.98 0.17



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M120 6.637   500YR 4249.00 985.92 1001.90 994.11 1002.08 0.000410 3.43 1252.51 370.48 0.18

TC-M120 6.621   Culvert

TC-M120 6.611   001YR 571.51 983.19 986.38 986.31 987.34 0.013442 7.86 72.69 34.66 0.96
TC-M120 6.611   002YR 1318.00 983.19 988.03 987.90 989.51 0.011521 9.75 135.13 40.96 0.95
TC-M120 6.611   005YR 1765.00 983.19 988.95 988.66 990.54 0.009937 10.12 174.34 44.47 0.90
TC-M120 6.611   010YR 2128.00 983.19 989.50 989.19 991.27 0.009852 10.67 199.45 46.57 0.91
TC-M120 6.611   020YR 2678.00 983.19 990.25 989.94 992.27 0.009307 11.39 235.58 49.48 0.90
TC-M120 6.611   050YR 3104.00 983.19 990.74 990.42 992.97 0.009103 11.99 260.26 51.37 0.91
TC-M120 6.611   100YR 3396.00 983.19 991.04 990.77 993.43 0.009112 12.43 275.58 52.51 0.92
TC-M120 6.611   200YR 3697.00 983.19 991.33 991.10 993.89 0.009126 12.86 291.02 53.63 0.92
TC-M120 6.611   500YR 4249.00 983.19 991.79 991.70 994.68 0.009340 13.67 316.06 55.43 0.95

TC-M120 6.545   001YR 571.51 980.68 984.36 983.29 984.77 0.003891 5.10 112.04 40.72 0.54
TC-M120 6.545   002YR 1318.00 980.68 986.64 984.85 987.22 0.003003 6.10 216.80 50.87 0.51
TC-M120 6.545   005YR 1765.00 980.68 988.07 985.57 988.64 0.002131 6.11 293.61 57.16 0.45
TC-M120 6.545   010YR 2128.00 980.68 988.56 986.09 989.26 0.002336 6.76 322.26 59.37 0.48
TC-M120 6.545   020YR 2678.00 980.68 989.33 986.78 990.19 0.002468 7.51 369.28 62.83 0.50
TC-M120 6.545   050YR 3104.00 980.68 989.81 987.30 990.80 0.002623 8.09 400.12 65.23 0.52
TC-M120 6.545   100YR 3396.00 980.68 990.08 987.62 991.18 0.002773 8.51 417.75 66.57 0.54
TC-M120 6.545   200YR 3697.00 980.68 990.35 987.94 991.55 0.002910 8.92 435.84 67.91 0.56
TC-M120 6.545   500YR 4249.00 980.68 990.72 988.51 992.15 0.003264 9.74 461.60 69.78 0.59

TC-M120 6.484   001YR 571.51 978.81 981.47 981.47 982.48 0.014921 8.09 70.68 35.29 1.01
TC-M120 6.484   002YR 1318.00 978.81 986.12 986.47 0.001565 4.76 277.12 54.80 0.37
TC-M120 6.484   005YR 1765.00 978.81 987.69 988.04 0.001295 4.77 369.97 63.10 0.35
TC-M120 6.484   010YR 2128.00 978.81 988.13 988.57 0.001553 5.35 397.96 65.51 0.38
TC-M120 6.484   020YR 2678.00 978.81 988.87 989.42 0.001766 5.98 448.13 69.89 0.41
TC-M120 6.484   050YR 3104.00 978.81 989.32 989.97 0.001934 6.47 481.89 96.29 0.44
TC-M120 6.484   100YR 3396.00 978.81 989.58 990.29 0.002033 6.80 511.31 121.91 0.45
TC-M120 6.484   200YR 3697.00 978.81 989.86 990.62 0.002084 7.06 546.39 129.72 0.46
TC-M120 6.484   500YR 4249.00 978.81 990.23 991.11 0.002265 7.61 596.91 149.18 0.48

TC-M120 6.424   001YR 571.51 975.14 980.98 978.43 981.14 0.000938 3.12 183.35 50.59 0.28
TC-M120 6.424   002YR 1318.00 975.14 986.08 979.89 986.22 0.000306 2.98 442.46 75.94 0.18
TC-M120 6.424   005YR 1765.00 975.14 987.71 980.58 987.81 0.000263 2.68 690.18 166.02 0.16
TC-M120 6.424   010YR 2128.00 975.14 988.17 981.08 988.30 0.000290 2.92 773.07 183.16 0.17
TC-M120 6.424   020YR 2678.00 975.14 988.98 981.79 989.12 0.000280 3.04 929.27 202.18 0.17
TC-M120 6.424   050YR 3104.00 975.14 989.50 982.28 989.64 0.000275 3.13 1036.37 215.15 0.17
TC-M120 6.424   100YR 3396.00 975.14 989.79 982.62 989.94 0.000277 3.20 1100.43 222.54 0.18
TC-M120 6.424   200YR 3697.00 975.14 990.10 982.95 990.26 0.000273 3.24 1170.64 230.37 0.18
TC-M120 6.424   500YR 4249.00 975.14 990.53 983.50 990.71 0.000280 3.37 1272.22 240.17 0.18

TC-M120 6.415   Culvert

TC-M120 6.406   001YR 571.51 975.03 979.24 976.97 979.38 0.000965 2.95 193.47 55.99 0.28
TC-M120 6.406   002YR 1318.00 975.03 980.98 978.26 981.29 0.001467 4.43 297.73 63.79 0.36
TC-M120 6.406   005YR 1765.00 975.03 981.87 978.89 982.25 0.001576 4.96 356.13 67.77 0.38
TC-M120 6.406   010YR 2128.00 975.03 983.33 979.35 983.66 0.001114 4.63 459.58 74.29 0.33
TC-M120 6.406   020YR 2678.00 975.03 985.07 979.98 985.38 0.000847 4.49 595.96 82.14 0.29
TC-M120 6.406   050YR 3104.00 975.03 986.30 980.44 986.61 0.000677 4.45 700.11 87.53 0.27
TC-M120 6.406   100YR 3396.00 975.03 987.08 980.74 987.38 0.000603 4.46 769.55 90.94 0.26
TC-M120 6.406   200YR 3697.00 975.03 987.85 981.03 988.15 0.000544 4.46 843.85 108.76 0.25
TC-M120 6.406   500YR 4249.00 975.03 988.79 981.52 989.09 0.000493 4.51 1011.78 224.48 0.24

TC-M120 6.400   001YR 1101.39 974.00 978.85 979.24 0.002368 5.02 219.57 55.85 0.45
TC-M120 6.400   002YR 1908.00 974.00 980.61 981.15 0.002312 5.87 324.86 63.62 0.46
TC-M120 6.400   005YR 2391.00 974.00 981.51 982.11 0.002265 6.23 383.90 67.58 0.46
TC-M120 6.400   010YR 3115.00 974.00 982.84 983.50 0.002082 6.52 477.81 73.44 0.45
TC-M120 6.400   020YR 4166.00 974.00 984.46 985.21 0.001877 6.92 602.44 80.50 0.44
TC-M120 6.400   050YR 5033.00 974.00 985.59 986.41 0.001734 7.29 695.60 85.19 0.43
TC-M120 6.400   100YR 5631.00 974.00 986.30 987.17 0.001669 7.53 757.22 88.04 0.43
TC-M120 6.400   200YR 6272.00 974.00 986.99 987.93 0.001627 7.79 819.51 90.82 0.43
TC-M120 6.400   500YR 7102.00 974.00 987.84 988.85 0.001584 8.10 900.37 108.43 0.43

TC-M120 6.351   001YR 1101.39 971.38 977.78 978.46 0.003662 6.62 166.41 35.85 0.54
TC-M120 6.351   002YR 1908.00 971.38 978.88 980.19 0.005660 9.19 208.59 41.45 0.69
TC-M120 6.351   005YR 2391.00 971.38 979.26 978.36 981.05 0.007066 10.75 224.89 43.44 0.78
TC-M120 6.351   010YR 3115.00 971.38 979.57 979.45 982.29 0.010039 13.26 238.72 44.89 0.94
TC-M120 6.351   020YR 4166.00 971.38 980.84 980.84 984.04 0.009363 14.50 299.07 50.89 0.94
TC-M120 6.351   050YR 5033.00 971.38 981.84 981.84 985.30 0.008666 15.17 352.50 55.98 0.92
TC-M120 6.351   100YR 5631.00 971.38 982.48 982.48 986.09 0.008273 15.57 389.82 60.05 0.91
TC-M120 6.351   200YR 6272.00 971.38 983.17 983.17 986.87 0.007793 15.86 432.71 64.44 0.89
TC-M120 6.351   500YR 7102.00 971.38 983.94 983.94 987.80 0.007469 16.33 484.09 69.47 0.89

TC-M120 6.306   001YR 1101.39 971.10 975.92 975.50 977.10 0.008978 8.75 128.23 54.91 0.84
TC-M120 6.306   002YR 1908.00 971.10 977.31 977.19 978.64 0.007447 9.63 227.27 86.76 0.80
TC-M120 6.306   005YR 2391.00 971.10 977.93 977.81 979.29 0.006669 9.94 284.00 94.39 0.77
TC-M120 6.306   010YR 3115.00 971.10 978.81 978.43 980.14 0.005598 10.11 369.33 100.84 0.73
TC-M120 6.306   020YR 4166.00 971.10 980.07 981.32 0.004221 9.98 514.43 137.02 0.65



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M120 6.306   050YR 5033.00 971.10 981.78 982.57 0.002195 8.29 788.70 181.73 0.49
TC-M120 6.306   100YR 5631.00 971.10 982.90 983.50 0.001499 7.41 1010.56 211.64 0.41
TC-M120 6.306   200YR 6272.00 971.10 983.70 984.23 0.001231 7.07 1186.64 225.58 0.38
TC-M120 6.306   500YR 7102.00 971.10 984.63 985.11 0.001015 6.77 1403.02 239.57 0.35

TC-M120 6.261   001YR 1101.39 968.71 975.60 975.91 0.002179 4.50 244.79 76.79 0.44
TC-M120 6.261   002YR 1908.00 968.71 977.26 977.60 0.001732 4.69 406.89 116.73 0.44
TC-M120 6.261   005YR 2391.00 968.71 977.90 978.28 0.001729 4.97 482.83 121.50 0.43
TC-M120 6.261   010YR 3115.00 968.71 978.78 979.22 0.001672 5.30 593.39 129.93 0.42
TC-M120 6.261   020YR 4166.00 968.71 980.06 980.54 0.001468 5.57 770.45 145.76 0.40
TC-M120 6.261   050YR 5033.00 968.71 981.72 982.13 0.000988 5.20 1024.96 161.81 0.33
TC-M120 6.261   100YR 5631.00 968.71 982.81 983.19 0.000794 5.03 1207.81 173.77 0.30
TC-M120 6.261   200YR 6272.00 968.71 983.59 983.97 0.000736 5.09 1347.84 184.65 0.29
TC-M120 6.261   500YR 7102.00 968.71 984.50 984.89 0.000685 5.19 1520.78 194.82 0.28

TC-M120 6.205   001YR 1101.39 968.18 974.80 975.22 0.002392 5.25 209.87 55.44 0.48
TC-M120 6.205   002YR 1908.00 968.18 976.50 976.99 0.002335 5.63 338.60 96.73 0.53
TC-M120 6.205   005YR 2391.00 968.18 977.08 977.64 0.002545 6.04 396.37 101.69 0.53
TC-M120 6.205   010YR 3115.00 968.18 977.96 978.60 0.002479 6.43 487.99 107.33 0.52
TC-M120 6.205   020YR 4166.00 968.18 979.32 980.00 0.002100 6.66 640.02 115.36 0.47
TC-M120 6.205   050YR 5033.00 968.18 981.22 981.78 0.001302 6.06 869.55 126.55 0.38
TC-M120 6.205   100YR 5631.00 968.18 982.39 982.90 0.001037 5.85 1021.97 133.54 0.34
TC-M120 6.205   200YR 6272.00 968.18 983.18 983.71 0.000979 5.96 1129.46 143.04 0.33
TC-M120 6.205   500YR 7102.00 968.18 984.09 984.64 0.000922 6.10 1270.52 160.75 0.32

TC-M120 6.148   001YR 1101.39 968.16 974.14 974.51 0.002230 4.89 225.09 55.56 0.43
TC-M120 6.148   002YR 1908.00 968.16 975.66 976.22 0.002803 6.02 317.09 65.40 0.48
TC-M120 6.148   005YR 2391.00 968.16 975.87 976.68 0.003928 7.21 331.44 66.71 0.57
TC-M120 6.148   010YR 3115.00 968.16 976.39 974.77 977.51 0.005100 8.49 367.01 69.60 0.65
TC-M120 6.148   020YR 4166.00 968.16 977.85 979.05 0.004673 8.79 473.85 77.69 0.63
TC-M120 6.148   050YR 5033.00 968.16 980.42 981.24 0.002256 7.29 699.11 101.28 0.45
TC-M120 6.148   100YR 5631.00 968.16 981.76 982.49 0.001652 6.91 844.10 113.43 0.40
TC-M120 6.148   200YR 6272.00 968.16 982.58 983.32 0.001522 7.01 938.83 119.00 0.39
TC-M120 6.148   500YR 7102.00 968.16 983.51 984.28 0.001422 7.18 1052.24 125.90 0.38

TC-M120 6.089   001YR 1305.01 968.16 971.57 971.57 972.90 0.013545 9.27 140.83 53.28 1.00
TC-M120 6.089   002YR 2135.00 968.16 972.62 972.62 974.41 0.012704 10.74 199.71 59.91 1.02
TC-M120 6.089   005YR 2632.00 968.16 973.69 973.69 974.98 0.007199 9.42 363.46 191.50 0.79
TC-M120 6.089   010YR 3295.00 968.16 974.16 974.16 975.59 0.007211 10.11 455.47 194.04 0.81
TC-M120 6.089   020YR 4378.00 968.16 977.79 978.17 0.001124 5.79 1194.39 213.46 0.35
TC-M120 6.089   050YR 5182.00 968.16 980.57 980.78 0.000474 4.54 1851.34 245.95 0.24
TC-M120 6.089   100YR 6185.00 968.16 981.90 982.11 0.000421 4.62 2181.52 250.95 0.23
TC-M120 6.089   200YR 6913.00 968.16 982.73 982.95 0.000402 4.71 2391.95 254.08 0.23
TC-M120 6.089   500YR 7911.00 968.16 983.68 983.91 0.000397 4.89 2633.88 257.73 0.23

TC-M120 6.038   001YR 1305.01 963.08 968.79 969.25 0.002874 5.43 240.37 61.32 0.48
TC-M120 6.038   002YR 2135.00 963.08 971.03 971.50 0.001847 5.49 389.73 71.43 0.41
TC-M120 6.038   005YR 2632.00 963.08 972.23 972.71 0.001502 5.56 477.89 76.06 0.38
TC-M120 6.038   010YR 3295.00 963.08 974.12 974.53 0.000974 5.26 731.05 159.03 0.32
TC-M120 6.038   020YR 4378.00 963.08 977.69 977.96 0.000441 4.45 1360.63 218.86 0.22
TC-M120 6.038   050YR 5182.00 963.08 980.50 980.69 0.000247 3.83 2010.78 244.58 0.17
TC-M120 6.038   100YR 6185.00 963.08 981.83 982.02 0.000238 3.98 2360.74 282.58 0.17
TC-M120 6.038   200YR 6913.00 963.08 982.67 982.86 0.000235 4.09 2605.52 302.09 0.17
TC-M120 6.038   500YR 7911.00 963.08 983.62 983.82 0.000238 4.26 2903.82 326.64 0.18

TC-M120 5.988   001YR 1305.01 963.00 968.14 966.56 968.52 0.002598 4.92 265.00 76.09 0.47
TC-M120 5.988   002YR 2135.00 963.00 970.76 967.49 971.06 0.001240 4.37 488.11 95.69 0.34
TC-M120 5.988   005YR 2632.00 963.00 972.06 967.98 972.35 0.000928 4.27 616.77 141.35 0.30
TC-M120 5.988   010YR 3295.00 963.00 974.04 968.58 974.29 0.000572 4.04 816.31 223.46 0.25
TC-M120 5.988   020YR 4378.00 963.00 977.64 969.44 977.85 0.000296 3.71 1180.02 295.11 0.19
TC-M120 5.988   050YR 5182.00 963.00 980.55 970.02 980.62 0.000092 2.40 2936.49 406.81 0.11
TC-M120 5.988   100YR 6185.00 963.00 981.89 970.73 981.95 0.000079 2.36 3487.46 414.19 0.10
TC-M120 5.988   200YR 6913.00 963.00 982.73 971.13 982.80 0.000074 2.35 3837.73 417.97 0.10
TC-M120 5.988   500YR 7911.00 963.00 983.69 971.68 983.75 0.000070 2.38 4239.14 422.81 0.10

TC-M120 5.968   Culvert

TC-M120 5.944   001YR 1305.01 959.34 965.36 963.01 965.61 0.001397 4.01 336.17 114.11 0.35
TC-M120 5.944   002YR 2135.00 959.34 966.98 964.02 967.29 0.001165 4.57 505.48 148.95 0.34
TC-M120 5.944   005YR 2632.00 959.34 969.20 964.52 969.42 0.000549 3.91 759.99 163.49 0.24
TC-M120 5.944   010YR 3295.00 959.34 971.29 965.14 971.49 0.000372 3.76 1021.75 176.88 0.21
TC-M120 5.944   020YR 4378.00 959.34 972.66 965.94 972.92 0.000413 4.32 1204.74 188.05 0.23
TC-M120 5.944   050YR 5182.00 959.34 973.33 966.47 973.65 0.000469 4.78 1297.90 198.69 0.24
TC-M120 5.944   100YR 6185.00 959.34 973.85 967.09 974.26 0.000574 5.44 1370.65 205.36 0.27
TC-M120 5.944   200YR 6913.00 959.34 974.20 967.50 974.68 0.000648 5.89 1421.27 208.39 0.29
TC-M120 5.944   500YR 7911.00 959.34 974.62 968.05 975.20 0.000756 6.50 1481.62 211.96 0.31

TC-M120 5.902   001YR 1167.27 958.89 964.34 963.21 965.00 0.004292 6.56 199.29 133.07 0.60
TC-M120 5.902   002YR 2201.00 958.89 966.29 966.85 0.002504 6.63 487.35 159.14 0.49
TC-M120 5.902   005YR 2820.00 958.89 969.04 969.28 0.000731 4.66 957.55 183.04 0.28
TC-M120 5.902   010YR 3474.00 958.89 971.21 971.39 0.000417 4.10 1373.24 199.71 0.22



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M120 5.902   020YR 4596.00 958.89 972.59 972.80 0.000443 4.59 1661.20 218.98 0.23
TC-M120 5.902   050YR 5586.00 958.89 973.25 973.51 0.000521 5.15 1808.28 224.80 0.26
TC-M120 5.902   100YR 6480.00 958.89 973.77 974.08 0.000591 5.64 1925.78 228.57 0.27
TC-M120 5.902   200YR 7220.00 958.89 974.12 974.47 0.000658 6.06 2006.53 231.62 0.29
TC-M120 5.902   500YR 8477.00 958.89 974.51 974.96 0.000806 6.83 2098.45 235.42 0.32

TC-M120 5.842   001YR 1167.27 957.61 962.60 961.89 963.38 0.006161 7.15 180.74 109.11 0.70
TC-M120 5.842   002YR 2201.00 957.61 965.91 966.24 0.001270 5.20 592.50 135.87 0.36
TC-M120 5.842   005YR 2820.00 957.61 968.90 969.08 0.000462 4.03 1027.09 154.53 0.23
TC-M120 5.842   010YR 3474.00 957.61 971.11 971.27 0.000309 3.79 1385.22 170.04 0.20
TC-M120 5.842   020YR 4596.00 957.61 972.47 972.67 0.000355 4.37 1630.38 190.90 0.21
TC-M120 5.842   050YR 5586.00 957.61 973.10 973.36 0.000435 4.99 1752.27 196.47 0.24
TC-M120 5.842   100YR 6480.00 957.61 973.58 973.90 0.000509 5.53 1848.70 200.79 0.26
TC-M120 5.842   200YR 7220.00 957.61 973.90 974.27 0.000577 5.98 1913.54 203.64 0.28
TC-M120 5.842   500YR 8477.00 957.61 974.23 974.71 0.000731 6.82 1981.00 210.08 0.31

TC-M120 5.768   001YR 1167.27 955.72 961.60 960.66 962.29 0.002975 6.99 196.23 102.07 0.59
TC-M120 5.768   002YR 2201.00 955.72 965.86 965.99 0.000291 3.45 846.52 169.96 0.21
TC-M120 5.768   005YR 2820.00 955.72 968.90 968.97 0.000113 2.63 1393.19 192.53 0.14
TC-M120 5.768   010YR 3474.00 955.72 971.12 971.18 0.000079 2.47 1855.70 219.35 0.12
TC-M120 5.768   020YR 4596.00 955.72 972.48 972.56 0.000088 2.78 2160.85 227.59 0.13
TC-M120 5.768   050YR 5586.00 955.72 973.12 973.22 0.000108 3.16 2307.08 231.13 0.14
TC-M120 5.768   100YR 6480.00 955.72 973.62 973.74 0.000126 3.48 2421.86 233.87 0.15
TC-M120 5.768   200YR 7220.00 955.72 973.94 974.08 0.000142 3.75 2498.89 235.69 0.16
TC-M120 5.768   500YR 8477.00 955.72 974.28 974.47 0.000179 4.26 2579.60 237.58 0.18

TC-M120 5.703   001YR 1167.27 955.32 961.14 961.48 0.001525 5.09 278.70 125.33 0.43
TC-M120 5.703   002YR 2201.00 955.32 965.84 965.90 0.000146 2.55 1151.75 218.87 0.15
TC-M120 5.703   005YR 2820.00 955.32 968.89 968.93 0.000060 1.98 1870.37 250.93 0.10
TC-M120 5.703   010YR 3474.00 955.32 971.12 971.15 0.000042 1.85 2454.72 273.39 0.09
TC-M120 5.703   020YR 4596.00 955.32 972.49 972.53 0.000048 2.12 2836.90 285.85 0.09
TC-M120 5.703   050YR 5586.00 955.32 973.13 973.18 0.000060 2.41 3021.34 291.46 0.10
TC-M120 5.703   100YR 6480.00 955.32 973.62 973.69 0.000070 2.67 3166.96 296.62 0.11
TC-M120 5.703   200YR 7220.00 955.32 973.95 974.03 0.000080 2.88 3265.55 303.73 0.12
TC-M120 5.703   500YR 8477.00 955.32 974.29 974.40 0.000100 3.27 3372.41 316.99 0.14

TC-M120 5.647   001YR 1167.27 954.39 959.22 959.22 960.59 0.005911 10.26 143.81 61.12 0.85
TC-M120 5.647   002YR 2201.00 954.39 965.82 965.86 0.000088 2.28 1451.19 259.95 0.12
TC-M120 5.647   005YR 2820.00 954.39 968.89 968.91 0.000038 1.76 2300.08 290.55 0.08
TC-M120 5.647   010YR 3474.00 954.39 971.12 971.14 0.000027 1.64 2968.99 309.85 0.07
TC-M120 5.647   020YR 4596.00 954.39 972.48 972.51 0.000032 1.87 3400.76 321.53 0.08
TC-M120 5.647   050YR 5586.00 954.39 973.12 973.16 0.000040 2.15 3608.72 330.61 0.09
TC-M120 5.647   100YR 6480.00 954.39 973.62 973.67 0.000048 2.40 3774.58 339.30 0.10
TC-M120 5.647   200YR 7220.00 954.39 973.95 974.01 0.000055 2.60 3887.30 344.32 0.10
TC-M120 5.647   500YR 8477.00 954.39 974.29 974.37 0.000069 2.96 4006.56 348.47 0.12

TRIB81 6.708   001YR 69.02 1013.26 1014.97 1015.19 0.006791 3.73 18.52 16.21 0.61
TRIB81 6.708   002YR 226.00 1013.26 1016.09 1016.60 0.008504 5.74 39.36 21.00 0.74
TRIB81 6.708   005YR 320.00 1013.26 1016.50 1017.18 0.009680 6.63 48.23 22.73 0.80
TRIB81 6.708   010YR 406.00 1013.26 1016.77 1016.52 1017.63 0.011020 7.43 54.66 23.91 0.87
TRIB81 6.708   020YR 533.00 1013.26 1017.08 1017.01 1018.22 0.013266 8.56 62.25 25.23 0.96
TRIB81 6.708   050YR 632.00 1013.26 1017.34 1017.34 1018.65 0.014140 9.18 68.85 26.33 1.00
TRIB81 6.708   100YR 748.00 1013.26 1017.70 1017.70 1019.11 0.013834 9.53 78.50 27.85 1.00
TRIB81 6.708   200YR 865.00 1013.26 1018.02 1018.02 1019.53 0.013619 9.85 87.82 29.24 1.00
TRIB81 6.708   500YR 1025.00 1013.26 1018.44 1018.44 1020.06 0.013290 10.21 100.38 31.03 1.00

TRIB81 6.635   001YR 69.02 1010.46 1013.25 1013.39 0.003425 3.11 26.81 28.57 0.45
TRIB81 6.635   002YR 226.00 1010.46 1014.40 1014.63 0.003353 4.40 99.89 93.17 0.49
TRIB81 6.635   005YR 320.00 1010.46 1014.80 1015.06 0.003392 4.88 141.57 114.43 0.50
TRIB81 6.635   010YR 406.00 1010.46 1015.10 1015.38 0.003385 5.20 178.36 129.33 0.51
TRIB81 6.635   020YR 533.00 1010.46 1015.48 1015.77 0.003355 5.57 231.37 148.40 0.51
TRIB81 6.635   050YR 632.00 1010.46 1015.73 1016.02 0.003341 5.80 268.49 156.04 0.52
TRIB81 6.635   100YR 748.00 1010.46 1015.96 1016.27 0.003420 6.11 306.41 163.30 0.53
TRIB81 6.635   200YR 865.00 1010.46 1016.16 1016.50 0.003583 6.45 339.82 170.45 0.55
TRIB81 6.635   500YR 1025.00 1010.46 1016.41 1016.77 0.003824 6.91 382.21 180.53 0.57

TRIB81 6.595   001YR 69.02 1009.58 1012.09 1012.32 0.007920 3.85 17.91 16.57 0.65
TRIB81 6.595   002YR 226.00 1009.58 1013.31 1013.69 0.005853 5.11 56.28 48.64 0.63
TRIB81 6.595   005YR 320.00 1009.58 1013.82 1014.20 0.004766 5.35 84.91 63.39 0.59
TRIB81 6.595   010YR 406.00 1009.58 1014.22 1014.59 0.004020 5.41 113.63 78.46 0.55
TRIB81 6.595   020YR 533.00 1009.58 1014.74 1015.08 0.003212 5.39 163.41 132.61 0.51
TRIB81 6.595   050YR 632.00 1009.58 1015.09 1015.39 0.002740 5.30 217.06 167.94 0.48
TRIB81 6.595   100YR 748.00 1009.58 1015.38 1015.66 0.002483 5.30 268.61 185.15 0.46
TRIB81 6.595   200YR 865.00 1009.58 1015.58 1015.87 0.002481 5.46 307.21 196.96 0.46
TRIB81 6.595   500YR 1025.00 1009.58 1015.83 1016.12 0.002477 5.66 357.33 211.30 0.47

TRIB81 6.555   001YR 69.02 1008.13 1010.71 1010.30 1010.97 0.005581 4.38 23.20 23.80 0.54
TRIB81 6.555   002YR 226.00 1008.13 1012.15 1011.57 1012.57 0.005673 6.29 67.75 38.10 0.59
TRIB81 6.555   005YR 320.00 1008.13 1012.69 1012.05 1013.18 0.005946 7.08 89.61 43.42 0.62
TRIB81 6.555   010YR 406.00 1008.13 1013.02 1012.42 1013.61 0.006639 7.89 104.73 46.76 0.67
TRIB81 6.555   020YR 533.00 1008.13 1013.51 1012.89 1014.19 0.007032 8.72 128.80 51.85 0.70
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TRIB81 6.555   050YR 632.00 1008.13 1013.95 1013.21 1014.61 0.006499 8.87 154.63 78.65 0.68
TRIB81 6.555   100YR 748.00 1008.13 1014.82 1013.53 1015.15 0.003229 6.93 247.65 124.51 0.49
TRIB81 6.555   200YR 865.00 1008.13 1014.53 1014.31 1015.17 0.006158 9.26 213.33 113.09 0.67
TRIB81 6.555   500YR 1025.00 1008.13 1014.90 1014.59 1015.47 0.005464 9.09 258.35 127.86 0.64

TRIB81 6.553   Bridge

TRIB81 6.551   001YR 69.02 1008.10 1010.53 1010.14 1010.79 0.005727 4.34 21.55 22.68 0.57
TRIB81 6.551   002YR 226.00 1008.10 1011.97 1012.40 0.005216 6.14 66.95 40.06 0.60
TRIB81 6.551   005YR 320.00 1008.10 1012.49 1013.00 0.005483 6.95 89.23 46.26 0.63
TRIB81 6.551   010YR 406.00 1008.10 1012.65 1013.36 0.007316 8.25 96.93 48.22 0.73
TRIB81 6.551   020YR 533.00 1008.10 1012.98 1012.74 1013.89 0.008804 9.55 113.46 52.17 0.82
TRIB81 6.551   050YR 632.00 1008.10 1013.23 1013.12 1014.25 0.009528 10.32 126.80 57.04 0.86
TRIB81 6.551   100YR 748.00 1008.10 1013.48 1013.46 1014.63 0.010299 11.12 141.70 62.25 0.90
TRIB81 6.551   200YR 865.00 1008.10 1014.16 1014.16 1014.79 0.005681 9.03 220.99 144.28 0.68
TRIB81 6.551   500YR 1025.00 1008.10 1014.37 1014.37 1015.00 0.005752 9.32 251.84 146.36 0.69

TRIB81 6.513   001YR 69.02 1006.68 1008.92 1008.71 1009.30 0.009939 4.99 15.10 15.46 0.76
TRIB81 6.513   002YR 226.00 1006.68 1010.09 1010.09 1010.92 0.010522 7.78 44.20 35.88 0.86
TRIB81 6.513   005YR 320.00 1006.68 1010.58 1010.58 1011.51 0.010090 8.58 64.11 45.48 0.87
TRIB81 6.513   010YR 406.00 1006.68 1011.09 1011.09 1011.91 0.007950 8.44 89.73 56.05 0.79
TRIB81 6.513   020YR 533.00 1006.68 1011.51 1011.51 1012.37 0.007686 8.95 115.95 67.02 0.79
TRIB81 6.513   050YR 632.00 1006.68 1011.80 1011.80 1012.65 0.007426 9.22 136.03 73.69 0.79
TRIB81 6.513   100YR 748.00 1006.68 1012.08 1012.08 1012.94 0.007294 9.53 157.45 80.17 0.79
TRIB81 6.513   200YR 865.00 1006.68 1012.30 1012.30 1013.19 0.007349 9.89 176.39 85.48 0.80
TRIB81 6.513   500YR 1025.00 1006.68 1012.55 1012.55 1013.51 0.007744 10.50 198.02 92.84 0.83

TRIB81 6.449   001YR 69.02 1002.84 1004.26 1004.26 1004.75 0.019324 5.62 12.29 12.99 1.01
TRIB81 6.449   002YR 226.00 1002.84 1005.43 1005.43 1006.34 0.014827 7.73 31.42 20.04 0.98
TRIB81 6.449   005YR 320.00 1002.84 1005.96 1005.96 1007.03 0.012853 8.45 43.04 24.40 0.95
TRIB81 6.449   010YR 406.00 1002.84 1006.39 1006.39 1007.57 0.011493 8.92 54.65 31.16 0.93
TRIB81 6.449   020YR 533.00 1002.84 1007.02 1007.02 1008.19 0.009294 9.15 78.37 42.89 0.86
TRIB81 6.449   050YR 632.00 1002.84 1007.38 1007.38 1008.60 0.008771 9.48 94.73 48.47 0.85
TRIB81 6.449   100YR 748.00 1002.84 1007.84 1007.84 1008.99 0.007449 9.43 119.91 60.84 0.80
TRIB81 6.449   200YR 865.00 1002.84 1008.22 1008.22 1009.31 0.006716 9.46 144.78 72.49 0.77
TRIB81 6.449   500YR 1025.00 1002.84 1008.59 1008.59 1009.68 0.006388 9.71 173.90 84.12 0.76

TRIB81 6.400   001YR 100.45 998.35 999.32 999.32 999.71 0.002751 5.00 20.10 25.92 1.00
TRIB81 6.400   002YR 376.00 998.35 1000.40 1000.40 1001.28 0.002183 7.51 50.08 28.53 1.00
TRIB81 6.400   005YR 541.00 998.35 1001.85 1000.90 1002.38 0.000670 5.82 92.92 30.70 0.59
TRIB81 6.400   010YR 689.00 998.35 1002.55 1001.30 1003.11 0.000581 6.00 114.76 32.05 0.56
TRIB81 6.400   020YR 904.00 998.35 1003.64 1001.82 1004.19 0.000457 5.97 151.48 35.26 0.51
TRIB81 6.400   050YR 1065.00 998.35 1004.37 1002.19 1004.92 0.000405 5.99 177.93 37.41 0.48
TRIB81 6.400   100YR 1251.00 998.35 1005.18 1002.59 1005.73 0.000357 5.98 209.12 39.99 0.46
TRIB81 6.400   200YR 1434.00 998.35 1005.70 1002.98 1006.30 0.000345 6.23 232.14 52.70 0.46
TRIB81 6.400   500YR 1679.00 998.35 1006.33 1003.44 1006.99 0.000333 6.56 272.55 74.66 0.46

TRIB81 6.388   Culvert

TRIB81 6.373   001YR 100.45 996.87 997.85 997.85 998.31 0.019743 5.42 18.52 20.44 1.00
TRIB81 6.373   002YR 376.00 996.87 999.77 999.14 1000.34 0.008373 6.01 62.51 29.72 0.73
TRIB81 6.373   005YR 541.00 996.87 1001.54 999.85 1001.86 0.002526 4.50 120.16 68.01 0.43
TRIB81 6.373   010YR 689.00 996.87 1001.93 1000.26 1002.34 0.002991 5.14 134.01 75.38 0.47
TRIB81 6.373   020YR 904.00 996.87 1002.28 1000.78 1002.87 0.003906 6.14 148.73 103.66 0.55
TRIB81 6.373   050YR 1065.00 996.87 1002.33 1001.15 1003.12 0.005205 7.14 151.97 112.37 0.63
TRIB81 6.373   100YR 1251.00 996.87 1002.71 1001.54 1003.43 0.004692 7.10 244.37 135.37 0.61
TRIB81 6.373   200YR 1434.00 996.87 1002.99 1001.88 1003.75 0.004743 7.38 282.85 137.55 0.62
TRIB81 6.373   500YR 1679.00 996.87 1003.75 1002.78 1004.34 0.003392 6.77 389.75 143.94 0.53

TRIB81 6.356   001YR 100.45 995.33 997.68 997.14 997.86 0.000931 3.45 29.08 21.15 0.52
TRIB81 6.356   002YR 376.00 995.33 999.64 998.48 1000.02 0.001212 4.92 76.49 27.11 0.52
TRIB81 6.356   005YR 541.00 995.33 1001.48 999.07 1001.73 0.000636 4.05 154.00 87.46 0.35
TRIB81 6.356   010YR 689.00 995.33 1001.87 999.52 1002.18 0.000723 4.58 191.00 106.37 0.38
TRIB81 6.356   020YR 904.00 995.33 1002.22 1000.11 1002.64 0.000907 5.40 227.81 112.26 0.43
TRIB81 6.356   050YR 1065.00 995.33 1002.25 1000.53 1002.83 0.001229 6.31 230.79 112.62 0.50
TRIB81 6.356   100YR 1251.00 995.33 1002.56 1001.26 1003.21 0.001309 6.78 263.63 116.54 0.52
TRIB81 6.356   200YR 1434.00 995.33 1002.82 1001.77 1003.54 0.001398 7.23 291.61 119.09 0.54
TRIB81 6.356   500YR 1679.00 995.33 1003.54 1002.21 1004.18 0.001118 7.02 371.77 124.81 0.50

TRIB81 6.353   Bridge

TRIB81 6.350   001YR 100.45 995.33 997.13 997.13 997.61 0.002566 5.54 18.13 18.97 1.00
TRIB81 6.350   002YR 376.00 995.33 998.47 998.47 999.49 0.002099 8.09 46.45 22.85 1.00
TRIB81 6.350   005YR 541.00 995.33 999.07 999.07 1000.31 0.001976 8.92 60.67 24.35 1.00
TRIB81 6.350   010YR 689.00 995.33 999.51 999.51 1000.95 0.001971 9.61 71.69 25.44 1.01
TRIB81 6.350   020YR 904.00 995.33 1000.14 1000.14 1001.78 0.001876 10.26 88.07 26.99 1.00
TRIB81 6.350   050YR 1065.00 995.33 1000.55 1000.55 1002.33 0.001841 10.71 99.45 28.01 1.00
TRIB81 6.350   100YR 1251.00 995.33 1001.01 1001.01 1002.93 0.001790 11.12 112.53 29.15 1.00
TRIB81 6.350   200YR 1434.00 995.33 1001.41 1001.41 1003.48 0.001731 11.54 125.90 38.02 0.99
TRIB81 6.350   500YR 1679.00 995.33 1001.98 1001.98 1004.15 0.001546 11.85 157.68 72.22 0.96
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TRIB81 6.289   001YR 100.45 991.26 993.03 993.03 993.71 0.002552 6.61 15.19 11.37 1.01
TRIB81 6.289   002YR 376.00 991.26 994.91 994.91 996.14 0.002170 8.93 42.11 17.26 1.01
TRIB81 6.289   005YR 541.00 991.26 995.63 995.63 997.12 0.001975 9.78 56.38 24.17 0.99
TRIB81 6.289   010YR 689.00 991.26 996.18 996.18 997.89 0.001817 10.49 71.98 32.52 0.98
TRIB81 6.289   020YR 904.00 991.26 996.96 996.96 998.87 0.001589 11.18 101.75 44.15 0.95
TRIB81 6.289   050YR 1065.00 991.26 997.43 997.43 999.52 0.001530 11.76 123.75 49.20 0.95
TRIB81 6.289   100YR 1251.00 991.26 997.97 997.97 1000.21 0.001437 12.24 152.31 55.44 0.93
TRIB81 6.289   200YR 1434.00 991.26 998.46 998.46 1000.84 0.001378 12.70 180.56 60.59 0.93
TRIB81 6.289   500YR 1679.00 991.26 999.04 999.04 1001.62 0.001340 13.34 217.12 66.71 0.93

TRIB81 6.224   001YR 100.45 986.01 987.78 987.78 988.46 0.002552 6.63 15.16 11.28 1.01
TRIB81 6.224   002YR 376.00 986.01 989.67 989.67 990.92 0.002176 8.97 41.92 17.03 1.01
TRIB81 6.224   005YR 541.00 986.01 990.43 990.43 991.90 0.001932 9.75 57.98 29.67 0.98
TRIB81 6.224   010YR 689.00 986.01 990.99 990.99 992.66 0.001767 10.43 77.03 38.56 0.97
TRIB81 6.224   020YR 904.00 986.01 991.75 991.75 993.62 0.001554 11.11 110.59 48.34 0.93
TRIB81 6.224   050YR 1065.00 986.01 992.21 992.21 994.25 0.001513 11.71 133.43 51.84 0.94
TRIB81 6.224   100YR 1251.00 986.01 992.75 992.75 994.93 0.001421 12.18 162.73 56.01 0.93
TRIB81 6.224   200YR 1434.00 986.01 993.06 993.06 995.56 0.001525 13.10 180.38 58.37 0.97
TRIB81 6.224   500YR 1679.00 986.01 993.77 993.77 996.37 0.001370 13.44 227.81 74.48 0.94

TRIB81 6.173   001YR 100.45 982.06 984.00 984.00 984.64 0.018402 6.38 15.73 12.56 1.00
TRIB81 6.173   002YR 376.00 982.06 985.73 985.73 986.78 0.015629 8.22 45.74 22.19 1.01
TRIB81 6.173   005YR 541.00 982.06 986.35 986.35 987.60 0.014243 8.97 60.60 26.10 1.00
TRIB81 6.173   010YR 689.00 982.06 986.79 986.79 988.24 0.013327 9.68 72.94 28.90 0.99
TRIB81 6.173   020YR 904.00 982.06 987.42 987.42 989.08 0.011981 10.42 91.85 31.92 0.97
TRIB81 6.173   050YR 1065.00 982.06 987.82 987.82 989.66 0.011485 10.96 105.21 33.89 0.97
TRIB81 6.173   100YR 1251.00 982.06 988.26 988.26 990.27 0.011069 11.52 120.38 36.00 0.96
TRIB81 6.173   200YR 1434.00 982.06 988.68 988.68 990.84 0.010560 11.96 136.21 38.71 0.96
TRIB81 6.173   500YR 1679.00 982.06 989.22 989.22 991.54 0.010002 12.48 157.93 42.45 0.95

TRIB81 6.100   001YR 100.45 977.60 979.59 979.89 0.005643 4.41 22.80 17.29 0.67
TRIB81 6.100   002YR 376.00 977.60 980.78 980.75 981.83 0.009849 8.27 47.26 26.68 0.97
TRIB81 6.100   005YR 541.00 977.60 981.59 981.44 982.68 0.006978 8.53 76.64 45.61 0.86
TRIB81 6.100   010YR 689.00 977.60 981.97 981.97 983.29 0.007304 9.45 95.81 53.91 0.90
TRIB81 6.100   020YR 904.00 977.60 982.61 982.61 984.02 0.006547 10.01 134.32 66.48 0.87
TRIB81 6.100   050YR 1065.00 977.60 982.99 982.99 984.49 0.006342 10.46 161.12 72.75 0.87
TRIB81 6.100   100YR 1251.00 977.60 983.41 983.41 984.99 0.006083 10.88 192.99 79.47 0.87
TRIB81 6.100   200YR 1434.00 977.60 983.77 983.77 985.43 0.005994 11.31 222.20 85.16 0.87
TRIB81 6.100   500YR 1679.00 977.60 984.23 984.23 985.96 0.005781 11.75 263.35 92.55 0.87

TRIB81 6.039   001YR 100.45 975.21 977.72 977.95 0.006139 3.84 27.73 34.09 0.59
TRIB81 6.039   002YR 376.00 975.21 979.10 979.46 0.004771 5.47 120.50 90.45 0.59
TRIB81 6.039   005YR 541.00 975.21 979.07 979.07 979.86 0.010349 7.99 117.88 89.41 0.87
TRIB81 6.039   010YR 689.00 975.21 979.38 979.38 980.25 0.010339 8.61 147.80 100.65 0.88
TRIB81 6.039   020YR 904.00 975.21 979.90 979.90 980.75 0.008816 8.85 205.74 122.64 0.84
TRIB81 6.039   050YR 1065.00 975.21 980.12 980.12 981.03 0.009015 9.33 233.53 124.29 0.85
TRIB81 6.039   100YR 1251.00 975.21 980.32 980.32 981.33 0.009644 10.00 258.70 125.76 0.89
TRIB81 6.039   200YR 1434.00 975.21 980.54 980.54 981.61 0.009803 10.45 286.15 127.35 0.91
TRIB81 6.039   500YR 1679.00 975.21 980.78 980.78 981.95 0.010281 11.12 317.22 129.06 0.94

TRIB81 5.969   001YR 168.25 971.49 973.68 973.68 974.49 0.012508 7.24 23.23 14.44 1.01
TRIB81 5.969   002YR 544.00 971.49 975.73 975.73 977.11 0.007601 9.64 71.25 36.42 0.90
TRIB81 5.969   005YR 769.00 971.49 977.11 977.11 977.73 0.002913 7.41 319.52 311.95 0.59
TRIB81 5.969   010YR 987.00 971.49 977.41 977.41 978.02 0.003044 7.87 413.93 321.74 0.60
TRIB81 5.969   020YR 1307.00 971.49 977.68 977.68 978.38 0.003594 8.85 503.35 328.65 0.66
TRIB81 5.969   050YR 1543.00 971.49 977.90 977.90 978.61 0.003727 9.25 576.21 334.18 0.68
TRIB81 5.969   100YR 1828.00 971.49 978.06 978.06 978.86 0.004281 10.09 629.04 338.13 0.73
TRIB81 5.969   200YR 2115.00 971.49 978.73 979.21 0.002683 8.57 859.25 354.82 0.59
TRIB81 5.969   500YR 2506.00 971.49 979.97 980.19 0.001214 6.47 1318.98 381.64 0.41

TRIB81 5.907   001YR 168.25 967.19 971.98 968.93 972.02 0.000296 1.52 110.59 34.96 0.15
TRIB81 5.907   002YR 544.00 967.19 974.94 970.45 975.02 0.000333 2.37 254.39 85.34 0.18
TRIB81 5.907   005YR 769.00 967.19 976.04 971.12 976.15 0.000341 2.70 365.45 113.08 0.18
TRIB81 5.907   010YR 987.00 967.19 976.80 971.69 976.93 0.000368 3.01 456.86 128.01 0.19
TRIB81 5.907   020YR 1307.00 967.19 976.62 972.37 976.87 0.000708 4.12 434.88 124.58 0.27
TRIB81 5.907   050YR 1543.00 967.19 976.87 972.85 977.18 0.000865 4.65 466.18 129.43 0.30
TRIB81 5.907   100YR 1828.00 967.19 977.62 973.32 977.93 0.000820 4.82 566.92 184.49 0.29
TRIB81 5.907   200YR 2115.00 967.19 978.43 973.74 978.74 0.000737 4.86 686.62 226.76 0.28
TRIB81 5.907   500YR 2506.00 967.19 979.62 974.32 979.91 0.000613 4.81 880.51 288.46 0.26

TRIB81 5.838   001YR 252.47 965.94 969.24 969.56 0.004114 4.59 55.01 23.75 0.53
TRIB81 5.838   002YR 852.00 965.94 971.47 972.22 0.004319 7.21 150.54 57.85 0.60
TRIB81 5.838   005YR 1211.00 965.94 972.32 973.26 0.004411 8.21 202.55 63.92 0.63
TRIB81 5.838   010YR 1511.00 965.94 973.66 974.39 0.002759 7.54 302.63 102.28 0.52
TRIB81 5.838   020YR 2007.00 965.94 975.57 975.68 0.000363 3.24 865.46 492.48 0.20
TRIB81 5.838   050YR 2402.00 965.94 976.59 976.64 0.000102 1.85 1400.52 554.56 0.11
TRIB81 5.838   100YR 2856.00 965.94 977.59 977.63 0.000044 1.30 1972.90 589.62 0.07
TRIB81 5.838   200YR 3296.00 965.94 978.49 978.52 0.000025 1.04 2508.81 598.75 0.05
TRIB81 5.838   500YR 3893.00 965.94 979.72 979.75 0.000014 0.83 3269.37 650.30 0.04

TRIB81 5.788   001YR 252.47 964.86 967.99 968.34 0.005188 4.79 52.71 25.77 0.59
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TRIB81 5.788   002YR 852.00 964.86 970.03 970.80 0.006881 7.01 121.48 41.48 0.72
TRIB81 5.788   005YR 1211.00 964.86 971.33 972.04 0.004250 6.75 182.33 52.27 0.60
TRIB81 5.788   010YR 1511.00 964.86 973.28 973.75 0.001687 5.55 300.38 69.16 0.40
TRIB81 5.788   020YR 2007.00 964.86 975.21 975.52 0.000867 4.80 509.41 151.75 0.30
TRIB81 5.788   050YR 2402.00 964.86 976.36 976.58 0.000489 3.95 703.75 184.21 0.23
TRIB81 5.788   100YR 2856.00 964.86 977.42 977.59 0.000313 3.40 926.84 342.20 0.19
TRIB81 5.788   200YR 3296.00 964.86 978.41 978.50 0.000220 3.04 1503.41 708.67 0.16
TRIB81 5.788   500YR 3893.00 964.86 979.68 979.74 0.000145 2.65 2438.98 749.25 0.13

TRIB81 5.739   001YR 252.47 963.03 967.72 967.82 0.000839 2.54 109.11 47.72 0.25
TRIB81 5.739   002YR 852.00 963.03 969.31 969.72 0.002345 5.29 196.41 57.78 0.44
TRIB81 5.739   005YR 1211.00 963.03 970.91 971.30 0.001641 5.25 293.21 65.13 0.38
TRIB81 5.739   010YR 1511.00 963.03 973.15 973.40 0.000750 4.41 484.45 142.90 0.27
TRIB81 5.739   020YR 2007.00 963.03 975.26 975.36 0.000244 2.94 904.41 256.26 0.16
TRIB81 5.739   050YR 2402.00 963.03 976.41 976.49 0.000132 2.32 1236.12 317.95 0.12
TRIB81 5.739   100YR 2856.00 963.03 977.46 977.53 0.000080 1.92 1589.17 352.84 0.10
TRIB81 5.739   200YR 3296.00 963.03 978.41 978.47 0.000055 1.67 1950.43 435.95 0.08
TRIB81 5.739   500YR 3893.00 963.03 979.68 979.72 0.000032 1.35 2654.39 597.70 0.06

TRIB81 5.688   001YR 252.47 961.55 967.66 967.69 0.000244 1.45 173.55 51.38 0.14
TRIB81 5.688   002YR 852.00 961.55 969.09 969.27 0.000952 3.35 255.97 67.74 0.29
TRIB81 5.688   005YR 1211.00 961.55 970.82 970.98 0.000593 3.31 409.74 143.13 0.24
TRIB81 5.688   010YR 1511.00 961.55 973.23 973.28 0.000113 1.82 918.71 271.74 0.11
TRIB81 5.688   020YR 2007.00 961.55 975.29 975.31 0.000038 1.22 1618.00 409.21 0.07
TRIB81 5.688   050YR 2402.00 961.55 976.44 976.46 0.000024 1.04 2131.67 487.04 0.05
TRIB81 5.688   100YR 2856.00 961.55 977.49 977.51 0.000017 0.91 2672.62 531.89 0.05
TRIB81 5.688   200YR 3296.00 961.55 978.43 978.45 0.000012 0.82 3184.21 548.54 0.04
TRIB81 5.688   500YR 3893.00 961.55 979.70 979.71 0.000009 0.73 3890.03 571.18 0.03

TRIB81 5.651   001YR 252.47 959.73 967.65 961.82 967.67 0.000063 1.18 272.49 84.78 0.08
TRIB81 5.651   002YR 852.00 959.73 969.04 963.73 969.15 0.000305 2.92 438.99 154.69 0.18
TRIB81 5.651   005YR 1211.00 959.73 970.84 964.57 970.90 0.000140 2.26 804.09 262.81 0.13
TRIB81 5.651   010YR 1511.00 959.73 973.24 965.14 973.26 0.000032 1.24 1575.93 382.06 0.06
TRIB81 5.651   020YR 2007.00 959.73 975.29 966.10 975.31 0.000014 0.92 2468.72 488.41 0.04
TRIB81 5.651   050YR 2402.00 959.73 976.44 966.75 976.45 0.000011 0.84 3065.53 559.96 0.04
TRIB81 5.651   100YR 2856.00 959.73 977.49 967.74 977.50 0.000008 0.78 3687.07 611.39 0.03
TRIB81 5.651   200YR 3296.00 959.73 978.44 969.42 978.45 0.000007 0.73 4274.27 628.19 0.03
TRIB81 5.651   500YR 3893.00 959.73 979.70 969.77 979.71 0.000005 0.67 5079.97 645.76 0.03

TRIB81 5.650   Culvert

TRIB81 5.649   001YR 252.47 958.21 965.88 961.04 965.94 0.000180 1.96 129.08 73.23 0.13
TRIB81 5.649   002YR 852.00 958.21 968.15 963.19 968.22 0.000209 2.30 577.26 256.94 0.14
TRIB81 5.649   005YR 1211.00 958.21 970.85 964.23 970.87 0.000055 1.42 1417.91 382.80 0.08
TRIB81 5.649   010YR 1511.00 958.21 973.24 965.00 973.24 0.000016 0.87 2464.54 492.24 0.04
TRIB81 5.649   020YR 2007.00 958.21 975.28 966.20 975.29 0.000008 0.70 3571.43 593.87 0.03
TRIB81 5.649   050YR 2402.00 958.21 976.39 967.06 976.40 0.000007 0.65 4257.69 634.84 0.03
TRIB81 5.649   100YR 2856.00 958.21 977.48 967.30 977.49 0.000005 0.61 4957.27 643.88 0.03
TRIB81 5.649   200YR 3296.00 958.21 978.43 967.30 978.44 0.000005 0.59 5570.14 651.70 0.02
TRIB81 5.649   500YR 3893.00 958.21 979.67 968.23 979.67 0.000004 0.56 6383.17 661.97 0.02

TRIB88 6.771   001YR 118.04 983.96 988.03 986.00 988.08 0.001470 1.73 68.16 28.11 0.20
TRIB88 6.771   002YR 432.00 983.96 989.90 987.47 990.08 0.003860 3.39 127.89 35.87 0.31
TRIB88 6.771   005YR 620.00 983.96 990.62 988.09 990.88 0.004445 4.08 153.73 38.72 0.34
TRIB88 6.771   010YR 789.00 983.96 991.05 988.57 991.39 0.005280 4.73 169.95 40.44 0.37
TRIB88 6.771   020YR 1045.00 983.96 991.78 989.21 992.23 0.005790 5.43 198.39 43.34 0.40
TRIB88 6.771   050YR 1237.00 983.96 992.32 989.60 992.84 0.005932 5.84 220.34 45.49 0.41
TRIB88 6.771   100YR 1463.00 983.96 992.85 990.01 993.46 0.006239 6.33 242.72 47.61 0.43
TRIB88 6.771   200YR 1691.00 983.96 993.25 990.43 993.97 0.006818 6.87 260.02 49.21 0.45
TRIB88 6.771   500YR 2000.00 983.96 993.78 990.92 994.64 0.007431 7.53 283.45 51.31 0.48

TRIB88 6.756   001YR 118.04 985.60 987.21 987.21 987.66 0.019751 5.37 21.98 25.24 1.01
TRIB88 6.756   002YR 432.00 985.60 988.41 988.41 989.30 0.015371 7.60 56.81 31.68 1.00
TRIB88 6.756   005YR 620.00 985.60 988.93 988.93 990.02 0.014469 8.41 73.74 33.61 1.00
TRIB88 6.756   010YR 789.00 985.60 989.67 990.64 0.009542 7.89 99.97 36.40 0.84
TRIB88 6.756   020YR 1045.00 985.60 990.67 991.56 0.007760 7.57 138.00 40.47 0.72
TRIB88 6.756   050YR 1237.00 985.60 991.35 992.20 0.007335 7.42 166.65 43.45 0.67
TRIB88 6.756   100YR 1463.00 985.60 991.92 992.82 0.007484 7.62 192.20 53.43 0.65
TRIB88 6.756   200YR 1691.00 985.60 992.31 991.09 993.30 0.007496 8.03 219.80 79.87 0.66
TRIB88 6.756   500YR 2000.00 985.60 993.23 994.12 0.005376 7.68 302.63 98.19 0.58

TRIB87 6.760   001YR 212.00 983.35 985.88 986.06 0.002718 3.35 63.27 33.14 0.43
TRIB87 6.760   002YR 546.00 983.35 988.69 988.84 0.000957 3.09 176.65 47.24 0.28
TRIB87 6.760   005YR 746.00 983.35 989.54 989.72 0.000961 3.43 218.22 51.16 0.29
TRIB87 6.760   010YR 925.00 983.35 990.42 990.61 0.000809 3.53 265.07 55.13 0.27
TRIB87 6.760   020YR 1188.00 983.35 991.34 991.56 0.000775 3.85 317.49 59.23 0.27
TRIB87 6.760   050YR 1390.00 983.35 991.97 992.23 0.000759 4.07 356.25 62.14 0.28
TRIB87 6.760   100YR 1627.00 983.35 992.56 992.85 0.000785 4.38 393.41 64.85 0.28
TRIB87 6.760   200YR 1864.00 983.35 993.00 993.35 0.000843 4.72 422.70 66.90 0.30
TRIB87 6.760   500YR 2189.00 983.35 993.82 994.20 0.000826 4.99 479.00 70.84 0.30



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TRIB87 6.743   001YR 212.00 983.01 985.30 985.68 0.006409 5.00 42.41 22.32 0.64
TRIB87 6.743   002YR 546.00 983.01 988.38 988.71 0.001982 4.55 120.02 27.92 0.39
TRIB87 6.743   005YR 746.00 983.01 989.14 989.57 0.002289 5.26 143.53 42.00 0.42
TRIB87 6.743   010YR 925.00 983.01 990.04 990.48 0.001993 5.39 197.04 63.36 0.40
TRIB87 6.743   020YR 1188.00 983.01 990.95 991.44 0.001895 5.77 256.18 67.10 0.40
TRIB87 6.743   050YR 1390.00 983.01 991.58 992.11 0.001817 6.01 299.71 69.64 0.40
TRIB87 6.743   100YR 1627.00 983.01 992.14 992.72 0.001866 6.41 339.22 71.86 0.41
TRIB87 6.743   200YR 1864.00 983.01 992.54 993.20 0.002020 6.89 368.01 73.44 0.43
TRIB87 6.743   500YR 2189.00 983.01 993.36 994.06 0.001922 7.17 429.75 76.84 0.42

TRIB85 6.712   001YR 306.75 982.22 984.63 984.63 985.62 0.016157 7.99 38.40 19.63 1.01
TRIB85 6.712   002YR 933.00 982.22 986.88 986.88 988.57 0.014080 10.42 89.53 26.75 1.00
TRIB85 6.712   005YR 1308.00 982.22 988.69 988.69 989.53 0.006743 7.35 178.06 112.62 1.03
TRIB85 6.712   010YR 1641.00 982.22 990.12 990.44 0.003445 4.54 363.74 142.63 0.49
TRIB85 6.712   020YR 2142.00 982.22 991.09 991.38 0.002969 4.34 505.37 152.21 0.40
TRIB85 6.712   050YR 2532.00 982.22 991.75 992.03 0.002735 4.32 608.22 158.72 0.37
TRIB85 6.712   100YR 2991.00 982.22 992.34 992.64 0.002717 4.46 703.28 164.51 0.36
TRIB85 6.712   200YR 3453.00 982.22 992.77 993.11 0.002867 4.71 775.43 168.66 0.36
TRIB85 6.712   500YR 4086.00 982.22 993.61 993.95 0.002634 4.76 920.88 175.98 0.34

TRIB85 6.672   001YR 306.75 979.79 984.24 984.39 0.001164 3.16 96.99 26.78 0.29
TRIB85 6.672   002YR 933.00 979.79 987.06 987.47 0.001897 5.17 180.52 33.03 0.39
TRIB85 6.672   005YR 1308.00 979.79 988.46 988.97 0.001839 5.71 234.56 60.12 0.39
TRIB85 6.672   010YR 1641.00 979.79 989.70 990.20 0.001522 5.83 349.24 109.57 0.37
TRIB85 6.672   020YR 2142.00 979.79 990.48 991.12 0.001741 6.65 439.69 119.32 0.40
TRIB85 6.672   050YR 2532.00 979.79 991.06 991.77 0.001840 7.14 510.09 124.88 0.42
TRIB85 6.672   100YR 2991.00 979.79 991.52 992.36 0.002076 7.83 568.07 128.65 0.45
TRIB85 6.672   200YR 3453.00 979.79 991.75 992.78 0.002488 8.71 598.50 130.56 0.49
TRIB85 6.672   500YR 4086.00 979.79 992.55 993.64 0.002472 9.14 704.86 137.12 0.49

TRIB85 6.649   001YR 306.75 978.63 983.80 981.97 984.16 0.003027 4.77 64.25 17.88 0.44
TRIB85 6.649   002YR 933.00 978.63 985.53 984.69 986.94 0.008942 9.53 97.88 21.14 0.78
TRIB85 6.649   005YR 1308.00 978.63 986.61 985.85 988.40 0.009729 10.72 121.96 23.19 0.82
TRIB85 6.649   010YR 1641.00 978.63 989.30 986.72 989.96 0.002806 7.13 338.68 112.71 0.47
TRIB85 6.649   020YR 2142.00 978.63 990.20 988.68 990.88 0.002684 7.54 449.21 132.77 0.46
TRIB85 6.649   050YR 2532.00 978.63 990.84 989.11 991.53 0.002556 7.74 539.98 147.21 0.46
TRIB85 6.649   100YR 2991.00 978.63 991.32 989.62 992.07 0.002725 8.28 612.14 153.98 0.48
TRIB85 6.649   200YR 3453.00 978.63 991.53 990.08 992.44 0.003237 9.16 644.77 156.14 0.52
TRIB85 6.649   500YR 4086.00 978.63 992.43 990.63 993.29 0.002886 9.18 789.19 167.65 0.50

TRIB85 6.640   Bridge

TRIB85 6.630   001YR 306.75 978.25 982.91 983.20 0.002475 4.30 71.36 21.27 0.41
TRIB85 6.630   002YR 933.00 978.25 985.82 986.48 0.003434 6.54 142.69 27.90 0.51
TRIB85 6.630   005YR 1308.00 978.25 986.94 987.80 0.003858 7.45 175.54 30.47 0.55
TRIB85 6.630   010YR 1641.00 978.25 987.76 988.79 0.004383 8.13 201.74 34.05 0.59
TRIB85 6.630   020YR 2142.00 978.25 988.75 990.01 0.005108 8.99 238.24 39.35 0.64
TRIB85 6.630   050YR 2532.00 978.25 989.40 990.82 0.005504 9.57 264.71 45.61 0.68
TRIB85 6.630   100YR 2991.00 978.25 990.05 988.14 991.65 0.005468 10.19 307.53 85.78 0.68
TRIB85 6.630   200YR 3453.00 978.25 990.69 988.95 992.39 0.005241 10.59 375.04 125.21 0.68
TRIB85 6.630   500YR 4086.00 978.25 991.57 990.08 993.22 0.004587 10.66 502.20 152.03 0.65

TRIB85 6.606   001YR 306.75 977.74 982.00 982.44 0.004847 5.32 57.65 21.72 0.58
TRIB85 6.606   002YR 933.00 977.74 984.90 985.62 0.004538 6.82 136.80 33.29 0.59
TRIB85 6.606   005YR 1308.00 977.74 986.16 986.96 0.003743 7.20 193.61 62.69 0.56
TRIB85 6.606   010YR 1641.00 977.74 987.02 987.90 0.003388 7.59 257.30 92.83 0.54
TRIB85 6.606   020YR 2142.00 977.74 988.14 989.04 0.002934 7.91 376.24 116.35 0.52
TRIB85 6.606   050YR 2532.00 977.74 988.90 989.79 0.002674 8.08 467.45 124.65 0.51
TRIB85 6.606   100YR 2991.00 977.74 989.68 990.59 0.002472 8.27 568.44 131.12 0.49
TRIB85 6.606   200YR 3453.00 977.74 990.42 991.33 0.002321 8.46 667.21 138.14 0.49
TRIB85 6.606   500YR 4086.00 977.74 991.35 992.27 0.002157 8.69 800.22 146.85 0.48

TRIB85 6.565   001YR 306.75 977.49 981.06 981.45 0.004070 4.97 61.74 22.82 0.53
TRIB85 6.565   002YR 933.00 977.49 984.00 984.72 0.003773 6.80 137.41 29.13 0.54
TRIB85 6.565   005YR 1308.00 977.49 985.29 986.16 0.003546 7.48 177.73 33.21 0.54
TRIB85 6.565   010YR 1641.00 977.49 986.02 987.09 0.003904 8.33 208.64 52.79 0.57
TRIB85 6.565   020YR 2142.00 977.49 986.91 988.26 0.004241 9.42 261.70 67.29 0.61
TRIB85 6.565   050YR 2532.00 977.49 987.43 985.38 989.02 0.004600 10.27 299.82 76.77 0.64
TRIB85 6.565   100YR 2991.00 977.49 987.94 986.54 989.80 0.005045 11.22 340.46 81.94 0.68
TRIB85 6.565   200YR 3453.00 977.49 988.43 987.44 990.54 0.005407 12.05 381.30 86.79 0.71
TRIB85 6.565   500YR 4086.00 977.49 989.06 988.31 991.48 0.005770 13.03 438.17 93.01 0.74

TRIB85 6.537   001YR 306.75 976.77 980.72 980.98 0.002241 4.07 75.96 25.42 0.41
TRIB85 6.537   002YR 933.00 976.77 983.68 984.27 0.002189 6.17 161.03 31.89 0.45
TRIB85 6.537   005YR 1308.00 976.77 984.98 985.73 0.002187 7.03 205.05 36.12 0.46
TRIB85 6.537   010YR 1641.00 976.77 985.64 982.86 986.61 0.002533 8.02 231.36 62.01 0.50
TRIB85 6.537   020YR 2142.00 976.77 986.48 983.86 987.74 0.002942 9.24 331.63 142.21 0.55
TRIB85 6.537   050YR 2532.00 976.77 987.06 984.58 988.44 0.003076 9.86 428.48 185.61 0.57
TRIB85 6.537   100YR 2991.00 976.77 987.84 985.33 989.14 0.002826 9.97 575.54 193.86 0.55
TRIB85 6.537   200YR 3453.00 976.77 988.60 989.81 0.002538 9.91 726.83 201.55 0.53
TRIB85 6.537   500YR 4086.00 976.77 989.56 990.66 0.002244 9.86 924.80 211.19 0.51
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TRIB85 6.478   001YR 306.75 976.05 979.96 980.23 0.002492 4.16 73.80 24.33 0.42
TRIB85 6.478   002YR 933.00 976.05 982.92 983.48 0.002792 6.05 154.55 32.35 0.47
TRIB85 6.478   005YR 1308.00 976.05 984.25 984.92 0.002821 6.59 207.82 45.10 0.48
TRIB85 6.478   010YR 1641.00 976.05 984.82 985.68 0.003251 7.46 239.25 71.24 0.53
TRIB85 6.478   020YR 2142.00 976.05 985.55 986.66 0.003691 8.56 297.10 84.33 0.57
TRIB85 6.478   050YR 2532.00 976.05 986.01 987.31 0.004064 9.37 336.56 90.11 0.61
TRIB85 6.478   100YR 2991.00 976.05 986.50 984.98 988.03 0.004441 10.22 382.32 97.30 0.64
TRIB85 6.478   200YR 3453.00 976.05 986.96 985.70 988.70 0.004738 10.97 429.35 109.12 0.67
TRIB85 6.478   500YR 4086.00 976.05 987.53 986.49 989.55 0.005141 11.94 505.62 151.90 0.71

TRIB85 6.443   001YR 306.75 975.62 979.18 978.25 979.60 0.004685 5.23 58.64 22.31 0.57
TRIB85 6.443   002YR 933.00 975.62 982.03 982.82 0.004429 7.15 130.47 28.08 0.58
TRIB85 6.443   005YR 1308.00 975.62 983.61 984.34 0.003505 6.94 224.92 92.02 0.53
TRIB85 6.443   010YR 1641.00 975.62 984.13 985.02 0.003914 7.76 279.01 120.28 0.57
TRIB85 6.443   020YR 2142.00 975.62 984.96 985.94 0.003792 8.36 391.86 145.57 0.57
TRIB85 6.443   050YR 2532.00 975.62 985.47 986.52 0.003791 8.79 469.25 153.01 0.58
TRIB85 6.443   100YR 2991.00 975.62 986.06 987.16 0.003732 9.20 561.61 163.94 0.59
TRIB85 6.443   200YR 3453.00 975.62 986.67 987.77 0.003521 9.40 663.29 171.01 0.58
TRIB85 6.443   500YR 4086.00 975.62 987.47 988.54 0.003215 9.55 804.05 180.73 0.56

TRIB85 6.394   001YR 306.75 974.10 976.56 976.56 977.52 0.015862 7.87 38.96 20.54 1.01
TRIB85 6.394   002YR 933.00 974.10 981.43 981.90 0.002423 5.53 168.58 34.47 0.44
TRIB85 6.394   005YR 1308.00 974.10 983.22 983.67 0.001605 5.49 283.86 82.80 0.38
TRIB85 6.394   010YR 1641.00 974.10 983.62 984.23 0.002014 6.40 318.76 88.38 0.43
TRIB85 6.394   020YR 2142.00 974.10 984.32 985.12 0.002378 7.41 383.89 97.93 0.47
TRIB85 6.394   050YR 2532.00 974.10 984.70 985.67 0.002755 8.24 421.54 102.15 0.51
TRIB85 6.394   100YR 2991.00 974.10 985.06 986.25 0.003227 9.18 459.32 105.62 0.56
TRIB85 6.394   200YR 3453.00 974.10 985.37 986.80 0.003727 10.10 492.17 108.35 0.60
TRIB85 6.394   500YR 4086.00 974.10 985.73 984.49 987.50 0.004431 11.32 532.13 111.52 0.66

TRIB85 6.348   001YR 306.75 970.99 976.06 973.65 976.21 0.001173 3.13 97.88 28.25 0.30
TRIB85 6.348   002YR 933.00 970.99 981.36 975.79 981.52 0.000477 3.19 320.08 82.26 0.21
TRIB85 6.348   005YR 1308.00 970.99 983.19 976.73 983.36 0.000400 3.40 500.06 107.56 0.20
TRIB85 6.348   010YR 1641.00 970.99 983.58 977.44 983.82 0.000532 4.04 543.69 111.24 0.23
TRIB85 6.348   020YR 2142.00 970.99 984.27 978.35 984.60 0.000692 4.83 625.54 128.47 0.27
TRIB85 6.348   050YR 2532.00 970.99 984.63 978.96 985.05 0.000844 5.46 674.05 139.90 0.30
TRIB85 6.348   100YR 2991.00 970.99 984.98 979.62 985.51 0.001037 6.18 724.24 150.60 0.33
TRIB85 6.348   200YR 3453.00 970.99 985.27 980.25 985.93 0.001239 6.88 768.83 156.56 0.36
TRIB85 6.348   500YR 4086.00 970.99 985.61 981.30 986.44 0.001519 7.77 823.72 161.14 0.41

TRIB85 6.338   Culvert

TRIB85 6.317   001YR 306.75 971.68 975.68 973.82 975.87 0.000228 3.46 88.57 28.98 0.35
TRIB85 6.317   002YR 933.00 971.68 979.94 975.83 980.18 0.000113 3.92 241.44 49.56 0.27
TRIB85 6.317   005YR 1308.00 971.68 982.59 976.69 982.73 0.000049 3.26 588.41 178.13 0.19
TRIB85 6.317   010YR 1641.00 971.68 982.93 977.38 983.11 0.000063 3.79 649.85 185.96 0.22
TRIB85 6.317   020YR 2142.00 971.68 983.85 978.27 984.04 0.000063 4.03 831.61 207.40 0.22
TRIB85 6.317   050YR 2532.00 971.68 984.30 978.83 984.51 0.000069 4.34 925.87 217.70 0.23
TRIB85 6.317   100YR 2991.00 971.68 984.72 979.47 984.96 0.000077 4.69 1020.14 227.52 0.25
TRIB85 6.317   200YR 3453.00 971.68 985.07 980.13 985.34 0.000085 5.05 1100.87 235.61 0.26
TRIB85 6.317   500YR 4086.00 971.68 985.49 982.07 985.80 0.000096 5.50 1201.79 245.35 0.28

TRIB85 6.272   001YR 434.61 970.96 975.32 974.05 975.72 0.000504 5.07 85.77 29.01 0.52
TRIB85 6.272   002YR 1131.00 970.96 979.84 976.06 980.14 0.000135 4.40 291.18 78.22 0.30
TRIB85 6.272   005YR 1548.00 970.96 982.51 976.95 982.70 0.000063 3.79 608.10 162.61 0.22
TRIB85 6.272   010YR 1933.00 970.96 982.80 977.65 983.07 0.000087 4.52 655.80 169.75 0.26
TRIB85 6.272   020YR 2494.00 970.96 983.64 978.61 983.98 0.000101 5.16 808.22 193.47 0.28
TRIB85 6.272   050YR 2903.00 970.96 984.02 979.28 984.43 0.000117 5.71 884.01 205.30 0.31
TRIB85 6.272   100YR 3379.00 970.96 984.36 980.00 984.86 0.000139 6.35 955.62 216.73 0.34
TRIB85 6.272   200YR 3848.00 970.96 984.62 980.60 985.21 0.000163 6.98 1012.55 224.13 0.37
TRIB85 6.272   500YR 4480.00 970.96 984.90 981.18 985.64 0.000199 7.83 1076.90 231.44 0.41

TRIB85 6.255   Culvert

TRIB85 6.241   001YR 434.61 970.39 972.98 972.98 973.98 0.002055 8.03 54.10 26.90 1.00
TRIB85 6.241   002YR 1131.00 970.39 974.82 974.82 976.44 0.001830 10.21 110.76 34.75 1.01
TRIB85 6.241   005YR 1548.00 970.39 975.67 975.67 977.52 0.001719 10.90 142.06 38.41 1.00
TRIB85 6.241   010YR 1933.00 970.39 977.47 976.34 978.70 0.000767 8.91 219.70 51.07 0.70
TRIB85 6.241   020YR 2494.00 970.39 978.94 977.16 980.13 0.000528 8.78 307.25 67.47 0.61
TRIB85 6.241   050YR 2903.00 970.39 979.51 977.71 980.84 0.000533 9.32 347.47 73.80 0.62
TRIB85 6.241   100YR 3379.00 970.39 980.03 978.31 981.55 0.000562 10.03 386.76 79.49 0.64
TRIB85 6.241   200YR 3848.00 970.39 980.56 978.88 982.24 0.000573 10.60 431.71 90.32 0.66
TRIB85 6.241   500YR 4480.00 970.39 981.22 979.59 983.10 0.000583 11.26 496.77 105.18 0.67

TRIB85 6.187   001YR 434.61 969.13 972.07 972.07 973.15 0.002074 8.31 52.30 24.78 1.01
TRIB85 6.187   002YR 1131.00 969.13 974.04 974.04 975.69 0.001819 10.32 109.57 33.56 1.01
TRIB85 6.187   005YR 1548.00 969.13 974.91 974.91 976.79 0.001728 11.00 140.77 37.61 1.00
TRIB85 6.187   010YR 1933.00 969.13 977.52 978.32 0.000410 7.41 349.92 143.62 0.53
TRIB85 6.187   020YR 2494.00 969.13 979.14 979.73 0.000244 6.69 593.84 162.52 0.42
TRIB85 6.187   050YR 2903.00 969.13 979.78 980.37 0.000233 6.89 700.82 172.51 0.42



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TRIB85 6.187   100YR 3379.00 969.13 980.37 981.00 0.000232 7.20 813.11 224.45 0.42
TRIB85 6.187   200YR 3848.00 969.13 981.00 981.60 0.000215 7.24 965.87 250.40 0.41
TRIB85 6.187   500YR 4480.00 969.13 981.78 982.36 0.000195 7.27 1166.13 263.57 0.40

TRIB85 6.151   001YR 434.61 967.08 970.18 969.53 970.73 0.000883 5.96 72.90 29.89 0.67
TRIB85 6.151   002YR 1131.00 967.08 972.93 971.36 973.62 0.000549 6.67 169.54 40.32 0.57
TRIB85 6.151   005YR 1548.00 967.08 975.44 972.19 975.91 0.000213 5.53 297.41 68.64 0.38
TRIB85 6.151   010YR 1933.00 967.08 977.71 972.87 978.07 0.000112 4.90 440.79 82.95 0.29
TRIB85 6.151   020YR 2494.00 967.08 979.23 973.71 979.59 0.000097 5.07 655.06 153.39 0.28
TRIB85 6.151   050YR 2903.00 967.08 979.85 974.29 980.24 0.000101 5.38 752.44 158.01 0.29
TRIB85 6.151   100YR 3379.00 967.08 980.44 974.94 980.87 0.000107 5.75 846.41 162.21 0.30
TRIB85 6.151   200YR 3848.00 967.08 981.05 975.49 981.51 0.000110 6.01 945.68 165.99 0.30
TRIB85 6.151   500YR 4480.00 967.08 981.80 976.19 982.29 0.000112 6.32 1072.11 170.68 0.31

TRIB85 6.139   Culvert

TRIB85 6.130   001YR 434.61 966.38 969.64 969.44 970.55 0.001566 7.66 56.76 24.32 0.88
TRIB85 6.130   002YR 1131.00 966.38 971.60 971.48 973.18 0.001618 10.08 112.17 32.16 0.95
TRIB85 6.130   005YR 1548.00 966.38 974.30 972.37 975.13 0.000467 7.34 215.90 46.95 0.55
TRIB85 6.130   010YR 1933.00 966.38 975.55 973.08 976.39 0.000362 7.40 280.38 55.97 0.50
TRIB85 6.130   020YR 2494.00 966.38 976.24 973.91 977.37 0.000429 8.60 320.93 60.97 0.55
TRIB85 6.130   050YR 2903.00 966.38 976.60 974.49 977.97 0.000492 9.50 343.27 63.56 0.60
TRIB85 6.130   100YR 3379.00 966.38 977.00 975.15 978.65 0.000558 10.46 368.83 73.21 0.64
TRIB85 6.130   200YR 3848.00 966.38 977.80 975.75 979.51 0.000517 10.71 456.94 120.48 0.63
TRIB85 6.130   500YR 4480.00 966.38 979.09 976.56 980.57 0.000399 10.28 629.85 140.88 0.56

TRIB85 6.078   001YR 434.61 965.97 968.94 968.94 970.02 0.002056 8.35 52.08 24.27 1.00
TRIB85 6.078   002YR 1131.00 965.97 971.32 970.93 972.66 0.001331 9.28 121.84 34.38 0.87
TRIB85 6.078   005YR 1548.00 965.97 974.29 974.90 0.000400 6.27 246.80 51.38 0.50
TRIB85 6.078   010YR 1933.00 965.97 975.59 976.17 0.000301 6.11 319.32 60.19 0.45
TRIB85 6.078   020YR 2494.00 965.97 976.33 977.08 0.000334 6.97 365.47 65.27 0.48
TRIB85 6.078   050YR 2903.00 965.97 976.72 977.62 0.000371 7.64 391.61 68.15 0.51
TRIB85 6.078   100YR 3379.00 965.97 977.16 978.23 0.000406 8.34 422.44 71.80 0.54
TRIB85 6.078   200YR 3848.00 965.97 977.98 979.09 0.000367 8.50 484.42 81.23 0.53
TRIB85 6.078   500YR 4480.00 965.97 979.23 980.25 0.000288 8.28 646.47 147.25 0.48

TRIB85 6.011   001YR 434.61 964.52 967.61 967.61 968.67 0.002028 8.27 52.57 24.62 1.00
TRIB85 6.011   002YR 1131.00 964.52 971.44 969.60 972.04 0.000438 6.26 187.15 62.15 0.52
TRIB85 6.011   005YR 1548.00 964.52 974.35 970.44 974.69 0.000136 4.87 388.51 141.57 0.31
TRIB85 6.011   010YR 1933.00 964.52 975.70 971.15 975.96 0.000094 4.52 735.37 208.00 0.27
TRIB85 6.011   020YR 2494.00 964.52 976.49 972.05 976.80 0.000106 5.09 918.45 245.97 0.29
TRIB85 6.011   050YR 2903.00 964.52 976.93 972.59 977.28 0.000116 5.49 1029.46 257.16 0.31
TRIB85 6.011   100YR 3379.00 964.52 977.43 973.15 977.82 0.000124 5.86 1161.76 270.07 0.32
TRIB85 6.011   200YR 3848.00 964.52 978.28 973.66 978.66 0.000111 5.83 1403.60 296.35 0.30
TRIB85 6.011   500YR 4480.00 964.52 979.52 974.30 979.85 0.000093 5.73 1805.84 362.68 0.28

TRIB85 5.997   Culvert

TRIB85 5.989   001YR 434.61 962.67 967.25 965.69 967.50 0.001765 4.00 108.61 39.05 0.42
TRIB85 5.989   002YR 1131.00 962.67 970.09 967.47 970.42 0.001276 4.61 245.29 57.66 0.39
TRIB85 5.989   005YR 1548.00 962.67 971.09 968.24 971.49 0.001287 5.11 302.84 64.20 0.40
TRIB85 5.989   010YR 1933.00 962.67 973.22 968.84 973.54 0.000626 4.49 430.69 78.20 0.29
TRIB85 5.989   020YR 2494.00 962.67 975.25 969.61 975.49 0.000483 3.95 647.60 120.53 0.26
TRIB85 5.989   050YR 2903.00 962.67 976.38 970.08 976.61 0.000383 3.88 816.53 181.79 0.24
TRIB85 5.989   100YR 3379.00 962.67 977.44 970.60 977.66 0.000318 3.82 1042.15 245.78 0.22
TRIB85 5.989   200YR 3848.00 962.67 978.39 971.07 978.58 0.000264 3.72 1336.40 446.09 0.20
TRIB85 5.989   500YR 4480.00 962.67 979.66 971.62 979.79 0.000169 3.21 2017.77 579.86 0.17

TRIB85 5.915   001YR 434.61 960.86 966.91 964.13 967.04 0.000664 2.84 152.83 44.10 0.27
TRIB85 5.915   002YR 1131.00 960.86 969.81 965.98 970.02 0.000616 3.72 325.37 98.21 0.28
TRIB85 5.915   005YR 1548.00 960.86 970.85 966.81 971.08 0.000581 4.01 451.52 142.19 0.28
TRIB85 5.915   010YR 1933.00 960.86 973.21 967.44 973.30 0.000190 2.82 943.23 259.91 0.17
TRIB85 5.915   020YR 2494.00 960.86 975.27 968.20 975.33 0.000087 2.20 1521.45 445.00 0.12
TRIB85 5.915   050YR 2903.00 960.86 976.43 968.72 976.47 0.000063 2.00 1891.18 609.47 0.10
TRIB85 5.915   100YR 3379.00 960.86 977.49 969.48 977.53 0.000051 1.91 2246.29 713.36 0.09
TRIB85 5.915   200YR 3848.00 960.86 978.44 970.31 978.47 0.000044 1.86 2574.48 751.46 0.09
TRIB85 5.915   500YR 4480.00 960.86 979.68 970.87 979.72 0.000037 1.80 3015.58 756.72 0.08

TRIB85 5.882   001YR 434.61 960.55 966.83 963.53 966.93 0.000471 2.57 168.85 43.27 0.23
TRIB85 5.882   002YR 1131.00 960.55 969.77 965.38 969.90 0.000397 3.08 430.67 217.67 0.22
TRIB85 5.882   005YR 1548.00 960.55 970.88 966.23 970.95 0.000188 2.36 738.30 320.56 0.16
TRIB85 5.882   010YR 1933.00 960.55 973.24 966.90 973.26 0.000026 1.08 1627.29 425.72 0.06
TRIB85 5.882   020YR 2494.00 960.55 975.29 967.74 975.30 0.000011 0.81 2588.24 718.52 0.04
TRIB85 5.882   050YR 2903.00 960.55 976.44 968.30 976.45 0.000008 0.74 3174.05 813.30 0.04
TRIB85 5.882   100YR 3379.00 960.55 977.50 970.00 977.51 0.000007 0.72 3733.45 839.83 0.03
TRIB85 5.882   200YR 3848.00 960.55 978.45 970.24 978.46 0.000006 0.71 4243.73 857.83 0.03
TRIB85 5.882   500YR 4480.00 960.55 979.69 970.57 979.70 0.000005 0.70 4921.77 862.84 0.03

TRIB85 5.866   Culvert

TRIB85 5.855   001YR 434.61 960.14 965.85 962.86 965.97 0.000467 2.83 153.76 61.69 0.23
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TRIB85 5.855   002YR 1131.00 960.14 968.11 964.48 968.26 0.000480 3.31 414.17 207.86 0.24
TRIB85 5.855   005YR 1548.00 960.14 970.84 965.26 970.86 0.000073 1.67 1358.48 546.76 0.10
TRIB85 5.855   010YR 1933.00 960.14 973.24 965.91 973.25 0.000012 0.79 2885.26 742.13 0.04
TRIB85 5.855   020YR 2494.00 960.14 975.28 966.83 975.29 0.000005 0.58 4542.75 861.77 0.03
TRIB85 5.855   050YR 2903.00 960.14 976.39 967.44 976.40 0.000004 0.53 5512.29 885.45 0.02
TRIB85 5.855   100YR 3379.00 960.14 977.49 968.01 977.49 0.000003 0.50 6490.16 900.49 0.02
TRIB85 5.855   200YR 3848.00 960.14 978.43 968.49 978.44 0.000003 0.49 7347.20 907.15 0.02
TRIB85 5.855   500YR 4480.00 960.14 979.67 968.93 979.68 0.000002 0.48 8470.67 907.15 0.02

TES-87 5.90    001YR 1302.30 958.07 965.88 961.99 965.94 0.000031 1.97 660.80 291.61 0.17
TES-87 5.90    002YR 1987.00 958.07 968.15 962.56 968.21 0.000018 1.91 1038.35 904.10 0.14
TES-87 5.90    005YR 2397.00 958.07 970.82 962.85 970.86 0.000008 1.60 1509.03 1977.90 0.10
TES-87 5.90    010YR 2503.00 958.07 973.21 962.91 973.24 0.000004 1.30 1937.29 2345.55 0.07
TES-87 5.90    020YR 2937.00 958.07 975.26 963.24 975.28 0.000003 1.29 2303.04 2419.20 0.06
TES-87 5.90    050YR 3169.00 958.07 976.36 963.39 976.39 0.000003 1.28 2501.22 2484.19 0.06
TES-87 5.90    100YR 3446.00 958.07 977.46 963.56 977.48 0.000003 1.29 2697.02 2531.37 0.06
TES-87 5.90    200YR 3710.00 958.07 978.40 963.73 978.43 0.000002 1.31 2866.29 2594.14 0.06
TES-87 5.90    500YR 4061.00 958.07 979.64 963.93 979.67 0.000002 1.33 3087.74 2594.14 0.06

TES-87 5.826   Culvert

TES-87 5.807   001YR 1302.30 956.00 959.91 959.91 961.17 0.003712 9.00 144.65 936.38 1.00
TES-87 5.807   002YR 1987.00 956.00 965.90 961.19 966.00 0.000069 2.49 792.43 1888.57 0.17
TES-87 5.807   005YR 2397.00 956.00 968.97 961.51 969.04 0.000027 2.01 1168.42 1920.68 0.11
TES-87 5.807   010YR 2503.00 956.00 971.20 961.60 971.25 0.000015 1.69 1440.96 1943.01 0.09
TES-87 5.807   020YR 2937.00 956.00 972.48 961.92 972.53 0.000014 1.79 1596.98 2410.23 0.09
TES-87 5.807   050YR 3169.00 956.00 973.12 962.08 973.18 0.000014 1.83 1676.07 2417.89 0.09
TES-87 5.807   100YR 3446.00 956.00 973.62 962.30 973.68 0.000015 1.92 1737.04 2422.71 0.09
TES-87 5.807   200YR 3710.00 956.00 973.95 962.49 974.02 0.000016 2.02 1777.63 2425.93 0.09
TES-87 5.807   500YR 4061.00 956.00 974.30 962.69 974.38 0.000018 2.16 1820.52 2430.30 0.10

TC-M80 5.513   001YR 1367.54 953.10 958.21 957.11 959.44 0.005463 8.93 153.13 30.01 0.70
TC-M80 5.513   002YR 2934.00 953.10 964.97 959.85 965.78 0.001593 7.32 420.01 800.30 0.41
TC-M80 5.513   005YR 3872.00 953.10 968.12 961.39 968.84 0.001004 6.99 590.26 1042.08 0.34
TC-M80 5.513   010YR 4306.00 953.10 970.49 962.05 971.08 0.000673 6.40 717.93 1313.02 0.29
TC-M80 5.513   020YR 5873.00 953.10 972.49 964.28 972.50 0.000041 1.72 6200.40 1408.40 0.07
TC-M80 5.513   050YR 7263.00 953.10 973.15 965.60 973.15 0.000018 1.17 11258.02 1437.17 0.05
TC-M80 5.513   100YR 8764.00 953.10 973.65 966.82 973.65 0.000022 1.31 11979.89 1449.61 0.05
TC-M80 5.513   200YR 9967.00 953.10 973.98 967.71 973.99 0.000025 1.41 12465.69 1457.92 0.06
TC-M80 5.513   500YR 11498.00 953.10 974.33 968.78 974.34 0.000029 1.55 12982.49 1460.47 0.06

TC-M80 5.499   Bridge

TC-M80 5.486   001YR 1367.54 953.10 957.19 957.19 958.97 0.010515 10.72 127.55 35.73 1.00
TC-M80 5.486   002YR 2934.00 953.10 960.33 959.75 962.38 0.007088 11.48 255.49 47.79 0.88
TC-M80 5.486   005YR 3872.00 953.10 961.92 960.97 963.95 0.005712 11.44 347.96 70.17 0.81
TC-M80 5.486   010YR 4306.00 953.10 962.66 961.52 964.59 0.005543 11.22 404.04 82.80 0.80
TC-M80 5.486   020YR 5873.00 953.10 964.55 963.37 966.34 0.004816 10.94 644.72 294.13 0.76
TC-M80 5.486   050YR 7263.00 953.10 966.36 965.43 967.35 0.002342 8.82 1603.30 687.36 0.55
TC-M80 5.486   100YR 8764.00 953.10 968.50 968.89 0.000863 6.28 3197.68 806.85 0.35
TC-M80 5.486   200YR 9967.00 953.10 970.03 970.27 0.000494 5.22 4496.20 887.14 0.27
TC-M80 5.486   500YR 11498.00 953.10 971.49 971.66 0.000345 4.72 5861.44 1001.28 0.23

TC-M80 5.417   001YR 1367.54 949.84 956.49 953.67 956.92 0.001425 5.25 260.38 51.37 0.41
TC-M80 5.417   002YR 2934.00 949.84 960.04 955.99 960.64 0.001316 6.22 471.75 67.55 0.41
TC-M80 5.417   005YR 3872.00 949.84 961.69 957.09 962.36 0.001240 6.57 589.14 74.63 0.41
TC-M80 5.417   010YR 4306.00 949.84 962.43 957.55 963.12 0.001146 6.69 650.88 100.00 0.40
TC-M80 5.417   020YR 5873.00 949.84 964.23 959.04 965.08 0.001105 7.45 909.43 186.41 0.41
TC-M80 5.417   050YR 7263.00 949.84 965.85 960.19 966.75 0.000996 7.78 1287.58 313.45 0.39
TC-M80 5.417   100YR 8764.00 949.84 967.59 961.24 968.44 0.000822 7.73 1876.94 347.30 0.37
TC-M80 5.417   200YR 9967.00 949.84 969.15 962.00 969.90 0.000667 7.48 2431.90 364.25 0.34
TC-M80 5.417   500YR 11498.00 949.84 970.62 962.99 971.34 0.000595 7.51 2976.84 380.24 0.32

TC-M80 5.407   Bridge

TC-M80 5.394   001YR 1410.94 948.77 956.40 956.73 0.001000 4.63 304.95 56.76 0.35
TC-M80 5.394   002YR 2944.00 948.77 959.97 960.44 0.000926 5.53 532.70 70.89 0.36
TC-M80 5.394   005YR 3862.00 948.77 961.62 962.16 0.000905 5.89 655.17 77.42 0.36
TC-M80 5.394   010YR 4328.00 948.77 962.36 962.94 0.000899 6.06 713.77 80.36 0.36
TC-M80 5.394   020YR 5845.00 948.77 964.19 964.87 0.000881 6.66 929.27 159.35 0.36
TC-M80 5.394   050YR 7153.00 948.77 965.85 966.51 0.000735 6.72 1235.59 232.44 0.34
TC-M80 5.394   100YR 8524.00 948.77 967.63 968.17 0.000536 6.29 1817.44 393.60 0.30
TC-M80 5.394   200YR 9736.00 948.77 969.25 969.61 0.000353 5.49 2479.43 421.74 0.25
TC-M80 5.394   500YR 11282.00 948.77 970.74 971.02 0.000266 5.07 3116.45 439.69 0.22

TC-M80 5.373   001YR 1410.94 947.97 956.27 952.26 956.61 0.001211 4.70 300.43 47.57 0.33
TC-M80 5.373   002YR 2944.00 947.97 959.70 954.61 960.29 0.001443 6.13 480.13 57.07 0.37
TC-M80 5.373   005YR 3862.00 947.97 961.28 955.76 961.98 0.001526 6.73 573.70 61.43 0.39
TC-M80 5.373   010YR 4328.00 947.97 961.99 956.29 962.75 0.001566 7.01 617.81 63.39 0.40
TC-M80 5.373   020YR 5845.00 947.97 963.63 957.88 964.64 0.001805 8.06 730.13 78.94 0.43
TC-M80 5.373   050YR 7153.00 947.97 965.09 959.03 966.24 0.001773 8.61 858.90 94.18 0.44



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 5.373   100YR 8524.00 947.97 966.60 960.16 967.85 0.001678 9.06 1014.65 132.67 0.43
TC-M80 5.373   200YR 9736.00 947.97 968.08 961.08 969.29 0.001452 9.03 1357.39 323.87 0.41
TC-M80 5.373   500YR 11282.00 947.97 969.86 962.19 970.78 0.001066 8.33 2077.82 416.82 0.36

TC-M80 5.367   Bridge

TC-M80 5.361   001YR 1410.94 947.55 955.83 956.39 0.002218 6.00 235.13 39.97 0.44
TC-M80 5.361   002YR 2944.00 947.55 958.87 959.86 0.002814 7.98 368.80 47.93 0.51
TC-M80 5.361   005YR 3862.00 947.55 960.24 961.45 0.003056 8.84 436.92 51.51 0.53
TC-M80 5.361   010YR 4328.00 947.55 960.84 962.16 0.003182 9.24 468.30 53.08 0.55
TC-M80 5.361   020YR 5845.00 947.55 961.79 963.75 0.004370 11.24 520.11 55.58 0.65
TC-M80 5.361   050YR 7153.00 947.55 962.69 965.13 0.004936 12.52 571.42 58.12 0.70
TC-M80 5.361   100YR 8524.00 947.55 963.55 966.49 0.005331 13.75 623.48 65.77 0.73
TC-M80 5.361   200YR 9736.00 947.55 964.31 962.33 967.63 0.005538 14.65 677.09 74.61 0.76
TC-M80 5.361   500YR 11282.00 947.55 964.41 963.37 968.79 0.007223 16.83 684.66 76.70 0.86

TC-M80 5.307   001YR 1410.94 947.95 955.37 955.76 0.001617 5.02 281.09 51.92 0.38
TC-M80 5.307   002YR 2944.00 947.95 958.39 959.04 0.001852 6.45 456.15 63.17 0.42
TC-M80 5.307   005YR 3862.00 947.95 959.77 960.54 0.001933 7.07 546.36 67.86 0.44
TC-M80 5.307   010YR 4328.00 947.95 960.36 961.21 0.002006 7.37 587.56 70.50 0.45
TC-M80 5.307   020YR 5845.00 947.95 961.12 962.41 0.002883 9.10 643.08 80.14 0.54
TC-M80 5.307   050YR 7153.00 947.95 962.01 963.58 0.003159 10.06 732.31 126.65 0.58
TC-M80 5.307   100YR 8524.00 947.95 963.00 964.74 0.003127 10.69 867.17 146.60 0.58
TC-M80 5.307   200YR 9736.00 947.95 964.08 960.41 965.72 0.002692 10.60 1187.87 342.78 0.55
TC-M80 5.307   500YR 11282.00 947.95 964.07 961.59 966.28 0.003632 12.30 1183.96 342.60 0.64

TC-M80 5.268   001YR 1410.94 947.74 954.77 955.33 0.002686 6.00 235.23 48.96 0.48
TC-M80 5.268   002YR 2944.00 947.74 957.73 958.59 0.002450 7.45 403.63 69.82 0.49
TC-M80 5.268   005YR 3862.00 947.74 959.11 960.10 0.002259 8.05 520.94 98.23 0.49
TC-M80 5.268   010YR 4328.00 947.74 959.72 960.76 0.002197 8.31 584.24 110.12 0.48
TC-M80 5.268   020YR 5845.00 947.74 959.88 961.69 0.003760 10.99 601.61 113.50 0.63
TC-M80 5.268   050YR 7153.00 947.74 960.30 959.07 962.72 0.004762 12.75 652.84 128.53 0.72
TC-M80 5.268   100YR 8524.00 947.74 960.61 960.14 963.75 0.005994 14.60 693.95 139.41 0.81
TC-M80 5.268   200YR 9736.00 947.74 960.86 960.86 964.67 0.007109 16.16 729.02 148.18 0.89
TC-M80 5.268   500YR 11282.00 947.74 963.02 963.02 965.49 0.003989 13.74 1256.63 302.38 0.69

TC-M80 5.213   001YR 1410.94 946.75 951.84 951.84 953.73 0.012676 11.02 128.04 33.99 1.00
TC-M80 5.213   002YR 2944.00 946.75 954.37 954.37 957.07 0.011594 13.17 223.55 41.56 1.00
TC-M80 5.213   005YR 3862.00 946.75 955.59 955.59 958.62 0.012137 13.97 276.64 47.08 1.00
TC-M80 5.213   010YR 4328.00 946.75 956.18 956.18 959.31 0.011651 14.21 306.08 51.67 0.99
TC-M80 5.213   020YR 5845.00 946.75 958.74 958.74 960.45 0.004914 11.37 762.94 249.14 0.68
TC-M80 5.213   050YR 7153.00 946.75 959.32 959.32 961.15 0.005122 12.13 910.11 253.61 0.70
TC-M80 5.213   100YR 8524.00 946.75 959.82 959.82 961.81 0.005440 12.95 1036.91 257.52 0.73
TC-M80 5.213   200YR 9736.00 946.75 960.76 962.41 0.004279 12.21 1285.98 268.76 0.66
TC-M80 5.213   500YR 11282.00 946.75 962.02 963.32 0.003142 11.27 1635.09 291.35 0.58

TC-M80 5.130   001YR 1410.94 942.00 950.37 950.91 0.002527 5.93 237.93 47.45 0.47
TC-M80 5.130   002YR 2944.00 942.00 953.59 954.39 0.002219 7.20 412.66 61.06 0.47
TC-M80 5.130   005YR 3862.00 942.00 955.14 956.06 0.001994 7.75 516.76 76.56 0.46
TC-M80 5.130   010YR 4328.00 942.00 955.62 956.65 0.002089 8.21 556.70 101.27 0.47
TC-M80 5.130   020YR 5845.00 942.00 956.53 958.01 0.002703 9.93 663.93 124.13 0.54
TC-M80 5.130   050YR 7153.00 942.00 957.12 959.01 0.003248 11.29 739.35 129.22 0.60
TC-M80 5.130   100YR 8524.00 942.00 957.69 955.65 960.00 0.003765 12.57 814.01 134.21 0.65
TC-M80 5.130   200YR 9736.00 942.00 958.09 956.93 960.82 0.004298 13.74 869.24 155.58 0.70
TC-M80 5.130   500YR 11282.00 942.00 958.50 957.79 961.80 0.005014 15.19 936.46 173.29 0.76

TC-M80 5.066   001YR 1410.94 942.00 949.60 950.11 0.002161 5.71 247.18 46.19 0.43
TC-M80 5.066   002YR 2944.00 942.00 952.82 953.62 0.002315 7.15 411.95 56.99 0.47
TC-M80 5.066   005YR 3862.00 942.00 954.48 955.36 0.002077 7.54 549.13 176.60 0.46
TC-M80 5.066   010YR 4328.00 942.00 954.98 955.91 0.002086 7.85 651.85 231.61 0.46
TC-M80 5.066   020YR 5845.00 942.00 955.80 952.37 957.05 0.002594 9.27 849.33 250.71 0.52
TC-M80 5.066   050YR 7153.00 942.00 956.31 953.51 957.84 0.003060 10.42 981.94 263.72 0.57
TC-M80 5.066   100YR 8524.00 942.00 956.92 955.84 958.63 0.003307 11.25 1146.03 276.02 0.60
TC-M80 5.066   200YR 9736.00 942.00 957.40 956.56 959.26 0.003496 11.90 1279.64 280.68 0.62
TC-M80 5.066   500YR 11282.00 942.00 957.89 957.20 959.97 0.003819 12.79 1417.97 285.48 0.65

TC-M80 5.023   001YR 1458.58 942.00 949.31 949.67 0.001430 4.86 300.41 52.62 0.36
TC-M80 5.023   002YR 3005.00 942.00 952.49 953.11 0.001770 6.30 477.29 59.30 0.39
TC-M80 5.023   005YR 3931.00 942.00 954.14 954.84 0.002051 6.71 669.65 253.94 0.39
TC-M80 5.023   010YR 4409.00 942.00 954.66 955.38 0.002065 6.95 822.23 319.13 0.40
TC-M80 5.023   020YR 5897.00 942.00 955.47 956.38 0.002507 8.04 1094.51 351.86 0.44
TC-M80 5.023   050YR 7186.00 942.00 955.97 957.05 0.002899 8.93 1275.83 364.45 0.48
TC-M80 5.023   100YR 8625.00 942.00 956.60 957.78 0.003082 9.57 1509.62 377.41 0.50
TC-M80 5.023   200YR 9924.00 942.00 957.10 958.36 0.003231 10.08 1699.69 384.37 0.52
TC-M80 5.023   500YR 11511.00 942.00 957.64 958.99 0.003414 10.67 1908.50 399.20 0.53

TC-M80 4.986   001YR 1458.58 942.00 948.23 946.80 949.15 0.004706 7.71 189.08 40.43 0.63
TC-M80 4.986   002YR 3005.00 942.00 951.10 952.50 0.004708 9.48 316.91 48.74 0.66
TC-M80 4.986   005YR 3931.00 942.00 952.76 950.33 954.16 0.005127 9.59 497.25 239.27 0.62
TC-M80 4.986   010YR 4409.00 942.00 953.87 950.87 954.83 0.003626 8.37 841.64 344.76 0.51
TC-M80 4.986   020YR 5897.00 942.00 954.85 953.93 955.80 0.003475 8.82 1193.96 374.22 0.51



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 4.986   050YR 7186.00 942.00 955.32 956.40 0.003889 9.64 1373.33 389.95 0.54
TC-M80 4.986   100YR 8625.00 942.00 956.00 957.08 0.003812 9.97 1647.50 417.74 0.54
TC-M80 4.986   200YR 9924.00 942.00 956.53 957.62 0.003800 10.29 1873.60 439.35 0.54
TC-M80 4.986   500YR 11511.00 942.00 957.09 958.22 0.003826 10.67 2128.06 461.98 0.55

TC-M80 4.964   001YR 1458.58 941.56 946.27 946.27 948.20 0.012857 11.15 130.85 33.98 1.00
TC-M80 4.964   002YR 3005.00 941.56 949.18 948.76 951.63 0.009732 12.56 239.18 40.72 0.91
TC-M80 4.964   005YR 3931.00 941.56 950.68 950.03 953.28 0.008743 12.92 304.15 45.58 0.88
TC-M80 4.964   010YR 4409.00 941.56 951.47 950.59 954.06 0.008103 12.93 340.94 48.13 0.86
TC-M80 4.964   020YR 5897.00 941.56 953.87 953.87 955.33 0.003775 10.50 797.46 341.55 0.61
TC-M80 4.964   050YR 7186.00 941.56 954.96 954.40 956.02 0.002651 9.48 1223.88 462.05 0.52
TC-M80 4.964   100YR 8625.00 941.56 955.79 956.69 0.002179 9.05 1615.35 479.50 0.48
TC-M80 4.964   200YR 9924.00 941.56 956.37 957.23 0.002011 9.00 1896.72 490.20 0.46
TC-M80 4.964   500YR 11511.00 941.56 956.96 957.82 0.001938 9.12 2189.48 508.88 0.46

TC-M80 4.912   001YR 1458.58 937.00 945.48 946.14 0.002711 6.53 223.45 38.54 0.48
TC-M80 4.912   002YR 3005.00 937.00 948.83 949.89 0.002944 8.25 364.38 45.56 0.51
TC-M80 4.912   005YR 3931.00 937.00 950.27 951.56 0.003149 9.09 432.35 48.58 0.54
TC-M80 4.912   010YR 4409.00 937.00 951.00 952.38 0.003269 9.41 468.77 51.58 0.55
TC-M80 4.912   020YR 5897.00 937.00 952.42 948.84 954.16 0.003717 10.66 683.72 363.36 0.60
TC-M80 4.912   050YR 7186.00 937.00 953.28 950.11 955.10 0.003706 11.25 1050.30 468.41 0.60
TC-M80 4.912   100YR 8625.00 937.00 953.97 953.74 955.84 0.003749 11.79 1379.12 481.01 0.61
TC-M80 4.912   200YR 9924.00 937.00 954.58 954.30 956.42 0.003662 12.07 1677.17 502.46 0.61
TC-M80 4.912   500YR 11511.00 937.00 955.18 954.96 957.03 0.003668 12.47 1990.64 529.72 0.62

TC-M80 4.874   001YR 1458.58 937.00 945.08 945.62 0.002107 5.90 247.41 42.02 0.43
TC-M80 4.874   002YR 3005.00 937.00 948.42 949.30 0.002324 7.54 398.38 48.34 0.46
TC-M80 4.874   005YR 3931.00 937.00 949.83 950.92 0.002563 8.38 468.86 51.76 0.49
TC-M80 4.874   010YR 4409.00 937.00 950.53 951.71 0.002741 8.71 506.36 55.88 0.51
TC-M80 4.874   020YR 5897.00 937.00 951.85 947.83 953.39 0.003272 10.02 663.66 341.83 0.57
TC-M80 4.874   050YR 7186.00 937.00 952.66 949.06 954.34 0.003358 10.71 961.13 390.77 0.58
TC-M80 4.874   100YR 8625.00 937.00 953.23 950.50 955.09 0.003642 11.55 1187.31 401.25 0.61
TC-M80 4.874   200YR 9924.00 937.00 953.91 953.57 955.69 0.003440 11.68 1462.71 410.19 0.60
TC-M80 4.874   500YR 11511.00 937.00 954.46 954.13 956.31 0.003543 12.22 1688.87 415.96 0.61

TC-M80 4.851   001YR 1458.58 936.00 944.66 945.32 0.002757 6.53 223.35 39.95 0.49
TC-M80 4.851   002YR 3005.00 936.00 947.95 948.98 0.002943 8.15 368.62 48.44 0.52
TC-M80 4.851   005YR 3931.00 936.00 949.31 950.57 0.003163 8.99 437.31 51.99 0.55
TC-M80 4.851   010YR 4409.00 936.00 949.99 951.34 0.003215 9.32 473.09 53.74 0.55
TC-M80 4.851   020YR 5897.00 936.00 951.25 948.06 952.97 0.003603 10.63 680.64 392.85 0.60
TC-M80 4.851   050YR 7186.00 936.00 952.49 949.31 953.89 0.002825 10.18 1197.83 442.72 0.54
TC-M80 4.851   100YR 8625.00 936.00 953.17 952.55 954.58 0.002832 10.60 1505.20 462.47 0.54
TC-M80 4.851   200YR 9924.00 936.00 953.91 955.19 0.002558 10.50 1855.52 482.41 0.52
TC-M80 4.851   500YR 11511.00 936.00 954.47 955.79 0.002605 10.91 2133.41 497.66 0.53

TC-M80 4.815   001YR 1458.58 935.00 944.51 944.89 0.001273 4.94 295.23 44.11 0.34
TC-M80 4.815   002YR 3005.00 935.00 947.76 948.46 0.001677 6.71 447.74 50.07 0.40
TC-M80 4.815   005YR 3931.00 935.00 949.10 949.99 0.001978 7.59 521.49 70.48 0.43
TC-M80 4.815   010YR 4409.00 935.00 949.81 950.75 0.001922 7.83 593.52 156.07 0.43
TC-M80 4.815   020YR 5897.00 935.00 951.32 952.27 0.001747 8.19 922.33 270.05 0.42
TC-M80 4.815   050YR 7186.00 935.00 952.51 953.33 0.001460 7.99 1298.73 362.92 0.39
TC-M80 4.815   100YR 8625.00 935.00 953.10 954.02 0.001603 8.63 1538.86 456.33 0.42
TC-M80 4.815   200YR 9924.00 935.00 953.83 954.69 0.001466 8.55 1878.54 470.89 0.40
TC-M80 4.815   500YR 11511.00 935.00 954.38 955.28 0.001514 8.91 2140.50 481.82 0.41

TC-M80 4.767   001YR 1458.58 934.27 943.91 944.46 0.002112 5.96 244.61 39.32 0.42
TC-M80 4.767   002YR 3005.00 934.27 946.87 947.89 0.002771 8.11 373.74 71.39 0.50
TC-M80 4.767   005YR 3931.00 934.27 948.24 949.39 0.002636 8.76 574.81 178.73 0.50
TC-M80 4.767   010YR 4409.00 934.27 949.26 950.24 0.002094 8.35 774.22 216.65 0.45
TC-M80 4.767   020YR 5897.00 934.27 950.99 951.81 0.001643 8.19 1239.36 301.18 0.41
TC-M80 4.767   050YR 7186.00 934.27 952.25 952.94 0.001360 7.94 1640.40 336.82 0.38
TC-M80 4.767   100YR 8625.00 934.27 952.82 953.60 0.001513 8.61 1835.63 346.30 0.40
TC-M80 4.767   200YR 9924.00 934.27 953.54 954.30 0.001470 8.77 2087.55 357.98 0.40
TC-M80 4.767   500YR 11511.00 934.27 954.03 954.88 0.001613 9.39 2267.58 367.75 0.42

TC-M80 4.722   001YR 1458.58 934.20 943.59 944.01 0.001489 5.14 283.70 46.24 0.37
TC-M80 4.722   002YR 3005.00 934.20 946.57 947.29 0.001737 6.89 455.45 69.97 0.41
TC-M80 4.722   005YR 3931.00 934.20 947.97 948.80 0.001711 7.50 576.96 110.71 0.42
TC-M80 4.722   010YR 4409.00 934.20 949.00 949.78 0.001447 7.36 709.76 154.20 0.39
TC-M80 4.722   020YR 5897.00 934.20 950.62 951.46 0.001397 7.93 1014.92 214.94 0.39
TC-M80 4.722   050YR 7186.00 934.20 951.73 952.61 0.001375 8.33 1276.25 256.44 0.40
TC-M80 4.722   100YR 8625.00 934.20 952.05 953.19 0.001768 9.59 1357.23 263.63 0.45
TC-M80 4.722   200YR 9924.00 934.20 952.62 953.88 0.001906 10.22 1511.75 276.85 0.47
TC-M80 4.722   500YR 11511.00 934.20 952.72 954.36 0.002472 11.70 1540.48 279.24 0.54

TC-M80 4.675   001YR 1458.58 933.41 943.29 943.65 0.001245 4.85 300.61 45.79 0.33
TC-M80 4.675   002YR 3005.00 933.41 946.16 946.84 0.001785 6.67 474.60 101.98 0.41
TC-M80 4.675   005YR 3931.00 933.41 947.64 948.35 0.001562 6.98 647.32 132.67 0.40
TC-M80 4.675   010YR 4409.00 933.41 948.79 949.39 0.001203 6.60 814.76 160.38 0.35
TC-M80 4.675   020YR 5897.00 933.41 950.43 951.08 0.001138 7.05 1129.92 225.24 0.35
TC-M80 4.675   050YR 7186.00 933.41 951.55 952.24 0.001133 7.46 1437.14 317.45 0.36
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TC-M80 4.675   100YR 8625.00 933.41 951.83 952.70 0.001437 8.51 1525.86 321.36 0.40
TC-M80 4.675   200YR 9924.00 933.41 952.44 953.34 0.001474 8.87 1730.94 407.33 0.41
TC-M80 4.675   500YR 11511.00 933.41 952.46 953.67 0.001962 10.25 1741.02 408.68 0.47

TC-M80 4.634   001YR 2087.32 933.76 942.19 939.54 943.13 0.003300 7.79 267.86 40.10 0.53
TC-M80 4.634   002YR 3764.00 933.76 944.43 941.97 946.10 0.004621 10.39 362.43 44.36 0.64
TC-M80 4.634   005YR 4768.00 933.76 945.54 943.22 947.61 0.005082 11.54 415.17 54.33 0.68
TC-M80 4.634   010YR 5590.00 933.76 946.30 944.13 948.68 0.005347 12.41 464.78 84.96 0.70
TC-M80 4.634   020YR 7313.00 933.76 948.78 947.39 950.54 0.003283 11.32 801.73 297.29 0.57
TC-M80 4.634   050YR 8678.00 933.76 950.51 948.67 951.82 0.002249 10.24 1112.89 381.79 0.48
TC-M80 4.634   100YR 9980.00 933.76 949.80 949.32 952.04 0.003970 13.14 980.05 348.11 0.64
TC-M80 4.634   200YR 11239.00 933.76 950.36 949.91 952.68 0.003996 13.56 1085.36 375.06 0.65
TC-M80 4.634   500YR 12759.00 933.76 952.55 950.55 953.15 0.001208 8.23 2680.13 716.81 0.36

TC-M80 4.605   001YR 2087.32 933.62 941.86 939.16 942.67 0.002926 7.26 287.70 44.97 0.51
TC-M80 4.605   002YR 3764.00 933.62 944.00 941.44 945.45 0.004073 9.67 389.13 49.76 0.61
TC-M80 4.605   005YR 4768.00 933.62 945.08 942.58 946.86 0.004771 10.68 446.33 55.71 0.67
TC-M80 4.605   010YR 5590.00 933.62 945.83 943.43 947.85 0.005314 11.42 489.49 60.26 0.71
TC-M80 4.605   020YR 7313.00 933.62 948.71 945.25 949.99 0.002832 9.51 921.48 238.53 0.54
TC-M80 4.605   050YR 8678.00 933.62 950.51 947.97 951.44 0.001782 8.44 1305.07 292.19 0.44
TC-M80 4.605   100YR 9980.00 933.62 949.81 948.63 951.36 0.003158 10.78 1149.80 267.11 0.58
TC-M80 4.605   200YR 11239.00 933.62 950.38 949.12 952.00 0.003150 11.14 1275.28 287.06 0.58
TC-M80 4.605   500YR 12759.00 933.62 951.31 949.67 952.83 0.002776 11.02 1516.19 406.42 0.55

TC-M80 4.602   Bridge

TC-M80 4.600   001YR 2087.32 932.60 941.65 939.15 942.55 0.003538 7.61 274.36 46.17 0.55
TC-M80 4.600   002YR 3764.00 932.60 943.76 941.61 945.26 0.004923 9.84 382.61 56.60 0.67
TC-M80 4.600   005YR 4768.00 932.60 944.79 942.84 946.59 0.005236 10.78 442.48 59.32 0.70
TC-M80 4.600   010YR 5590.00 932.60 945.41 943.71 947.52 0.005714 11.64 480.26 60.92 0.73
TC-M80 4.600   020YR 7313.00 932.60 946.24 945.16 949.17 0.007254 13.74 541.01 106.91 0.83
TC-M80 4.600   050YR 8678.00 932.60 946.49 946.49 950.36 0.009228 15.81 569.46 118.58 0.94
TC-M80 4.600   100YR 9980.00 932.60 948.40 948.40 951.21 0.005505 13.93 973.72 285.80 0.75
TC-M80 4.600   200YR 11239.00 932.60 949.05 949.05 951.88 0.005325 14.24 1144.72 309.43 0.75
TC-M80 4.600   500YR 12759.00 932.60 949.72 949.72 952.61 0.005219 14.66 1334.63 336.19 0.75

TC-M80 4.58    001YR 2087.32 933.50 941.42 938.97 942.02 0.002547 6.22 335.76 64.25 0.48
TC-M80 4.58    002YR 3764.00 933.50 943.60 940.87 944.54 0.002639 7.81 486.25 74.31 0.51
TC-M80 4.58    005YR 4768.00 933.50 944.67 941.79 945.80 0.002629 8.56 569.91 82.33 0.53
TC-M80 4.58    010YR 5590.00 933.50 945.34 942.44 946.64 0.002747 9.21 637.60 152.64 0.54
TC-M80 4.58    020YR 7313.00 933.50 946.33 943.66 947.96 0.003081 10.47 860.83 313.84 0.59
TC-M80 4.58    050YR 8678.00 933.50 946.73 944.62 948.71 0.003646 11.69 968.42 338.87 0.64
TC-M80 4.58    100YR 9980.00 933.50 947.04 946.57 949.38 0.004217 12.83 1055.31 364.65 0.69
TC-M80 4.58    200YR 11239.00 933.50 947.29 947.29 950.00 0.004791 13.89 1131.23 376.31 0.74
TC-M80 4.58    500YR 12759.00 933.50 948.00 948.00 950.69 0.004573 14.15 1356.19 408.48 0.73

TC-M80 4.516   001YR 2271.29 933.47 940.36 941.02 0.004825 6.52 348.29 69.94 0.51
TC-M80 4.516   002YR 3963.00 933.47 942.62 943.54 0.004668 7.70 514.38 77.54 0.53
TC-M80 4.516   005YR 4976.00 933.47 943.73 944.79 0.004660 8.25 602.89 81.51 0.53
TC-M80 4.516   010YR 5794.00 933.47 944.35 941.40 945.57 0.005015 8.86 653.63 83.70 0.56
TC-M80 4.516   020YR 7460.00 933.47 945.57 946.77 0.004445 9.11 936.78 279.33 0.54
TC-M80 4.516   050YR 8813.00 933.47 946.02 943.41 947.32 0.004699 9.67 1066.81 306.13 0.56
TC-M80 4.516   100YR 10144.00 933.47 946.46 947.80 0.004744 10.02 1203.08 320.60 0.56
TC-M80 4.516   200YR 11398.00 933.47 946.87 948.22 0.004633 10.18 1338.66 331.50 0.56
TC-M80 4.516   500YR 13005.00 933.47 947.42 948.75 0.004364 10.23 1524.70 357.59 0.55

TC-M80 4.448   001YR 2271.29 931.63 939.18 939.76 0.002559 6.09 372.72 74.27 0.48
TC-M80 4.448   002YR 3963.00 931.63 941.54 942.32 0.002412 7.09 558.91 84.32 0.49
TC-M80 4.448   005YR 4976.00 931.63 942.69 943.57 0.002369 7.52 670.67 128.91 0.49
TC-M80 4.448   010YR 5794.00 931.63 943.49 944.34 0.002101 7.58 884.80 382.33 0.47
TC-M80 4.448   020YR 7460.00 931.63 945.43 945.88 0.001029 6.12 1738.99 506.38 0.34
TC-M80 4.448   050YR 8813.00 931.63 945.90 946.39 0.001077 6.46 1985.50 533.94 0.35
TC-M80 4.448   100YR 10144.00 931.63 946.36 946.85 0.001085 6.67 2235.05 553.55 0.35
TC-M80 4.448   200YR 11398.00 931.63 946.80 947.29 0.001058 6.76 2483.44 566.01 0.35
TC-M80 4.448   500YR 13005.00 931.63 947.38 947.86 0.001000 6.79 2816.85 582.30 0.35

TC-M80 4.368   001YR 2271.29 931.16 937.91 938.67 0.002488 7.01 323.82 65.19 0.55
TC-M80 4.368   002YR 3963.00 931.16 940.28 941.29 0.002344 8.07 491.05 76.02 0.56
TC-M80 4.368   005YR 4976.00 931.16 941.42 942.56 0.002266 8.57 581.28 84.81 0.56
TC-M80 4.368   010YR 5794.00 931.16 942.23 939.31 943.42 0.002092 8.83 718.61 259.64 0.55
TC-M80 4.368   020YR 7460.00 931.16 944.95 945.50 0.000803 6.64 1692.23 434.46 0.36
TC-M80 4.368   050YR 8813.00 931.16 945.29 945.94 0.000955 7.39 1841.24 458.80 0.39
TC-M80 4.368   100YR 10144.00 931.16 945.61 946.37 0.001089 8.05 1993.65 482.41 0.42
TC-M80 4.368   200YR 11398.00 931.16 945.95 946.79 0.001181 8.54 2162.27 507.25 0.44
TC-M80 4.368   500YR 13005.00 931.16 946.45 947.36 0.001243 9.01 2421.78 543.26 0.45

TC-M80 4.302   001YR 2271.29 929.79 937.47 937.96 0.001398 5.63 403.44 73.36 0.42
TC-M80 4.302   002YR 3963.00 929.79 939.88 940.57 0.001424 6.69 592.72 83.79 0.44
TC-M80 4.302   005YR 4976.00 929.79 941.05 941.85 0.001413 7.17 698.96 138.20 0.45
TC-M80 4.302   010YR 5794.00 929.79 941.90 942.74 0.001356 7.42 836.68 202.72 0.45
TC-M80 4.302   020YR 7460.00 929.79 944.92 945.22 0.000450 4.93 2067.21 575.12 0.27



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 4.302   050YR 8813.00 929.79 945.27 945.61 0.000516 5.39 2268.17 587.92 0.29
TC-M80 4.302   100YR 10144.00 929.79 945.61 945.99 0.000567 5.77 2469.95 598.53 0.30
TC-M80 4.302   200YR 11398.00 929.79 945.97 946.38 0.000592 6.02 2688.18 609.79 0.31
TC-M80 4.302   500YR 13005.00 929.79 946.49 946.92 0.000593 6.20 3011.64 626.12 0.31

TC-M80 4.254   001YR 2271.29 929.00 937.14 934.08 937.55 0.001635 5.12 443.99 83.81 0.39
TC-M80 4.254   002YR 3963.00 929.00 939.60 935.72 940.14 0.001605 5.93 668.81 99.54 0.40
TC-M80 4.254   005YR 4976.00 929.00 940.80 936.53 941.41 0.001586 6.27 793.52 107.42 0.41
TC-M80 4.254   010YR 5794.00 929.00 941.65 937.11 942.32 0.001579 6.53 887.69 116.41 0.41
TC-M80 4.254   020YR 7460.00 929.00 944.67 938.23 945.06 0.000765 5.32 1855.77 461.26 0.30
TC-M80 4.254   050YR 8813.00 929.00 944.94 939.02 945.42 0.000930 5.97 1981.83 465.33 0.33
TC-M80 4.254   100YR 10144.00 929.00 945.21 939.74 945.78 0.001077 6.54 2108.57 469.39 0.36
TC-M80 4.254   200YR 11398.00 929.00 945.52 940.37 946.16 0.001168 6.94 2256.86 474.89 0.37
TC-M80 4.254   500YR 13005.00 929.00 946.02 941.15 946.69 0.001209 7.27 2501.24 531.33 0.38

TC-M80 4.244   Bridge

TC-M80 4.234   001YR 2199.13 928.98 936.58 937.10 0.002323 5.80 379.47 77.04 0.46
TC-M80 4.234   002YR 3971.00 928.98 938.95 939.70 0.002265 6.91 574.41 87.13 0.47
TC-M80 4.234   005YR 5032.00 928.98 940.11 940.96 0.002262 7.42 677.84 92.04 0.48
TC-M80 4.234   010YR 5877.00 928.98 940.91 941.86 0.002237 7.81 752.81 95.41 0.49
TC-M80 4.234   020YR 7505.00 928.98 942.31 943.27 0.001928 8.06 1037.80 222.18 0.46
TC-M80 4.234   050YR 8781.00 928.98 943.02 944.03 0.001899 8.40 1197.71 228.85 0.47
TC-M80 4.234   100YR 10047.00 928.98 943.50 944.61 0.002004 8.90 1308.67 233.81 0.48
TC-M80 4.234   200YR 11248.00 928.98 943.91 945.12 0.002099 9.34 1406.79 239.14 0.50
TC-M80 4.234   500YR 12846.00 928.98 944.35 945.71 0.002285 10.00 1511.56 245.20 0.52

TC-M80 4.169   001YR 2199.13 928.27 935.49 936.15 0.002991 6.50 338.14 69.68 0.52
TC-M80 4.169   002YR 3971.00 928.27 937.80 938.74 0.002991 7.78 510.64 79.86 0.54
TC-M80 4.169   005YR 5032.00 928.27 938.91 940.00 0.003007 8.36 602.27 84.75 0.55
TC-M80 4.169   010YR 5877.00 928.27 939.68 940.88 0.003053 8.79 668.94 88.94 0.56
TC-M80 4.169   020YR 7505.00 928.27 940.81 937.90 942.27 0.003292 9.69 790.37 216.18 0.60
TC-M80 4.169   050YR 8781.00 928.27 941.53 938.70 943.04 0.003160 10.05 990.50 293.03 0.60
TC-M80 4.169   100YR 10047.00 928.27 942.07 939.43 943.62 0.003111 10.37 1151.13 303.82 0.60
TC-M80 4.169   200YR 11248.00 928.27 942.41 940.15 944.08 0.003256 10.87 1258.62 316.89 0.61
TC-M80 4.169   500YR 12846.00 928.27 942.95 942.30 944.65 0.003230 11.22 1432.64 336.71 0.62

TC-M80 4.099   001YR 2199.13 927.41 934.21 934.97 0.003357 7.02 313.38 62.50 0.55
TC-M80 4.099   002YR 3971.00 927.41 936.22 937.45 0.003922 8.92 445.20 68.77 0.62
TC-M80 4.099   005YR 5032.00 927.41 937.21 938.70 0.003944 9.79 516.15 75.21 0.63
TC-M80 4.099   010YR 5877.00 927.41 937.79 939.52 0.004170 10.59 563.25 103.19 0.66
TC-M80 4.099   020YR 7505.00 927.41 938.54 936.93 940.74 0.004808 12.07 685.20 184.95 0.72
TC-M80 4.099   050YR 8781.00 927.41 939.08 939.07 941.51 0.005043 12.86 787.84 194.91 0.74
TC-M80 4.099   100YR 10047.00 927.41 939.75 939.75 942.15 0.004737 13.06 926.60 237.65 0.73
TC-M80 4.099   200YR 11248.00 927.41 940.39 940.39 942.67 0.004312 12.99 1095.86 277.22 0.70
TC-M80 4.099   500YR 12846.00 927.41 940.97 940.97 943.27 0.004245 13.35 1261.42 301.82 0.70

TC-M80 4.050   001YR 2199.13 927.18 932.57 933.82 0.005614 8.99 244.70 63.21 0.80
TC-M80 4.050   002YR 3971.00 927.18 934.83 936.37 0.004250 9.95 400.59 74.42 0.74
TC-M80 4.050   005YR 5032.00 927.18 936.13 934.59 937.72 0.003539 10.15 501.95 98.70 0.70
TC-M80 4.050   010YR 5877.00 927.18 936.95 935.23 938.55 0.003138 10.29 626.96 179.26 0.67
TC-M80 4.050   020YR 7505.00 927.18 937.87 937.23 939.62 0.003076 11.02 804.17 202.55 0.67
TC-M80 4.050   050YR 8781.00 927.18 938.53 937.96 940.33 0.002969 11.39 942.99 218.21 0.67
TC-M80 4.050   100YR 10047.00 927.18 939.22 938.50 940.98 0.002746 11.51 1098.21 234.72 0.65
TC-M80 4.050   200YR 11248.00 927.18 939.88 941.54 0.002456 11.38 1261.66 258.92 0.62
TC-M80 4.050   500YR 12846.00 927.18 940.70 942.25 0.002162 11.23 1487.18 289.41 0.59

TC-M80 3.990   001YR 2199.13 925.40 931.46 932.22 0.003806 7.01 313.52 69.45 0.58
TC-M80 3.990   002YR 3971.00 925.40 934.16 935.07 0.002931 7.69 516.48 81.14 0.54
TC-M80 3.990   005YR 5032.00 925.40 935.61 936.57 0.002647 7.86 641.76 117.86 0.52
TC-M80 3.990   010YR 5877.00 925.40 936.68 937.53 0.002057 7.57 894.80 301.53 0.47
TC-M80 3.990   020YR 7505.00 925.40 937.94 938.64 0.001564 7.26 1293.37 335.11 0.42
TC-M80 3.990   050YR 8781.00 925.40 938.75 939.39 0.001351 7.14 1591.40 420.74 0.39
TC-M80 3.990   100YR 10047.00 925.40 939.53 940.11 0.001169 6.97 1944.65 503.04 0.37
TC-M80 3.990   200YR 11248.00 925.40 940.21 940.75 0.001034 6.82 2330.64 596.37 0.35
TC-M80 3.990   500YR 12846.00 925.40 941.05 941.54 0.000893 6.64 2851.49 630.33 0.33

TC-M80 3.952   001YR 2199.13 923.68 931.48 931.79 0.000778 4.45 494.06 82.17 0.32
TC-M80 3.952   002YR 3971.00 923.68 934.19 934.65 0.000848 5.43 733.44 130.04 0.35
TC-M80 3.952   005YR 5032.00 923.68 935.69 936.17 0.000714 5.61 1074.35 344.92 0.33
TC-M80 3.952   010YR 5877.00 923.68 936.74 937.21 0.000623 5.64 1443.95 358.96 0.31
TC-M80 3.952   020YR 7505.00 923.68 937.87 938.40 0.000649 6.17 1856.15 371.52 0.32
TC-M80 3.952   050YR 8781.00 923.68 938.61 939.19 0.000674 6.56 2133.68 378.25 0.33
TC-M80 3.952   100YR 10047.00 923.68 939.31 939.93 0.000686 6.87 2444.92 531.88 0.34
TC-M80 3.952   200YR 11248.00 923.68 939.94 940.57 0.000683 7.08 2811.69 617.20 0.34
TC-M80 3.952   500YR 12846.00 923.68 940.74 941.37 0.000664 7.25 3314.87 640.97 0.34

TC-M80 3.921   001YR 2199.13 924.12 931.14 931.61 0.001297 5.50 399.76 70.43 0.41
TC-M80 3.921   002YR 3971.00 924.12 933.76 934.43 0.001754 6.60 622.05 118.91 0.43
TC-M80 3.921   005YR 5032.00 924.12 935.28 935.99 0.001454 6.80 880.63 207.54 0.40
TC-M80 3.921   010YR 5877.00 924.12 936.33 937.04 0.001298 6.92 1105.53 223.38 0.38



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 3.921   020YR 7505.00 924.12 937.33 938.20 0.001455 7.80 1337.49 240.55 0.41
TC-M80 3.921   050YR 8781.00 924.12 937.96 938.97 0.001594 8.47 1493.55 252.14 0.44
TC-M80 3.921   100YR 10047.00 924.12 938.57 939.70 0.001694 9.03 1649.82 263.01 0.45
TC-M80 3.921   200YR 11248.00 924.12 939.08 940.32 0.001792 9.55 1787.16 272.23 0.47
TC-M80 3.921   500YR 12846.00 924.12 939.72 941.11 0.001910 10.18 1964.16 283.68 0.49

TC-M80 3.892   001YR 2199.13 924.24 930.09 931.19 0.005343 8.41 261.60 55.51 0.68
TC-M80 3.892   002YR 3971.00 924.24 932.36 933.91 0.005437 9.97 398.47 65.96 0.71
TC-M80 3.892   005YR 5032.00 924.24 934.14 935.56 0.004141 9.58 525.20 78.04 0.65
TC-M80 3.892   010YR 5877.00 924.24 935.39 932.64 936.68 0.003287 9.19 761.16 250.69 0.59
TC-M80 3.892   020YR 7505.00 924.24 936.35 933.88 937.82 0.003449 10.00 1008.07 261.95 0.61
TC-M80 3.892   050YR 8781.00 924.24 936.94 935.57 938.57 0.003604 10.66 1163.50 266.38 0.63
TC-M80 3.892   100YR 10047.00 924.24 937.56 939.29 0.003602 11.11 1330.48 271.29 0.63
TC-M80 3.892   200YR 11248.00 924.24 938.07 939.90 0.003659 11.56 1469.62 276.11 0.64
TC-M80 3.892   500YR 12846.00 924.24 938.72 940.68 0.003699 12.08 1650.86 282.09 0.65

TC-M80 3.855   001YR 2199.13 923.69 929.66 930.40 0.002553 6.93 317.18 66.07 0.56
TC-M80 3.855   002YR 3971.00 923.69 932.07 933.06 0.002501 8.00 496.44 81.96 0.57
TC-M80 3.855   005YR 5032.00 923.69 934.03 934.90 0.001787 7.50 680.25 124.63 0.50
TC-M80 3.855   010YR 5877.00 923.69 935.33 936.16 0.001372 7.34 861.79 152.36 0.45
TC-M80 3.855   020YR 7505.00 923.69 936.20 937.28 0.001579 8.41 1003.01 168.24 0.49
TC-M80 3.855   050YR 8781.00 923.69 936.70 938.01 0.001787 9.27 1088.75 171.92 0.52
TC-M80 3.855   100YR 10047.00 923.69 937.23 938.74 0.001934 10.00 1180.54 175.97 0.55
TC-M80 3.855   200YR 11248.00 923.69 937.64 939.36 0.002104 10.70 1253.29 179.23 0.58
TC-M80 3.855   500YR 12846.00 923.69 938.08 940.12 0.002379 11.69 1332.69 206.61 0.62

TC-M80 3.823   001YR 2199.13 923.59 928.91 929.85 0.003828 7.81 281.75 67.37 0.67
TC-M80 3.823   002YR 3971.00 923.59 931.54 932.60 0.002838 8.27 480.20 83.77 0.61
TC-M80 3.823   005YR 5032.00 923.59 933.74 934.58 0.001818 7.36 683.42 101.60 0.50
TC-M80 3.823   010YR 5877.00 923.59 935.12 935.90 0.001484 7.07 832.21 113.74 0.46
TC-M80 3.823   020YR 7505.00 923.59 935.96 936.97 0.001792 8.10 930.03 120.75 0.50
TC-M80 3.823   050YR 8781.00 923.59 936.42 937.66 0.002043 8.96 987.00 126.07 0.54
TC-M80 3.823   100YR 10047.00 923.59 936.91 938.37 0.002212 9.68 1054.26 160.63 0.57
TC-M80 3.823   200YR 11248.00 923.59 937.29 938.96 0.002408 10.38 1124.28 211.47 0.60
TC-M80 3.823   500YR 12846.00 923.59 937.69 935.10 939.66 0.002703 11.31 1220.73 275.66 0.64

TC-M80 3.726   001YR 2431.05 921.00 925.41 924.48 926.37 0.013785 7.84 309.94 81.30 0.68
TC-M80 3.726   002YR 4410.00 921.00 930.18 926.07 930.83 0.003575 6.48 680.61 114.38 0.39
TC-M80 3.726   005YR 5595.00 921.00 932.82 926.90 933.44 0.002383 6.31 886.60 162.09 0.33
TC-M80 3.726   010YR 6469.00 921.00 934.74 927.44 935.04 0.001303 4.62 1505.51 359.01 0.23
TC-M80 3.726   020YR 7890.00 921.00 935.81 928.29 936.04 0.001075 4.02 2035.03 461.21 0.20
TC-M80 3.726   050YR 9108.00 921.00 936.43 928.96 936.67 0.000974 3.95 2332.21 491.47 0.19
TC-M80 3.726   100YR 10381.00 921.00 937.11 929.66 937.35 0.000843 3.80 2675.74 517.74 0.18
TC-M80 3.726   200YR 11629.00 921.00 937.64 930.30 937.88 0.000785 3.75 2955.16 538.55 0.17
TC-M80 3.726   500YR 13363.00 921.00 938.22 931.17 938.49 0.000760 3.79 3277.78 565.01 0.17

TC-M80 3.711   Culvert

TC-M80 3.690   001YR 2431.05 919.85 924.84 923.66 925.77 0.005089 7.72 314.78 71.53 0.65
TC-M80 3.690   002YR 4410.00 919.85 929.39 925.39 929.97 0.002269 6.12 721.01 123.48 0.45
TC-M80 3.690   005YR 5595.00 919.85 931.29 926.29 931.81 0.001563 5.78 968.16 136.24 0.38
TC-M80 3.690   010YR 6469.00 919.85 932.40 926.98 932.91 0.001330 5.77 1127.54 179.05 0.36
TC-M80 3.690   020YR 7890.00 919.85 933.28 928.01 933.89 0.001375 6.29 1307.27 227.37 0.37
TC-M80 3.690   050YR 9108.00 919.85 934.05 929.04 934.65 0.001274 6.40 1596.38 628.96 0.36
TC-M80 3.690   100YR 10381.00 919.85 935.19 929.61 935.56 0.000747 5.28 2238.45 803.74 0.28
TC-M80 3.690   200YR 11629.00 919.85 936.08 930.12 936.36 0.000488 4.50 2801.34 907.09 0.23
TC-M80 3.690   500YR 13363.00 919.85 937.03 930.79 937.27 0.000339 3.95 3432.70 1047.68 0.20

TC-M80 3.665   001YR 2357.80 920.00 923.67 923.24 924.84 0.008619 8.68 271.50 79.97 0.83
TC-M80 3.665   002YR 6461.00 920.00 927.22 926.29 929.06 0.006801 10.90 592.81 103.74 0.80
TC-M80 3.665   005YR 8918.00 920.00 928.99 927.70 930.95 0.006303 11.24 793.49 125.74 0.79
TC-M80 3.665   010YR 10718.00 920.00 930.14 928.68 932.11 0.005265 11.31 986.14 252.33 0.74
TC-M80 3.665   020YR 13007.00 920.00 931.73 930.48 933.29 0.003425 10.40 1410.37 300.18 0.62
TC-M80 3.665   050YR 14839.00 920.00 932.92 931.10 934.20 0.002492 9.65 1854.01 478.22 0.54
TC-M80 3.665   100YR 16855.00 920.00 934.17 931.74 935.20 0.001800 8.87 2492.40 713.96 0.46
TC-M80 3.665   200YR 18610.00 920.00 935.16 932.36 936.06 0.001440 8.39 3071.19 806.95 0.42
TC-M80 3.665   500YR 21037.00 920.00 936.17 932.92 937.00 0.001237 8.19 3713.10 871.93 0.40

TC-M80 3.607   001YR 2357.80 916.87 921.39 920.71 922.47 0.006761 8.34 282.84 74.52 0.75
TC-M80 3.607   002YR 6461.00 916.87 924.88 923.85 926.94 0.006787 11.52 560.84 89.57 0.81
TC-M80 3.607   005YR 8918.00 916.87 926.61 925.43 928.98 0.006164 12.36 721.72 95.87 0.79
TC-M80 3.607   010YR 10718.00 916.87 927.30 926.37 930.17 0.006867 13.60 788.34 98.11 0.85
TC-M80 3.607   020YR 13007.00 916.87 928.69 927.46 931.74 0.006244 14.02 927.52 101.96 0.82
TC-M80 3.607   050YR 14839.00 916.87 928.95 928.25 932.71 0.007481 15.56 953.93 102.67 0.90
TC-M80 3.607   100YR 16855.00 916.87 929.30 929.09 933.80 0.008635 17.02 990.76 108.69 0.97
TC-M80 3.607   200YR 18610.00 916.87 929.84 929.84 934.74 0.008863 17.78 1049.96 111.12 0.99
TC-M80 3.607   500YR 21037.00 916.87 931.53 931.53 935.89 0.006562 16.91 1312.05 341.53 0.87

TC-M80 3.570   001YR 2357.80 915.68 919.69 919.32 920.95 0.008743 9.00 261.85 74.71 0.85
TC-M80 3.570   002YR 6461.00 915.68 923.90 922.40 925.70 0.005222 10.76 600.68 86.39 0.72
TC-M80 3.570   005YR 8918.00 915.68 925.69 923.85 927.83 0.005012 11.74 760.24 96.54 0.72



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 3.570   010YR 10718.00 915.68 925.94 924.85 928.85 0.006635 13.69 784.75 103.25 0.83
TC-M80 3.570   020YR 13007.00 915.68 926.28 926.06 930.23 0.008673 15.95 821.55 112.58 0.96
TC-M80 3.570   050YR 14839.00 915.68 927.67 927.67 931.28 0.006675 15.38 1034.40 196.57 0.86
TC-M80 3.570   100YR 16855.00 915.68 929.02 929.02 932.11 0.005054 14.57 1345.02 250.42 0.76
TC-M80 3.570   200YR 18610.00 915.68 929.62 929.62 932.72 0.004861 14.78 1497.61 317.72 0.75
TC-M80 3.570   500YR 21037.00 915.68 930.29 930.29 933.49 0.004795 15.23 1675.67 386.22 0.76

TC-M80 3.560   001YR 2357.80 915.00 919.66 920.58 0.005235 7.68 307.05 74.92 0.67
TC-M80 3.560   002YR 6461.00 915.00 923.90 925.43 0.004105 9.94 650.06 87.26 0.64
TC-M80 3.560   005YR 8918.00 915.00 925.69 927.56 0.004034 10.99 814.36 102.24 0.65
TC-M80 3.560   010YR 10718.00 915.00 925.94 928.49 0.005330 12.82 840.71 106.59 0.75
TC-M80 3.560   020YR 13007.00 915.00 926.31 925.47 929.74 0.006838 14.89 881.96 118.41 0.86
TC-M80 3.560   050YR 14839.00 915.00 926.87 926.87 930.74 0.007196 15.88 953.74 137.96 0.89
TC-M80 3.560   100YR 16855.00 915.00 929.07 929.07 931.15 0.003274 12.24 1572.45 384.47 0.62
TC-M80 3.560   200YR 18610.00 915.00 929.42 929.42 931.57 0.003278 12.48 1709.43 401.24 0.62
TC-M80 3.560   500YR 21037.00 915.00 929.81 929.81 932.11 0.003376 12.93 1868.20 419.84 0.63

TC-M80 3.539   001YR 2357.80 913.76 919.11 917.55 919.92 0.003922 7.22 326.60 68.70 0.58
TC-M80 3.539   002YR 6461.00 913.76 923.24 920.95 924.85 0.004106 10.19 634.54 85.64 0.64
TC-M80 3.539   005YR 8918.00 913.76 925.40 922.54 926.90 0.003098 10.12 934.77 204.57 0.57
TC-M80 3.539   010YR 10718.00 913.76 925.60 923.96 927.59 0.004011 11.67 976.72 215.36 0.65
TC-M80 3.539   020YR 13007.00 913.76 926.17 926.17 928.44 0.004305 12.55 1108.02 244.62 0.68
TC-M80 3.539   050YR 14839.00 913.76 926.68 926.68 929.05 0.004224 12.83 1239.46 270.99 0.68
TC-M80 3.539   100YR 16855.00 913.76 927.15 927.15 929.68 0.004176 13.12 1374.91 301.65 0.68
TC-M80 3.539   200YR 18610.00 913.76 927.51 927.51 930.19 0.004169 13.38 1485.13 331.45 0.69
TC-M80 3.539   500YR 21037.00 913.76 928.20 928.20 930.86 0.003639 12.99 1730.93 600.77 0.65

TC-M80 3.481   001YR 2357.80 912.13 917.19 916.36 918.36 0.006463 8.69 271.18 63.77 0.74
TC-M80 3.481   002YR 6461.00 912.13 920.84 919.91 923.17 0.006976 12.24 527.67 77.25 0.83
TC-M80 3.481   005YR 8918.00 912.13 921.71 921.55 925.18 0.009273 14.95 597.85 89.22 0.96
TC-M80 3.481   010YR 10718.00 912.13 924.13 924.13 926.29 0.004325 12.30 1010.41 261.61 0.69
TC-M80 3.481   020YR 13007.00 912.13 925.01 925.01 927.09 0.003945 12.44 1267.75 320.92 0.67
TC-M80 3.481   050YR 14839.00 912.13 925.76 925.76 927.60 0.003333 11.96 1534.69 385.61 0.62
TC-M80 3.481   100YR 16855.00 912.13 926.10 926.10 928.09 0.003503 12.49 1656.38 387.98 0.64
TC-M80 3.481   200YR 18610.00 912.13 926.37 926.37 928.50 0.003626 12.91 1756.45 389.93 0.65
TC-M80 3.481   500YR 21037.00 912.13 926.68 926.68 929.05 0.003887 13.58 1867.57 392.09 0.68

TC-M80 3.420   001YR 2357.80 910.56 915.18 914.37 916.25 0.006337 8.33 283.19 69.89 0.73
TC-M80 3.420   002YR 6461.00 910.56 918.43 917.64 920.81 0.007520 12.37 522.36 78.70 0.85
TC-M80 3.420   005YR 8918.00 910.56 920.46 920.46 922.56 0.005185 12.06 923.68 303.52 0.73
TC-M80 3.420   010YR 10718.00 910.56 921.35 921.35 923.27 0.004518 12.01 1221.85 360.96 0.69
TC-M80 3.420   020YR 13007.00 910.56 922.13 922.13 924.01 0.004284 12.32 1519.88 429.29 0.68
TC-M80 3.420   050YR 14839.00 910.56 922.55 922.55 924.52 0.004394 12.83 1695.18 537.21 0.69
TC-M80 3.420   100YR 16855.00 910.56 922.98 922.98 925.03 0.004501 13.33 1876.00 566.80 0.71
TC-M80 3.420   200YR 18610.00 910.56 923.29 923.29 925.45 0.004676 13.83 2008.38 578.95 0.72
TC-M80 3.420   500YR 21037.00 910.56 923.73 923.73 925.99 0.004776 14.34 2204.77 596.54 0.74

TC-M80 3.345   001YR 2357.80 907.25 911.17 911.17 912.81 0.012357 10.26 229.71 69.90 1.00
TC-M80 3.345   002YR 6461.00 907.25 914.36 914.36 917.26 0.010652 13.65 473.19 82.81 1.01
TC-M80 3.345   005YR 8918.00 907.25 916.21 916.21 919.24 0.008067 14.02 659.69 142.05 0.91
TC-M80 3.345   010YR 10718.00 907.25 918.14 918.14 920.11 0.004279 11.92 1155.03 480.46 0.69
TC-M80 3.345   020YR 13007.00 907.25 919.09 919.09 920.82 0.003606 11.68 1593.92 580.10 0.64
TC-M80 3.345   050YR 14839.00 907.25 919.60 919.60 921.26 0.003424 11.76 1857.07 606.06 0.63
TC-M80 3.345   100YR 16855.00 907.25 919.94 919.94 921.69 0.003575 12.27 2040.36 613.40 0.65
TC-M80 3.345   200YR 18610.00 907.25 920.23 920.23 922.05 0.003673 12.66 2194.71 619.11 0.66
TC-M80 3.345   500YR 21037.00 907.25 921.59 920.58 922.78 0.002258 10.70 2935.89 645.33 0.53

TC-M80 3.298   001YR 2357.80 904.24 909.00 908.15 910.01 0.007804 8.06 292.53 73.94 0.71
TC-M80 3.298   002YR 6461.00 904.24 911.79 911.32 914.28 0.010818 12.68 509.70 81.91 0.90
TC-M80 3.298   005YR 8918.00 904.24 913.85 912.80 916.48 0.008566 13.02 685.11 87.81 0.82
TC-M80 3.298   010YR 10718.00 904.24 915.13 913.78 917.81 0.007496 13.24 871.67 396.49 0.78
TC-M80 3.298   020YR 13007.00 904.24 916.59 916.48 918.60 0.005091 12.08 1313.10 508.60 0.66
TC-M80 3.298   050YR 14839.00 904.24 917.70 916.97 919.30 0.003772 11.13 1664.67 551.73 0.58
TC-M80 3.298   100YR 16855.00 904.24 918.58 917.42 920.05 0.003250 10.85 1955.82 574.17 0.54
TC-M80 3.298   200YR 18610.00 904.24 919.48 917.80 920.79 0.002709 10.38 2274.75 602.62 0.50
TC-M80 3.298   500YR 21037.00 904.24 921.27 918.20 922.22 0.001710 8.98 2960.87 629.59 0.41

TC-M80 3.231   001YR 2357.80 901.95 905.33 904.95 906.40 0.011354 8.33 283.11 90.34 0.83
TC-M80 3.231   002YR 6461.00 901.95 910.67 907.64 911.70 0.003366 8.14 793.95 97.87 0.50
TC-M80 3.231   005YR 8918.00 901.95 913.13 908.93 914.29 0.002815 8.62 1034.63 97.87 0.47
TC-M80 3.231   010YR 10718.00 901.95 914.47 909.76 915.75 0.002739 9.12 1228.12 432.56 0.47
TC-M80 3.231   020YR 13007.00 901.95 915.65 910.74 917.02 0.002686 9.62 1514.32 449.31 0.47
TC-M80 3.231   050YR 14839.00 901.95 916.75 911.51 918.06 0.002394 9.58 1798.42 465.03 0.45
TC-M80 3.231   100YR 16855.00 901.95 917.61 912.31 918.95 0.002332 9.83 2028.69 477.20 0.45
TC-M80 3.231   200YR 18610.00 901.95 918.57 912.97 919.86 0.002111 9.75 2299.39 499.29 0.43
TC-M80 3.231   500YR 21037.00 901.95 920.53 915.68 921.58 0.001530 8.97 2928.19 550.92 0.37

TC-M80 3.230   Inl Struct

TC-M80 3.225   001YR 2357.80 897.35 905.22 901.81 905.55 0.001439 4.55 518.26 85.22 0.33
TC-M80 3.225   002YR 6461.00 897.35 910.66 904.76 911.31 0.001440 6.44 1002.87 92.76 0.35



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 3.225   005YR 8918.00 897.35 913.12 906.14 913.93 0.001552 7.20 1238.07 104.88 0.36
TC-M80 3.225   010YR 10718.00 897.35 914.46 907.09 915.39 0.001611 7.75 1439.10 372.15 0.38
TC-M80 3.225   020YR 13007.00 897.35 915.64 908.20 916.73 0.001743 8.47 1683.36 409.31 0.40
TC-M80 3.225   050YR 14839.00 897.35 916.68 909.02 917.83 0.001715 8.80 1920.51 423.56 0.40
TC-M80 3.225   100YR 16855.00 897.35 917.44 909.91 918.72 0.001813 9.35 2101.95 432.76 0.41
TC-M80 3.225   200YR 18610.00 897.35 918.33 910.64 919.65 0.001769 9.58 2321.02 444.32 0.41
TC-M80 3.225   500YR 21037.00 897.35 920.21 911.60 921.41 0.001454 9.31 2816.46 472.30 0.38

TC-M80 3.165   001YR 2357.80 896.85 904.42 901.14 905.01 0.001433 6.17 382.38 56.00 0.41
TC-M80 3.165   002YR 6461.00 896.85 909.04 905.07 910.52 0.002033 9.84 677.61 71.65 0.52
TC-M80 3.165   005YR 8918.00 896.85 911.16 907.02 913.04 0.002115 11.16 841.04 84.85 0.54
TC-M80 3.165   010YR 10718.00 896.85 912.46 908.33 914.48 0.002079 11.78 1052.19 296.30 0.55
TC-M80 3.165   020YR 13007.00 896.85 912.37 909.81 915.41 0.003151 14.45 1034.81 290.30 0.67
TC-M80 3.165   050YR 14839.00 896.85 912.72 910.93 916.33 0.003672 15.85 1101.52 313.21 0.73
TC-M80 3.165   100YR 16855.00 896.85 913.66 913.66 917.25 0.003499 16.12 1287.44 364.61 0.72
TC-M80 3.165   200YR 18610.00 896.85 913.88 913.77 918.00 0.003973 17.34 1332.11 366.27 0.77
TC-M80 3.165   500YR 21037.00 896.85 913.88 913.77 919.33 0.005221 19.88 1332.73 380.03 0.88

TC-M80 3.096   001YR 2357.80 898.00 903.36 901.94 904.24 0.003181 7.53 313.30 66.96 0.61
TC-M80 3.096   002YR 6461.00 898.00 908.37 905.47 909.66 0.002421 9.12 708.13 91.78 0.58
TC-M80 3.096   005YR 8918.00 898.00 910.73 907.08 912.13 0.002082 9.50 939.38 103.49 0.55
TC-M80 3.096   010YR 10718.00 898.00 912.31 908.13 913.59 0.001625 9.29 1444.41 466.35 0.50
TC-M80 3.096   020YR 13007.00 898.00 911.88 909.33 914.05 0.002859 11.99 1287.54 464.16 0.66
TC-M80 3.096   050YR 14839.00 898.00 912.13 910.20 914.73 0.003349 13.19 1380.55 465.46 0.72
TC-M80 3.096   100YR 16855.00 898.00 913.31 912.53 915.56 0.002677 12.65 1810.68 471.46 0.65
TC-M80 3.096   200YR 18610.00 898.00 914.26 913.09 916.28 0.002258 12.24 2163.19 476.35 0.61
TC-M80 3.096   500YR 21037.00 898.00 915.13 913.73 917.11 0.002113 12.38 2482.66 480.76 0.59

TC-M80 3.070   001YR 2543.90 896.11 903.68 899.71 903.89 0.000524 3.73 682.56 111.20 0.27
TC-M80 3.070   002YR 6764.00 896.11 908.84 902.28 909.26 0.000536 5.19 1304.02 129.35 0.29
TC-M80 3.070   005YR 9291.00 896.11 911.23 903.51 911.73 0.000535 5.73 1622.09 137.72 0.29
TC-M80 3.070   010YR 11200.00 896.11 912.67 904.36 913.25 0.000559 6.13 1872.03 347.04 0.30
TC-M80 3.070   020YR 13593.00 896.11 912.60 905.37 913.47 0.000837 7.49 1847.17 321.02 0.37
TC-M80 3.070   050YR 15507.00 896.11 912.99 906.08 914.04 0.000996 8.25 1992.26 404.26 0.41
TC-M80 3.070   100YR 17691.00 896.11 913.88 906.90 915.01 0.000999 8.63 2421.61 544.99 0.41
TC-M80 3.070   200YR 19657.00 896.11 914.68 907.58 915.82 0.000962 8.80 2857.38 549.20 0.41
TC-M80 3.070   500YR 22293.00 896.11 915.49 908.45 916.68 0.000962 9.12 3306.29 553.30 0.41

TC-M80 3.058   Bridge

TC-M80 3.040   001YR 2543.90 896.15 903.50 903.73 0.000563 3.82 665.31 110.10 0.27
TC-M80 3.040   002YR 6764.00 896.15 908.65 909.08 0.000566 5.30 1276.49 127.65 0.30
TC-M80 3.040   005YR 9291.00 896.15 911.01 911.54 0.000564 5.85 1588.14 135.73 0.30
TC-M80 3.040   010YR 11200.00 896.15 912.46 913.03 0.000547 6.13 1888.26 249.37 0.30
TC-M80 3.040   020YR 13593.00 896.15 912.26 913.14 0.000859 7.61 1838.09 235.05 0.38
TC-M80 3.040   050YR 15507.00 896.15 912.53 913.61 0.001024 8.42 1906.75 252.99 0.41
TC-M80 3.040   100YR 17691.00 896.15 913.31 914.47 0.001035 8.80 2114.16 277.26 0.42
TC-M80 3.040   200YR 19657.00 896.15 913.97 915.17 0.001030 9.06 2313.60 363.11 0.42
TC-M80 3.040   500YR 22293.00 896.15 914.65 915.92 0.001045 9.41 2573.62 397.62 0.43

TC-M80 2.945   001YR 2543.90 896.09 901.12 900.68 902.66 0.006462 9.97 255.22 61.23 0.86
TC-M80 2.945   002YR 6764.00 896.09 905.35 907.83 0.004964 12.65 534.75 71.04 0.81
TC-M80 2.945   005YR 9291.00 896.09 907.15 905.96 910.16 0.004940 13.94 666.44 75.38 0.83
TC-M80 2.945   010YR 11200.00 896.09 909.35 907.09 911.88 0.003446 12.96 919.75 233.81 0.71
TC-M80 2.945   020YR 13593.00 896.09 911.19 912.45 0.001632 9.93 1645.98 457.62 0.50
TC-M80 2.945   050YR 15507.00 896.09 912.00 913.03 0.001238 9.03 2017.09 462.75 0.44
TC-M80 2.945   100YR 17691.00 896.09 912.98 913.83 0.000897 8.06 2482.93 487.96 0.38
TC-M80 2.945   200YR 19657.00 896.09 913.75 914.52 0.000747 7.62 2881.12 553.03 0.35
TC-M80 2.945   500YR 22293.00 896.09 914.51 915.25 0.000654 7.37 3330.26 616.61 0.33

TC-M80 2.813   001YR 2484.66 892.15 899.64 900.28 0.001776 6.39 388.89 69.58 0.48
TC-M80 2.813   002YR 6491.00 892.15 904.51 905.55 0.001663 8.21 807.59 109.82 0.49
TC-M80 2.813   005YR 8890.00 892.15 906.80 907.91 0.001434 8.59 1207.41 365.79 0.47
TC-M80 2.813   010YR 10849.00 892.15 909.85 910.43 0.000641 6.74 2559.32 499.69 0.33
TC-M80 2.813   020YR 13309.00 892.15 911.01 911.60 0.000628 7.06 3151.15 520.81 0.33
TC-M80 2.813   050YR 15185.00 892.15 911.69 912.32 0.000643 7.37 3510.70 531.43 0.34
TC-M80 2.813   100YR 17348.00 892.15 912.65 913.27 0.000614 7.50 4027.41 549.56 0.33
TC-M80 2.813   200YR 19333.00 892.15 913.39 914.03 0.000607 7.70 4443.88 568.00 0.33
TC-M80 2.813   500YR 22087.00 892.15 914.11 914.80 0.000645 8.15 4856.43 587.21 0.35

TC-M80 2.777   001YR 2484.66 892.15 898.42 897.29 899.71 0.004310 9.12 272.42 54.83 0.72
TC-M80 2.777   002YR 6491.00 892.15 903.01 905.00 0.003818 11.32 573.63 75.53 0.72
TC-M80 2.777   005YR 8890.00 892.15 905.36 907.41 0.003529 11.51 772.42 93.79 0.71
TC-M80 2.777   010YR 10849.00 892.15 909.50 910.28 0.000801 6.96 1546.51 236.87 0.36
TC-M80 2.777   020YR 13309.00 892.15 910.64 911.45 0.000831 7.53 1873.06 386.07 0.37
TC-M80 2.777   050YR 15185.00 892.15 911.45 912.19 0.000690 7.15 2239.05 524.80 0.34
TC-M80 2.777   100YR 17348.00 892.15 912.57 913.17 0.000458 6.14 2838.10 543.40 0.28
TC-M80 2.777   200YR 19333.00 892.15 913.36 913.93 0.000370 5.71 3274.88 562.16 0.25
TC-M80 2.777   500YR 22087.00 892.15 914.11 914.69 0.000333 5.59 3701.63 581.26 0.24

TC-M80 2.719   001YR 2484.66 890.42 895.56 895.56 897.78 0.008870 11.97 207.64 47.22 1.01



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 2.719   002YR 6491.00 890.42 900.29 899.68 903.40 0.006275 14.16 458.35 60.24 0.90
TC-M80 2.719   005YR 8890.00 890.42 903.12 906.07 0.004765 13.79 644.77 71.49 0.81
TC-M80 2.719   010YR 10849.00 890.42 908.21 909.84 0.001880 10.23 1060.46 91.78 0.53
TC-M80 2.719   020YR 13309.00 890.42 908.68 910.91 0.002460 12.01 1127.93 154.83 0.61
TC-M80 2.719   050YR 15185.00 890.42 908.69 905.59 911.58 0.003192 13.69 1129.49 155.06 0.69
TC-M80 2.719   100YR 17348.00 890.42 909.56 906.68 912.63 0.003143 14.23 1278.05 197.14 0.70
TC-M80 2.719   200YR 19333.00 890.42 910.70 907.47 913.47 0.002631 13.77 1528.33 256.04 0.65
TC-M80 2.719   500YR 22087.00 890.42 911.49 911.49 914.26 0.002554 14.07 1808.33 414.80 0.64

TC-M80 2.651   001YR 2484.66 886.70 895.11 892.18 895.71 0.001499 6.20 400.85 63.29 0.43
TC-M80 2.651   002YR 6491.00 886.70 900.80 895.69 901.85 0.001399 8.25 786.82 72.46 0.44
TC-M80 2.651   005YR 8890.00 886.70 903.46 897.36 904.72 0.001377 9.02 985.52 76.76 0.44
TC-M80 2.651   010YR 10849.00 886.70 908.32 898.56 909.18 0.000819 7.56 1530.77 326.48 0.35
TC-M80 2.651   020YR 13309.00 886.70 909.01 900.02 910.03 0.000943 8.37 1763.49 349.12 0.38
TC-M80 2.651   050YR 15185.00 886.70 909.22 901.03 910.45 0.001124 9.22 1840.09 360.90 0.41
TC-M80 2.651   100YR 17348.00 886.70 910.56 902.14 911.48 0.000815 8.31 2408.33 496.23 0.36
TC-M80 2.651   200YR 19333.00 886.70 911.78 903.10 912.47 0.000578 7.33 3051.53 560.61 0.31
TC-M80 2.651   500YR 22087.00 886.70 912.57 904.31 913.24 0.000528 7.22 3511.77 599.09 0.29

TC-M80 2.636   Bridge

TC-M80 2.623   001YR 2484.66 887.04 894.63 895.12 0.001407 5.60 443.74 78.27 0.41
TC-M80 2.623   002YR 6491.00 887.04 899.84 900.70 0.001225 7.46 870.41 85.63 0.41
TC-M80 2.623   005YR 8890.00 887.04 902.09 903.16 0.001291 8.30 1071.47 92.88 0.43
TC-M80 2.623   010YR 10849.00 887.04 904.45 905.54 0.001131 8.35 1299.85 100.64 0.41
TC-M80 2.623   020YR 13309.00 887.04 905.55 906.93 0.001356 9.42 1412.40 104.25 0.45
TC-M80 2.623   050YR 15185.00 887.04 906.33 907.94 0.001473 10.17 1494.80 107.58 0.47
TC-M80 2.623   100YR 17348.00 887.04 907.82 909.53 0.001377 10.50 1687.07 192.41 0.47
TC-M80 2.623   200YR 19333.00 887.04 909.75 911.24 0.001073 10.01 2515.57 589.19 0.42
TC-M80 2.623   500YR 22087.00 887.04 910.82 902.68 912.31 0.001040 10.25 3212.22 699.30 0.42

TC-M80 2.594   001YR 2484.66 886.89 893.81 894.68 0.003488 7.46 333.13 60.94 0.56
TC-M80 2.594   002YR 6491.00 886.89 898.82 900.24 0.003122 9.57 678.21 76.55 0.57
TC-M80 2.594   005YR 8890.00 886.89 900.98 902.67 0.003107 10.46 849.87 82.93 0.58
TC-M80 2.594   010YR 10849.00 886.89 903.53 905.14 0.002262 10.17 1071.06 90.20 0.51
TC-M80 2.594   020YR 13309.00 886.89 904.24 906.40 0.002828 11.80 1135.95 92.16 0.57
TC-M80 2.594   050YR 15185.00 886.89 904.65 907.29 0.003325 13.06 1173.67 93.28 0.62
TC-M80 2.594   100YR 17348.00 886.89 906.09 908.89 0.003092 13.46 1311.03 97.26 0.61
TC-M80 2.594   200YR 19333.00 886.89 908.35 902.70 910.74 0.002260 12.63 1877.73 396.49 0.53
TC-M80 2.594   500YR 22087.00 886.89 908.87 903.83 911.67 0.002590 13.79 2109.32 494.73 0.57

TC-M80 2.507   001YR 2484.66 885.68 892.43 893.17 0.002949 6.93 358.56 65.40 0.52
TC-M80 2.507   002YR 6491.00 885.68 897.78 898.92 0.002383 8.57 757.67 83.86 0.50
TC-M80 2.507   005YR 8890.00 885.68 899.97 901.33 0.002377 9.36 950.25 91.43 0.51
TC-M80 2.507   010YR 10849.00 885.68 902.92 904.12 0.001686 8.79 1234.69 101.46 0.44
TC-M80 2.507   020YR 13309.00 885.68 903.45 905.11 0.002206 10.34 1288.70 103.36 0.51
TC-M80 2.507   050YR 15185.00 885.68 903.66 905.75 0.002723 11.61 1310.21 104.13 0.57
TC-M80 2.507   100YR 17348.00 885.68 905.32 907.46 0.002378 11.75 1488.28 110.63 0.54
TC-M80 2.507   200YR 19333.00 885.68 907.86 900.82 909.69 0.001673 10.96 1993.19 398.15 0.46
TC-M80 2.507   500YR 22087.00 885.68 908.24 901.99 910.47 0.001999 12.15 2157.83 480.65 0.51

TC-M80 2.484   001YR 2484.66 884.92 892.05 889.81 892.81 0.002938 7.00 354.79 62.74 0.52
TC-M80 2.484   002YR 6491.00 884.92 897.37 893.39 898.60 0.002521 8.93 727.18 77.27 0.51
TC-M80 2.484   005YR 8890.00 884.92 899.48 895.06 901.01 0.002619 9.91 896.74 83.05 0.53
TC-M80 2.484   010YR 10849.00 884.92 902.54 896.29 903.89 0.001849 9.33 1163.47 91.96 0.46
TC-M80 2.484   020YR 13309.00 884.92 902.85 897.70 904.79 0.002566 11.17 1198.05 144.84 0.54
TC-M80 2.484   050YR 15185.00 884.92 902.78 898.70 905.33 0.003404 12.82 1187.87 129.25 0.62
TC-M80 2.484   100YR 17348.00 884.92 905.02 899.76 907.17 0.002414 11.98 1721.88 332.54 0.54
TC-M80 2.484   200YR 19333.00 884.92 908.31 900.70 909.27 0.001023 8.88 3566.61 642.58 0.36
TC-M80 2.484   500YR 22087.00 884.92 908.89 901.85 909.93 0.001098 9.38 3947.61 656.01 0.38

TC-M80 2.479   Bridge

TC-M80 2.471   001YR 2484.66 884.98 891.57 892.34 0.002986 7.04 352.95 60.53 0.51
TC-M80 2.471   002YR 6491.00 884.98 896.52 897.96 0.003075 9.65 672.75 70.14 0.55
TC-M80 2.471   005YR 8890.00 884.98 898.40 900.27 0.003459 10.98 809.82 75.36 0.59
TC-M80 2.471   010YR 10849.00 884.98 899.51 901.79 0.003916 12.12 894.94 78.43 0.63
TC-M80 2.471   020YR 13309.00 884.98 901.21 903.79 0.003911 12.90 1031.56 82.11 0.64
TC-M80 2.471   050YR 15185.00 884.98 902.59 898.45 905.32 0.003594 13.26 1152.90 113.23 0.62
TC-M80 2.471   100YR 17348.00 884.98 904.76 899.61 907.14 0.002687 12.62 1660.66 345.68 0.55
TC-M80 2.471   200YR 19333.00 884.98 906.93 900.54 908.61 0.001772 11.15 2713.63 621.79 0.46
TC-M80 2.471   500YR 22087.00 884.98 905.31 901.71 908.70 0.003733 15.21 1877.28 431.09 0.66

TC-M80 2.438   001YR 2484.66 883.99 890.80 891.71 0.003556 7.67 323.88 56.97 0.57
TC-M80 2.438   002YR 6491.00 883.99 895.70 897.33 0.003442 10.25 633.97 69.58 0.59
TC-M80 2.438   005YR 8890.00 883.99 897.33 899.53 0.003753 11.92 750.88 73.88 0.64
TC-M80 2.438   010YR 10849.00 883.99 897.75 900.79 0.004920 14.00 782.19 74.99 0.73
TC-M80 2.438   020YR 13309.00 883.99 898.17 897.02 902.41 0.006549 16.55 813.81 75.96 0.85
TC-M80 2.438   050YR 15185.00 883.99 898.66 898.04 903.73 0.007412 18.09 851.71 77.03 0.91
TC-M80 2.438   100YR 17348.00 883.99 899.14 899.14 905.24 0.008493 19.87 888.78 78.05 0.98
TC-M80 2.438   200YR 19333.00 883.99 900.18 900.18 906.60 0.008079 20.42 970.66 80.68 0.97



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 2.438   500YR 22087.00 883.99 904.81 904.81 907.99 0.003081 15.30 2344.76 529.18 0.63

TC-M80 2.396   001YR 1906.91 883.61 890.72 891.07 0.001293 4.75 401.50 68.19 0.34
TC-M80 2.396   002YR 5621.00 883.61 895.80 896.52 0.001703 6.81 825.05 97.41 0.41
TC-M80 2.396   005YR 7845.00 883.61 897.62 898.56 0.001930 7.77 1010.25 105.95 0.44
TC-M80 2.396   010YR 9843.00 883.61 898.19 899.50 0.002514 9.20 1070.53 108.46 0.51
TC-M80 2.396   020YR 12533.00 883.61 898.79 900.69 0.003365 11.06 1136.51 111.15 0.59
TC-M80 2.396   050YR 14448.00 883.61 899.58 901.76 0.003526 11.87 1225.65 114.68 0.61
TC-M80 2.396   100YR 16613.00 883.61 900.48 897.13 902.95 0.003618 12.64 1330.87 134.81 0.63
TC-M80 2.396   200YR 18641.00 883.61 900.04 903.39 0.005144 14.72 1278.96 116.66 0.75
TC-M80 2.396   500YR 21526.00 883.61 901.23 898.96 904.83 0.004918 15.32 1518.44 312.55 0.74

TC-M80 2.312   001YR 1906.91 882.92 890.37 890.60 0.000783 3.87 492.94 80.15 0.27
TC-M80 2.312   002YR 5621.00 882.92 895.32 895.87 0.001130 5.91 958.23 165.50 0.35
TC-M80 2.312   005YR 7845.00 882.92 897.22 897.84 0.001087 6.48 1415.98 286.97 0.36
TC-M80 2.312   010YR 9843.00 882.92 897.69 898.55 0.001422 7.63 1555.65 298.81 0.41
TC-M80 2.312   020YR 12533.00 882.92 898.18 899.38 0.001916 9.11 1704.90 310.44 0.48
TC-M80 2.312   050YR 14448.00 882.92 899.23 900.40 0.001742 9.20 2040.27 332.42 0.46
TC-M80 2.312   100YR 16613.00 882.92 900.43 901.55 0.001536 9.17 2460.44 365.59 0.44
TC-M80 2.312   200YR 18641.00 882.92 899.62 901.36 0.002533 11.31 2172.10 342.20 0.56
TC-M80 2.312   500YR 21526.00 882.92 901.52 902.93 0.001817 10.49 2878.23 400.03 0.48

TC-M80 2.208   001YR 1906.91 882.53 889.42 886.56 889.91 0.002068 5.62 339.48 64.71 0.43
TC-M80 2.208   002YR 5621.00 882.53 893.93 890.55 894.91 0.002655 7.95 707.47 500.81 0.52
TC-M80 2.208   005YR 7845.00 882.53 895.67 892.11 896.90 0.002602 8.91 885.36 567.46 0.53
TC-M80 2.208   010YR 9843.00 882.53 897.47 893.38 897.80 0.000825 5.68 3020.89 670.67 0.31
TC-M80 2.208   020YR 12533.00 882.53 897.97 894.75 898.39 0.001027 6.53 3357.21 681.64 0.35
TC-M80 2.208   050YR 14448.00 882.53 899.21 895.56 899.54 0.000752 6.00 4219.55 708.87 0.30
TC-M80 2.208   100YR 16613.00 882.53 900.54 896.44 900.81 0.000571 5.60 5179.68 737.77 0.27
TC-M80 2.208   200YR 18641.00 882.53 899.67 897.21 900.13 0.001023 7.17 4550.41 719.36 0.35
TC-M80 2.208   500YR 21526.00 882.53 901.74 897.21 902.06 0.000616 6.15 6084.40 764.78 0.28

TC-M80 2.132   001YR 1906.91 882.42 888.21 886.32 888.89 0.003109 6.58 289.99 59.37 0.52
TC-M80 2.132   002YR 5621.00 882.42 891.63 890.10 893.36 0.005401 10.56 532.38 412.10 0.73
TC-M80 2.132   005YR 7845.00 882.42 893.09 891.70 895.32 0.005643 11.98 655.37 481.59 0.76
TC-M80 2.132   010YR 9843.00 882.42 894.20 892.86 896.87 0.005661 13.13 754.25 605.98 0.78
TC-M80 2.132   020YR 12533.00 882.42 897.85 894.21 898.04 0.000503 4.93 4796.87 867.51 0.25
TC-M80 2.132   050YR 14448.00 882.42 899.12 895.10 899.28 0.000374 4.54 5956.77 980.33 0.22
TC-M80 2.132   100YR 16613.00 882.42 900.48 896.24 900.61 0.000286 4.22 7315.41 1023.34 0.19
TC-M80 2.132   200YR 18641.00 882.42 899.55 897.05 899.77 0.000519 5.46 6382.52 996.42 0.26
TC-M80 2.132   500YR 21526.00 882.42 901.68 897.05 901.83 0.000318 4.69 8662.73 1183.31 0.20

TC-M80 2.12    001YR 1906.91 882.14 886.38 886.38 887.74 0.013097 9.35 204.37 77.09 1.00
TC-M80 2.12    002YR 5621.00 882.14 889.25 889.25 891.90 0.009965 13.17 444.50 87.71 0.98
TC-M80 2.12    005YR 7845.00 882.14 890.61 890.61 893.85 0.009241 14.65 565.36 90.79 0.98
TC-M80 2.12    010YR 9843.00 882.14 891.71 891.71 895.43 0.008779 15.75 666.65 281.11 0.98
TC-M80 2.12    020YR 12533.00 882.14 893.06 893.06 897.38 0.008343 17.02 794.84 569.64 0.98
TC-M80 2.12    050YR 14448.00 882.14 894.06 894.06 898.64 0.007792 17.60 902.81 668.05 0.96
TC-M80 2.12    100YR 16613.00 882.14 896.25 895.34 900.09 0.005199 16.32 1245.19 809.81 0.81
TC-M80 2.12    200YR 18641.00 882.14 899.46 896.00 899.68 0.000468 5.70 7179.54 1247.41 0.25
TC-M80 2.12    500YR 21526.00 882.14 901.64 897.44 901.77 0.000252 4.56 10019.92 1366.12 0.19

TC-M80 2.065   001YR 1860.30 874.00 880.56 876.83 880.76 0.000743 3.57 521.38 93.37 0.27
TC-M80 2.065   002YR 6047.00 874.00 885.15 880.00 885.72 0.001193 6.08 994.69 112.81 0.36
TC-M80 2.065   005YR 8554.00 874.00 887.61 881.42 888.30 0.001152 6.66 1284.72 414.62 0.36
TC-M80 2.065   010YR 10894.00 874.00 889.75 882.62 890.51 0.001091 6.99 1559.53 875.73 0.36
TC-M80 2.065   020YR 14033.00 874.00 892.05 884.03 892.92 0.001016 7.49 1873.76 1012.96 0.36
TC-M80 2.065   050YR 16224.00 874.00 894.38 884.95 895.23 0.000804 7.40 2192.92 1208.86 0.33
TC-M80 2.065   100YR 18733.00 874.00 896.60 885.92 897.47 0.000695 7.50 2497.32 1297.38 0.31
TC-M80 2.065   200YR 21068.00 874.00 898.22 886.76 899.15 0.000662 7.75 2718.59 1321.39 0.31
TC-M80 2.065   500YR 24355.00 874.00 900.11 887.88 901.15 0.000653 8.18 2978.77 1337.38 0.31

TC-M80 2.049   Bridge

TC-M80 2.035   001YR 1860.30 872.42 878.94 875.37 879.17 0.000871 3.83 485.53 87.79 0.29
TC-M80 2.035   002YR 6047.00 872.42 884.58 878.67 885.10 0.000994 5.78 1045.88 133.38 0.33
TC-M80 2.035   005YR 8554.00 872.42 886.97 880.16 887.62 0.001025 6.47 1322.09 274.76 0.34
TC-M80 2.035   010YR 10894.00 872.42 889.05 881.37 889.79 0.001025 6.88 1582.49 682.78 0.35
TC-M80 2.035   020YR 14033.00 872.42 891.28 882.85 892.14 0.000998 7.46 1880.71 910.95 0.35
TC-M80 2.035   050YR 16224.00 872.42 892.66 883.77 893.62 0.000972 7.84 2068.41 991.20 0.35
TC-M80 2.035   100YR 18733.00 872.42 894.12 884.76 895.18 0.000957 8.27 2265.19 1075.43 0.36
TC-M80 2.035   200YR 21068.00 872.42 895.36 885.67 896.53 0.000952 8.65 2434.37 1178.54 0.36
TC-M80 2.035   500YR 24355.00 872.42 896.96 886.82 898.27 0.000958 9.19 2650.45 1222.60 0.37

TC-M80 2.020   001YR 1860.30 870.78 878.88 874.99 879.09 0.000764 3.63 512.10 88.72 0.27
TC-M80 2.020   002YR 6047.00 870.78 884.51 878.32 885.01 0.000954 5.67 1067.20 125.61 0.32
TC-M80 2.020   005YR 8554.00 870.78 886.89 879.75 887.52 0.001051 6.38 1340.00 169.33 0.34
TC-M80 2.020   010YR 10894.00 870.78 888.98 881.01 889.69 0.001071 6.76 1612.12 621.70 0.35
TC-M80 2.020   020YR 14033.00 870.78 891.21 882.47 892.04 0.000996 7.31 1925.98 809.79 0.34
TC-M80 2.020   050YR 16224.00 870.78 892.61 883.40 893.52 0.000967 7.67 2127.07 878.33 0.34
TC-M80 2.020   100YR 18733.00 870.78 894.06 884.42 895.07 0.000949 8.07 2337.94 1002.63 0.35



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 2.020   200YR 21068.00 870.78 895.32 885.32 896.42 0.000941 8.43 2519.22 1084.43 0.35
TC-M80 2.020   500YR 24355.00 870.78 896.92 886.60 898.15 0.000943 8.93 2750.80 1128.32 0.35

TC-M80 2.016   Bridge

TC-M80 2.012   001YR 1860.30 870.45 878.52 875.50 878.91 0.001590 4.97 374.55 71.01 0.38
TC-M80 2.012   002YR 6047.00 870.45 883.78 879.45 884.66 0.001858 7.53 803.21 88.12 0.44
TC-M80 2.012   005YR 8554.00 870.45 885.96 881.07 887.09 0.001972 8.56 999.74 118.05 0.46
TC-M80 2.012   010YR 10894.00 870.45 887.88 882.36 889.20 0.001979 9.21 1182.43 302.15 0.47
TC-M80 2.012   020YR 14033.00 870.45 889.85 883.90 891.46 0.002063 10.17 1381.50 629.13 0.49
TC-M80 2.012   050YR 16224.00 870.45 891.08 884.93 892.88 0.002063 10.77 1516.93 685.39 0.49
TC-M80 2.012   100YR 18733.00 870.45 892.37 886.01 894.38 0.002068 11.40 1670.38 739.97 0.50
TC-M80 2.012   200YR 21068.00 870.45 893.51 886.97 895.69 0.002060 11.91 1821.00 845.19 0.50
TC-M80 2.012   500YR 24355.00 870.45 895.07 888.27 897.41 0.002003 12.44 2054.00 996.46 0.50

TC-M80 2.002   001YR 1860.30 871.00 878.47 875.32 878.83 0.001413 4.81 386.97 70.87 0.36
TC-M80 2.002   002YR 6047.00 871.00 883.71 879.17 884.58 0.001806 7.48 808.29 89.90 0.44
TC-M80 2.002   005YR 8554.00 871.00 885.89 880.86 886.99 0.001921 8.45 1012.40 128.05 0.46
TC-M80 2.002   010YR 10894.00 871.00 887.82 882.21 889.09 0.001903 9.02 1208.32 357.14 0.47
TC-M80 2.002   020YR 14033.00 871.00 889.81 883.87 891.33 0.001923 9.88 1421.46 542.28 0.48
TC-M80 2.002   050YR 16224.00 871.00 891.05 884.89 892.74 0.001906 10.44 1557.53 617.91 0.48
TC-M80 2.002   100YR 18733.00 871.00 892.34 885.99 894.24 0.001904 11.05 1703.40 690.70 0.49
TC-M80 2.002   200YR 21068.00 871.00 893.48 886.96 895.55 0.001902 11.57 1836.36 769.06 0.50
TC-M80 2.002   500YR 24355.00 871.00 895.00 888.21 897.31 0.001896 12.23 2016.13 903.49 0.50

TC-M80 1.946   Bridge

TC-M80 1.927   001YR 1860.30 869.70 877.28 877.53 0.001067 3.96 469.92 71.14 0.27
TC-M80 1.927   002YR 6047.00 869.70 881.14 882.13 0.002758 7.97 758.82 78.65 0.45
TC-M80 1.927   005YR 8554.00 869.70 882.65 884.12 0.003605 9.72 879.80 81.59 0.52
TC-M80 1.927   010YR 10894.00 869.70 884.21 885.97 0.005313 10.64 1023.62 113.95 0.63
TC-M80 1.927   020YR 14033.00 869.70 885.99 888.01 0.005255 11.41 1229.85 117.13 0.62
TC-M80 1.927   050YR 16224.00 869.70 887.18 889.35 0.005199 11.85 1369.59 119.38 0.62
TC-M80 1.927   100YR 18733.00 869.70 888.54 890.82 0.004703 12.14 1588.18 230.19 0.60
TC-M80 1.927   200YR 21068.00 869.70 890.28 892.16 0.003460 11.34 2074.44 325.27 0.52
TC-M80 1.927   500YR 24355.00 869.70 892.41 886.55 893.79 0.002307 10.14 2876.88 433.92 0.44

TC-M80 1.878   001YR 1860.30 869.00 877.10 877.30 0.000602 3.61 514.77 69.12 0.23
TC-M80 1.878   002YR 6047.00 869.00 880.54 881.52 0.002018 7.94 761.44 74.77 0.44
TC-M80 1.878   005YR 8554.00 869.00 881.68 883.25 0.002917 10.08 848.96 80.67 0.55
TC-M80 1.878   010YR 10894.00 869.00 882.53 884.70 0.003740 11.84 920.31 87.78 0.64
TC-M80 1.878   020YR 14033.00 869.00 883.62 886.50 0.004601 13.62 1031.72 109.69 0.77
TC-M80 1.878   050YR 16224.00 869.00 884.00 882.04 887.56 0.005556 15.14 1074.16 112.63 0.84
TC-M80 1.878   100YR 18733.00 869.00 884.51 883.81 888.80 0.006485 16.63 1132.51 115.82 0.90
TC-M80 1.878   200YR 21068.00 869.00 884.85 884.64 889.94 0.007527 18.12 1171.85 117.92 0.96
TC-M80 1.878   500YR 24355.00 869.00 885.85 885.85 891.51 0.007844 19.13 1293.97 124.77 0.97

TC-M80 1.849   001YR 1860.30 868.97 876.91 872.70 877.18 0.000996 4.13 450.46 69.74 0.29
TC-M80 1.849   002YR 6047.00 868.97 879.87 876.59 881.08 0.003686 8.91 715.88 127.25 0.53
TC-M80 1.849   005YR 8554.00 868.97 880.78 878.33 882.64 0.005078 11.16 840.26 146.21 0.63
TC-M80 1.849   010YR 10894.00 868.97 881.45 880.36 883.93 0.006325 13.01 942.46 159.82 0.71
TC-M80 1.849   020YR 14033.00 868.97 882.11 882.05 885.52 0.008141 15.38 1053.18 173.37 0.81
TC-M80 1.849   050YR 16224.00 868.97 883.14 883.14 886.52 0.007406 15.56 1241.69 189.31 0.79
TC-M80 1.849   100YR 18733.00 868.97 883.93 883.93 887.52 0.007432 16.25 1392.81 195.66 0.80
TC-M80 1.849   200YR 21068.00 868.97 884.60 884.60 888.39 0.007464 16.84 1526.03 201.10 0.80
TC-M80 1.849   500YR 24355.00 868.97 885.44 885.44 889.53 0.007589 17.67 1697.82 207.90 0.82

TC-M80 1.814   001YR 1860.30 868.97 876.47 876.91 0.001912 5.35 350.84 109.70 0.40
TC-M80 1.814   002YR 6047.00 868.97 879.37 880.30 0.003728 8.54 908.29 237.83 0.54
TC-M80 1.814   005YR 8554.00 868.97 880.48 881.57 0.003871 9.51 1181.83 254.54 0.56
TC-M80 1.814   010YR 10894.00 868.97 881.45 882.62 0.003770 10.05 1432.66 264.95 0.56
TC-M80 1.814   020YR 14033.00 868.97 882.59 883.88 0.003624 10.60 1740.27 271.77 0.56
TC-M80 1.814   050YR 16224.00 868.97 883.28 884.66 0.003605 11.01 1929.81 275.84 0.57
TC-M80 1.814   100YR 18733.00 868.97 883.95 885.46 0.003696 11.57 2114.08 280.23 0.58
TC-M80 1.814   200YR 21068.00 868.97 884.53 886.17 0.003766 12.04 2278.53 284.43 0.59
TC-M80 1.814   500YR 24355.00 868.97 885.16 887.03 0.004029 12.86 2462.24 301.20 0.61

TC-M80 1.767   001YR 1860.30 868.69 874.88 874.73 876.00 0.007762 8.68 239.31 118.30 0.79
TC-M80 1.767   002YR 6047.00 868.69 878.09 879.24 0.005089 9.88 809.95 227.29 0.70
TC-M80 1.767   005YR 8554.00 868.69 879.13 880.49 0.005062 10.93 1051.65 236.59 0.71
TC-M80 1.767   010YR 10894.00 868.69 879.94 881.53 0.005258 11.95 1250.77 252.65 0.74
TC-M80 1.767   020YR 14033.00 868.69 880.99 882.79 0.005291 13.00 1532.12 281.69 0.76
TC-M80 1.767   050YR 16224.00 868.69 881.95 883.67 0.004522 12.86 1813.79 299.39 0.71
TC-M80 1.767   100YR 18733.00 868.69 882.78 884.51 0.004164 13.00 2061.91 304.79 0.69
TC-M80 1.767   200YR 21068.00 868.69 883.46 885.24 0.003956 13.20 2273.08 308.48 0.68
TC-M80 1.767   500YR 24355.00 868.69 883.95 886.02 0.004372 14.26 2423.93 310.96 0.72

TC-M80 1.702   001YR 1860.30 867.59 873.94 874.37 0.002560 5.58 403.05 137.16 0.47
TC-M80 1.702   002YR 6047.00 867.59 877.54 878.02 0.001888 6.60 1284.81 279.48 0.44
TC-M80 1.702   005YR 8554.00 867.59 878.53 879.17 0.002171 7.73 1565.89 294.57 0.48
TC-M80 1.702   010YR 10894.00 867.59 879.27 880.07 0.002496 8.79 1792.57 319.26 0.53



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 1.702   020YR 14033.00 867.59 880.44 881.33 0.002365 9.32 2176.28 330.05 0.52
TC-M80 1.702   050YR 16224.00 867.59 881.57 882.41 0.001968 9.13 2552.10 336.05 0.48
TC-M80 1.702   100YR 18733.00 867.59 882.42 883.30 0.001910 9.45 2837.87 340.64 0.48
TC-M80 1.702   200YR 21068.00 867.59 883.12 884.06 0.001893 9.78 3078.40 344.45 0.49
TC-M80 1.702   500YR 24355.00 867.59 883.54 884.69 0.002203 10.78 3223.95 346.74 0.53

TC-M80 1.651   001YR 2131.17 866.55 873.45 870.66 873.84 0.001497 5.06 436.87 141.70 0.38
TC-M80 1.651   002YR 6049.00 866.55 876.63 874.28 877.47 0.001987 7.87 1094.94 321.27 0.47
TC-M80 1.651   005YR 8395.00 866.55 877.37 875.67 878.49 0.002548 9.41 1343.51 345.93 0.54
TC-M80 1.651   010YR 10294.00 866.55 878.36 875.92 879.42 0.002277 9.49 1688.14 388.38 0.52
TC-M80 1.651   020YR 13039.00 866.55 879.82 877.89 880.77 0.001854 9.35 2212.01 488.27 0.48
TC-M80 1.651   050YR 15699.00 866.55 881.00 878.52 881.92 0.001675 9.46 2643.07 579.35 0.46
TC-M80 1.651   100YR 18034.00 866.55 881.92 879.02 882.84 0.001586 9.63 2984.98 638.15 0.45
TC-M80 1.651   200YR 20597.00 866.55 882.59 879.51 883.59 0.001652 10.13 3237.80 646.65 0.47
TC-M80 1.651   500YR 23968.00 866.55 882.83 880.13 884.11 0.002066 11.46 3331.70 649.81 0.52

TC-M80 1.607   001YR 2131.17 865.15 871.05 871.05 872.93 0.012184 11.01 193.63 51.46 1.00
TC-M80 1.607   002YR 6049.00 865.15 875.22 875.22 876.70 0.005237 10.83 838.35 325.32 0.72
TC-M80 1.607   005YR 8395.00 865.15 876.63 876.25 877.79 0.003723 10.33 1352.37 453.87 0.63
TC-M80 1.607   010YR 10294.00 865.15 877.97 876.73 878.81 0.002446 9.24 1861.95 530.83 0.52
TC-M80 1.607   020YR 13039.00 865.15 879.60 877.35 880.27 0.001743 8.65 2496.80 593.65 0.45
TC-M80 1.607   050YR 15699.00 865.15 880.84 877.86 881.48 0.001488 8.56 2996.13 621.15 0.42
TC-M80 1.607   100YR 18034.00 865.15 881.79 878.30 882.42 0.001352 8.56 3396.32 647.44 0.41
TC-M80 1.607   200YR 20597.00 865.15 882.81 878.74 883.15 0.000729 6.60 5005.56 709.80 0.30
TC-M80 1.607   500YR 23968.00 865.15 883.15 879.28 883.56 0.000858 7.27 5249.55 735.94 0.33

TC-M80 1.560   001YR 2131.17 863.94 870.07 868.60 870.89 0.004196 7.27 293.04 65.63 0.61
TC-M80 1.560   002YR 6049.00 863.94 874.39 872.56 875.43 0.002743 8.73 997.32 363.20 0.54
TC-M80 1.560   005YR 8395.00 863.94 876.42 874.68 877.08 0.001564 7.65 1753.56 461.59 0.42
TC-M80 1.560   010YR 10294.00 863.94 877.79 875.29 878.33 0.001173 7.21 2290.71 522.31 0.37
TC-M80 1.560   020YR 13039.00 863.94 879.47 876.02 879.92 0.000887 6.86 2986.89 597.46 0.33
TC-M80 1.560   050YR 15699.00 863.94 880.87 876.63 881.17 0.000574 5.90 4310.97 730.30 0.27
TC-M80 1.560   100YR 18034.00 863.94 881.87 877.10 882.13 0.000474 5.60 5074.18 775.95 0.25
TC-M80 1.560   200YR 20597.00 863.94 882.75 877.58 883.00 0.000411 5.41 5761.30 782.89 0.23
TC-M80 1.560   500YR 23968.00 863.94 883.08 878.18 883.38 0.000481 5.94 6019.35 785.57 0.26

TC-M80 1.512   001YR 2131.17 861.92 869.03 867.32 869.86 0.003881 7.29 292.32 61.56 0.59
TC-M80 1.512   002YR 6049.00 861.92 874.02 872.00 874.77 0.001916 7.61 1104.26 284.22 0.46
TC-M80 1.512   005YR 8395.00 861.92 876.15 873.51 876.71 0.001220 7.04 1734.44 310.30 0.38
TC-M80 1.512   010YR 10294.00 861.92 877.55 874.16 878.05 0.000978 6.83 2184.37 408.91 0.35
TC-M80 1.512   020YR 13039.00 861.92 879.25 874.93 879.71 0.000786 6.69 2782.45 551.65 0.32
TC-M80 1.512   050YR 15699.00 861.92 880.69 875.68 881.03 0.000558 6.02 3934.62 689.96 0.27
TC-M80 1.512   100YR 18034.00 861.92 881.72 876.22 882.02 0.000456 5.68 4672.55 728.13 0.25
TC-M80 1.512   200YR 20597.00 861.92 882.62 876.78 882.90 0.000402 5.53 5348.13 765.61 0.23
TC-M80 1.512   500YR 23968.00 861.92 882.92 877.44 883.26 0.000477 6.09 5578.99 766.93 0.26

TC-M80 1.395   001YR 2131.17 859.54 866.84 864.91 867.63 0.003374 7.15 298.19 57.50 0.55
TC-M80 1.395   002YR 6049.00 859.54 871.46 868.75 873.09 0.003666 10.23 592.07 283.42 0.62
TC-M80 1.395   005YR 8395.00 859.54 873.27 870.54 875.34 0.003718 11.59 734.50 343.42 0.64
TC-M80 1.395   010YR 10294.00 859.54 874.71 871.77 876.87 0.003293 11.91 885.24 422.54 0.61
TC-M80 1.395   020YR 13039.00 859.54 876.66 874.31 878.74 0.002537 11.59 1143.53 522.30 0.55
TC-M80 1.395   050YR 15699.00 859.54 878.15 875.75 880.25 0.002039 11.13 1389.03 606.21 0.50
TC-M80 1.395   100YR 18034.00 859.54 878.87 876.77 881.28 0.001991 11.35 1513.90 633.29 0.50
TC-M80 1.395   200YR 20597.00 859.54 879.08 877.59 882.11 0.002389 12.54 1549.90 635.19 0.55
TC-M80 1.395   500YR 23968.00 859.54 882.89 878.21 883.07 0.000133 3.41 7283.73 817.29 0.13

TC-M80 1.362   001YR 2131.17 859.24 866.38 863.85 867.09 0.002563 6.82 317.84 82.04 0.48
TC-M80 1.362   002YR 6049.00 859.24 870.89 868.08 872.47 0.003234 10.30 617.39 346.46 0.58
TC-M80 1.362   005YR 8395.00 859.24 872.59 869.88 874.68 0.003701 11.93 750.00 377.58 0.63
TC-M80 1.362   010YR 10294.00 859.24 873.60 871.19 876.18 0.004102 13.31 838.63 399.83 0.68
TC-M80 1.362   020YR 13039.00 859.24 874.73 872.66 878.03 0.004712 15.15 950.25 468.01 0.74
TC-M80 1.362   050YR 15699.00 859.24 875.92 874.97 879.57 0.004738 16.10 1091.69 548.49 0.75
TC-M80 1.362   100YR 18034.00 859.24 876.96 876.94 880.65 0.004458 16.37 1246.93 625.62 0.74
TC-M80 1.362   200YR 20597.00 859.24 878.19 878.19 881.55 0.003740 15.78 1469.60 704.11 0.68
TC-M80 1.362   500YR 23968.00 859.24 879.57 878.92 882.70 0.003032 14.98 1731.83 710.70 0.62

TC-M80 1.296   001YR 2131.17 858.77 865.19 863.23 866.03 0.003592 7.34 290.41 74.83 0.56
TC-M80 1.296   002YR 6049.00 858.77 869.28 867.37 871.16 0.004214 11.17 572.90 239.76 0.66
TC-M80 1.296   005YR 8395.00 858.77 871.03 869.26 873.30 0.004149 12.47 744.09 330.84 0.67
TC-M80 1.296   010YR 10294.00 858.77 871.77 870.63 874.61 0.004809 14.04 829.80 366.93 0.73
TC-M80 1.296   020YR 13039.00 858.77 873.13 872.44 876.33 0.004847 15.19 1005.57 400.64 0.75
TC-M80 1.296   050YR 15699.00 858.77 874.77 873.75 877.86 0.004148 15.22 1241.50 454.79 0.71
TC-M80 1.296   100YR 18034.00 858.77 875.82 874.66 879.04 0.004018 15.70 1406.07 494.12 0.70
TC-M80 1.296   200YR 20597.00 858.77 877.82 876.91 880.09 0.002592 13.67 1866.67 805.29 0.58
TC-M80 1.296   500YR 23968.00 858.77 879.70 877.76 881.51 0.001796 12.18 2322.27 957.48 0.49

TC-M80 1.248   001YR 2131.17 858.02 862.46 862.46 864.38 0.012360 11.12 191.59 49.58 1.00
TC-M80 1.248   002YR 6049.00 858.02 866.89 866.55 869.66 0.007676 13.60 469.14 77.26 0.87
TC-M80 1.248   005YR 8395.00 858.02 868.81 868.28 871.88 0.006929 14.50 637.51 103.44 0.85
TC-M80 1.248   010YR 10294.00 858.02 870.27 869.97 873.27 0.005767 14.58 805.51 122.83 0.79
TC-M80 1.248   020YR 13039.00 858.02 872.20 871.23 875.03 0.004556 14.49 1056.89 138.15 0.72



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 1.248   050YR 15699.00 858.02 874.13 872.31 876.74 0.003577 14.13 1349.67 256.82 0.66
TC-M80 1.248   100YR 18034.00 858.02 875.10 873.21 877.95 0.003674 14.96 1536.32 347.12 0.67
TC-M80 1.248   200YR 20597.00 858.02 876.69 874.21 879.34 0.003117 14.72 1897.05 485.65 0.63
TC-M80 1.248   500YR 23968.00 858.02 879.12 874.80 881.02 0.001991 12.85 2565.07 710.62 0.51

TC-M80 1.204   001YR 2212.26 854.31 861.99 859.65 862.73 0.002890 6.94 318.99 56.73 0.52
TC-M80 1.204   002YR 6419.00 854.31 866.35 863.96 868.05 0.004261 10.44 614.56 78.58 0.66
TC-M80 1.204   005YR 8938.00 854.31 868.22 865.83 870.32 0.004468 11.62 769.65 289.61 0.69
TC-M80 1.204   010YR 10981.00 854.31 869.55 867.11 871.92 0.004391 12.37 891.61 333.72 0.69
TC-M80 1.204   020YR 13828.00 854.31 871.35 868.69 873.99 0.003931 13.09 1077.34 388.45 0.68
TC-M80 1.204   050YR 16834.00 854.31 872.90 870.06 875.85 0.003759 13.91 1256.05 427.03 0.67
TC-M80 1.204   100YR 19441.00 854.31 873.02 871.24 876.87 0.004852 15.90 1270.77 429.82 0.77
TC-M80 1.204   200YR 22341.00 854.31 873.42 872.54 878.16 0.005742 17.64 1321.68 439.17 0.84
TC-M80 1.204   500YR 26130.00 854.31 874.11 874.11 879.85 0.006572 19.50 1410.26 455.17 0.90

TC-M80 1.136   001YR 2212.26 854.59 860.69 859.14 861.52 0.003912 7.37 306.09 71.85 0.59
TC-M80 1.136   002YR 6419.00 854.59 865.40 863.03 866.67 0.002882 9.42 749.46 117.17 0.56
TC-M80 1.136   005YR 8938.00 854.59 867.68 864.59 868.98 0.002240 9.67 1035.84 134.17 0.51
TC-M80 1.136   010YR 10981.00 854.59 869.25 865.80 870.59 0.001989 9.94 1254.95 404.66 0.49
TC-M80 1.136   020YR 13828.00 854.59 871.36 867.00 872.72 0.001687 10.15 1580.19 559.02 0.46
TC-M80 1.136   050YR 16834.00 854.59 873.12 868.17 874.56 0.001581 10.58 1874.46 607.75 0.46
TC-M80 1.136   100YR 19441.00 854.59 873.37 869.07 875.21 0.001982 11.97 1918.70 614.71 0.51
TC-M80 1.136   200YR 22341.00 854.59 873.99 870.04 876.16 0.002256 13.08 2030.14 631.82 0.55
TC-M80 1.136   500YR 26130.00 854.59 874.63 871.23 877.30 0.002659 14.54 2149.63 670.61 0.60

TC-M80 1.091   001YR 2212.26 854.02 859.89 858.13 860.63 0.003393 6.88 321.74 65.84 0.55
TC-M80 1.091   002YR 6419.00 854.02 864.40 861.78 865.88 0.003712 9.75 658.54 84.22 0.61
TC-M80 1.091   005YR 8938.00 854.02 866.54 863.47 868.27 0.003586 10.53 848.98 93.98 0.62
TC-M80 1.091   010YR 10981.00 854.02 868.03 864.71 869.93 0.003330 11.06 1004.13 120.67 0.61
TC-M80 1.091   020YR 13828.00 854.02 870.58 866.22 872.23 0.002259 10.56 1489.64 238.44 0.52
TC-M80 1.091   050YR 16834.00 854.02 872.82 867.63 874.14 0.001591 9.86 2046.61 261.83 0.45
TC-M80 1.091   100YR 19441.00 854.02 872.99 869.76 874.69 0.002008 11.17 2092.76 265.12 0.50
TC-M80 1.091   200YR 22341.00 854.02 873.65 871.24 875.55 0.002166 11.93 2272.40 305.74 0.53
TC-M80 1.091   500YR 26130.00 854.02 874.35 872.20 876.55 0.002421 12.98 2469.99 360.63 0.56

TC-M80 1.074   Bridge

TC-M80 1.055   001YR 2212.26 853.83 858.66 857.57 859.47 0.004871 7.23 306.06 78.60 0.65
TC-M80 1.055   002YR 6419.00 853.83 862.66 860.80 864.13 0.004321 9.75 658.21 97.41 0.66
TC-M80 1.055   005YR 8938.00 853.83 863.79 862.26 865.87 0.005312 11.58 771.70 102.74 0.74
TC-M80 1.055   010YR 10981.00 853.83 865.60 863.32 867.61 0.004179 11.38 967.09 117.11 0.68
TC-M80 1.055   020YR 13828.00 853.83 866.23 864.63 868.99 0.005338 13.35 1043.97 129.81 0.77
TC-M80 1.055   050YR 16834.00 853.83 868.07 865.90 870.65 0.004051 13.11 1404.97 244.11 0.69
TC-M80 1.055   100YR 19441.00 853.83 870.07 867.81 872.00 0.002614 11.76 1967.06 315.81 0.57
TC-M80 1.055   200YR 22341.00 853.83 871.98 869.07 873.42 0.001750 10.53 2619.05 396.29 0.48
TC-M80 1.055   500YR 26130.00 853.83 874.15 870.15 875.25 0.001174 9.44 3410.01 483.85 0.40

TC-M80 1.017   001YR 2212.26 848.40 858.26 855.07 858.75 0.001808 5.63 393.27 68.37 0.41
TC-M80 1.017   002YR 6419.00 848.40 862.42 859.11 863.23 0.002032 7.71 1036.69 461.41 0.47
TC-M80 1.017   005YR 8938.00 848.40 863.98 862.33 864.66 0.001510 7.44 1536.49 493.58 0.41
TC-M80 1.017   010YR 10981.00 848.40 866.08 862.94 866.52 0.000801 6.15 2230.84 519.41 0.31
TC-M80 1.017   020YR 13828.00 848.40 867.00 863.60 867.52 0.000860 6.70 2547.55 547.82 0.33
TC-M80 1.017   050YR 16834.00 848.40 868.86 864.20 869.33 0.000651 6.36 3202.51 653.02 0.29
TC-M80 1.017   100YR 19441.00 848.40 870.63 864.68 871.05 0.000497 5.99 3868.10 810.52 0.26
TC-M80 1.017   200YR 22341.00 848.40 872.35 865.16 872.75 0.000402 5.76 4534.04 866.59 0.24
TC-M80 1.017   500YR 26130.00 848.40 874.39 865.73 874.78 0.000331 5.60 5335.82 932.66 0.22

TC-M80 0.992   001YR 2247.76 847.82 858.15 858.51 0.001307 4.82 465.95 79.46 0.35
TC-M80 0.992   002YR 6538.00 847.82 862.61 862.93 0.000798 5.33 1924.24 584.15 0.30
TC-M80 0.992   005YR 9107.00 847.82 864.17 864.42 0.000576 5.00 2892.13 645.15 0.26
TC-M80 0.992   010YR 11201.00 847.82 866.22 866.37 0.000299 4.02 4260.71 681.10 0.19
TC-M80 0.992   020YR 13781.00 847.82 867.20 867.35 0.000295 4.18 4928.24 691.48 0.19
TC-M80 0.992   050YR 17035.00 847.82 869.03 869.18 0.000260 4.25 6253.27 842.36 0.19
TC-M80 0.992   100YR 19846.00 847.82 870.80 870.93 0.000189 3.88 7782.09 884.33 0.16
TC-M80 0.992   200YR 22744.00 847.82 872.52 872.64 0.000147 3.64 9349.92 930.81 0.14
TC-M80 0.992   500YR 26642.00 847.82 874.57 874.67 0.000115 3.44 11281.68 955.58 0.13

TC-M80 0.991   001YR 2247.76 847.60 858.13 853.89 858.38 0.000790 4.01 560.39 86.22 0.28
TC-M80 0.991   002YR 6538.00 847.60 861.98 857.16 862.77 0.001571 7.14 915.39 98.18 0.41
TC-M80 0.991   005YR 9107.00 847.60 862.95 858.68 864.21 0.002191 9.01 1012.43 101.07 0.49
TC-M80 0.991   010YR 11201.00 847.60 864.83 859.78 866.18 0.001896 9.37 1206.93 106.62 0.47
TC-M80 0.991   020YR 13781.00 847.60 865.16 861.03 867.11 0.002621 11.21 1242.67 107.61 0.56
TC-M80 0.991   050YR 17035.00 847.60 866.48 862.42 868.89 0.002854 12.51 1387.28 111.53 0.59
TC-M80 0.991   100YR 19846.00 847.60 868.00 863.50 870.63 0.002717 13.08 1560.12 116.04 0.59
TC-M80 0.991   200YR 22744.00 847.60 869.65 864.52 872.34 0.002457 13.31 1877.63 228.25 0.57
TC-M80 0.991   500YR 26642.00 847.60 871.92 865.92 874.40 0.002011 13.09 2415.42 246.38 0.52

TC-M80 0.965   Bridge

TC-M80 0.945   001YR 2247.76 844.50 856.32 856.65 0.001133 4.61 487.09 78.49 0.33
TC-M80 0.945   002YR 6538.00 844.50 860.12 861.15 0.002038 8.14 809.97 89.99 0.46



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 0.945   005YR 9107.00 844.50 860.68 862.45 0.003269 10.70 860.18 91.72 0.59
TC-M80 0.945   010YR 11201.00 844.50 862.78 864.58 0.002599 10.83 1059.63 98.30 0.55
TC-M80 0.945   020YR 13781.00 844.50 861.45 864.93 0.005824 15.01 932.22 94.15 0.80
TC-M80 0.945   050YR 17035.00 844.50 862.23 861.53 866.83 0.007022 17.27 1006.88 96.61 0.89
TC-M80 0.945   100YR 19846.00 844.50 863.20 862.67 868.46 0.007265 18.52 1101.15 99.62 0.92
TC-M80 0.945   200YR 22744.00 844.50 864.04 863.89 870.05 0.007629 19.81 1186.58 102.27 0.95
TC-M80 0.945   500YR 26642.00 844.50 865.38 865.38 872.08 0.007539 20.98 1325.96 106.46 0.96

TC-M80 0.940   001YR 2247.76 844.49 856.21 856.54 0.001114 4.63 485.22 77.66 0.33
TC-M80 0.940   002YR 6538.00 844.49 859.95 860.92 0.001990 7.92 849.77 117.50 0.46
TC-M80 0.940   005YR 9107.00 844.49 860.39 862.08 0.003275 10.49 902.44 122.33 0.60
TC-M80 0.940   010YR 11201.00 844.49 862.66 864.20 0.002300 10.14 1210.77 149.71 0.52
TC-M80 0.940   020YR 13781.00 844.49 860.84 860.03 864.32 0.006368 15.09 958.90 127.31 0.84
TC-M80 0.940   050YR 17035.00 844.49 861.51 861.51 866.08 0.007743 17.36 1045.68 135.32 0.94
TC-M80 0.940   100YR 19846.00 844.49 862.73 862.73 867.50 0.007077 17.85 1220.43 150.50 0.91
TC-M80 0.940   200YR 22744.00 844.49 863.87 863.87 868.81 0.006591 18.31 1399.91 163.26 0.90
TC-M80 0.940   500YR 26642.00 844.49 865.19 865.19 870.40 0.006235 19.00 1624.22 175.46 0.88

TC-M80 0.897   001YR 2247.76 844.30 854.30 854.30 855.90 0.007360 11.34 250.28 72.51 0.74
TC-M80 0.897   002YR 6538.00 844.30 858.80 858.80 860.23 0.004517 12.28 777.58 329.73 0.63
TC-M80 0.897   005YR 9107.00 844.30 859.62 859.62 861.15 0.004890 13.36 1049.85 335.19 0.66
TC-M80 0.897   010YR 11201.00 844.30 863.13 863.55 0.000961 6.98 2256.91 364.89 0.31
TC-M80 0.897   020YR 13781.00 844.30 861.19 862.60 0.004013 13.10 1582.90 342.37 0.61
TC-M80 0.897   050YR 17035.00 844.30 862.59 863.77 0.002878 11.81 2066.16 348.83 0.53
TC-M80 0.897   100YR 19846.00 844.30 863.78 864.84 0.002257 10.99 2496.20 374.03 0.47
TC-M80 0.897   200YR 22744.00 844.30 864.59 865.68 0.002114 10.98 2804.57 385.43 0.46
TC-M80 0.897   500YR 26642.00 844.30 865.76 866.85 0.001865 10.76 3263.28 401.65 0.44

TC-M80 0.830   001YR 2247.76 845.36 852.00 852.76 0.003012 6.99 321.71 57.57 0.52
TC-M80 0.830   002YR 6538.00 845.36 857.09 857.93 0.001917 8.06 1048.14 267.49 0.45
TC-M80 0.830   005YR 9107.00 845.36 858.80 859.53 0.001498 7.93 1512.07 276.84 0.41
TC-M80 0.830   010YR 11201.00 845.36 863.00 863.30 0.000431 5.23 2731.46 306.02 0.23
TC-M80 0.830   020YR 13781.00 845.36 860.82 861.64 0.001421 8.59 2082.26 289.25 0.41
TC-M80 0.830   050YR 17035.00 845.36 862.16 863.01 0.001323 8.83 2476.84 299.03 0.40
TC-M80 0.830   100YR 19846.00 845.36 863.35 864.22 0.001211 8.89 2839.50 308.93 0.39
TC-M80 0.830   200YR 22744.00 845.36 864.12 865.08 0.001258 9.35 3080.20 315.69 0.40
TC-M80 0.830   500YR 26642.00 845.36 865.26 866.30 0.001259 9.76 3446.20 327.93 0.41

TC-M80 0.750   001YR 2247.76 844.35 849.64 848.80 850.90 0.006551 9.01 249.56 56.00 0.75
TC-M80 0.750   002YR 6538.00 844.35 853.35 852.89 856.23 0.008582 13.61 480.22 117.47 0.91
TC-M80 0.750   005YR 9107.00 844.35 855.64 855.64 858.22 0.005977 13.26 763.83 230.49 0.79
TC-M80 0.750   010YR 11201.00 844.35 856.64 856.64 859.28 0.005640 13.71 931.81 320.69 0.78
TC-M80 0.750   020YR 13781.00 844.35 858.17 857.52 860.51 0.004301 13.22 1202.50 371.80 0.70
TC-M80 0.750   050YR 17035.00 844.35 859.79 858.49 862.02 0.003493 13.05 1506.22 417.19 0.64
TC-M80 0.750   100YR 19846.00 844.35 861.22 859.25 863.33 0.002921 12.80 1786.72 471.96 0.60
TC-M80 0.750   200YR 22744.00 844.35 861.42 859.96 864.07 0.003601 14.35 1828.33 482.30 0.67
TC-M80 0.750   500YR 26642.00 844.35 862.38 860.83 865.27 0.003625 15.03 2041.06 535.24 0.68

TC-M80 0.693   001YR 2247.76 842.33 847.53 846.75 848.61 0.008572 8.34 269.56 69.41 0.75
TC-M80 0.693   002YR 6538.00 842.33 852.31 850.28 853.89 0.005124 10.12 651.20 146.51 0.65
TC-M80 0.693   005YR 9107.00 842.33 854.41 851.86 856.15 0.004155 10.72 890.41 248.93 0.61
TC-M80 0.693   010YR 11201.00 842.33 855.80 853.17 857.65 0.003767 11.17 1079.22 351.95 0.59
TC-M80 0.693   020YR 13781.00 842.33 857.29 854.55 859.25 0.003454 11.63 1306.01 504.81 0.58
TC-M80 0.693   050YR 17035.00 842.33 858.90 856.00 860.97 0.003218 12.16 1571.21 543.02 0.57
TC-M80 0.693   100YR 19846.00 842.33 860.40 857.21 862.45 0.002845 12.23 1839.41 589.20 0.54
TC-M80 0.693   200YR 22744.00 842.33 862.77 858.10 863.06 0.000462 5.41 5605.72 749.55 0.22
TC-M80 0.693   500YR 26642.00 842.33 863.93 859.24 864.22 0.000399 5.25 6482.75 756.51 0.21

TC-M80 0.628   001YR 2270.85 839.11 846.16 844.17 846.93 0.002943 7.00 324.32 61.04 0.54
TC-M80 0.628   002YR 6683.00 839.11 850.48 848.15 852.33 0.003992 10.92 611.95 111.22 0.67
TC-M80 0.628   005YR 9325.00 839.11 852.19 850.06 854.60 0.004539 12.46 749.54 176.42 0.73
TC-M80 0.628   010YR 11463.00 839.11 853.36 851.53 856.14 0.004559 13.45 873.27 404.97 0.75
TC-M80 0.628   020YR 14131.00 839.11 854.71 853.33 857.81 0.004347 14.30 1040.07 460.55 0.75
TC-M80 0.628   050YR 17355.00 839.11 856.59 854.93 859.70 0.003655 14.52 1292.62 495.02 0.70
TC-M80 0.628   100YR 20403.00 839.11 858.22 856.17 861.32 0.003193 14.67 1532.13 545.39 0.67
TC-M80 0.628   200YR 23434.00 839.11 858.32 857.25 862.33 0.004098 16.69 1547.76 550.65 0.76
TC-M80 0.628   500YR 27557.00 839.11 860.47 860.47 863.63 0.002883 15.31 2058.26 701.46 0.65

TC-M80 0.571   001YR 2270.85 838.44 845.69 842.49 846.18 0.001709 5.62 403.86 65.16 0.40
TC-M80 0.571   002YR 6683.00 838.44 849.71 846.44 851.17 0.003037 9.73 690.06 140.62 0.56
TC-M80 0.571   005YR 9325.00 838.44 851.24 848.27 853.30 0.003511 11.57 821.25 306.20 0.62
TC-M80 0.571   010YR 11463.00 838.44 852.27 849.54 854.81 0.003858 12.89 916.19 451.02 0.66
TC-M80 0.571   020YR 14131.00 838.44 853.36 851.12 856.51 0.004282 14.40 1023.34 466.61 0.70
TC-M80 0.571   050YR 17355.00 838.44 854.45 852.75 858.36 0.004817 16.12 1138.96 486.33 0.76
TC-M80 0.571   100YR 20403.00 838.44 855.27 854.21 859.93 0.005381 17.69 1232.02 502.17 0.81
TC-M80 0.571   200YR 23434.00 838.44 857.57 857.57 861.02 0.003480 15.66 1645.76 663.42 0.67
TC-M80 0.571   500YR 27557.00 838.44 858.45 858.45 862.19 0.003534 16.31 1834.43 695.18 0.68

TC-M80 0.514   001YR 2270.85 838.44 844.98 842.51 845.56 0.002437 6.10 372.14 71.46 0.47
TC-M80 0.514   002YR 6683.00 838.44 848.46 846.35 850.13 0.003811 10.41 656.81 120.84 0.64
TC-M80 0.514   005YR 9325.00 838.44 849.80 848.04 852.10 0.004361 12.30 789.69 216.62 0.70
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Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 0.514   010YR 11463.00 838.44 850.79 849.32 853.52 0.004613 13.50 897.18 279.33 0.73
TC-M80 0.514   020YR 14131.00 838.44 851.59 850.71 855.04 0.005338 15.24 991.10 329.58 0.79
TC-M80 0.514   050YR 17355.00 838.44 852.61 852.26 856.75 0.005808 16.83 1120.35 405.21 0.84
TC-M80 0.514   100YR 20403.00 838.44 853.56 853.56 858.21 0.006023 17.99 1251.70 496.37 0.87
TC-M80 0.514   200YR 23434.00 838.44 856.63 856.63 858.92 0.002570 13.49 2156.95 871.12 0.59
TC-M80 0.514   500YR 27557.00 838.44 857.23 857.23 859.69 0.002677 14.09 2397.93 878.86 0.60

TC-M80 0.445   001YR 2270.85 839.00 843.61 842.46 844.38 0.004397 7.05 331.11 100.93 0.62
TC-M80 0.445   002YR 6683.00 839.00 847.37 845.72 848.69 0.003530 9.57 798.88 280.54 0.62
TC-M80 0.445   005YR 9325.00 839.00 849.03 847.16 850.51 0.003160 10.37 1071.10 440.54 0.61
TC-M80 0.445   010YR 11463.00 839.00 850.34 848.11 851.87 0.002793 10.67 1307.84 504.89 0.59
TC-M80 0.445   020YR 14131.00 839.00 851.34 849.16 853.13 0.002934 11.64 1499.89 554.36 0.61
TC-M80 0.445   050YR 17355.00 839.00 852.82 850.25 854.68 0.002682 12.07 1808.00 672.59 0.59
TC-M80 0.445   100YR 20403.00 839.00 854.17 851.19 855.92 0.002293 11.93 2165.99 752.97 0.56
TC-M80 0.445   200YR 23434.00 839.00 856.41 852.19 856.65 0.000324 4.94 6164.83 764.60 0.22
TC-M80 0.445   500YR 27557.00 839.00 857.78 853.99 858.01 0.000264 4.71 7216.71 771.24 0.20

TC-M80 0.369   001YR 2270.85 837.00 842.53 840.46 842.91 0.002632 5.00 473.92 117.28 0.41
TC-M80 0.369   002YR 6683.00 837.00 846.54 843.23 847.34 0.002537 7.42 995.15 168.45 0.44
TC-M80 0.369   005YR 9325.00 837.00 848.21 844.51 849.23 0.002605 8.45 1241.69 248.67 0.46
TC-M80 0.369   010YR 11463.00 837.00 849.57 845.42 850.70 0.002490 8.96 1455.45 322.37 0.46
TC-M80 0.369   020YR 14131.00 837.00 850.45 846.49 851.86 0.002865 10.09 1609.95 563.41 0.50
TC-M80 0.369   050YR 17355.00 837.00 852.21 847.65 853.52 0.002334 9.94 2005.57 735.37 0.46
TC-M80 0.369   100YR 20403.00 837.00 853.73 848.69 854.95 0.001860 9.49 2370.12 743.52 0.42
TC-M80 0.369   200YR 23434.00 837.00 856.31 849.78 856.53 0.000283 4.09 6379.89 752.49 0.17
TC-M80 0.369   500YR 27557.00 837.00 857.70 852.08 857.91 0.000235 3.91 7424.54 756.66 0.15

TC-M80 0.295   001YR 2270.85 834.55 840.80 839.46 841.48 0.005216 6.63 342.69 85.00 0.58
TC-M80 0.295   002YR 6683.00 834.55 844.45 842.65 845.88 0.005510 9.67 728.15 137.58 0.64
TC-M80 0.295   005YR 9325.00 834.55 846.04 844.20 847.76 0.005333 10.72 943.92 169.38 0.65
TC-M80 0.295   010YR 11463.00 834.55 848.49 845.17 849.67 0.002778 9.17 1393.52 427.56 0.49
TC-M80 0.295   020YR 14131.00 834.55 849.51 846.38 850.76 0.002605 9.43 1618.99 507.61 0.48
TC-M80 0.295   050YR 17355.00 834.55 851.65 848.59 852.72 0.001582 8.21 2108.85 679.28 0.39
TC-M80 0.295   100YR 20403.00 834.55 853.24 849.21 854.34 0.001221 7.75 2488.77 732.96 0.35
TC-M80 0.295   200YR 23434.00 834.55 855.18 849.73 856.26 0.000871 7.08 2965.30 753.27 0.30
TC-M80 0.295   500YR 27557.00 834.55 856.37 850.37 857.65 0.000862 7.36 3265.17 757.79 0.30

TC-M80 0.217   001YR 2270.85 833.53 838.42 837.39 839.32 0.005205 7.60 298.89 74.21 0.67
TC-M80 0.217   002YR 6683.00 833.53 842.23 841.01 843.80 0.004598 10.32 692.67 158.73 0.68
TC-M80 0.217   005YR 9325.00 833.53 844.73 842.48 846.10 0.002820 9.87 1042.08 208.00 0.56
TC-M80 0.217   010YR 11463.00 833.53 847.85 843.39 848.82 0.001416 8.44 1538.16 438.19 0.42
TC-M80 0.217   020YR 14131.00 833.53 848.72 844.43 849.91 0.001608 9.40 1703.31 490.39 0.45
TC-M80 0.217   050YR 17355.00 833.53 851.09 845.52 852.16 0.001166 8.91 2170.32 516.03 0.39
TC-M80 0.217   100YR 20403.00 833.53 852.81 846.38 853.88 0.000996 8.81 2531.70 520.81 0.37
TC-M80 0.217   200YR 23434.00 833.53 854.90 847.76 855.90 0.000781 8.40 2978.91 524.85 0.33
TC-M80 0.217   500YR 27557.00 833.53 856.10 849.00 857.27 0.000822 8.97 3241.12 527.12 0.35

I-35 bypass .115    001YR 246.62 840.00 846.58 841.55 846.59 0.000008 0.40 745.84 457.96 0.03
I-35 bypass .115    002YR 725.78 840.00 847.35 842.64 847.36 0.000024 0.75 1083.57 509.70 0.06
I-35 bypass .115    005YR 1012.70 840.00 847.70 843.10 847.71 0.000031 0.88 1246.64 533.04 0.06
I-35 bypass .115    010YR 336.09 840.00 846.76 841.82 846.77 0.000012 0.48 821.87 470.22 0.04
I-35 bypass .115    020YR 1534.63 840.00 848.28 843.75 848.29 0.000035 1.00 1633.10 554.80 0.07
I-35 bypass .115    050YR 1884.63 840.00 848.65 844.11 848.67 0.000036 1.05 1840.26 556.75 0.07
I-35 bypass .115    100YR 2502.24 840.00 849.21 844.77 849.24 0.000038 1.14 2155.29 559.72 0.07
I-35 bypass .115    200YR 2544.94 840.00 849.77 844.81 849.80 0.000025 0.97 2470.11 562.66 0.06
I-35 bypass .115    500YR 4389.75 840.00 851.32 845.98 851.36 0.000028 1.15 3377.19 594.18 0.07

I-35 bypass .080    001YR 246.62 845.59 846.55 845.99 846.58 0.000129 1.45 170.66 182.38 0.26
I-35 bypass .080    002YR 725.78 845.59 847.25 846.40 847.34 0.000174 2.44 299.98 185.90 0.33
I-35 bypass .080    005YR 1012.70 845.59 847.56 846.60 847.69 0.000189 2.86 358.42 187.47 0.36
I-35 bypass .080    010YR 336.09 845.59 846.71 846.08 846.76 0.000139 1.68 201.05 183.21 0.28
I-35 bypass .080    020YR 1534.63 845.59 848.09 846.91 848.27 0.000196 3.41 457.60 462.12 0.38
I-35 bypass .080    050YR 1884.63 845.59 848.43 847.10 848.64 0.000190 3.66 523.81 467.26 0.38
I-35 bypass .080    100YR 2502.24 845.59 848.95 847.41 849.21 0.000191 4.10 623.28 474.89 0.40
I-35 bypass .080    200YR 2544.94 845.59 849.59 847.44 849.77 0.000110 3.49 748.29 484.08 0.31
I-35 bypass .080    500YR 4389.75 845.59 851.03 848.24 851.33 0.000115 4.39 1040.16 508.99 0.33

I-35 bypass .061    Bridge

I-35 bypass .0425   001YR 246.62 845.09 845.53 845.51 845.71 0.014621 3.43 71.96 166.15 0.92
I-35 bypass .0425   002YR 725.78 845.09 845.94 845.94 846.36 0.013851 5.15 140.82 169.17 1.00
I-35 bypass .0425   005YR 1012.70 845.09 846.15 846.15 846.66 0.013094 5.77 175.55 170.67 1.00
I-35 bypass .0425   010YR 336.09 845.09 845.60 845.60 845.85 0.016612 4.02 83.50 166.66 1.00
I-35 bypass .0425   020YR 1534.63 845.09 846.47 846.47 847.16 0.012186 6.63 231.51 369.84 1.01
I-35 bypass .0425   050YR 1884.63 845.09 846.69 846.69 847.45 0.011285 7.01 268.78 376.82 1.00
I-35 bypass .0425   100YR 2502.24 845.09 848.10 847.01 848.46 0.002218 4.80 528.95 421.22 0.49
I-35 bypass .0425   200YR 2544.94 845.09 849.32 847.03 849.50 0.000705 3.41 767.22 463.94 0.29
I-35 bypass .0425   500YR 4389.75 845.09 850.66 847.86 850.94 0.000802 4.37 1043.25 643.09 0.33

I-35 bypass .001    001YR 246.62 843.99 844.44 844.44 844.65 0.002407 3.69 66.84 157.00 1.00
I-35 bypass .001    002YR 725.78 843.99 844.90 844.90 845.32 0.001923 5.23 138.65 158.93 0.99



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
I-35 bypass .001    005YR 1012.70 843.99 845.10 845.10 845.64 0.001892 5.91 171.25 159.80 1.01
I-35 bypass .001    010YR 336.09 843.99 844.54 844.54 844.80 0.002247 4.08 82.43 157.42 0.99
I-35 bypass .001    020YR 1534.63 843.99 845.45 845.45 846.16 0.001734 6.74 227.81 161.30 1.00
I-35 bypass .001    050YR 1884.63 843.99 846.68 845.66 846.98 0.000323 4.41 431.33 371.55 0.48
I-35 bypass .001    100YR 2502.24 843.99 848.10 846.00 848.32 0.000133 3.77 677.04 411.96 0.33
I-35 bypass .001    200YR 2544.94 843.99 849.31 846.02 849.45 0.000056 2.93 896.32 452.86 0.22
I-35 bypass .001    500YR 4389.75 843.99 850.64 846.89 850.88 0.000078 3.99 1176.43 555.89 0.27

TC-M80a 0.115   001YR 2024.24 832.00 838.76 839.17 0.001521 5.17 391.42 65.57 0.37
TC-M80a 0.115   002YR 5957.23 832.00 842.48 843.70 0.002456 9.03 759.62 127.83 0.51
TC-M80a 0.115   005YR 8312.30 832.00 844.73 846.10 0.002172 9.77 1077.97 155.34 0.50
TC-M80a 0.115   010YR 11126.91 832.00 847.39 848.77 0.001763 10.07 1534.31 186.20 0.47
TC-M80a 0.115   020YR 12596.37 832.00 848.43 849.88 0.001718 10.41 1734.78 200.07 0.46
TC-M80a 0.115   050YR 15470.37 832.00 850.61 852.12 0.001552 10.80 2213.07 245.07 0.45
TC-M80a 0.115   100YR 17900.76 832.00 852.41 853.84 0.001359 10.77 2671.45 258.43 0.43
TC-M80a 0.115   200YR 20889.06 832.00 854.52 855.87 0.001168 10.70 3223.53 263.69 0.40
TC-M80a 0.115   500YR 23167.25 832.00 855.93 857.26 0.001086 10.76 3598.79 267.17 0.39

TC-M80a 0.080   001YR 2024.24 831.00 838.66 834.65 838.91 0.001045 4.20 603.02 117.49 0.27
TC-M80a 0.080   002YR 5957.23 831.00 842.48 838.15 843.17 0.001839 7.37 1078.19 133.36 0.39
TC-M80a 0.080   005YR 8312.30 831.00 844.77 839.48 845.59 0.001769 8.19 1400.02 147.10 0.39
TC-M80a 0.080   010YR 11126.91 831.00 847.43 840.87 848.34 0.001586 8.75 1808.07 159.57 0.38
TC-M80a 0.080   020YR 12596.37 831.00 848.47 841.50 849.45 0.001601 9.16 1976.08 164.84 0.39
TC-M80a 0.080   050YR 15470.37 831.00 850.64 842.69 851.72 0.001527 9.69 2347.25 176.62 0.39
TC-M80a 0.080   100YR 17900.76 831.00 852.36 843.72 853.50 0.001473 10.07 2658.72 186.53 0.39
TC-M80a 0.080   200YR 20889.06 831.00 854.39 844.89 855.60 0.001410 10.48 3050.01 200.26 0.38
TC-M80a 0.080   500YR 23167.25 831.00 855.74 845.68 857.03 0.001403 10.86 3330.28 213.11 0.39

TC-M80a 0.061   Bridge

TC-M80a 0.043   001YR 2024.24 830.00 837.34 837.65 0.001079 4.49 451.21 72.85 0.32
TC-M80a 0.043   002YR 5957.23 830.00 840.30 841.47 0.002505 8.73 742.44 132.08 0.51
TC-M80a 0.043   005YR 8312.30 830.00 841.44 843.13 0.003149 10.61 899.29 142.81 0.59
TC-M80a 0.043   010YR 11126.91 830.00 842.81 844.99 0.003507 12.18 1103.17 153.57 0.63
TC-M80a 0.043   020YR 12596.37 830.00 844.48 846.41 0.002684 11.66 1365.27 161.61 0.57
TC-M80a 0.043   050YR 15470.37 830.00 846.13 848.24 0.002571 12.35 1638.82 169.38 0.57
TC-M80a 0.043   100YR 17900.76 830.00 847.38 849.65 0.002522 12.91 1853.81 175.22 0.57
TC-M80a 0.043   200YR 20889.06 830.00 848.31 850.96 0.002762 14.03 2019.84 179.63 0.60
TC-M80a 0.043   500YR 23167.25 830.00 849.71 852.34 0.002507 14.09 2275.48 186.28 0.58

TC-M80a 0.001   001YR 2024.24 830.00 836.96 837.35 0.001528 5.03 402.58 72.91 0.38
TC-M80a 0.001   002YR 5957.23 830.00 838.77 837.42 840.53 0.005377 10.74 635.38 201.50 0.73
TC-M80a 0.001   005YR 8312.30 830.00 840.76 842.32 0.003795 10.54 1049.81 214.27 0.64
TC-M80a 0.001   010YR 11126.91 830.00 842.31 843.99 0.003453 11.24 1388.71 224.16 0.62
TC-M80a 0.001   020YR 12596.37 830.00 844.30 845.56 0.002134 9.96 1847.96 237.13 0.51
TC-M80a 0.001   050YR 15470.37 830.00 846.09 847.35 0.001851 10.18 2281.93 248.76 0.48
TC-M80a 0.001   100YR 17900.76 830.00 847.42 848.71 0.001720 10.43 2618.84 257.42 0.47
TC-M80a 0.001   200YR 20889.06 830.00 848.43 849.89 0.001816 11.19 2881.25 263.98 0.49
TC-M80a 0.001   500YR 23167.25 830.00 849.89 851.30 0.001585 11.07 3275.86 273.53 0.46

TC-M85 -0.073  001YR 2327.15 828.00 834.00 834.00 836.30 0.011956 12.18 191.02 41.49 1.00
TC-M85 -0.073  002YR 6756.00 828.00 838.37 838.09 839.30 0.003236 9.89 1181.33 392.37 0.58
TC-M85 -0.073  005YR 9408.00 828.00 841.18 838.73 841.55 0.001031 6.69 2256.90 432.46 0.34
TC-M85 -0.073  010YR 11562.00 828.00 842.97 839.16 843.26 0.000693 6.03 3021.78 547.68 0.29
TC-M85 -0.073  020YR 14251.00 828.00 844.76 839.66 845.03 0.000585 6.02 3942.22 677.63 0.27
TC-M85 -0.073  050YR 17467.00 828.00 846.62 840.19 846.86 0.000433 5.59 4943.05 898.32 0.24
TC-M85 -0.073  100YR 20624.00 828.00 847.99 840.66 848.23 0.000389 5.57 5681.73 919.97 0.23
TC-M85 -0.073  200YR 23663.00 828.00 849.11 841.11 849.37 0.000371 5.66 6287.77 1014.35 0.22
TC-M85 -0.073  500YR 27865.00 828.00 850.54 841.67 850.81 0.000354 5.80 7064.50 1025.87 0.22

TC-M85 -0.132  001YR 2327.15 826.00 832.77 831.37 833.05 0.001776 5.29 665.47 248.03 0.38
TC-M85 -0.132  002YR 6756.00 826.00 838.68 833.42 838.81 0.000370 3.84 2406.13 359.84 0.20
TC-M85 -0.132  005YR 9408.00 826.00 841.18 834.25 841.33 0.000307 3.98 3262.59 416.57 0.19
TC-M85 -0.132  010YR 11562.00 826.00 842.94 834.71 843.09 0.000287 4.16 3948.04 566.10 0.18
TC-M85 -0.132  020YR 14251.00 826.00 844.72 835.29 844.88 0.000253 4.19 4679.82 602.96 0.17
TC-M85 -0.132  050YR 17467.00 826.00 846.57 835.89 846.75 0.000234 4.30 5441.69 844.00 0.17
TC-M85 -0.132  100YR 20624.00 826.00 847.93 836.48 848.13 0.000237 4.53 6004.16 848.54 0.17
TC-M85 -0.132  200YR 23663.00 826.00 849.04 836.98 849.27 0.000246 4.77 6465.15 860.51 0.18
TC-M85 -0.132  500YR 27865.00 826.00 850.46 837.65 850.72 0.000257 5.09 7055.79 871.93 0.18

TC-M85 -0.206  001YR 2327.15 822.00 831.70 827.93 832.29 0.001809 6.14 378.75 54.55 0.41
TC-M85 -0.206  002YR 6756.00 822.00 837.53 833.12 838.43 0.002268 7.60 888.66 114.07 0.48
TC-M85 -0.206  005YR 9408.00 822.00 840.02 835.20 840.98 0.002020 7.85 1198.16 158.10 0.46
TC-M85 -0.206  010YR 11562.00 822.00 841.80 836.39 842.77 0.001626 7.95 1516.10 272.22 0.43
TC-M85 -0.206  020YR 14251.00 822.00 843.59 837.61 844.59 0.001389 8.16 1879.18 308.10 0.41
TC-M85 -0.206  050YR 17467.00 822.00 845.41 838.96 846.47 0.001249 8.47 2253.21 534.25 0.40
TC-M85 -0.206  100YR 20624.00 822.00 846.65 840.14 847.84 0.001273 9.04 2510.76 636.70 0.40
TC-M85 -0.206  200YR 23663.00 822.00 847.61 841.50 848.95 0.001335 9.63 2713.35 660.91 0.42
TC-M85 -0.206  500YR 27865.00 822.00 848.83 842.74 850.38 0.001416 10.40 2971.34 717.42 0.44

TC-M85 -0.281  001YR 2327.15 820.00 830.88 826.52 831.54 0.001962 6.53 356.27 45.98 0.41



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M85 -0.281  002YR 6756.00 820.00 834.80 832.09 837.04 0.004742 12.03 564.44 238.07 0.67
TC-M85 -0.281  005YR 9408.00 820.00 836.19 834.41 839.48 0.005867 14.60 663.41 347.39 0.76
TC-M85 -0.281  010YR 11562.00 820.00 838.15 836.01 841.49 0.004936 14.90 858.73 437.95 0.72
TC-M85 -0.281  020YR 14251.00 820.00 838.63 838.63 843.21 0.006514 17.52 916.61 454.89 0.83
TC-M85 -0.281  050YR 17467.00 820.00 840.00 840.00 845.10 0.006613 18.81 1097.66 514.82 0.85
TC-M85 -0.281  100YR 20624.00 820.00 842.93 842.93 846.73 0.004223 16.91 1625.70 698.35 0.70
TC-M85 -0.281  200YR 23663.00 820.00 843.80 843.80 847.81 0.004327 17.66 1810.81 719.40 0.72
TC-M85 -0.281  500YR 27865.00 820.00 844.83 844.83 849.17 0.004516 18.69 2032.66 740.80 0.74

TC-M85 -0.352  001YR 2327.15 820.00 830.40 825.68 830.88 0.001371 5.56 419.21 59.79 0.36
TC-M85 -0.352  002YR 6756.00 820.00 833.65 830.66 835.45 0.003252 10.92 675.71 109.77 0.59
TC-M85 -0.352  005YR 9408.00 820.00 835.38 832.98 837.51 0.003331 12.22 944.99 247.32 0.61
TC-M85 -0.352  010YR 11562.00 820.00 833.82 833.82 838.89 0.008972 18.33 694.62 113.58 0.98
TC-M85 -0.352  020YR 14251.00 820.00 837.62 836.56 840.14 0.003457 13.90 1321.09 260.00 0.64
TC-M85 -0.352  050YR 17467.00 820.00 837.67 837.67 841.41 0.005096 16.93 1330.85 260.31 0.78
TC-M85 -0.352  100YR 20624.00 820.00 839.70 838.65 842.87 0.003826 15.99 1679.62 271.55 0.69
TC-M85 -0.352  200YR 23663.00 820.00 840.63 839.47 844.05 0.003901 16.74 1841.58 276.72 0.70
TC-M85 -0.352  500YR 27865.00 820.00 841.61 840.56 845.52 0.004212 18.03 2012.07 282.14 0.74

TC-M85 -.403   001YR 1925.24 819.50 830.50 830.62 0.000256 2.80 717.57 104.04 0.17
TC-M85 -.403   002YR 6510.40 819.50 834.09 834.69 0.000839 6.38 1136.89 127.36 0.32
TC-M85 -.403   005YR 9256.00 819.50 835.80 836.68 0.001044 7.77 1363.20 136.77 0.37
TC-M85 -.403   010YR 10437.00 819.50 835.96 837.04 0.001275 8.65 1384.02 137.58 0.41
TC-M85 -.403   020YR 14250.00 819.50 837.78 839.25 0.001504 10.19 1644.41 147.36 0.45
TC-M85 -.403   050YR 15582.00 819.50 838.07 839.75 0.001680 10.90 1687.10 148.92 0.48
TC-M85 -.403   100YR 20585.00 819.50 839.58 841.90 0.002092 12.90 1918.43 157.77 0.54
TC-M85 -.403   200YR 23595.00 819.50 840.35 843.08 0.002347 14.05 2042.85 168.06 0.58
TC-M85 -.403   500YR 27183.00 819.50 841.28 844.46 0.002582 15.23 2206.18 180.68 0.61

TC-M85 -.423   001YR 1925.24 817.10 830.49 822.99 830.60 0.000218 2.72 773.48 138.75 0.16
TC-M85 -.423   002YR 6510.40 817.10 834.05 827.10 834.61 0.000746 6.23 1299.18 155.96 0.30
TC-M85 -.423   005YR 9256.00 817.10 835.77 828.96 836.57 0.000934 7.57 1574.17 164.25 0.35
TC-M85 -.423   010YR 10437.00 817.10 835.92 829.55 836.90 0.001144 8.43 1597.96 164.94 0.38
TC-M85 -.423   020YR 14250.00 817.10 837.76 832.03 839.08 0.001352 9.90 1910.36 173.84 0.43
TC-M85 -.423   050YR 15582.00 817.10 838.05 832.63 839.56 0.001512 10.59 1960.79 175.24 0.45
TC-M85 -.423   100YR 20585.00 817.10 839.58 834.63 841.65 0.001881 12.51 2235.27 182.64 0.51
TC-M85 -.423   200YR 23595.00 817.10 840.38 835.64 842.78 0.002097 13.58 2381.68 186.46 0.54
TC-M85 -.423   500YR 27183.00 817.10 841.35 836.84 844.12 0.002294 14.68 2565.16 191.15 0.57

TC-M85 -.45    Bridge

TC-M85 -.471   001YR 1925.24 818.00 829.37 829.49 0.000222 2.73 744.63 97.33 0.16
TC-M85 -.471   002YR 6510.40 818.00 832.67 833.29 0.000849 6.51 1224.66 162.55 0.32
TC-M85 -.471   005YR 9256.00 818.00 834.21 835.12 0.001097 7.99 1481.29 169.86 0.37
TC-M85 -.471   010YR 10437.00 818.00 834.16 835.32 0.001417 9.05 1471.90 169.59 0.42
TC-M85 -.471   020YR 14250.00 818.00 835.74 837.33 0.001745 10.77 1745.14 177.06 0.48
TC-M85 -.471   050YR 15582.00 818.00 835.81 837.70 0.002047 11.70 1758.75 177.42 0.52
TC-M85 -.471   100YR 20585.00 818.00 836.68 839.50 0.002890 14.41 1915.31 181.55 0.62
TC-M85 -.471   200YR 23595.00 818.00 836.94 840.48 0.003578 16.19 1961.09 182.74 0.69
TC-M85 -.471   500YR 27183.00 818.00 837.18 835.95 841.69 0.004485 18.30 2006.29 183.90 0.77

TC-M85 -.504   001YR 1925.24 817.40 829.36 821.18 829.44 0.000174 2.38 904.24 251.93 0.14
TC-M85 -.504   002YR 6510.40 817.40 832.86 825.30 833.07 0.000371 4.31 2513.32 604.18 0.21
TC-M85 -.504   005YR 9256.00 817.40 834.61 827.11 834.81 0.000327 4.41 3670.35 691.51 0.20
TC-M85 -.504   010YR 10437.00 817.40 834.68 827.80 834.92 0.000403 4.90 3717.15 691.74 0.23
TC-M85 -.504   020YR 14250.00 817.40 836.59 831.24 836.80 0.000334 4.84 5030.12 698.17 0.21
TC-M85 -.504   050YR 15582.00 817.40 836.84 831.65 837.07 0.000363 5.10 5202.21 699.01 0.22
TC-M85 -.504   100YR 20585.00 817.40 838.33 832.80 838.59 0.000376 5.50 6233.09 704.00 0.23
TC-M85 -.504   200YR 23595.00 817.40 839.05 833.37 839.34 0.000393 5.76 6740.57 706.45 0.23
TC-M85 -.504   500YR 27183.00 817.40 839.95 834.19 840.26 0.000399 5.99 7370.76 709.48 0.24

RR Bypass -.525   001YR 10.40 830.00 830.57 830.57 830.70 0.003897 2.89 3.60 13.93 1.00
RR Bypass -.525   002YR 10.40 830.00 830.57 830.57 830.70 0.003897 2.89 3.60 13.93 1.00
RR Bypass -.525   005YR 1768.00 830.00 833.93 833.93 835.40 0.001720 9.79 186.98 68.11 1.00
RR Bypass -.525   010YR 2310.00 830.00 834.52 834.52 836.25 0.001591 10.62 228.15 70.61 0.99
RR Bypass -.525   020YR 3762.00 830.00 835.88 835.88 838.22 0.001416 12.41 327.79 76.32 0.98
RR Bypass -.525   050YR 4558.00 830.00 836.52 836.52 839.17 0.001368 13.24 377.70 79.02 0.99
RR Bypass -.525   100YR 6325.00 830.00 838.50 837.86 841.15 0.000926 13.34 542.53 87.36 0.85
RR Bypass -.525   200YR 7018.00 830.00 839.10 838.33 841.86 0.000874 13.64 595.93 89.90 0.84
RR Bypass -.525   500YR 7995.00 830.00 839.94 842.82 0.000810 14.01 672.16 93.40 0.82

RR Bypass -.527   001YR 10.40 829.00 829.60 829.60 829.75 0.003690 3.10 3.36 11.19 1.00
RR Bypass -.527   002YR 10.40 829.00 829.60 829.60 829.75 0.003690 3.10 3.36 11.19 1.00
RR Bypass -.527   005YR 1768.00 829.00 833.39 833.39 834.95 0.001651 10.33 198.60 68.59 1.00
RR Bypass -.527   010YR 2310.00 829.00 834.02 834.02 835.86 0.001560 11.26 242.40 71.45 1.00
RR Bypass -.527   020YR 3762.00 829.00 835.47 835.47 837.94 0.001409 13.18 350.71 78.08 1.00
RR Bypass -.527   050YR 4558.00 829.00 836.18 836.18 838.94 0.001348 13.99 407.27 81.32 1.00
RR Bypass -.527   100YR 6325.00 829.00 837.58 837.58 840.94 0.001260 15.52 526.22 87.75 1.00
RR Bypass -.527   200YR 7018.00 829.00 838.10 838.10 841.65 0.001227 16.02 572.32 90.12 1.00
RR Bypass -.527   500YR 7995.00 829.00 838.78 838.78 842.61 0.001197 16.70 634.72 93.23 1.00



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
RR Bypass -.528   001YR 10.40 828.00 828.13 828.13 828.19 0.004959 1.99 5.22 42.28 1.00
RR Bypass -.528   002YR 10.40 828.00 828.13 828.13 828.19 0.004959 1.99 5.22 42.28 1.00
RR Bypass -.528   005YR 1768.00 828.00 831.11 831.11 832.44 0.001733 9.33 198.45 80.84 0.99
RR Bypass -.528   010YR 2310.00 828.00 831.65 831.65 833.21 0.001601 10.12 243.69 85.20 0.98
RR Bypass -.528   020YR 3762.00 828.00 832.89 832.89 834.98 0.001419 11.78 355.62 95.13 0.97
RR Bypass -.528   050YR 4558.00 828.00 833.49 833.49 835.83 0.001354 12.51 414.24 99.94 0.97
RR Bypass -.528   100YR 6325.00 828.00 834.69 834.69 837.51 0.001253 13.84 540.17 109.56 0.97
RR Bypass -.528   200YR 7018.00 828.00 835.11 835.11 838.11 0.001236 14.33 586.11 112.86 0.97
RR Bypass -.528   500YR 7995.00 828.00 835.69 835.69 838.92 0.001199 14.92 653.01 117.51 0.97

RR Bypass -0.529  001YR 10.40 824.00 824.16 822.22 824.22 0.022540 3.23 547.99 483.90 1.99
RR Bypass -0.529  002YR 10.40 824.00 824.16 822.22 824.22 0.022247 3.22 548.46 483.98 1.98
RR Bypass -0.529  005YR 312.00 824.00 825.23 825.23 825.57 0.003273 4.73 1112.74 574.60 1.06
RR Bypass -0.529  010YR 1155.00 824.00 823.42 823.42 823.79 6766.169000 237.84 334.34 0.00
RR Bypass -0.529  020YR 2280.00 824.00 823.89 823.89 824.35 5796.226000 419.76 444.17 0.00
RR Bypass -0.529  050YR 2544.00 824.00 823.97 823.97 824.45 5798.912000 455.62 462.76 0.00
RR Bypass -0.529  100YR 4025.00 824.00 827.57 827.57 828.87 0.001817 9.15 2673.23 750.10 1.01
RR Bypass -0.529  200YR 6050.00 824.00 828.37 828.37 830.07 0.001666 10.49 3291.16 785.58 1.01
RR Bypass -0.529  500YR 7380.00 824.00 828.85 828.85 830.79 0.001592 11.20 3668.16 792.75 1.01

RR Bypass -0.530  001YR 10.40 822.00 822.07 822.07 0.002477 0.63 115.50 511.19 0.42
RR Bypass -0.530  002YR 10.40 822.00 822.07 822.07 0.002493 0.63 115.40 511.19 0.42
RR Bypass -0.530  005YR 312.00 822.00 822.60 822.43 822.73 0.003266 3.02 388.50 520.27 0.69
RR Bypass -0.530  010YR 1155.00 822.00 823.30 823.69 0.003489 5.22 755.69 532.23 0.81
RR Bypass -0.530  020YR 2280.00 822.00 823.80 823.72 824.60 0.004524 7.41 1027.91 540.92 0.97
RR Bypass -0.530  050YR 2544.00 822.00 823.89 823.85 824.80 0.004818 7.88 1074.66 542.40 1.01
RR Bypass -0.530  100YR 4025.00 822.00 824.52 824.52 825.79 0.004596 9.33 1420.49 553.23 1.04
RR Bypass -0.530  200YR 6050.00 822.00 825.33 825.33 826.95 0.004088 10.59 1871.77 567.04 1.02
RR Bypass -0.530  500YR 7380.00 822.00 825.78 825.78 827.64 0.003957 11.34 2129.90 574.79 1.03

RR Bypass -0.540  001YR 10.40 820.00 820.23 820.23 820.29 0.011992 1.93 5.38 46.37 1.00
RR Bypass -0.540  002YR 10.40 820.00 820.23 820.23 820.29 0.011992 1.93 5.38 46.37 1.00
RR Bypass -0.540  005YR 312.00 820.00 820.96 820.90 821.14 0.005523 3.38 92.18 192.02 0.86
RR Bypass -0.540  010YR 1155.00 820.00 821.52 821.52 821.95 0.006291 5.24 220.28 262.42 1.01
RR Bypass -0.540  020YR 2280.00 820.00 822.03 822.03 822.62 0.005702 6.16 380.61 661.40 1.01
RR Bypass -0.540  050YR 2544.00 820.00 822.13 822.13 822.75 0.005541 6.35 443.26 665.65 1.01
RR Bypass -0.540  100YR 4025.00 820.00 822.59 822.59 823.39 0.004982 7.20 758.51 686.63 1.00
RR Bypass -0.540  200YR 6050.00 820.00 823.11 823.11 824.12 0.004678 8.09 1120.36 709.95 1.01
RR Bypass -0.540  500YR 7380.00 820.00 823.43 823.43 824.54 0.004449 8.49 1346.49 724.14 1.00

RR Bypass -0.550  001YR 10.40 818.00 818.06 818.06 0.002683 0.58 17.99 308.86 0.42
RR Bypass -0.550  002YR 10.40 818.00 818.06 818.06 0.002768 0.58 17.82 308.78 0.43
RR Bypass -0.550  005YR 312.00 818.00 818.31 818.31 818.46 0.008743 3.07 101.77 347.18 1.00
RR Bypass -0.550  010YR 1155.00 818.00 818.72 818.72 819.04 0.006821 4.50 256.66 408.65 1.00
RR Bypass -0.550  020YR 2280.00 818.00 819.10 819.10 819.56 0.006122 5.43 419.75 464.68 1.01
RR Bypass -0.550  050YR 2544.00 818.00 819.17 819.17 819.66 0.005982 5.58 455.81 476.17 1.01
RR Bypass -0.550  100YR 4025.00 818.00 819.54 819.54 820.15 0.005547 6.27 641.61 531.49 1.01
RR Bypass -0.550  200YR 6050.00 818.00 819.96 819.96 820.70 0.005149 6.91 875.95 593.96 1.00
RR Bypass -0.550  500YR 7380.00 818.00 820.18 820.18 821.01 0.005021 7.30 1010.45 618.13 1.01

RR Bypass -0.560  001YR 44.72 816.00 816.15 816.15 816.22 0.046764 2.13 20.99 153.74 1.02
RR Bypass -0.560  002YR 44.72 816.00 816.15 816.15 816.22 0.045254 2.11 21.22 154.07 1.00
RR Bypass -0.560  005YR 416.00 816.00 816.59 816.59 816.82 0.031046 3.78 110.03 250.63 1.01
RR Bypass -0.560  010YR 609.00 816.00 816.73 816.73 817.00 0.029306 4.13 147.41 281.54 1.01
RR Bypass -0.560  020YR 1938.00 816.00 817.35 817.35 817.79 0.024651 5.32 364.20 417.91 1.00
RR Bypass -0.560  050YR 3392.00 816.00 817.79 817.79 818.35 0.022816 5.99 566.27 513.38 1.01
RR Bypass -0.560  100YR 5405.00 816.00 818.21 818.21 818.92 0.021512 6.74 801.67 582.37 1.01
RR Bypass -0.560  200YR 7260.00 816.00 818.54 818.54 819.36 0.020342 7.29 995.44 616.31 1.01
RR Bypass -0.560  500YR 8610.00 816.00 818.82 818.75 819.65 0.017641 7.34 1172.54 645.78 0.96

RR Bypass -0.570  001YR 44.72 805.00 807.28 807.36 0.003789 2.33 19.17 11.83 0.32
RR Bypass -0.570  002YR 44.72 805.00 806.94 807.07 0.006957 2.91 15.37 10.83 0.43
RR Bypass -0.570  005YR 416.00 805.00 810.73 809.06 810.77 0.002988 1.45 285.92 334.06 0.28
RR Bypass -0.570  010YR 609.00 805.00 810.97 810.28 811.01 0.003021 1.66 366.08 352.85 0.29
RR Bypass -0.570  020YR 1938.00 805.00 811.88 810.86 812.00 0.004058 2.68 723.61 426.69 0.36
RR Bypass -0.570  050YR 3392.00 805.00 812.50 811.34 812.68 0.004525 3.41 1014.82 521.91 0.40
RR Bypass -0.570  100YR 5405.00 805.00 813.06 811.86 813.35 0.005575 4.35 1329.01 616.06 0.46
RR Bypass -0.570  200YR 7260.00 805.00 813.19 812.27 813.67 0.008561 5.56 1414.47 639.27 0.58
RR Bypass -0.570  500YR 8610.00 805.00 813.28 813.91 0.010927 6.40 1469.56 653.80 0.65

RR Bypass -0.580  001YR 44.72 803.00 804.30 804.19 804.68 0.030272 4.93 9.08 8.91 0.86
RR Bypass -0.580  002YR 44.72 803.00 805.15 805.25 0.004698 2.52 17.73 11.46 0.36
RR Bypass -0.580  005YR 416.00 803.00 807.06 807.06 808.39 0.032531 9.26 44.94 17.17 1.01
RR Bypass -0.580  010YR 609.00 803.00 808.20 808.20 808.38 0.065363 3.41 178.71 591.48 1.09
RR Bypass -0.580  020YR 1938.00 803.00 808.58 808.58 808.93 0.042593 4.75 407.89 594.37 1.01
RR Bypass -0.580  050YR 3392.00 803.00 808.88 808.88 809.40 0.040059 5.83 582.28 596.57 1.04
RR Bypass -0.580  100YR 5405.00 803.00 809.36 809.23 809.96 0.026672 6.20 872.41 600.21 0.91
RR Bypass -0.580  200YR 7260.00 803.00 810.22 810.64 0.010418 5.23 1388.08 607.48 0.61
RR Bypass -0.580  500YR 8610.00 803.00 810.89 811.24 0.006258 4.79 1798.18 615.19 0.49

RR Bypass -0.590  001YR 44.72 801.00 804.47 804.47 0.000067 0.17 264.55 446.37 0.04



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
RR Bypass -0.590  002YR 44.72 801.00 805.22 805.22 0.000004 0.08 599.81 449.26 0.01
RR Bypass -0.590  005YR 416.00 801.00 805.96 805.96 0.000087 0.45 935.55 452.13 0.05
RR Bypass -0.590  010YR 609.00 801.00 806.37 806.38 0.000102 0.55 1121.90 453.72 0.06
RR Bypass -0.590  020YR 1938.00 801.00 806.90 806.93 0.000545 1.44 1361.56 455.75 0.15
RR Bypass -0.590  050YR 3392.00 801.00 807.11 807.20 0.001329 2.36 1459.68 456.58 0.23
RR Bypass -0.590  100YR 5405.00 801.00 808.58 808.69 0.000970 2.58 2135.07 462.92 0.21
RR Bypass -0.590  200YR 7260.00 801.00 809.48 809.61 0.000977 2.91 2552.96 467.41 0.22
RR Bypass -0.590  500YR 8610.00 801.00 810.27 810.41 0.000888 3.02 2922.75 473.19 0.21

TC-M81 -.524   001YR 4877.81 815.70 829.27 824.52 829.43 0.000400 3.97 1736.98 694.63 0.21
TC-M81 -.524   002YR 6510.40 815.70 832.99 825.82 833.01 0.000067 1.96 6224.55 1120.00 0.09
TC-M81 -.524   005YR 7488.00 815.70 834.74 826.33 834.75 0.000038 1.60 8181.96 1120.00 0.07
TC-M81 -.524   010YR 8127.00 815.70 834.83 826.52 834.85 0.000043 1.71 8291.88 1120.00 0.07
TC-M81 -.524   020YR 10488.00 815.70 836.72 827.22 836.74 0.000035 1.65 10409.52 1120.00 0.07
TC-M81 -.524   050YR 11024.00 815.70 836.99 827.35 837.01 0.000035 1.68 10704.49 1120.00 0.07
TC-M81 -.524   100YR 14260.00 815.70 838.49 828.14 838.51 0.000037 1.81 12387.84 1120.00 0.07
TC-M81 -.524   200YR 16577.00 815.70 839.23 828.63 839.26 0.000041 1.94 13217.65 1120.00 0.07
TC-M81 -.524   500YR 19803.00 815.70 840.14 829.30 840.17 0.000046 2.11 14237.57 1120.00 0.08

TC-M81 -.530   Bridge

TC-M81 -.541   001YR 4964.44 815.80 828.26 823.76 828.93 0.001310 6.86 769.70 511.93 0.38
TC-M81 -.541   002YR 6614.40 815.80 830.10 824.82 830.95 0.001306 7.65 979.23 969.28 0.39
TC-M81 -.541   005YR 7602.40 815.80 833.61 825.42 833.81 0.000307 4.40 2896.30 996.12 0.20
TC-M81 -.541   010YR 8295.00 815.80 833.51 825.82 833.76 0.000383 4.89 2839.90 995.34 0.22
TC-M81 -.541   020YR 10681.80 815.80 836.50 827.14 836.63 0.000189 3.87 4510.84 1029.98 0.16
TC-M81 -.541   050YR 11236.00 815.80 836.78 827.43 836.91 0.000190 3.92 4668.94 1038.73 0.16
TC-M81 -.541   100YR 14605.00 815.80 838.24 831.75 838.39 0.000200 4.23 5504.07 1078.20 0.17
TC-M81 -.541   200YR 16940.00 815.80 838.97 832.26 839.14 0.000217 4.51 5924.27 1081.40 0.17
TC-M81 -.541   500YR 20172.00 815.80 839.86 832.83 840.06 0.000241 4.88 6438.38 1085.31 0.18

TC-M81 -.556   001YR 4964.44 817.41 827.94 828.80 0.001640 7.50 699.71 90.22 0.43
TC-M81 -.556   002YR 6614.40 817.41 829.81 830.83 0.001558 8.23 945.14 175.60 0.43
TC-M81 -.556   005YR 7602.40 817.41 833.43 833.77 0.000470 5.43 2945.34 629.45 0.25
TC-M81 -.556   010YR 8295.00 817.41 833.28 833.71 0.000596 6.07 2848.69 624.35 0.28
TC-M81 -.556   020YR 10681.80 817.41 836.37 836.60 0.000320 5.05 4934.90 726.64 0.21
TC-M81 -.556   050YR 11236.00 817.41 836.64 836.89 0.000324 5.13 5137.79 735.83 0.21
TC-M81 -.556   100YR 14605.00 817.41 838.10 838.37 0.000350 5.61 6243.02 784.00 0.22
TC-M81 -.556   200YR 16940.00 817.41 838.82 839.11 0.000383 6.01 6814.82 807.79 0.23
TC-M81 -.556   500YR 20172.00 817.41 839.69 840.03 0.000428 6.53 7532.89 836.72 0.25

TC-M81 -.569   001YR 4964.44 817.70 826.68 825.10 828.54 0.004710 11.04 481.35 80.44 0.69
TC-M81 -.569   002YR 6614.40 817.70 828.55 826.43 830.57 0.003945 11.64 658.49 119.68 0.66
TC-M81 -.569   005YR 7602.40 817.70 833.30 827.27 833.73 0.000682 6.31 2598.56 532.50 0.29
TC-M81 -.569   010YR 8295.00 817.70 833.10 827.73 833.66 0.000889 7.14 2488.50 531.31 0.33
TC-M81 -.569   020YR 10681.80 817.70 836.30 829.84 836.58 0.000427 5.66 4221.46 549.74 0.24
TC-M81 -.569   050YR 11236.00 817.70 836.58 831.64 836.87 0.000432 5.75 4373.62 551.33 0.24
TC-M81 -.569   100YR 14605.00 817.70 838.02 832.59 838.35 0.000467 6.30 5174.90 559.63 0.25
TC-M81 -.569   200YR 16940.00 817.70 838.73 833.13 839.09 0.000514 6.77 5571.88 563.69 0.27
TC-M81 -.569   500YR 20172.00 817.70 839.58 833.78 840.00 0.000580 7.40 6054.40 568.59 0.29

TC-M81 -.575   Bridge

TC-M81 -.581   001YR 4964.44 817.90 826.65 827.99 0.004398 9.29 534.36 84.83 0.65
TC-M81 -.581   002YR 6614.40 817.90 828.70 829.98 0.003351 9.14 780.41 204.64 0.59
TC-M81 -.581   005YR 7602.40 817.90 829.95 831.07 0.002499 8.67 1100.43 311.14 0.52
TC-M81 -.581   010YR 8295.00 817.90 830.55 831.63 0.002256 8.61 1371.17 464.32 0.50
TC-M81 -.581   020YR 10681.80 817.90 832.49 833.27 0.001477 7.90 2287.24 483.77 0.42
TC-M81 -.581   050YR 11236.00 817.90 832.84 833.60 0.001399 7.85 2458.63 486.87 0.41
TC-M81 -.581   100YR 14605.00 817.90 835.11 835.70 0.000970 7.37 3575.84 495.22 0.35
TC-M81 -.581   200YR 16940.00 817.90 836.16 836.75 0.000918 7.53 4096.17 498.67 0.34
TC-M81 -.581   500YR 20172.00 817.90 837.52 838.12 0.000862 7.73 4778.77 503.14 0.34

TC-M81 -.639   001YR 4964.44 815.21 825.18 826.64 0.004340 9.70 511.95 75.63 0.66
TC-M81 -.639   002YR 6614.40 815.21 827.75 829.04 0.002795 9.14 768.14 210.87 0.55
TC-M81 -.639   005YR 7602.40 815.21 829.44 830.38 0.001733 8.11 1196.15 261.36 0.44
TC-M81 -.639   010YR 8295.00 815.21 830.12 831.00 0.001539 7.97 1376.03 265.63 0.42
TC-M81 -.639   020YR 10681.80 815.21 832.09 832.86 0.001190 7.82 1909.46 277.72 0.38
TC-M81 -.639   050YR 11236.00 815.21 832.43 833.20 0.001167 7.88 2004.05 279.07 0.38
TC-M81 -.639   100YR 14605.00 815.21 834.66 835.39 0.000962 7.93 2636.48 287.99 0.35
TC-M81 -.639   200YR 16940.00 815.21 835.65 836.44 0.000977 8.32 2923.71 291.95 0.36
TC-M81 -.639   500YR 20172.00 815.21 836.95 837.81 0.000986 8.79 3306.44 297.15 0.37

TC-M81 -.696   001YR 4964.44 811.84 824.71 825.53 0.001762 7.27 682.80 76.66 0.43
TC-M81 -.696   002YR 6614.40 811.84 827.42 828.26 0.001325 7.37 902.54 85.45 0.39
TC-M81 -.696   005YR 7602.40 811.84 829.08 829.92 0.001100 7.36 1050.20 92.17 0.36
TC-M81 -.696   010YR 8295.00 811.84 829.70 830.60 0.001118 7.65 1107.54 94.91 0.37
TC-M81 -.696   020YR 10681.80 811.84 831.15 832.35 0.001308 8.86 1250.07 101.41 0.40
TC-M81 -.696   050YR 11236.00 811.84 831.37 832.66 0.001375 9.17 1272.96 102.42 0.41
TC-M81 -.696   100YR 14605.00 811.84 832.96 834.71 0.001646 10.72 1440.85 108.99 0.46
TC-M81 -.696   200YR 16940.00 811.84 833.35 835.59 0.002042 12.12 1483.92 110.54 0.51



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M81 -.696   500YR 20172.00 811.84 833.61 836.68 0.002747 14.20 1512.67 111.55 0.60

TC-M81 -0.711  001YR 4964.44 815.70 824.53 822.00 825.35 0.002711 7.24 685.52 112.43 0.52
TC-M81 -0.711  002YR 6614.40 815.70 827.40 822.97 828.04 0.001489 6.41 1032.07 129.00 0.40
TC-M81 -0.711  005YR 7602.40 815.70 829.13 823.52 829.69 0.001111 6.02 1263.49 138.97 0.35
TC-M81 -0.711  010YR 8295.00 815.70 829.77 823.88 830.35 0.001091 6.13 1353.04 142.65 0.35
TC-M81 -0.711  020YR 10681.80 815.70 831.29 825.03 832.01 0.001108 6.79 1577.36 150.63 0.36
TC-M81 -0.711  050YR 11236.00 815.70 831.54 825.24 832.29 0.001139 6.98 1614.09 151.88 0.37
TC-M81 -0.711  100YR 14605.00 815.70 833.24 826.65 834.20 0.001193 7.86 1880.67 160.62 0.39
TC-M81 -0.711  200YR 16940.00 815.70 833.74 827.52 834.93 0.001412 8.76 1960.81 163.16 0.42
TC-M81 -0.711  500YR 20172.00 815.70 834.18 828.61 835.75 0.001794 10.09 2032.84 165.41 0.48

TC-M81 -.730   Bridge

TC-M81 -.739   001YR 4964.44 811.70 820.75 820.57 822.82 0.009948 11.54 430.21 93.88 0.95
TC-M81 -.739   002YR 6614.40 811.70 825.26 821.62 826.06 0.001790 7.19 958.15 610.42 0.44
TC-M81 -.739   005YR 7602.40 811.70 827.09 822.19 827.76 0.001172 6.66 1216.93 661.09 0.37
TC-M81 -.739   010YR 8295.00 811.70 827.71 822.55 828.41 0.001129 6.80 1306.61 670.70 0.37
TC-M81 -.739   020YR 10681.80 811.70 829.16 823.73 830.03 0.001196 7.62 1518.16 708.51 0.39
TC-M81 -.739   050YR 11236.00 811.70 829.38 823.99 830.30 0.001242 7.86 1550.30 731.82 0.40
TC-M81 -.739   100YR 14605.00 811.70 830.98 825.35 832.17 0.001364 8.94 1789.49 799.81 0.42
TC-M81 -.739   200YR 16940.00 811.70 831.33 826.19 832.83 0.001683 10.10 1841.37 800.46 0.47
TC-M81 -.739   500YR 20172.00 811.70 831.46 827.24 833.55 0.002312 11.91 1860.78 800.71 0.55

TC-M81 -0.770  001YR 2532.91 814.00 819.70 820.90 0.005949 8.80 287.89 62.77 0.72
TC-M81 -0.770  002YR 6614.40 814.00 822.51 822.51 824.98 0.007104 13.10 643.64 453.76 0.85
TC-M81 -0.770  005YR 9058.40 814.00 823.75 823.75 826.64 0.007064 14.50 837.99 536.37 0.87
TC-M81 -0.770  010YR 10069.50 814.00 824.22 824.22 827.26 0.007043 15.00 911.48 567.39 0.88
TC-M81 -0.770  020YR 12768.00 814.00 825.33 825.33 828.79 0.007094 16.27 1087.59 607.82 0.90
TC-M81 -0.770  050YR 13250.00 814.00 825.51 825.51 829.05 0.007101 16.48 1117.32 611.63 0.90
TC-M81 -0.770  100YR 16905.00 814.00 827.12 826.80 830.90 0.006490 17.35 1375.56 644.52 0.89
TC-M81 -0.770  200YR 18392.00 814.00 827.93 827.31 831.64 0.005918 17.31 1507.59 661.17 0.86
TC-M81 -0.770  500YR 20049.00 814.00 828.79 827.83 832.46 0.005445 17.35 1647.61 678.70 0.83

TC-M81 -0.816  001YR 2532.91 814.00 817.59 817.58 819.14 0.012393 9.99 253.66 81.36 1.00
TC-M81 -0.816  002YR 6614.40 814.00 820.46 820.46 822.78 0.008465 12.61 652.15 420.32 0.92
TC-M81 -0.816  005YR 9058.40 814.00 821.95 821.66 824.37 0.006792 13.13 908.49 629.92 0.85
TC-M81 -0.816  010YR 10069.50 814.00 822.70 822.14 825.01 0.005800 12.94 1044.46 651.74 0.80
TC-M81 -0.816  020YR 12768.00 814.00 824.62 823.20 826.70 0.004118 12.56 1410.61 687.18 0.70
TC-M81 -0.816  050YR 13250.00 814.00 824.94 823.34 826.99 0.003926 12.52 1474.12 690.86 0.68
TC-M81 -0.816  100YR 16905.00 814.00 827.20 824.63 829.13 0.002959 12.39 1939.92 759.94 0.61
TC-M81 -0.816  200YR 18392.00 814.00 828.07 825.09 829.97 0.002697 12.37 2126.56 791.69 0.59
TC-M81 -0.816  500YR 20049.00 814.00 828.98 825.58 830.86 0.002481 12.39 2326.01 824.84 0.58

TC-M81 -0.888  001YR 2532.91 808.00 812.84 812.74 814.67 0.011014 10.87 232.95 59.19 0.97
TC-M81 -0.888  002YR 6614.40 808.00 817.28 816.32 819.64 0.006743 12.32 537.09 76.81 0.82
TC-M81 -0.888  005YR 9058.40 808.00 819.13 817.92 821.84 0.006321 13.22 685.11 83.27 0.81
TC-M81 -0.888  010YR 10069.50 808.00 819.91 818.53 822.70 0.006030 13.41 750.96 86.03 0.80
TC-M81 -0.888  020YR 12768.00 808.00 821.86 820.01 824.81 0.005396 13.79 925.67 507.66 0.77
TC-M81 -0.888  050YR 13250.00 808.00 822.18 820.26 825.16 0.005273 13.87 955.66 558.20 0.76
TC-M81 -0.888  100YR 16905.00 808.00 824.37 822.02 827.62 0.004446 14.50 1208.37 685.83 0.73
TC-M81 -0.888  200YR 18392.00 808.00 825.17 822.66 828.54 0.004247 14.78 1304.18 689.90 0.72
TC-M81 -0.888  500YR 20049.00 808.00 825.94 823.38 829.48 0.004158 15.18 1396.49 693.79 0.72

TC-M81 -0.959  001YR 2532.91 802.36 811.82 808.87 812.59 0.002567 7.06 358.56 55.76 0.49
TC-M81 -0.959  002YR 6614.40 802.36 815.48 813.12 817.46 0.004520 11.30 585.59 67.84 0.68
TC-M81 -0.959  005YR 9058.40 802.36 816.94 815.00 819.64 0.005415 13.17 687.82 71.98 0.75
TC-M81 -0.959  010YR 10069.50 802.36 817.59 815.71 820.51 0.005560 13.70 735.01 73.71 0.76
TC-M81 -0.959  020YR 12768.00 802.36 818.98 817.36 822.57 0.006238 15.21 839.60 77.33 0.81
TC-M81 -0.959  050YR 13250.00 802.36 819.25 817.65 822.93 0.006287 15.39 860.76 78.03 0.82
TC-M81 -0.959  100YR 16905.00 802.36 821.11 819.61 825.44 0.006987 16.70 1012.02 557.28 0.86
TC-M81 -0.959  200YR 18392.00 802.36 821.76 820.37 826.35 0.007324 17.20 1069.55 786.59 0.88
TC-M81 -0.959  500YR 20049.00 802.36 822.33 821.31 827.27 0.007587 17.86 1141.59 909.92 0.90

TC-M81 -1.023  001YR 2532.91 803.46 811.21 808.20 811.78 0.001983 6.07 417.18 68.31 0.43
TC-M81 -1.023  002YR 6614.40 803.46 814.34 811.79 815.96 0.003854 10.22 647.02 78.43 0.63
TC-M81 -1.023  005YR 9058.40 803.46 815.42 813.45 817.79 0.005076 12.35 733.51 81.91 0.73
TC-M81 -1.023  010YR 10069.50 803.46 816.05 814.07 818.60 0.005205 12.82 785.70 84.28 0.74
TC-M81 -1.023  020YR 12768.00 803.46 816.71 815.60 820.26 0.007590 15.13 844.01 92.41 0.88
TC-M81 -1.023  050YR 13250.00 803.46 816.77 815.84 820.55 0.008099 15.60 849.25 106.25 0.91
TC-M81 -1.023  100YR 16905.00 803.46 818.57 818.17 822.69 0.009332 16.30 1037.30 659.20 0.96
TC-M81 -1.023  200YR 18392.00 803.46 819.39 818.95 823.46 0.009237 16.19 1135.81 764.84 0.95
TC-M81 -1.023  500YR 20049.00 803.46 819.99 819.63 824.23 0.009534 16.51 1214.33 861.09 0.96

TC-M81 -1.033  001YR 2532.91 804.38 811.16 809.10 811.60 0.002240 5.37 471.98 106.53 0.45
TC-M81 -1.033  002YR 6614.40 804.38 814.54 811.76 815.43 0.002468 7.56 874.54 125.50 0.50
TC-M81 -1.033  005YR 9058.40 804.38 815.81 812.91 816.99 0.002764 8.74 1036.32 421.71 0.55
TC-M81 -1.033  010YR 10069.50 804.38 816.51 813.35 817.74 0.002648 8.93 1127.58 580.87 0.54
TC-M81 -1.033  020YR 12768.00 804.38 817.42 814.43 819.04 0.003127 10.22 1249.79 702.79 0.59
TC-M81 -1.033  050YR 13250.00 804.38 817.54 814.61 819.24 0.003238 10.47 1265.60 712.39 0.60
TC-M81 -1.033  100YR 16905.00 804.38 819.41 815.92 821.28 0.003301 10.98 1541.89 866.19 0.62



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M81 -1.033  200YR 18392.00 804.38 820.21 816.41 822.10 0.003012 11.05 1669.89 908.46 0.60
TC-M81 -1.033  500YR 20049.00 804.38 820.84 816.94 822.84 0.002950 11.37 1772.40 971.18 0.60

TC-M81 -1.035  Bridge

TC-M81 -1.045  001YR 2532.91 804.38 810.79 809.09 811.32 0.002899 5.85 433.04 104.32 0.51
TC-M81 -1.045  002YR 6614.40 804.38 814.07 811.76 815.02 0.002711 7.94 916.98 628.32 0.53
TC-M81 -1.045  005YR 9058.40 804.38 815.18 813.06 816.44 0.002990 9.20 1107.31 647.12 0.57
TC-M81 -1.045  010YR 10069.50 804.38 815.93 813.47 817.19 0.002683 9.25 1237.53 659.85 0.55
TC-M81 -1.045  020YR 12768.00 804.38 816.34 814.47 818.15 0.003657 11.14 1309.70 678.17 0.65
TC-M81 -1.045  050YR 13250.00 804.38 815.85 814.65 818.08 0.004785 12.29 1224.89 658.62 0.73
TC-M81 -1.045  100YR 16905.00 804.38 816.65 815.81 819.59 0.005683 14.20 1364.82 693.99 0.81
TC-M81 -1.045  200YR 18392.00 804.38 816.87 816.26 820.17 0.006189 15.05 1404.16 705.24 0.85
TC-M81 -1.045  500YR 20049.00 804.38 817.64 816.74 820.92 0.005607 15.07 1539.37 743.69 0.82

TC-M81 -1.054  001YR 2484.03 803.96 810.69 808.46 811.17 0.002198 5.55 447.94 93.61 0.45
TC-M81 -1.054  002YR 6739.20 803.96 813.72 811.40 814.83 0.002975 8.66 962.76 628.50 0.56
TC-M81 -1.054  005YR 9287.20 803.96 814.64 813.12 816.18 0.003618 10.32 1172.12 644.25 0.63
TC-M81 -1.054  010YR 10699.50 803.96 815.09 813.75 816.87 0.003930 11.14 1274.46 651.45 0.66
TC-M81 -1.054  020YR 12882.00 803.96 815.73 814.55 817.86 0.004357 12.28 1420.15 661.69 0.70
TC-M81 -1.054  050YR 12720.00 803.96 815.69 814.50 817.79 0.004329 12.20 1409.54 660.94 0.70
TC-M81 -1.054  100YR 15985.00 803.96 816.55 815.59 819.17 0.004893 13.75 1606.07 693.06 0.75
TC-M81 -1.054  200YR 17182.00 803.96 816.84 815.96 819.64 0.005089 14.29 1671.78 707.28 0.77
TC-M81 -1.054  500YR 19680.00 803.96 817.40 816.66 820.60 0.005485 15.35 1799.96 734.96 0.81

TC-M81 -1.131  001YR 2484.03 803.92 807.58 807.43 808.94 0.027525 9.36 265.33 85.84 0.94
TC-M81 -1.131  002YR 6739.20 803.92 810.67 810.67 812.24 0.021992 10.57 795.65 560.76 0.81
TC-M81 -1.131  005YR 9287.20 803.92 811.57 811.57 813.29 0.020883 11.44 1088.35 562.69 0.81
TC-M81 -1.131  010YR 10699.50 803.92 811.94 811.94 813.79 0.021335 12.02 1210.32 563.49 0.82
TC-M81 -1.131  020YR 12882.00 803.92 812.47 812.47 814.51 0.021891 12.82 1383.70 564.62 0.85
TC-M81 -1.131  050YR 12720.00 803.92 812.44 812.44 814.46 0.021827 12.76 1372.00 564.54 0.84
TC-M81 -1.131  100YR 15985.00 803.92 813.16 813.16 815.44 0.022394 13.79 1609.96 566.09 0.87
TC-M81 -1.131  200YR 17182.00 803.92 813.40 813.40 815.78 0.022669 14.16 1688.60 566.60 0.88
TC-M81 -1.131  500YR 19680.00 803.92 813.87 813.87 816.46 0.023286 14.89 1841.92 567.58 0.90

TC-M81 -1.199  001YR 2484.03 800.00 804.73 803.27 805.32 0.004670 6.17 407.61 122.67 0.56
TC-M81 -1.199  002YR 6739.20 800.00 807.74 806.41 808.42 0.003299 7.23 1240.75 576.84 0.51
TC-M81 -1.199  005YR 9287.20 800.00 808.64 807.67 809.34 0.003102 7.66 1652.81 579.71 0.50
TC-M81 -1.199  010YR 10699.50 800.00 809.08 807.99 809.80 0.003027 7.87 1854.14 580.64 0.50
TC-M81 -1.199  020YR 12882.00 800.00 809.69 808.42 810.45 0.002949 8.18 2138.02 581.94 0.50
TC-M81 -1.199  050YR 12720.00 800.00 809.65 808.40 810.40 0.002956 8.16 2117.43 581.84 0.50
TC-M81 -1.199  100YR 15985.00 800.00 810.49 808.94 811.30 0.002868 8.58 2505.76 583.50 0.50
TC-M81 -1.199  200YR 17182.00 800.00 810.67 809.13 811.54 0.003016 8.91 2586.87 583.82 0.52
TC-M81 -1.199  500YR 19680.00 800.00 811.27 809.49 812.18 0.002915 9.14 2865.19 584.94 0.51

TC-M81 -1.272  001YR 2484.03 796.95 802.74 801.32 803.61 0.004128 7.47 337.65 87.44 0.61
TC-M81 -1.272  002YR 6739.20 796.95 805.56 805.56 806.95 0.004561 10.33 939.58 525.64 0.68
TC-M81 -1.272  005YR 9287.20 796.95 806.33 806.33 807.90 0.005036 11.46 1199.60 527.10 0.73
TC-M81 -1.272  010YR 10699.50 796.95 806.68 806.68 808.35 0.005294 12.03 1320.51 527.84 0.75
TC-M81 -1.272  020YR 12882.00 796.95 807.18 807.18 809.00 0.005638 12.80 1490.60 528.88 0.78
TC-M81 -1.272  050YR 12720.00 796.95 807.14 807.14 808.96 0.005607 12.74 1479.28 528.81 0.78
TC-M81 -1.272  100YR 15985.00 796.95 807.79 807.79 809.84 0.006109 13.82 1700.54 530.15 0.82
TC-M81 -1.272  200YR 17182.00 796.95 808.59 807.99 810.26 0.004598 12.65 1977.63 538.38 0.72
TC-M81 -1.272  500YR 19680.00 796.95 809.39 808.39 811.00 0.004072 12.56 2265.75 549.08 0.69

lTC -1.344  001YR 2484.03 794.00 799.13 799.13 801.00 0.012027 10.97 226.39 61.07 1.00
lTC -1.344  002YR 6739.20 794.00 802.35 802.35 803.58 0.005676 10.36 979.26 365.19 0.75
lTC -1.344  005YR 9287.20 794.00 803.10 802.99 804.44 0.005936 11.20 1233.26 369.19 0.77
lTC -1.344  010YR 10699.50 794.00 803.38 803.29 804.86 0.006393 11.86 1331.50 370.72 0.81
lTC -1.344  020YR 12882.00 794.00 804.83 803.72 805.83 0.003606 9.99 1859.52 409.95 0.62
lTC -1.344  050YR 12720.00 794.00 805.65 803.70 806.34 0.002224 8.37 2171.56 414.11 0.50
lTC -1.344  100YR 15985.00 794.00 807.53 804.26 808.11 0.001468 7.74 2901.66 432.52 0.42
lTC -1.344  200YR 17182.00 794.00 808.65 804.48 809.15 0.001100 7.16 3357.87 456.45 0.37
lTC -1.344  500YR 19680.00 794.00 809.41 804.91 809.95 0.001102 7.47 3686.14 478.53 0.37

lTC -1.419  001YR 1955.92 792.00 797.18 795.99 797.69 0.003772 5.87 365.81 169.13 0.55
lTC -1.419  002YR 6801.60 792.00 802.28 799.22 802.57 0.000905 5.03 1877.12 916.31 0.31
lTC -1.419  005YR 9703.20 792.00 803.29 799.99 803.68 0.001087 5.96 2258.18 922.47 0.35
lTC -1.419  010YR 10783.50 792.00 803.62 800.49 804.05 0.001146 6.26 2383.06 924.49 0.36
lTC -1.419  020YR 14820.00 792.00 804.72 801.41 805.29 0.001335 7.28 2801.70 931.26 0.40
lTC -1.419  050YR 16112.00 792.00 805.44 801.66 805.99 0.001188 7.18 3075.33 935.69 0.38
lTC -1.419  100YR 21390.00 792.00 807.23 802.62 807.86 0.001129 7.72 3753.74 946.67 0.38
lTC -1.419  200YR 24442.00 792.00 808.26 803.11 808.92 0.001080 7.94 4143.06 959.02 0.37
lTC -1.419  500YR 28290.00 792.00 808.93 803.67 809.71 0.001199 8.63 4396.93 978.76 0.40

lTC -1.432  001YR 1955.92 791.00 795.93 795.37 796.94 0.007465 8.08 242.19 71.58 0.77
lTC -1.432  002YR 6801.60 791.00 799.68 799.50 802.03 0.007590 12.46 618.92 175.30 0.86
lTC -1.432  005YR 9703.20 791.00 801.61 801.61 803.23 0.004454 11.30 1392.06 807.13 0.69
lTC -1.432  010YR 10783.50 791.00 801.89 801.89 803.58 0.004585 11.72 1517.39 810.78 0.70
lTC -1.432  020YR 14820.00 791.00 803.47 802.78 804.87 0.003488 11.43 2234.74 837.56 0.63
lTC -1.432  050YR 16112.00 791.00 804.70 803.04 805.69 0.002265 9.93 2812.03 898.02 0.52



HEC-RAS  Plan: PreProject (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
lTC -1.432  100YR 21390.00 791.00 806.73 803.96 807.61 0.001746 9.72 3776.92 954.38 0.47
lTC -1.432  200YR 24442.00 791.00 807.85 804.47 808.69 0.001547 9.65 4310.03 966.12 0.44
lTC -1.432  500YR 28290.00 791.00 808.49 805.00 809.46 0.001687 10.37 4617.56 973.58 0.47

lTC -1.479  001YR 1966.21 790.00 793.93 793.41 795.03 0.007723 8.41 233.89 67.21 0.79
lTC -1.479  002YR 6864.00 790.00 798.01 797.97 800.25 0.006533 12.27 727.31 782.07 0.82
lTC -1.479  005YR 9796.80 790.00 799.78 799.61 801.28 0.003999 11.15 1469.46 836.34 0.66
lTC -1.479  010YR 10867.50 790.00 800.37 799.89 801.71 0.003445 10.81 1736.01 864.38 0.62
lTC -1.479  020YR 15048.00 790.00 803.49 800.89 804.14 0.001375 8.27 3187.49 943.46 0.41
lTC -1.479  050YR 16854.00 790.00 804.63 801.24 805.19 0.001108 7.87 3718.24 985.10 0.38
lTC -1.479  100YR 21505.00 790.00 806.67 802.03 807.20 0.000912 7.84 4677.24 1000.38 0.35
lTC -1.479  200YR 24805.00 790.00 807.77 802.53 808.33 0.000882 8.06 5193.53 1009.84 0.35
lTC -1.479  500YR 28782.00 790.00 808.39 803.10 809.06 0.001003 8.81 5486.76 1015.37 0.37
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HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 5.513   010YR 4306.00 953.10 970.49 962.05 971.08 0.000673 6.40 717.93 1313.02 0.29
TC-M80 5.513   050YR 7263.00 953.10 973.15 965.60 973.15 0.000018 1.17 11258.02 1437.17 0.05
TC-M80 5.513   100YR 8764.00 953.10 973.65 966.82 973.65 0.000022 1.31 11979.89 1449.61 0.05
TC-M80 5.513   500YR 11498.00 953.10 974.33 968.78 974.34 0.000029 1.55 12982.49 1460.47 0.06

TC-M80 5.499   Bridge

TC-M80 5.486   010YR 4306.00 953.10 962.66 961.52 964.59 0.005543 11.22 404.04 82.80 0.80
TC-M80 5.486   050YR 7263.00 953.10 966.36 965.43 967.35 0.002342 8.82 1603.30 687.36 0.55
TC-M80 5.486   100YR 8764.00 953.10 968.50 968.89 0.000863 6.28 3197.68 806.85 0.35
TC-M80 5.486   500YR 11498.00 953.10 971.49 971.66 0.000345 4.72 5861.44 1001.28 0.23

TC-M80 5.417   010YR 4306.00 949.84 962.43 957.55 963.12 0.001146 6.69 650.88 100.00 0.40
TC-M80 5.417   050YR 7263.00 949.84 965.85 960.19 966.75 0.000996 7.78 1287.58 313.45 0.39
TC-M80 5.417   100YR 8764.00 949.84 967.59 961.24 968.44 0.000822 7.73 1876.94 347.30 0.37
TC-M80 5.417   500YR 11498.00 949.84 970.62 962.99 971.34 0.000595 7.51 2976.84 380.24 0.32

TC-M80 5.407   Bridge

TC-M80 5.394   010YR 4328.00 948.77 962.36 962.94 0.000899 6.06 713.77 80.36 0.36
TC-M80 5.394   050YR 7153.00 948.77 965.85 966.51 0.000735 6.72 1235.59 232.44 0.34
TC-M80 5.394   100YR 8524.00 948.77 967.63 968.17 0.000536 6.29 1817.44 393.60 0.30
TC-M80 5.394   500YR 11282.00 948.77 970.74 971.02 0.000266 5.07 3116.45 439.69 0.22

TC-M80 5.373   010YR 4328.00 947.97 961.99 956.29 962.75 0.001566 7.01 617.81 63.39 0.40
TC-M80 5.373   050YR 7153.00 947.97 965.09 959.03 966.24 0.001773 8.61 858.90 94.18 0.44
TC-M80 5.373   100YR 8524.00 947.97 966.60 960.16 967.85 0.001678 9.06 1014.65 132.67 0.43
TC-M80 5.373   500YR 11282.00 947.97 969.86 962.19 970.78 0.001066 8.33 2077.82 416.82 0.36

TC-M80 5.367   Bridge

TC-M80 5.361   010YR 4328.00 947.55 960.84 962.16 0.003182 9.24 468.30 53.08 0.55
TC-M80 5.361   050YR 7153.00 947.55 962.69 965.13 0.004936 12.52 571.42 58.12 0.70
TC-M80 5.361   100YR 8524.00 947.55 963.55 966.49 0.005331 13.75 623.48 65.77 0.73
TC-M80 5.361   500YR 11282.00 947.55 964.41 963.37 968.79 0.007223 16.83 684.66 76.70 0.86

TC-M80 5.307   010YR 4328.00 947.95 960.36 961.21 0.002006 7.37 587.56 70.50 0.45
TC-M80 5.307   050YR 7153.00 947.95 962.01 963.58 0.003159 10.06 732.31 126.65 0.58
TC-M80 5.307   100YR 8524.00 947.95 963.00 964.74 0.003127 10.69 867.17 146.60 0.58
TC-M80 5.307   500YR 11282.00 947.95 964.07 961.59 966.28 0.003632 12.30 1183.96 342.60 0.64

TC-M80 5.268   010YR 4328.00 947.74 959.72 960.76 0.002197 8.31 584.24 110.12 0.48
TC-M80 5.268   050YR 7153.00 947.74 960.30 959.07 962.72 0.004762 12.75 652.84 128.53 0.72
TC-M80 5.268   100YR 8524.00 947.74 960.61 960.14 963.75 0.005994 14.60 693.95 139.41 0.81
TC-M80 5.268   500YR 11282.00 947.74 963.02 963.02 965.49 0.003989 13.74 1256.63 302.38 0.69

TC-M80 5.213   010YR 4328.00 946.75 956.18 956.18 959.31 0.011651 14.21 306.08 51.67 0.99
TC-M80 5.213   050YR 7153.00 946.75 959.32 959.32 961.15 0.005122 12.13 910.11 253.61 0.70
TC-M80 5.213   100YR 8524.00 946.75 959.82 959.82 961.81 0.005440 12.95 1036.91 257.52 0.73
TC-M80 5.213   500YR 11282.00 946.75 962.02 963.32 0.003142 11.27 1635.09 291.35 0.58

TC-M80 5.130   010YR 4328.00 942.00 955.62 956.65 0.002089 8.21 556.70 101.27 0.47
TC-M80 5.130   050YR 7153.00 942.00 957.12 959.01 0.003248 11.29 739.35 129.22 0.60
TC-M80 5.130   100YR 8524.00 942.00 957.69 955.65 960.00 0.003765 12.57 814.01 134.21 0.65
TC-M80 5.130   500YR 11282.00 942.00 958.50 957.79 961.80 0.005014 15.19 936.46 173.29 0.76

TC-M80 5.066   010YR 4328.00 942.00 954.98 955.91 0.002086 7.85 651.85 231.61 0.46
TC-M80 5.066   050YR 7153.00 942.00 956.31 953.51 957.84 0.003060 10.42 981.94 263.72 0.57
TC-M80 5.066   100YR 8524.00 942.00 956.92 955.84 958.63 0.003307 11.25 1146.03 276.02 0.60
TC-M80 5.066   500YR 11282.00 942.00 957.89 957.20 959.97 0.003819 12.79 1417.97 285.48 0.65

TC-M80 5.023   010YR 4409.00 942.00 954.66 955.38 0.002065 6.95 822.23 319.13 0.40
TC-M80 5.023   050YR 7186.00 942.00 955.97 957.05 0.002899 8.93 1275.83 364.45 0.48
TC-M80 5.023   100YR 8625.00 942.00 956.60 957.78 0.003082 9.57 1509.62 377.41 0.50
TC-M80 5.023   500YR 11511.00 942.00 957.64 958.99 0.003414 10.67 1908.50 399.20 0.53

TC-M80 4.986   010YR 4409.00 942.00 953.87 950.87 954.83 0.003626 8.37 841.64 344.76 0.51
TC-M80 4.986   050YR 7186.00 942.00 955.32 956.40 0.003889 9.64 1373.33 389.95 0.54
TC-M80 4.986   100YR 8625.00 942.00 956.00 957.08 0.003812 9.97 1647.50 417.74 0.54
TC-M80 4.986   500YR 11511.00 942.00 957.09 958.22 0.003826 10.67 2128.06 461.98 0.55

TC-M80 4.964   010YR 4409.00 941.56 951.47 950.59 954.06 0.008103 12.93 340.94 48.13 0.86
TC-M80 4.964   050YR 7186.00 941.56 954.96 954.40 956.02 0.002651 9.48 1223.88 462.05 0.52
TC-M80 4.964   100YR 8625.00 941.56 955.79 956.69 0.002179 9.05 1615.35 479.50 0.48
TC-M80 4.964   500YR 11511.00 941.56 956.96 957.82 0.001938 9.12 2189.48 508.88 0.46

TC-M80 4.912   010YR 4409.00 937.00 951.00 952.38 0.003269 9.41 468.77 51.58 0.55
TC-M80 4.912   050YR 7186.00 937.00 953.28 950.11 955.10 0.003706 11.25 1050.30 468.41 0.60
TC-M80 4.912   100YR 8625.00 937.00 953.97 953.74 955.84 0.003749 11.79 1379.12 481.01 0.61

G5EDHWO9
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Exhibit 5. Tabular results from Proposed Condition HEC-RAS model for the reach of interest TC-M80



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 4.912   500YR 11511.00 937.00 955.18 954.96 957.03 0.003668 12.47 1990.64 529.72 0.62

TC-M80 4.874   010YR 4409.00 937.00 950.53 951.71 0.002741 8.71 506.36 55.88 0.51
TC-M80 4.874   050YR 7186.00 937.00 952.66 949.06 954.34 0.003358 10.71 961.13 390.77 0.58
TC-M80 4.874   100YR 8625.00 937.00 953.23 950.50 955.09 0.003642 11.55 1187.31 401.25 0.61
TC-M80 4.874   500YR 11511.00 937.00 954.46 954.13 956.31 0.003543 12.22 1688.87 415.96 0.61

TC-M80 4.851   010YR 4409.00 936.00 949.99 951.34 0.003215 9.32 473.09 53.74 0.55
TC-M80 4.851   050YR 7186.00 936.00 952.49 949.31 953.89 0.002825 10.18 1197.83 442.72 0.54
TC-M80 4.851   100YR 8625.00 936.00 953.17 952.55 954.58 0.002832 10.60 1505.20 462.47 0.54
TC-M80 4.851   500YR 11511.00 936.00 954.47 955.79 0.002605 10.91 2133.41 497.66 0.53

TC-M80 4.815   010YR 4409.00 935.00 949.81 950.75 0.001922 7.83 593.52 156.07 0.43
TC-M80 4.815   050YR 7186.00 935.00 952.51 953.33 0.001460 7.99 1298.73 362.92 0.39
TC-M80 4.815   100YR 8625.00 935.00 953.10 954.02 0.001603 8.63 1538.86 456.33 0.42
TC-M80 4.815   500YR 11511.00 935.00 954.38 955.28 0.001514 8.91 2140.50 481.82 0.41

TC-M80 4.767   010YR 4409.00 934.27 949.26 950.24 0.002094 8.35 774.22 216.65 0.45
TC-M80 4.767   050YR 7186.00 934.27 952.25 952.94 0.001360 7.94 1640.40 336.82 0.38
TC-M80 4.767   100YR 8625.00 934.27 952.82 953.60 0.001513 8.61 1835.63 346.30 0.40
TC-M80 4.767   500YR 11511.00 934.27 954.03 954.88 0.001613 9.39 2267.58 367.75 0.42

TC-M80 4.722   010YR 4409.00 934.20 949.00 949.78 0.001447 7.36 709.76 154.20 0.39
TC-M80 4.722   050YR 7186.00 934.20 951.73 952.61 0.001375 8.33 1276.25 256.44 0.40
TC-M80 4.722   100YR 8625.00 934.20 952.05 953.19 0.001768 9.59 1357.23 263.63 0.45
TC-M80 4.722   500YR 11511.00 934.20 952.72 954.36 0.002472 11.70 1540.48 279.24 0.54

TC-M80 4.675   010YR 4409.00 933.41 948.79 949.39 0.001203 6.60 814.76 160.38 0.35
TC-M80 4.675   050YR 7186.00 933.41 951.55 952.24 0.001133 7.46 1437.14 317.45 0.36
TC-M80 4.675   100YR 8625.00 933.41 951.83 952.70 0.001437 8.51 1525.86 321.36 0.40
TC-M80 4.675   500YR 11511.00 933.41 952.46 953.67 0.001962 10.25 1741.02 408.68 0.47

TC-M80 4.634   010YR 5590.00 933.76 946.30 944.13 948.68 0.005347 12.41 464.78 84.96 0.70
TC-M80 4.634   050YR 8678.00 933.76 950.51 948.67 951.82 0.002249 10.24 1112.89 381.79 0.48
TC-M80 4.634   100YR 9980.00 933.76 949.80 949.32 952.04 0.003970 13.14 980.05 348.11 0.64
TC-M80 4.634   500YR 12759.00 933.76 952.55 950.55 953.15 0.001208 8.23 2680.13 716.81 0.36

TC-M80 4.605   010YR 5590.00 933.62 945.83 943.43 947.85 0.005314 11.42 489.49 60.26 0.71
TC-M80 4.605   050YR 8678.00 933.62 950.51 947.97 951.44 0.001782 8.44 1305.07 292.19 0.44
TC-M80 4.605   100YR 9980.00 933.62 949.81 948.63 951.36 0.003158 10.78 1149.80 267.11 0.58
TC-M80 4.605   500YR 12759.00 933.62 951.31 949.67 952.83 0.002776 11.02 1516.19 406.42 0.55

TC-M80 4.602   Bridge

TC-M80 4.600   010YR 5590.00 932.60 945.41 943.71 947.52 0.005714 11.64 480.26 60.92 0.73
TC-M80 4.600   050YR 8678.00 932.60 946.49 946.49 950.36 0.009228 15.81 569.46 118.58 0.94
TC-M80 4.600   100YR 9980.00 932.60 948.40 948.40 951.21 0.005505 13.93 973.72 285.80 0.75
TC-M80 4.600   500YR 12759.00 932.60 949.72 949.72 952.61 0.005219 14.66 1334.63 336.19 0.75

TC-M80 4.58    010YR 5590.00 933.50 945.34 942.44 946.64 0.002747 9.21 637.60 152.64 0.54
TC-M80 4.58    050YR 8678.00 933.50 946.73 944.62 948.71 0.003646 11.69 968.42 338.87 0.64
TC-M80 4.58    100YR 9980.00 933.50 947.04 946.57 949.38 0.004217 12.83 1055.31 364.65 0.69
TC-M80 4.58    500YR 12759.00 933.50 948.00 948.00 950.69 0.004573 14.15 1356.19 408.48 0.73

TC-M80 4.516   010YR 5794.00 933.47 944.35 941.40 945.57 0.005015 8.86 653.63 83.70 0.56
TC-M80 4.516   050YR 8813.00 933.47 946.02 943.41 947.32 0.004699 9.67 1066.81 306.13 0.56
TC-M80 4.516   100YR 10144.00 933.47 946.46 947.80 0.004744 10.02 1203.08 320.60 0.56
TC-M80 4.516   500YR 13005.00 933.47 947.42 948.75 0.004364 10.23 1524.70 357.59 0.55

TC-M80 4.448   010YR 5794.00 931.63 943.49 944.34 0.002101 7.58 884.80 382.33 0.47
TC-M80 4.448   050YR 8813.00 931.63 945.90 946.39 0.001077 6.46 1985.50 533.94 0.35
TC-M80 4.448   100YR 10144.00 931.63 946.36 946.85 0.001085 6.67 2235.05 553.55 0.35
TC-M80 4.448   500YR 13005.00 931.63 947.38 947.86 0.001000 6.79 2816.85 582.30 0.35

TC-M80 4.368   010YR 5794.00 931.16 942.23 939.31 943.42 0.002092 8.83 718.61 259.64 0.55
TC-M80 4.368   050YR 8813.00 931.16 945.29 945.94 0.000955 7.39 1841.24 458.80 0.39
TC-M80 4.368   100YR 10144.00 931.16 945.61 946.37 0.001089 8.05 1993.65 482.41 0.42
TC-M80 4.368   500YR 13005.00 931.16 946.45 947.36 0.001243 9.01 2421.78 543.26 0.45

TC-M80 4.302   010YR 5794.00 929.79 941.90 942.74 0.001356 7.42 836.68 202.72 0.45
TC-M80 4.302   050YR 8813.00 929.79 945.27 945.61 0.000516 5.39 2268.17 587.92 0.29
TC-M80 4.302   100YR 10144.00 929.79 945.61 945.99 0.000567 5.77 2469.95 598.53 0.30
TC-M80 4.302   500YR 13005.00 929.79 946.49 946.92 0.000593 6.20 3011.64 626.12 0.31

TC-M80 4.254   010YR 5794.00 929.00 941.65 937.11 942.32 0.001579 6.53 887.69 116.41 0.41
TC-M80 4.254   050YR 8813.00 929.00 944.94 939.02 945.42 0.000930 5.97 1981.83 465.33 0.33
TC-M80 4.254   100YR 10144.00 929.00 945.21 939.74 945.78 0.001077 6.54 2108.57 469.39 0.36
TC-M80 4.254   500YR 13005.00 929.00 946.02 941.15 946.69 0.001209 7.27 2501.24 531.33 0.38



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 4.244   Bridge

TC-M80 4.234   010YR 5877.00 928.98 940.91 941.86 0.002237 7.81 752.81 95.41 0.49
TC-M80 4.234   050YR 8781.00 928.98 943.02 944.03 0.001898 8.40 1197.80 228.86 0.47
TC-M80 4.234   100YR 10047.00 928.98 943.50 944.61 0.002004 8.90 1308.67 233.81 0.48
TC-M80 4.234   500YR 12846.00 928.98 944.35 945.71 0.002285 10.00 1511.57 245.20 0.52

TC-M80 4.169   010YR 5877.00 928.27 939.68 940.88 0.003053 8.79 668.93 88.94 0.56
TC-M80 4.169   050YR 8781.00 928.27 941.52 938.70 943.04 0.003170 10.06 988.75 292.91 0.60
TC-M80 4.169   100YR 10047.00 928.27 942.07 939.43 943.62 0.003111 10.37 1151.15 303.82 0.60
TC-M80 4.169   500YR 12846.00 928.27 942.95 942.30 944.65 0.003231 11.22 1432.62 336.71 0.62

TC-M80 4.099   010YR 5877.00 927.41 937.79 939.52 0.004170 10.59 563.23 103.16 0.66
TC-M80 4.099   050YR 8781.00 927.41 939.09 939.07 941.51 0.005019 12.84 789.72 195.04 0.74
TC-M80 4.099   100YR 10047.00 927.41 939.75 939.75 942.15 0.004737 13.06 926.60 237.65 0.73
TC-M80 4.099   500YR 12846.00 927.41 940.97 940.97 943.27 0.004245 13.35 1261.42 301.82 0.70

TC-M80 4.050   010YR 5877.00 927.18 936.95 935.23 938.55 0.003140 10.29 626.84 179.24 0.67
TC-M80 4.050   050YR 8781.00 927.18 938.57 937.97 940.34 0.002918 11.32 950.25 218.99 0.66
TC-M80 4.050   100YR 10047.00 927.18 939.25 938.50 940.99 0.002704 11.44 1105.19 235.79 0.65
TC-M80 4.050   500YR 12846.00 927.18 940.72 942.26 0.002149 11.21 1491.04 289.90 0.59

TC-M80 3.990   010YR 5877.00 925.40 936.68 937.53 0.002058 7.57 894.43 301.50 0.47
TC-M80 3.990   050YR 8781.00 925.40 938.79 939.41 0.001326 7.09 1605.56 422.41 0.39
TC-M80 3.990   100YR 10047.00 925.40 939.55 940.13 0.001153 6.93 1957.80 512.67 0.37
TC-M80 3.990   500YR 12846.00 925.40 941.06 941.55 0.000888 6.63 2858.92 630.62 0.33

TC-M80 3.952   010YR 5877.00 923.68 936.74 937.21 0.000623 5.64 1443.57 358.95 0.31
TC-M80 3.952   050YR 8781.00 923.68 938.64 939.22 0.000666 6.53 2146.06 379.13 0.33
TC-M80 3.952   100YR 10047.00 923.68 939.34 939.95 0.000679 6.85 2458.98 534.49 0.34
TC-M80 3.952   500YR 12846.00 923.68 940.75 941.38 0.000661 7.24 3323.21 641.15 0.34

TC-M80 3.921   010YR 5877.00 924.12 936.33 937.03 0.001299 6.92 1105.23 223.36 0.38
TC-M80 3.921   050YR 8781.00 924.12 938.00 939.00 0.001571 8.43 1503.90 252.84 0.43
TC-M80 3.921   100YR 10047.00 924.12 938.60 939.72 0.001675 9.00 1658.56 263.61 0.45
TC-M80 3.921   500YR 12846.00 924.12 939.74 941.12 0.001900 10.16 1969.04 283.99 0.49

TC-M80 3.892   010YR 5877.00 924.24 935.39 932.64 936.68 0.003291 9.19 760.49 250.64 0.59
TC-M80 3.892   050YR 8781.00 924.24 937.04 938.62 0.003447 10.50 1190.35 267.14 0.62
TC-M80 3.892   100YR 10047.00 924.24 937.64 939.32 0.003483 10.98 1352.17 272.05 0.62
TC-M80 3.892   500YR 12846.00 924.24 938.76 940.69 0.003640 12.02 1662.64 282.47 0.65

TC-M80 3.855   010YR 5877.00 923.69 935.32 936.15 0.001373 7.34 861.39 152.31 0.45
TC-M80 3.855   050YR 8781.00 923.69 936.81 938.08 0.001721 9.17 1106.43 172.66 0.52
TC-M80 3.855   100YR 10047.00 923.69 937.31 938.79 0.001878 9.90 1195.30 176.63 0.54
TC-M80 3.855   500YR 12846.00 923.69 938.11 935.44 940.14 0.002356 11.65 1340.37 242.47 0.62

TC-M80 3.823   010YR 5877.00 923.59 935.12 935.89 0.001486 7.07 831.88 113.71 0.46
TC-M80 3.823   050YR 8781.00 923.59 936.53 937.75 0.001952 8.84 1001.84 127.47 0.53
TC-M80 3.823   100YR 10047.00 923.59 937.01 938.43 0.002132 9.58 1070.58 173.82 0.56
TC-M80 3.823   500YR 12846.00 923.59 937.74 935.10 939.68 0.002651 11.24 1234.79 280.70 0.63

TC-M80 3.726   010YR 6469.00 921.00 934.74 927.44 935.04 0.001306 4.62 1504.08 358.29 0.23
TC-M80 3.726   050YR 9108.00 921.00 936.58 928.96 936.81 0.000887 3.80 2408.26 497.38 0.18
TC-M80 3.726   100YR 10381.00 921.00 937.23 929.66 937.45 0.000788 3.69 2736.97 522.37 0.17
TC-M80 3.726   500YR 13363.00 921.00 938.27 931.17 938.54 0.000740 3.75 3306.40 567.78 0.17

TC-M80 3.711   Culvert

TC-M80 3.690   010YR 6469.00 919.85 932.39 926.98 932.91 0.001334 5.77 1126.51 178.71 0.36
TC-M80 3.690   050YR 9108.00 919.85 934.46 929.04 934.92 0.000974 5.75 1814.03 693.39 0.32
TC-M80 3.690   100YR 10381.00 919.85 935.54 929.61 935.83 0.000579 4.74 2450.78 857.90 0.25
TC-M80 3.690   500YR 13363.00 919.85 937.17 930.79 937.39 0.000310 3.80 3528.85 1051.95 0.19

TC-M80 3.665   010YR 10718.00 920.00 930.14 928.69 932.11 0.005248 11.29 979.28 197.55 0.74
TC-M80 3.665   050YR 14839.00 920.00 932.71 930.84 934.33 0.003081 10.58 1582.01 355.61 0.59
TC-M80 3.665   100YR 16855.00 920.00 933.90 931.50 935.33 0.002431 10.14 2072.85 450.40 0.54
TC-M80 3.665   500YR 21037.00 920.00 936.34 932.82 937.14 0.001187 8.09 3826.09 881.32 0.39

TC-M80 3.607   010YR 10718.00 916.87 927.30 926.37 930.17 0.006866 13.60 788.37 98.11 0.85
TC-M80 3.607   050YR 14839.00 916.87 928.97 928.26 932.71 0.007423 15.51 956.45 102.74 0.90
TC-M80 3.607   100YR 16855.00 916.87 930.12 929.11 933.92 0.006665 15.66 1081.39 112.39 0.86
TC-M80 3.607   500YR 21037.00 916.87 931.03 931.03 935.96 0.007766 17.87 1201.24 139.01 0.94

TC-M80 3.570   010YR 10718.00 915.68 925.98 924.84 928.86 0.006522 13.61 789.79 104.58 0.83
TC-M80 3.570   050YR 14839.00 915.68 927.95 927.95 931.29 0.006002 14.85 1092.26 216.75 0.82
TC-M80 3.570   100YR 16855.00 915.68 930.79 929.03 932.55 0.002562 11.42 1810.59 277.55 0.56
TC-M80 3.570   500YR 21037.00 915.68 930.29 930.29 933.49 0.004797 15.23 1675.42 269.78 0.76



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 3.560   010YR 10718.00 915.00 925.99 924.24 928.51 0.005237 12.74 846.04 107.45 0.75
TC-M80 3.560   050YR 14839.00 915.00 927.32 926.98 930.78 0.006106 15.07 1026.73 196.87 0.82
TC-M80 3.560   100YR 16855.00 915.00 931.19 929.09 932.05 0.001033 7.65 2424.13 408.05 0.36
TC-M80 3.560   500YR 21037.00 915.00 929.86 929.86 932.10 0.003269 12.75 1882.44 399.80 0.62

TC-M80 3.539   010YR 10718.00 913.76 925.36 924.36 927.78 0.004848 12.62 863.47 123.24 0.72
TC-M80 3.539   050YR 14839.00 913.76 926.23 926.23 929.88 0.006475 15.45 983.36 146.75 0.84
TC-M80 3.539   100YR 16855.00 913.76 926.92 926.92 930.84 0.006320 15.93 1085.46 146.75 0.84
TC-M80 3.539   500YR 21037.00 913.76 928.79 928.79 930.93 0.002731 11.60 1951.67 619.01 0.57

TC-M80 3.481   010YR 10718.00 912.13 923.99 923.99 926.29 0.004638 12.62 968.74 230.04 0.71
TC-M80 3.481   050YR 14839.00 912.13 925.30 925.30 927.79 0.004490 13.50 1274.53 234.43 0.72
TC-M80 3.481   100YR 16855.00 912.13 925.74 925.74 928.45 0.004670 14.13 1377.43 234.43 0.73
TC-M80 3.481   500YR 21037.00 912.13 927.45 926.59 929.91 0.003426 13.28 1778.36 234.43 0.64

TC-M80 3.420   010YR 10718.00 910.56 920.76 920.76 923.70 0.006844 14.16 853.70 154.10 0.84
TC-M80 3.420   050YR 14839.00 910.56 922.44 922.44 925.72 0.006386 15.35 1129.62 171.21 0.83
TC-M80 3.420   100YR 16855.00 910.56 923.06 923.06 926.58 0.006467 16.05 1235.54 171.21 0.85
TC-M80 3.420   500YR 21037.00 910.56 924.24 924.24 928.25 0.006584 17.32 1437.87 171.21 0.87

TC-M80 3.345   010YR 10718.00 907.25 917.59 917.59 920.19 0.005818 13.35 916.50 194.92 0.80
TC-M80 3.345   050YR 14839.00 907.25 919.01 919.01 921.99 0.005744 14.67 1194.41 194.92 0.81
TC-M80 3.345   100YR 16855.00 907.25 919.97 919.57 922.81 0.004998 14.53 1380.48 194.92 0.77
TC-M80 3.345   500YR 21037.00 907.25 921.87 920.63 922.95 0.002021 10.27 3095.40 652.67 0.50

TC-M80 3.298   010YR 10718.00 904.24 915.44 913.78 917.93 0.006646 12.76 893.20 185.48 0.74
TC-M80 3.298   050YR 14839.00 904.24 918.48 916.75 920.34 0.003749 11.59 1468.81 189.65 0.58
TC-M80 3.298   100YR 16855.00 904.24 919.77 917.38 921.51 0.003121 11.31 1714.85 189.65 0.54
TC-M80 3.298   500YR 21037.00 904.24 921.55 918.52 922.45 0.001608 8.81 3071.07 631.38 0.40

TC-M80 3.231   010YR 10718.00 901.95 914.87 909.76 916.07 0.002457 8.83 1257.69 170.09 0.44
TC-M80 3.231   050YR 14839.00 901.95 917.90 911.51 919.13 0.001990 9.20 1814.02 188.52 0.41
TC-M80 3.231   100YR 16855.00 901.95 919.22 912.31 920.46 0.001829 9.32 2064.13 188.52 0.40
TC-M80 3.231   500YR 21037.00 901.95 920.87 913.86 921.86 0.001425 8.76 3040.61 553.34 0.36

TC-M80 3.230   Inl Struct

TC-M80 3.225   010YR 10718.00 897.35 914.86 907.09 915.73 0.001461 7.49 1500.60 181.23 0.36
TC-M80 3.225   050YR 14839.00 897.35 917.89 909.02 918.84 0.001297 8.06 2065.24 187.02 0.35
TC-M80 3.225   100YR 16855.00 897.35 919.22 909.91 920.21 0.001236 8.28 2313.41 187.02 0.35
TC-M80 3.225   500YR 21037.00 897.35 920.54 911.60 921.70 0.001368 9.14 2909.51 475.89 0.37

TC-M80 3.165   010YR 10718.00 896.85 912.83 908.33 914.85 0.001968 11.66 992.51 96.74 0.53
TC-M80 3.165   050YR 14839.00 896.85 915.24 910.89 917.83 0.002127 13.41 1251.78 114.19 0.57
TC-M80 3.165   100YR 16855.00 896.85 916.43 912.09 919.18 0.002093 13.91 1387.70 114.19 0.57
TC-M80 3.165   500YR 21037.00 896.85 920.49 913.77 921.20 0.000584 8.39 3804.08 561.46 0.31

TC-M80 3.096   010YR 10718.00 898.00 912.65 908.12 914.01 0.001584 9.37 1183.14 131.90 0.50
TC-M80 3.096   050YR 14839.00 898.00 915.29 910.19 916.91 0.001441 10.30 1536.81 136.30 0.49
TC-M80 3.096   100YR 16855.00 898.00 916.54 911.09 918.25 0.001369 10.65 1755.41 224.95 0.49
TC-M80 3.096   500YR 21037.00 898.00 920.41 912.76 920.95 0.000443 7.06 4853.15 596.97 0.29

TC-M80 3.070   010YR 11200.00 896.11 913.10 904.40 913.65 0.000509 5.93 1903.09 178.78 0.29
TC-M80 3.070   050YR 15507.00 896.11 915.82 906.12 916.52 0.000507 6.72 2395.36 183.17 0.30
TC-M80 3.070   100YR 17691.00 896.11 917.10 906.92 917.86 0.000503 7.05 2630.54 188.20 0.30
TC-M80 3.070   500YR 22293.00 896.11 920.47 908.46 920.86 0.000256 5.68 6230.40 658.37 0.22

TC-M80 3.058   Bridge

TC-M80 3.040   010YR 11200.00 896.15 912.87 904.37 913.44 0.000513 6.06 1853.16 152.18 0.29
TC-M80 3.040   050YR 15507.00 896.15 915.32 906.09 916.09 0.000550 7.03 2231.94 156.97 0.31
TC-M80 3.040   100YR 17691.00 896.15 916.38 906.90 917.24 0.000572 7.49 2398.03 159.02 0.32
TC-M80 3.040   500YR 22293.00 896.15 920.01 908.46 920.32 0.000174 4.70 5037.01 497.82 0.18

TC-M80 2.945   010YR 11200.00 896.09 910.11 907.12 912.42 0.002815 12.27 951.42 147.26 0.64
TC-M80 2.945   050YR 15507.00 896.09 913.18 910.78 915.23 0.001882 11.79 1412.06 152.68 0.55
TC-M80 2.945   100YR 17691.00 896.09 914.21 911.58 916.38 0.001796 12.06 1569.65 154.40 0.54
TC-M80 2.945   500YR 22293.00 896.09 920.03 912.91 920.19 0.000077 3.10 7115.51 818.26 0.12

TC-M80 2.813   010YR 10849.00 892.15 910.12 903.44 911.03 0.000834 7.79 1541.24 171.54 0.38
TC-M80 2.813   050YR 15185.00 892.15 913.06 905.65 914.14 0.000788 8.65 2055.29 178.15 0.38
TC-M80 2.813   100YR 17348.00 892.15 914.07 906.57 915.29 0.000822 9.19 2236.82 180.11 0.39
TC-M80 2.813   500YR 22087.00 892.15 919.86 908.35 920.11 0.000180 5.22 9077.75 1013.44 0.19

TC-M80 2.777   010YR 10849.00 892.15 909.49 904.38 910.79 0.001387 9.15 1203.71 114.94 0.47
TC-M80 2.777   050YR 15185.00 892.15 912.45 906.57 913.92 0.001193 9.85 1605.01 145.60 0.45
TC-M80 2.777   100YR 17348.00 892.15 913.43 907.46 915.06 0.001206 10.34 1748.91 148.32 0.46
TC-M80 2.777   500YR 22087.00 892.15 919.94 909.35 920.06 0.000039 2.33 8057.51 914.81 0.09



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 2.719   010YR 10849.00 890.42 908.86 903.02 910.32 0.001570 9.69 1120.82 95.41 0.49
TC-M80 2.719   050YR 15185.00 890.42 911.62 905.63 913.47 0.001538 10.98 1438.55 124.60 0.50
TC-M80 2.719   100YR 17348.00 890.42 912.42 906.73 914.57 0.001671 11.85 1539.97 127.18 0.52
TC-M80 2.719   500YR 22087.00 890.42 919.85 908.84 920.04 0.000112 3.97 6643.11 672.70 0.15

TC-M80 2.651   010YR 10849.00 886.70 908.92 898.60 909.76 0.000734 7.36 1496.87 134.34 0.33
TC-M80 2.651   050YR 15185.00 886.70 911.90 901.07 912.85 0.000677 7.97 1976.15 164.62 0.33
TC-M80 2.651   100YR 17348.00 886.70 912.81 902.17 913.87 0.000708 8.43 2126.62 164.62 0.34
TC-M80 2.651   500YR 22087.00 886.70 919.90 904.39 919.99 0.000034 2.30 9327.07 864.27 0.08

TC-M80 2.636   Bridge

TC-M80 2.623   010YR 10849.00 887.04 904.45 897.42 905.54 0.001131 8.35 1299.85 100.64 0.41
TC-M80 2.623   050YR 15185.00 887.04 906.33 899.59 907.94 0.001473 10.17 1494.80 107.58 0.47
TC-M80 2.623   100YR 17348.00 887.04 907.81 900.61 909.53 0.001381 10.51 1659.49 121.32 0.47
TC-M80 2.623   500YR 22087.00 887.04 910.07 902.71 912.18 0.001422 11.66 1935.90 122.39 0.48

TC-M80 2.594   010YR 10849.00 886.89 903.53 905.14 0.002262 10.17 1071.06 90.20 0.51
TC-M80 2.594   050YR 15185.00 886.89 904.65 907.29 0.003325 13.06 1173.67 93.28 0.62
TC-M80 2.594   100YR 17348.00 886.89 906.09 908.89 0.003092 13.46 1311.03 97.26 0.61
TC-M80 2.594   500YR 22087.00 886.89 908.87 903.83 911.67 0.002590 13.79 2109.32 494.73 0.57

TC-M80 2.507   010YR 10849.00 885.68 902.92 904.12 0.001686 8.79 1234.69 101.46 0.44
TC-M80 2.507   050YR 15185.00 885.68 903.66 905.75 0.002723 11.61 1310.21 104.13 0.57
TC-M80 2.507   100YR 17348.00 885.68 905.32 907.46 0.002378 11.75 1488.28 110.63 0.54
TC-M80 2.507   500YR 22087.00 885.68 908.24 901.99 910.47 0.001999 12.15 2157.83 480.65 0.51

TC-M80 2.484   010YR 10849.00 884.92 902.54 896.29 903.89 0.001849 9.33 1163.47 91.96 0.46
TC-M80 2.484   050YR 15185.00 884.92 902.78 898.70 905.33 0.003404 12.82 1187.87 129.25 0.62
TC-M80 2.484   100YR 17348.00 884.92 905.02 899.76 907.17 0.002414 11.98 1721.88 332.54 0.54
TC-M80 2.484   500YR 22087.00 884.92 908.89 901.85 909.93 0.001098 9.38 3947.61 656.01 0.38

TC-M80 2.479   Bridge

TC-M80 2.471   010YR 10849.00 884.98 899.51 901.79 0.003916 12.12 894.94 78.43 0.63
TC-M80 2.471   050YR 15185.00 884.98 902.59 898.45 905.32 0.003594 13.26 1152.90 113.23 0.62
TC-M80 2.471   100YR 17348.00 884.98 904.76 899.61 907.14 0.002687 12.62 1660.66 345.68 0.55
TC-M80 2.471   500YR 22087.00 884.98 905.31 901.71 908.70 0.003733 15.21 1877.28 431.09 0.66

TC-M80 2.438   010YR 10849.00 883.99 897.75 900.79 0.004920 14.00 782.19 74.99 0.73
TC-M80 2.438   050YR 15185.00 883.99 898.66 898.04 903.73 0.007412 18.09 851.71 77.03 0.91
TC-M80 2.438   100YR 17348.00 883.99 899.14 899.14 905.24 0.008493 19.87 888.78 78.05 0.98
TC-M80 2.438   500YR 22087.00 883.99 904.81 904.81 907.99 0.003081 15.30 2344.76 529.18 0.63

TC-M80 2.396   010YR 9843.00 883.61 898.19 899.50 0.002514 9.20 1070.53 108.46 0.51
TC-M80 2.396   050YR 14448.00 883.61 899.58 901.76 0.003526 11.87 1225.65 114.68 0.61
TC-M80 2.396   100YR 16613.00 883.61 900.48 897.13 902.95 0.003618 12.64 1330.87 134.81 0.63
TC-M80 2.396   500YR 21526.00 883.61 901.23 898.96 904.83 0.004918 15.32 1518.44 312.55 0.74

TC-M80 2.312   010YR 9843.00 882.92 897.69 898.55 0.001422 7.63 1555.65 298.81 0.41
TC-M80 2.312   050YR 14448.00 882.92 899.23 900.40 0.001742 9.20 2040.27 332.42 0.46
TC-M80 2.312   100YR 16613.00 882.92 900.43 901.55 0.001536 9.17 2460.44 365.59 0.44
TC-M80 2.312   500YR 21526.00 882.92 901.52 902.93 0.001817 10.49 2878.23 400.03 0.48

TC-M80 2.208   010YR 9843.00 882.53 897.47 893.38 897.80 0.000825 5.68 3020.89 670.67 0.31
TC-M80 2.208   050YR 14448.00 882.53 899.21 895.56 899.54 0.000752 6.00 4219.55 708.87 0.30
TC-M80 2.208   100YR 16613.00 882.53 900.54 896.44 900.81 0.000571 5.60 5179.68 737.77 0.27
TC-M80 2.208   500YR 21526.00 882.53 901.74 897.21 902.06 0.000616 6.15 6084.40 764.78 0.28

TC-M80 2.132   010YR 9843.00 882.42 894.20 892.86 896.87 0.005661 13.13 754.25 605.98 0.78
TC-M80 2.132   050YR 14448.00 882.42 899.12 895.10 899.28 0.000374 4.54 5956.77 980.33 0.22
TC-M80 2.132   100YR 16613.00 882.42 900.48 896.24 900.61 0.000286 4.22 7315.41 1023.34 0.19
TC-M80 2.132   500YR 21526.00 882.42 901.68 897.05 901.83 0.000318 4.69 8662.73 1183.31 0.20

TC-M80 2.12    010YR 9843.00 882.14 891.71 891.71 895.43 0.008779 15.75 666.65 281.11 0.98
TC-M80 2.12    050YR 14448.00 882.14 894.06 894.06 898.64 0.007792 17.60 902.81 668.05 0.96
TC-M80 2.12    100YR 16613.00 882.14 896.25 895.34 900.09 0.005199 16.32 1245.19 809.81 0.81
TC-M80 2.12    500YR 21526.00 882.14 901.64 897.44 901.77 0.000252 4.56 10019.92 1366.12 0.19

TC-M80 2.065   010YR 10894.00 874.00 889.75 882.62 890.51 0.001091 6.99 1559.53 875.73 0.36
TC-M80 2.065   050YR 16224.00 874.00 894.38 884.95 895.23 0.000804 7.40 2192.92 1208.86 0.33
TC-M80 2.065   100YR 18733.00 874.00 896.60 885.92 897.47 0.000695 7.50 2497.32 1297.38 0.31
TC-M80 2.065   500YR 24355.00 874.00 900.11 887.88 901.15 0.000653 8.18 2978.77 1337.38 0.31

TC-M80 2.049   Bridge

TC-M80 2.035   010YR 10894.00 872.42 889.05 881.37 889.79 0.001025 6.88 1582.49 682.78 0.35
TC-M80 2.035   050YR 16224.00 872.42 892.66 883.77 893.62 0.000972 7.84 2068.41 991.20 0.35
TC-M80 2.035   100YR 18733.00 872.42 894.12 884.76 895.18 0.000957 8.27 2265.19 1075.43 0.36



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 2.035   500YR 24355.00 872.42 896.96 886.82 898.27 0.000958 9.19 2650.45 1222.60 0.37

TC-M80 2.020   010YR 10894.00 870.78 888.98 881.01 889.69 0.001071 6.76 1612.12 621.70 0.35
TC-M80 2.020   050YR 16224.00 870.78 892.61 883.40 893.52 0.000967 7.67 2127.07 878.33 0.34
TC-M80 2.020   100YR 18733.00 870.78 894.06 884.42 895.07 0.000949 8.07 2337.94 1002.63 0.35
TC-M80 2.020   500YR 24355.00 870.78 896.92 886.60 898.15 0.000943 8.93 2750.80 1128.32 0.35

TC-M80 2.016   Bridge

TC-M80 2.012   010YR 10894.00 870.45 887.88 882.36 889.20 0.001979 9.21 1182.43 302.15 0.47
TC-M80 2.012   050YR 16224.00 870.45 891.08 884.93 892.88 0.002063 10.77 1516.93 685.39 0.49
TC-M80 2.012   100YR 18733.00 870.45 892.37 886.01 894.38 0.002068 11.40 1670.38 739.97 0.50
TC-M80 2.012   500YR 24355.00 870.45 895.07 888.27 897.41 0.002003 12.44 2054.00 996.46 0.50

TC-M80 2.002   010YR 10894.00 871.00 887.82 882.21 889.09 0.001903 9.02 1208.32 357.14 0.47
TC-M80 2.002   050YR 16224.00 871.00 891.05 884.89 892.74 0.001906 10.44 1557.53 617.91 0.48
TC-M80 2.002   100YR 18733.00 871.00 892.34 885.99 894.24 0.001904 11.05 1703.40 690.70 0.49
TC-M80 2.002   500YR 24355.00 871.00 895.00 888.21 897.31 0.001896 12.23 2016.13 903.49 0.50

TC-M80 1.946   Bridge

TC-M80 1.927   010YR 10894.00 869.70 884.21 885.97 0.005313 10.64 1023.62 113.95 0.63
TC-M80 1.927   050YR 16224.00 869.70 887.18 889.35 0.005199 11.85 1369.59 119.38 0.62
TC-M80 1.927   100YR 18733.00 869.70 888.54 890.82 0.004703 12.14 1588.18 230.19 0.60
TC-M80 1.927   500YR 24355.00 869.70 892.41 886.55 893.79 0.002307 10.14 2876.88 433.92 0.44

TC-M80 1.878   010YR 10894.00 869.00 882.53 884.70 0.003740 11.84 920.31 87.78 0.64
TC-M80 1.878   050YR 16224.00 869.00 884.00 882.04 887.56 0.005556 15.14 1074.16 112.63 0.84
TC-M80 1.878   100YR 18733.00 869.00 884.51 883.81 888.80 0.006485 16.63 1132.51 115.82 0.90
TC-M80 1.878   500YR 24355.00 869.00 885.85 885.85 891.51 0.007844 19.13 1293.97 124.77 0.97

TC-M80 1.849   010YR 10894.00 868.97 881.45 880.36 883.93 0.006325 13.01 942.46 159.82 0.71
TC-M80 1.849   050YR 16224.00 868.97 883.14 883.14 886.52 0.007406 15.56 1241.69 189.31 0.79
TC-M80 1.849   100YR 18733.00 868.97 883.93 883.93 887.52 0.007432 16.25 1392.81 195.66 0.80
TC-M80 1.849   500YR 24355.00 868.97 885.44 885.44 889.53 0.007589 17.67 1697.82 207.90 0.82

TC-M80 1.814   010YR 10894.00 868.97 881.45 882.62 0.003770 10.05 1432.66 264.95 0.56
TC-M80 1.814   050YR 16224.00 868.97 883.28 884.66 0.003605 11.01 1929.81 275.84 0.57
TC-M80 1.814   100YR 18733.00 868.97 883.95 885.46 0.003696 11.57 2114.08 280.23 0.58
TC-M80 1.814   500YR 24355.00 868.97 885.16 887.03 0.004029 12.86 2462.24 301.20 0.61

TC-M80 1.767   010YR 10894.00 868.69 879.94 881.53 0.005258 11.95 1250.77 252.65 0.74
TC-M80 1.767   050YR 16224.00 868.69 881.95 883.67 0.004522 12.86 1813.79 299.39 0.71
TC-M80 1.767   100YR 18733.00 868.69 882.78 884.51 0.004164 13.00 2061.91 304.79 0.69
TC-M80 1.767   500YR 24355.00 868.69 883.95 886.02 0.004372 14.26 2423.93 310.96 0.72

TC-M80 1.702   010YR 10894.00 867.59 879.27 880.07 0.002496 8.79 1792.57 319.26 0.53
TC-M80 1.702   050YR 16224.00 867.59 881.57 882.41 0.001968 9.13 2552.10 336.05 0.48
TC-M80 1.702   100YR 18733.00 867.59 882.42 883.30 0.001910 9.45 2837.87 340.64 0.48
TC-M80 1.702   500YR 24355.00 867.59 883.54 884.69 0.002203 10.78 3223.95 346.74 0.53

TC-M80 1.651   010YR 10294.00 866.55 878.36 875.92 879.42 0.002277 9.49 1688.14 388.38 0.52
TC-M80 1.651   050YR 15699.00 866.55 881.00 878.52 881.92 0.001675 9.46 2643.07 579.35 0.46
TC-M80 1.651   100YR 18034.00 866.55 881.92 879.02 882.84 0.001586 9.63 2984.98 638.15 0.45
TC-M80 1.651   500YR 23968.00 866.55 882.83 880.13 884.11 0.002066 11.46 3331.70 649.81 0.52

TC-M80 1.607   010YR 10294.00 865.15 877.97 876.73 878.81 0.002446 9.24 1861.95 530.83 0.52
TC-M80 1.607   050YR 15699.00 865.15 880.84 877.86 881.48 0.001488 8.56 2996.13 621.15 0.42
TC-M80 1.607   100YR 18034.00 865.15 881.79 878.30 882.42 0.001352 8.56 3396.32 647.44 0.41
TC-M80 1.607   500YR 23968.00 865.15 883.15 879.28 883.56 0.000858 7.27 5249.55 735.94 0.33

TC-M80 1.560   010YR 10294.00 863.94 877.79 875.29 878.33 0.001173 7.21 2290.71 522.31 0.37
TC-M80 1.560   050YR 15699.00 863.94 880.87 876.63 881.17 0.000574 5.90 4310.97 730.30 0.27
TC-M80 1.560   100YR 18034.00 863.94 881.87 877.10 882.13 0.000474 5.60 5074.18 775.95 0.25
TC-M80 1.560   500YR 23968.00 863.94 883.08 878.18 883.38 0.000481 5.94 6019.35 785.57 0.26

TC-M80 1.512   010YR 10294.00 861.92 877.55 874.16 878.05 0.000978 6.83 2184.37 408.91 0.35
TC-M80 1.512   050YR 15699.00 861.92 880.69 875.68 881.03 0.000558 6.02 3934.62 689.96 0.27
TC-M80 1.512   100YR 18034.00 861.92 881.72 876.22 882.02 0.000456 5.68 4672.55 728.13 0.25
TC-M80 1.512   500YR 23968.00 861.92 882.92 877.44 883.26 0.000477 6.09 5578.99 766.93 0.26

TC-M80 1.395   010YR 10294.00 859.54 874.71 871.77 876.87 0.003293 11.91 885.24 422.54 0.61
TC-M80 1.395   050YR 15699.00 859.54 878.15 875.75 880.25 0.002039 11.13 1389.03 606.21 0.50
TC-M80 1.395   100YR 18034.00 859.54 878.87 876.77 881.28 0.001991 11.35 1513.90 633.29 0.50
TC-M80 1.395   500YR 23968.00 859.54 882.89 878.21 883.07 0.000133 3.41 7283.73 817.29 0.13

TC-M80 1.362   010YR 10294.00 859.24 873.60 871.19 876.18 0.004102 13.31 838.63 399.83 0.68
TC-M80 1.362   050YR 15699.00 859.24 875.92 874.97 879.57 0.004738 16.10 1091.69 548.49 0.75
TC-M80 1.362   100YR 18034.00 859.24 876.96 876.94 880.65 0.004458 16.37 1246.93 625.62 0.74



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 1.362   500YR 23968.00 859.24 879.57 878.92 882.70 0.003032 14.98 1731.83 710.70 0.62

TC-M80 1.296   010YR 10294.00 858.77 871.77 870.63 874.61 0.004809 14.04 829.80 366.93 0.73
TC-M80 1.296   050YR 15699.00 858.77 874.77 873.75 877.86 0.004148 15.22 1241.50 454.79 0.71
TC-M80 1.296   100YR 18034.00 858.77 875.82 874.66 879.04 0.004018 15.70 1406.07 494.12 0.70
TC-M80 1.296   500YR 23968.00 858.77 879.70 877.76 881.51 0.001796 12.18 2322.27 957.48 0.49

TC-M80 1.248   010YR 10294.00 858.02 870.27 869.97 873.27 0.005767 14.58 805.51 122.83 0.79
TC-M80 1.248   050YR 15699.00 858.02 874.13 872.31 876.74 0.003577 14.13 1349.67 256.82 0.66
TC-M80 1.248   100YR 18034.00 858.02 875.10 873.21 877.95 0.003674 14.96 1536.32 347.12 0.67
TC-M80 1.248   500YR 23968.00 858.02 879.12 874.80 881.02 0.001991 12.85 2565.07 710.62 0.51

TC-M80 1.204   010YR 10981.00 854.31 869.55 867.11 871.92 0.004391 12.37 891.61 333.72 0.69
TC-M80 1.204   050YR 16834.00 854.31 872.90 870.06 875.85 0.003759 13.91 1256.05 427.03 0.67
TC-M80 1.204   100YR 19441.00 854.31 873.02 871.24 876.87 0.004852 15.90 1270.77 429.82 0.77
TC-M80 1.204   500YR 26130.00 854.31 874.11 874.11 879.85 0.006572 19.50 1410.26 455.17 0.90

TC-M80 1.136   010YR 10981.00 854.59 869.25 865.80 870.59 0.001989 9.94 1254.95 404.66 0.49
TC-M80 1.136   050YR 16834.00 854.59 873.12 868.17 874.56 0.001581 10.58 1874.46 607.75 0.46
TC-M80 1.136   100YR 19441.00 854.59 873.37 869.07 875.21 0.001982 11.97 1918.70 614.71 0.51
TC-M80 1.136   500YR 26130.00 854.59 874.63 871.23 877.30 0.002659 14.54 2149.63 670.61 0.60

TC-M80 1.091   010YR 10981.00 854.02 868.03 864.71 869.93 0.003330 11.06 1004.13 120.67 0.61
TC-M80 1.091   050YR 16834.00 854.02 872.82 867.63 874.14 0.001591 9.86 2046.61 261.83 0.45
TC-M80 1.091   100YR 19441.00 854.02 872.99 869.76 874.69 0.002008 11.17 2092.76 265.12 0.50
TC-M80 1.091   500YR 26130.00 854.02 874.35 872.20 876.55 0.002421 12.98 2469.99 360.63 0.56

TC-M80 1.074   Bridge

TC-M80 1.055   010YR 10981.00 853.83 865.60 863.32 867.61 0.004179 11.38 967.09 117.11 0.68
TC-M80 1.055   050YR 16834.00 853.83 868.07 865.90 870.65 0.004051 13.11 1404.97 244.11 0.69
TC-M80 1.055   100YR 19441.00 853.83 870.07 867.81 872.00 0.002614 11.76 1967.06 315.81 0.57
TC-M80 1.055   500YR 26130.00 853.83 874.15 870.15 875.25 0.001174 9.44 3410.01 483.85 0.40

TC-M80 1.017   010YR 10981.00 848.40 866.08 862.94 866.52 0.000801 6.15 2230.84 519.41 0.31
TC-M80 1.017   050YR 16834.00 848.40 868.86 864.20 869.33 0.000651 6.36 3202.51 653.02 0.29
TC-M80 1.017   100YR 19441.00 848.40 870.63 864.68 871.05 0.000497 5.99 3868.10 810.52 0.26
TC-M80 1.017   500YR 26130.00 848.40 874.39 865.73 874.78 0.000331 5.60 5335.82 932.66 0.22

TC-M80 0.992   010YR 11201.00 847.82 866.22 866.37 0.000299 4.02 4260.71 681.10 0.19
TC-M80 0.992   050YR 17035.00 847.82 869.03 869.18 0.000260 4.25 6253.27 842.36 0.19
TC-M80 0.992   100YR 19846.00 847.82 870.80 870.93 0.000189 3.88 7782.09 884.33 0.16
TC-M80 0.992   500YR 26642.00 847.82 874.57 874.67 0.000115 3.44 11281.68 955.58 0.13

TC-M80 0.991   010YR 11201.00 847.60 864.83 859.78 866.18 0.001896 9.37 1206.93 106.62 0.47
TC-M80 0.991   050YR 17035.00 847.60 866.48 862.42 868.89 0.002854 12.51 1387.28 111.53 0.59
TC-M80 0.991   100YR 19846.00 847.60 868.00 863.50 870.63 0.002717 13.08 1560.12 116.04 0.59
TC-M80 0.991   500YR 26642.00 847.60 871.92 865.92 874.40 0.002011 13.09 2415.42 246.38 0.52

TC-M80 0.965   Bridge

TC-M80 0.945   010YR 11201.00 844.50 862.78 864.58 0.002599 10.83 1059.63 98.30 0.55
TC-M80 0.945   050YR 17035.00 844.50 862.23 861.53 866.83 0.007022 17.27 1006.88 96.61 0.89
TC-M80 0.945   100YR 19846.00 844.50 863.20 862.67 868.46 0.007265 18.52 1101.15 99.62 0.92
TC-M80 0.945   500YR 26642.00 844.50 865.38 865.38 872.08 0.007539 20.98 1325.96 106.46 0.96

TC-M80 0.940   010YR 11201.00 844.49 862.66 864.20 0.002300 10.14 1210.77 149.71 0.52
TC-M80 0.940   050YR 17035.00 844.49 861.51 861.51 866.08 0.007743 17.36 1045.68 135.32 0.94
TC-M80 0.940   100YR 19846.00 844.49 862.73 862.73 867.50 0.007077 17.85 1220.43 150.50 0.91
TC-M80 0.940   500YR 26642.00 844.49 865.19 865.19 870.40 0.006235 19.00 1624.22 175.46 0.88

TC-M80 0.897   010YR 11201.00 844.30 863.13 863.55 0.000961 6.98 2256.91 364.89 0.31
TC-M80 0.897   050YR 17035.00 844.30 862.59 863.77 0.002878 11.81 2066.16 348.83 0.53
TC-M80 0.897   100YR 19846.00 844.30 863.78 864.84 0.002257 10.99 2496.20 374.03 0.47
TC-M80 0.897   500YR 26642.00 844.30 865.76 866.85 0.001865 10.76 3263.28 401.65 0.44

TC-M80 0.830   010YR 11201.00 845.36 863.00 863.30 0.000431 5.23 2731.46 306.02 0.23
TC-M80 0.830   050YR 17035.00 845.36 862.16 863.01 0.001323 8.83 2476.84 299.03 0.40
TC-M80 0.830   100YR 19846.00 845.36 863.35 864.22 0.001211 8.89 2839.50 308.93 0.39
TC-M80 0.830   500YR 26642.00 845.36 865.26 866.30 0.001259 9.76 3446.20 327.93 0.41

TC-M80 0.750   010YR 11201.00 844.35 856.64 856.64 859.28 0.005640 13.71 931.81 320.69 0.78
TC-M80 0.750   050YR 17035.00 844.35 859.79 858.49 862.02 0.003493 13.05 1506.22 417.19 0.64
TC-M80 0.750   100YR 19846.00 844.35 861.22 859.25 863.33 0.002921 12.80 1786.72 471.96 0.60
TC-M80 0.750   500YR 26642.00 844.35 862.38 860.83 865.27 0.003625 15.03 2041.06 535.24 0.68

TC-M80 0.693   010YR 11201.00 842.33 855.80 853.17 857.65 0.003767 11.17 1079.23 351.96 0.59
TC-M80 0.693   050YR 17035.00 842.33 858.90 856.00 860.97 0.003218 12.16 1571.21 543.02 0.57
TC-M80 0.693   100YR 19846.00 842.33 860.40 857.21 862.45 0.002845 12.23 1839.41 589.20 0.54



HEC-RAS  Plan: Pref2012Mod   River: Turkey Creek   Reach: TC-M80 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
TC-M80 0.693   500YR 26642.00 842.33 863.93 859.24 864.22 0.000399 5.25 6482.75 756.51 0.21

TC-M80 0.628   010YR 11463.00 839.11 853.36 851.53 856.14 0.004559 13.45 873.28 404.98 0.75
TC-M80 0.628   050YR 17355.00 839.11 856.59 854.93 859.70 0.003655 14.52 1292.62 495.02 0.70
TC-M80 0.628   100YR 20403.00 839.11 858.22 856.17 861.32 0.003193 14.67 1532.13 545.39 0.67
TC-M80 0.628   500YR 27557.00 839.11 860.47 860.47 863.63 0.002883 15.31 2058.26 701.46 0.65

TC-M80 0.571   010YR 11463.00 838.44 852.27 849.54 854.81 0.003858 12.89 916.18 451.02 0.66
TC-M80 0.571   050YR 17355.00 838.44 854.45 852.75 858.36 0.004817 16.12 1138.96 486.33 0.76
TC-M80 0.571   100YR 20403.00 838.44 855.27 854.21 859.93 0.005381 17.69 1232.02 502.17 0.81
TC-M80 0.571   500YR 27557.00 838.44 858.45 858.45 862.19 0.003534 16.31 1834.43 695.18 0.68

TC-M80 0.514   010YR 11463.00 838.44 850.79 849.32 853.52 0.004613 13.50 897.21 279.34 0.73
TC-M80 0.514   050YR 17355.00 838.44 852.61 852.26 856.75 0.005808 16.83 1120.35 405.21 0.84
TC-M80 0.514   100YR 20403.00 838.44 853.56 853.56 858.21 0.006023 17.99 1251.70 496.37 0.87
TC-M80 0.514   500YR 27557.00 838.44 857.23 857.23 859.69 0.002677 14.09 2397.93 878.86 0.60

TC-M80 0.445   010YR 11463.00 839.00 850.34 848.11 851.87 0.002792 10.67 1307.94 504.92 0.59
TC-M80 0.445   050YR 17355.00 839.00 852.82 850.25 854.68 0.002682 12.07 1808.00 672.59 0.59
TC-M80 0.445   100YR 20403.00 839.00 854.17 851.19 855.92 0.002293 11.93 2165.99 752.97 0.56
TC-M80 0.445   500YR 27557.00 839.00 857.78 853.99 858.01 0.000264 4.71 7216.71 771.24 0.20

TC-M80 0.369   010YR 11463.00 837.00 849.57 845.42 850.70 0.002489 8.96 1455.59 322.42 0.46
TC-M80 0.369   050YR 17355.00 837.00 852.21 847.65 853.52 0.002334 9.94 2005.57 735.37 0.46
TC-M80 0.369   100YR 20403.00 837.00 853.73 848.69 854.95 0.001860 9.49 2370.12 743.52 0.42
TC-M80 0.369   500YR 27557.00 837.00 857.70 852.08 857.91 0.000235 3.91 7424.54 756.66 0.15

TC-M80 0.295   010YR 11463.00 834.55 848.50 845.17 849.68 0.002774 9.16 1394.16 427.78 0.49
TC-M80 0.295   050YR 17355.00 834.55 851.65 848.59 852.72 0.001582 8.21 2108.85 679.28 0.39
TC-M80 0.295   100YR 20403.00 834.55 853.24 849.21 854.34 0.001221 7.75 2488.77 732.96 0.35
TC-M80 0.295   500YR 27557.00 834.55 856.37 850.37 857.65 0.000862 7.36 3265.17 757.79 0.30

TC-M80 0.217   010YR 11463.00 833.53 847.86 843.39 848.82 0.001414 8.43 1538.80 438.61 0.42
TC-M80 0.217   050YR 17355.00 833.53 851.09 845.52 852.16 0.001166 8.91 2170.32 516.03 0.39
TC-M80 0.217   100YR 20403.00 833.53 852.81 846.38 853.88 0.000996 8.81 2531.70 520.81 0.37
TC-M80 0.217   500YR 27557.00 833.53 856.10 849.00 857.27 0.000822 8.97 3241.12 527.12 0.35
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1. INTRODUCTION 
The purpose of this chapter is to describe the approach used in developing the preliminary cost estimates 
for the various alternatives developed for the Upper Turkey Creek Feasibility Study. 

2. ALTERNATIVES BREAKDOWN 
The Louis Berger Group, Inc. (LBG) analysis is for the three different alternatives developed for the 
project. Alternative 1 includes channelization of Upper Turkey Creek with bank stabilization by means of 
rip rap stabilization and the use of biostabilization (which includes rip rap with joint plantings). 
Alternative 2 includes the use of levees and flood walls, and Alternative 3 includes a combination of both 
channelization and levees and flood walls. Each alternative was evaluated for a number of different 
annual exceedance probabilities (AEP). The cost estimates developed for all alternatives were based upon 
a parametric cost approach, such that a unit cost per common unit of improvement was developed for 
each alternative and then multiplied by the quantity of the improvement. A detailed explanation of the 
unit cost development is included within the cost estimating spreadsheets. 

Alternative 1 was evaluated for the 10-year AEP (10-year event), 2-percent AEP (50-year event) existing, 
2-percent AEP (5-year event) modified, 1-percent AEP (100-year event) existing, and the 1-percent AEP 
(100-year event) modified. The existing and modified alternatives vary in that in the existing, all bridges 
in the design area were left in their existing condition while in the modified the bridges were raised and/or 
widened requiring additional earthwork and structural costs. 

Alternative 2 was evaluated for the 10-year AEP (10-year event), 2-percent AEP (50-year event), 1-
percent AEP (100-year event), 0.5-percent AEP (200-year event), and the 0.2-percent AEP (500-year 
event). In addition a 90-percent alternative was compiled by taking the 1-percent AEP (100-year event) 
alternative and raising the levee and flood wall height by 6 inches. Further, the locally preferred 
alternative was developed by taking the 90-percent alternative and relocating the detention basin to a 
location preferred by the City of Merriam government. 

Alternative 3 was evaluated for the 10-percent AEP (10-year event), 2-percent AEP (50-year event) 
existing, 2-percent AEP (50-year event) modified, 1-percent AEP (100-year event) existing, 1-percent 
AEP (100-year event) modified, 0.5-percent AEP (200-year event), and the 0.2-percent AEP (500-year 
event). The existing and modified alternatives vary in that in the existing, all bridges in the design area 
were left in their existing condition while in the modified the bridges were raised and/or widened 
acquiring additional earthwork and structural costs. 

Subsequent to the development of the cost estimates, the naming convention of the alternatives was 
changed to remove any reference to the flood risk mitigation AEP and only reflects an alpha numeric 
identification reference with no reference to AEP. The table below presents a cross reference between the 
previous nomenclature and the current array of alternatives. 
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Table 4-1: Project Nomenclature 

Alternative Name  Original Alternative Naming Convention Alternative Description 

Future Without Project Condition 

UTC Alternative 1a UTC_A1_010_E_Merriam_PureNED Channelization, existing bridges 

UTC Alternative 1b UTC_A1_050_E_Merriam_PureNED Channelization, existing bridges 

UTC Alternative 1c UTC_A1_050_M_Merriam_PureNED Channelization, with modified bridges 

UTC Alternative 1d UTC_A1_100_E_Merriam_PureNED Channelization, existing bridges 

UTC Alternative 1e UTC_A1_100_M_Merriam_PureNED Channelization, with modified bridges 

UTC Alternative 2a UTC_A2_010_E_Merriam Levee, existing bridges 

UTC Alternative 2b UTC_A2_050_E_Merriam Levee, existing bridges 

UTC Alternative 2c UTC_A2_100_E_Merriam Levee, existing bridges 

UTC Alternative 2d UTC_A2_90%_E_Merriam Levee, existing bridges 

UTC Alternative 2e UTC_A2_200_E_Merriam Levee, existing bridges 

UTC Alternative 2f UTC_A2_500_E_Merriam Levee, existing bridges 

UTC Alternative 3a UTC_A3_010_E_Merriam_PureNED Channelization with a levee, existing bridges 

UTC Alternative 3b UTC_A3_050_E_Merriam_PureNED Channelization with a levee, existing bridges 

UTC Alternative 3c UTC_A3_050_M_Merriam_PureNED Channelization with a levee, and modified bridges 

UTC Alternative 3d UTC_A3_100_E_Merriam_PureNED Channelization with a levee, existing bridges 

UTC Alternative 3e UTC_A3_100_M_Merriam_PureNED Channelization with a levee, and modified bridges 

UTC Alternative 4 Property Buyouts UTC_A4_100_Buyout_Merriam Buyout of the base-flood properties 

UTC Locally Preferred Plan UTC_A2_Locally Preferred Alternative_E_Merriam Levee, existing bridges 
 

3. CHANNELIZATION UNIT COST DEVELOPMENT 
Channelization options of Upper Turkey Creek were examined for Alternatives 1 and 3 as part of LBG’s 
analysis. Quantities were developed using average end area methods, as well as quantities developed from 
the Hydrologic Engineering Center-River Analysis System (HEC-RAS) model and typical cross sections. 
Unit costs were obtained from RS Means (a published construction unit cost database) using the Kansas 
City, Missouri, localizing factor of 640; some quantities were obtained from local vendors. Also the U.S. 
Army Corps of Engineers (USACE) Civil Works Construction Cost Index System, or Engineering 
Manual 1110-2-1304, for channelization was used to escalate the costs from 2010 to 2011 dollars.  

LBG further broke down channelization into rip rap stabilization, biostabilization, hardening, bank fill, 
and bank excavation sub-items. For each of these sub-items a conversion factor (or quantity) was used to 
convert the cost per unit from RS Means into one cost per common unit. For rip rap stabilization, 
biostabilization, and hardening, a common unit of square feet was chosen. For bank fill and bank 
excavation a common unit of bank cubic yard was chosen. The conversion factor included within the cost 
estimating spreadsheet converts the costs for each line item to a cost per common unit. This cost per 
common unit was then applied to the quantities of each channelization item. A cost for standard general 
conditions (including bonding, permits, and mobilization/demobilization) multiplier of 15 percent was 
also included.  
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4. LEVEE AND FLOODWALL UNIT COST DEVELOPMENT 
Levee and flood wall options of Upper Turkey Creek were examined for Alternatives 2 and 3 as part of 
LBG’s analysis. While most of the unit costs were obtained from RS Means using the Kansas City 
localizing factor of 640, some were obtained from local vendors. Also Engineering Manual 1110-2-1304 
for levees and floodwalls was used to escalate the costs from 2006 to 2011 dollars.  

For the levee, LBG developed a unit cost per linear foot of earthen levee ranging in height from one foot 
to nine feet. For each different height of levee, LBG developed the area of a typical cross section that has 
a top width of 10 feet and side slopes of 3H to 1V. These typical levee sections were developed in 
accordance with Engineering Manual 1110-2-1913 and were used to calculate a conversion factor to 
convert the cost per units given in RS Means to the cost per linear foot of that particular levee height. A 
side slope of 3H to 1V was used for the typical levee cross section. Landside seepage berms were not 
included due to the limited land area and the flashy nature of Upper Turkey Creek. The flashy nature 
would not result in prolonged periods of flood impoundment and, therefore, would not contribute to 
extensive seepage through the levee. 

For the flood wall, LBG calculated a unit cost per linear foot of a typical flood wall for a number of 
height ranges. These ranges are as follows: 0–2 feet, 2–4 feet, 4–6 feet, 6–8 feet, 8–10 feet, and 10–12 
feet. The floodwall considered is a cantilevered T-type reinforced concrete floodwall with an 18-inch top 
width and tapered back face. The wall foundation also was considered to be 3.5 feet below grade. 
Although detailed structural calculations were not performed for this phase of the project, Engineering 
Manual 1110-2-2502 was used for standard dimensions and construction materials included within the 
cost estimates. 

For each different height range, the quantity of each line item per flood wall linear foot was estimated; 
from there, the quantity per linear foot (conversion factor) was developed. It also was assumed that the 
prime contractor would hire a subcontractor to complete the work for the flood wall. For this reason a 
“prime markup” of 15 percent was applied to the costs for items related to concrete work. Because ledge 
is fairly shallow in the project area (observed at the channel invert), sheet piling was not included as a 
foundation item within the floodwall estimate.  

5. UTILITY CROSSINGS UNIT COST DEVELOPMENT 
Utility crossings for Upper Turkey Creek were examined for Alternatives 1through 3 as part of LBG’s 
analysis. While most of the unit costs were obtained from RS Means using the Kansas City localizing 
factor of 640, some were obtained from local vendors. Also Engineering Manual 1110-2-1304 was used 
to escalate the costs from 2010 to 2011 dollars for buildings, grounds, and utilities.  

LBG developed a unit cost for each utility crossing. For each line item necessary to construct a typical 
utility crossing, LBG estimated quantities based on past experience. These quantities were then multiplied 
by the unit cost obtained from RS Means to develop the cost for each utility crossing for that particular 
line item. Line items that LBG assumed would be constructed by a subcontractor were marked up with a 
“prime markup” of 15 percent. The line items were then summed and an additional 15 percent charge was 
applied to account for mobilization/demobilization.  

6. DRAINAGE SYSTEM MODIFICATIONS UNIT COST DEVELOPMENT 
Drainage system modifications for Upper Turkey Creek were examined for Alternatives 1through 3 as 
part of LBG’s analysis. While most of the unit costs were obtained from RS Means using the Kansas City 
localizing factor of 640, some were obtained from local vendors. The drainage system modifications were 
broken down per storm intensity. The storm intensities analyzed are as follows: 10-percent AEP (10-year 
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event), 2-percent AEP (50-year event), 1-percent AEP (100-year event), 0.5-percent AEP (200-year 
event), and the 0.2-percent AEP (500-year event). 

LBG developed a unit cost for the drainage system modifications that pertain to each AEP as described 
above. For each line item necessary to construct drainage system modifications, quantities were estimated 
based on a review of the topography of the project area. These quantities were then multiplied by the unit 
cost obtained from RS Means to develop the cost for drainage system modifications for that particular line 
item.  

Most line item costs and quantities remained the same from each successive storm intensity; however, the 
size of the flap gates for the 1-percent AEP (100-year event), 0.5-percent AEP (200-year event), and the 
0.2-percent AEP (500-year event) increased when compared to the 10-percent AEP (10-year event) and 
the 2-percent AEP (50-year event). The line items were then summed and an additional 15 percent charge 
was applied to account for mobilization/demobilization.  

7. OPERATIONS AND MAINTENANCE UNIT COST DEVELOPMENT 
Operations and maintenance unit costs for Upper Turkey Creek were examined for Alternatives 1through 
3 as part of LBG’s analysis. Different AEPs were studied that correlate with the same storm intensities as 
described above: 10-percent AEP (10-year event), 2-percent AEP (50-year event), 1-percent AEP (100-
year event), 0.5-percent AEP (200-year event), and the 0.2-percent AEP (500-year event).  

Unit costs and quantities for these items were estimated based on past project experience, and 
assumptions were made for quantities of line items for channel clearing and loading, hauling, and debris 
disposal. The unit costs for the drainage system maintenance were based on 10 percent of the particular 
drainage system costs for that level of intensity. Quantities also increased for each successive AEP.  

8. REPAIRS, REHABILITATION, AND REPLACEMENT UNIT COST 
DEVELOPMENT 

Repairs, rehabilitation, and replacement unit costs for Upper Turkey Creek were examined for 
Alternatives 1 through 3 as part of LBG’s analysis. Assumptions were made as to what percentage of each 
alternative needed to be repaired, rehabilitated, or replaced for each AEP: 10-percent AEP (10-year 
event), 2-percent AEP (50-year event), 1-percent AEP (100-year event), 0.5-percent AEP (200-year 
event), and 0.2-percent AEP (500-year event). Further, it was assumed that these percentages of each 
alternative would be repaired every 10 years, rehabilitated every 25 years, and replaced every 50 years. 

For Alternative 1, it was assumed that 10 percent of the rip rap, or biostabilization, and 10 percent of the 
flap gates would be repaired. For Alternative 2, it was assumed that 5 percent of the levees and flood 
walls and 10 percent of the flap gates would be repaired. For Alternative 3, it was assumed that 10 percent 
of the rip rap, or biostabilization; 5 percent of the levees and flood wall; and 10 percent of the flap gates 
would be repaired.  

For Alternative 1, it was assumed that 25 percent of the rip rap, or biostabilization, and 25 percent of the 
flap gates would be rehabilitated. For Alternative 2, it was assumed that 10 percent of the levees and flood 
walls and 25 percent of the flap gates would be rehabilitated. For Alternative 3 it was assumed that 25 
percent of the rip rap, or biostabilization; 10 percent of the levees and flood walls; and 25 percent of the 
flap gates would be rehabilitated. 

For Alternative 1, it was assumed that 25 percent of the rip rap, or biostabilization; 10 percent of the 
block; and 50 percent of the flap gates would be replaced. For Alternative 2, it was assumed that 25 
percent of the levees and flood walls, 50 percent of the drainage system and detention basin, and 50 
percent of the flap gates would be replaced. For Alternative 3, it was assumed that 25 percent of the rip 
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rap, or biostabilization; 10 percent of the block; 25 percent of the levees and flood walls; 50 percent of the 
drainage system and detention basin; and 50 percent of the flap gates would be replaced. 

9. GENERAL CONTINGENCY & VARYING RISK CONTINGENCY 
General contingency and varying risk contingency were applied to Alternatives 1 through 3 as part of 
LBG’s analysis. General contingency was carried for each alternative at 20 percent of the capital cost to 
allow for undetermined items not yet accounted for during this feasibility study phase of the project. 
Additionally a risk contingency was provided for each alternative, and this risk contingency varies per 
alternative and ranges from two percent to seven percent of the capital cost. The varying risk contingency 
is greater for those alternatives that contain construction elements that are more susceptible to failure 
during flooding, such as channelization improvements, which include stabilization with live stake 
plantings versus one that is stabilized by hardened block. 
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December  20, 2012

Item Unit Unit Price Quantity Amount
Channel Modification

Excavation CY $11.07 64,072                       $709,004
Fill CY $7.83 5,115                         $40,049

Overbank Rehabilitation SF $3.87 96,239                       $372,302
Bank Rehabilitation

Hardening SF $28.98 7,180                         $208,104
RipRap Stabilization SF $9.00 264,320                     $2,379,874

Easement Repairs SF $0.99 162,420                     $161,539
Utility Crossing EA $81,497.77 6                                $488,987
Drainage System Modifications LS $689,333.29 1                                $689,333

$5,049,193
Risk Contingency 2% $95,716

$1,009,900
Subtotal $6,154,808
Preconstruction Eng. And Design (10%) $615,481
Engineering During Construction (1%) $61,548
Supervision and Administration (6.5%) $400,063
Total Capital Cost (2011$) $7,231,900

Operation and Maintenance (1YR) $74,467
Repair (10YR) $164,066
Rehabilitation (25YR) $410,166
Replacement (50YR) $442,225

(UTC_A1_010_E_Merriam_PureNED)

Capital Cost

General Contingency (20%)

UTC Alternative 1a

Page 1



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December  20, 2012

Item Unit Unit Price Quantity Amount
Channel Modification

Excavation CY $11.07 95,646                       $1,058,398
Fill CY $7.83 5,552                         $43,463

Overbank Rehabilitation SF $3.87 155,509                     $601,593
Bank Rehabilitation

Hardening SF $28.98 -                                 $0
RipRap Stabilization SF $9.00 344,687                     $3,103,482

Easement Repairs SF $0.99 220,500                     $219,304
Utility Crossing EA $81,497.77 6                                $488,987
Drainage System Modifications LS $777,066.62 1                                $777,067

$6,292,294
Risk Contingency 2% $110,186

$1,258,500
Subtotal $7,660,980
Preconstruction Eng. And Design (10%) $766,098
Engineering During Construction (1%) $76,610
Supervision and Administration (6.5%) $497,964
Total Capital Cost (2011$) $9,001,651

Operation and Maintenance (1YR) $91,353
Repair (10YR) $218,883
Rehabilitation (25YR) $547,207
Replacement (50YR) $574,207

Capital Cost

UTC Alternative 1b
(UTC_A1_050_E_Merriam_PureNED)

General Contingency (20%)

Page 2



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December  20, 2012

Item Unit Unit Price Quantity Amount
Channel Modification

Excavation CY $11.07 132,651                     $1,467,883
Fill CY $7.83 6,576                         $51,484

Overbank Rehabilitation SF $3.87 129,331                     $500,321
Bank Rehabilitation

Hardening SF $28.98 25,888                       $750,303
RipRap Stabilization SF $9.00 333,900                     $3,006,361

Easement Repairs SF $0.99 255,980                     $254,592
Bridge Modification

Shawnee Mission Pkwy LS $2,823,130 1                                $2,823,130
Merriam Drive LS $1,512,352 1                                $1,512,352

Utility Crossing EA $81,497.77 6                                $488,987
Drainage System Modifications LS $777,066.62 1                                $777,067

Capital Cost $11,632,479
Risk Contingency 2% $226,967
General Contingency (20%) $2,326,500
Subtotal $14,185,946
Preconstruction Eng. And Design (10%) $1,418,595
Engineering During Construction (1%) $141,859
Supervision and Administration (6.5%) $922,087
Total Capital Cost (2011$) $16,668,487

Operation and Maintenance (1YR) $91,353
Repair (10YR) $237,371
Rehabilitation (25YR) $630,927
Replacement (50YR) $1,132,957

(UTC_A1_050_M_Merriam_PureNED)
UTC Alternative 1c

Page 3



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December  20, 2012

Item Unit Unit Price Quantity Amount
Channel Modification

Excavation CY $11.07 203,748                     $2,254,624
Fill CY $7.83 11,714                       $91,712

Overbank Rehabilitation SF $3.87 59,690                       $230,914
Bank Rehabilitation

Hardening SF $28.98 -                                 $0
RipRap Stabilization SF $9.00 459,461                     $4,136,884

Easement Repairs SF $0.99 235,920                     $234,641
Pedestrian Bridge LS $104,491 1                                $104,491
Utility Crossing EA $81,497.77 6                                $488,987
Drainage System Modifications LS $777,066.62 1                                $777,067

Capital Cost $8,319,320
Risk Contingency 3% $234,634
General Contingency (20%) $1,663,900
Subtotal $10,217,853
Preconstruction Eng. And Design (10%) $1,021,785
Engineering During Construction (1%) $102,179
Supervision and Administration (6.5%) $664,160
Total Capital Cost (2011$) $12,005,978

Operation and Maintenance (YR) $106,353
Repair (10YR) $288,170
Rehabilitation (25YR) $720,426
Replacement (50YR) $747,426

(UTC_A1_100_E_Merriam_PureNED)
UTC Alternative 1d
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December  20, 2012

Item Unit Unit Price Quantity Amount
Channel Modification

Excavation CY $11.07 234,850                     $2,598,788
Fill CY $7.83 12,062                       $94,430

Overbank Rehabilitation SF $3.87 110,909                     $429,055
Bank Rehabilitation

Hardening SF $28.98 -                                 $0
RipRap Stabilization SF $9.00 494,351                     $4,451,019

Easement Repairs SF $0.99 275,800                     $274,305
Bridge Modification

Shawnee Mission Pkwy LS $2,823,130 1                                $2,823,130
Merriam Drive LS $2,601,015 1                                $2,601,015

Pedestrian Bridge LS $104,491 1                                $104,491
Utility Crossing EA $81,497.77 6                                $488,987
Drainage System Modifications LS $777,066.62 1                                $777,067

$14,642,286
Risk Contingency 2% $269,322

$2,928,500
Subtotal $17,840,108
Preconstruction Eng. And Design (10%) $1,784,011
Engineering During Construction (1%) $178,401
Supervision and Administration (6.5%) $1,159,607
Total Capital Cost (2011$) $20,962,127

Operation and Maintenance (1YR) $106,353
Repair (10YR) $334,233
Rehabilitation (25YR) $823,083
Replacement (50YR) $1,300,083

(UTC_A1_100_M_Merriam_PureNED)

General Contingency (20%)

Capital Cost

UTC Alternative 1e
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 -                                $0
3 ft LF $58.24 1,910                        $111,248
4 ft LF $83.04 998                           $82,872
5 ft LF $112.29 -                                $0
6 ft LF $145.97 -                                $0

Flood Wall
0-2 ft LF $477.45 2,218                        $1,058,783
2-4 ft LF $583.82 3,692                        $2,155,495
4-6 ft LF $690.20 53                             $36,443
6-8 ft LF $810.92 -                                $0

8-12 ft LF $1,011.86 $0
Easement Repairs SF $0.99 177,409                   $176,447

Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $689,333.29 1                               $689,333
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $6,309,830
Risk Contingency 3% $205,514
General Contingency (20%) $1,262,000
Subtotal $7,777,344
Preconstruction Eng. And Design (10%) $777,734
Engineering During Construction (1%) $77,773
Supervision and Administration (6.5%) $505,527
Total Capital Cost (2011$) $9,138,379

Operation and Maintenance (1YR) $144,444
Repair (10YR) $169,125
Rehabilitation (25YR) $340,499
Replacement (50YR) $2,007,439

UTC Alternative 2a
(UTC_A2_010_E_Merriam)
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 359                           $13,601
3 ft LF $58.24 876                           $51,049
4 ft LF $83.04 354                           $29,378
5 ft LF $112.29 2,001                        $224,699
6 ft LF $145.97 190 $27,746

Flood Wall
0-2 ft LF $477.45 -                                $0
2-4 ft LF $583.82 4,768                        $2,783,618
4-6 ft LF $690.20 1,505                        $1,038,612
6-8 ft LF $810.92 -                                $0

8-12 ft LF $1,011.86 $0
Easement Repairs SF $0.99 201,064                   $199,974

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $7,249,443
Risk Contingency 3% $248,108
General Contingency (20%) $1,449,900
Subtotal $8,947,451
Preconstruction Eng. And Design (10%) $894,745
Engineering During Construction (1%) $89,475
Supervision and Administration (6.5%) $581,584
Total Capital Cost (2011$) $10,513,255

Operation and Maintenance (1YR) $153,218
Repair (10YR) $232,168
Rehabilitation (25YR) $469,736
Replacement (50YR) $2,304,484

UTC Alternative 2b
(UTC_A2_050_E_Merriam)

Page 2



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 306                           $11,601
3 ft LF $58.24 808                           $47,051
4 ft LF $83.04 306                           $25,432
5 ft LF $112.29 1,104                        $123,910
6 ft LF $145.97 195 $28,517

Flood Wall
0-2 ft LF $477.45 438                           $209,236
2-4 ft LF $583.82 5,074                        $2,962,408
4-6 ft LF $690.20 3,231                        $2,230,282
6-8 ft LF $810.92 -                                $0

8-12 ft LF $1,011.86 -                                $0
Easement Repairs SF $0.99 229,259                   $228,016

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $8,747,220
Risk Contingency 4% $322,997
General Contingency (20%) $1,749,500
Subtotal $10,819,716
Preconstruction Eng. And Design (10%) $1,081,972
Engineering During Construction (1%) $108,197
Supervision and Administration (6.5%) $703,282
Total Capital Cost (2011$) $12,713,166

Operation and Maintenance (1YR) $153,218
Repair (10YR) $302,119
Rehabilitation (25YR) $620,438
Replacement (50YR) $2,681,241

(UTC_A2_100_E_Merriam)
UTC Alternative 2c
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 306                           $11,601
3 ft LF $58.24 -                                $0
4 ft LF $83.04 306                           $25,432
5 ft LF $112.29 935                           $104,938
6 ft LF $145.97 496 $72,448
7 ft LF $178.36 0 $0

Flood Wall
0-2 ft LF $477.45 359                           $171,422
2-4 ft LF $583.82 3,672                        $2,143,983
4-6 ft LF $690.20 4,578                        $3,159,567
6-8 ft LF $810.92 496                           $402,477

8-12 ft LF $1,011.86 -                                $0
Easement Repairs SF $0.99 222,976                   $221,767

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $9,194,401
Risk Contingency 4% $345,356
General Contingency (20%) $1,838,900
Subtotal $11,378,657
Preconstruction Eng. And Design (10%) $1,137,866
Engineering During Construction (1%) $113,787
Supervision and Administration (6.5%) $739,613
Total Capital Cost (2011$) $13,369,922

Operation and Maintenance (1YR) $153,218
Repair (10YR) $309,993
Rehabilitation (25YR) $636,187
Replacement (50YR) $2,720,611

UTC Alternative 2d
(UTC_A2_90%_E_Merriam)
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 -                                $0
3 ft LF $58.24 306                           $17,836
4 ft LF $83.04 808                           $67,087
5 ft LF $112.29 -                                $0
6 ft LF $145.97 1056 $154,145

Flood Wall
0-2 ft LF $477.45 612                           $292,426
2-4 ft LF $583.82 4,162                        $2,429,822
4-6 ft LF $690.20 4,727                        $3,262,599
6-8 ft LF $810.92 195                           $158,422

8-12 ft LF $1,011.86 -                                $0
Easement Repairs SF $0.99 237,338                   $236,051

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $9,499,155
Risk Contingency 4% $360,593
General Contingency (20%) $1,899,900
Subtotal $11,759,648
Preconstruction Eng. And Design (10%) $1,175,965
Engineering During Construction (1%) $117,596
Supervision and Administration (6.5%) $764,377
Total Capital Cost (2011$) $13,817,586

Operation and Maintenance (1YR) $153,218
Repair (10YR) $329,258
Rehabilitation (25YR) $674,717
Replacement (50YR) $2,816,936

UTC Alternative 2e
(UTC_A2_200_E_Merriam)

Page 5



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 42                             $1,600
3 ft LF $58.24 -                                $0
4 ft LF $83.04 306                           $25,432
5 ft LF $112.29 502                           $56,323
6 ft LF $145.97 306 $44,702

Flood Wall
0-2 ft LF $477.45 -                                $0
2-4 ft LF $583.82 2,307                        $1,347,088
4-6 ft LF $690.20 4,377                        $3,021,140
6-8 ft LF $810.92 4,694                        $3,806,408

8-12 ft LF $1,011.86 -                                $0
Easement Repairs SF $0.99 250,696                   $249,337

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $11,432,797
Risk Contingency 4% $457,275
General Contingency (20%) $2,286,600
Subtotal $14,176,673
Preconstruction Eng. And Design (10%) $1,417,667
Engineering During Construction (1%) $141,767
Supervision and Administration (6.5%) $921,484
Total Capital Cost (2011$) $16,657,590

Operation and Maintenance (1YR) $153,218
Repair (10YR) $417,838
Rehabilitation (25YR) $841,076
Replacement (50YR) $3,232,834

UTC Alternative 2f
(UTC_A2_500_E_Merriam)

Page 6



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 -                               $0
2 ft LF $37.88 803                           $30,402
3 ft LF $58.24 248                           $14,454
4 ft LF $83.04 -                               $0
5 ft LF $112.29 -                               $0
6 ft LF $145.97 -                               $0
7 ft LF $184.09 -                               $0
8 ft LF $226.66 -                               $0

Flood Wall
0-2 ft LF $477.45 2,160                        $1,031,053
2-4 ft LF $583.82 523                           $305,176
4-6 ft LF $690.20 -                               $0
6-8 ft LF $810.92 -                               $0

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 41,171                      $455,584
Fill CY $7.83 6,284                        $49,199

Overbank Rehabilitation SF $3.87 96,239                      $372,302
Bank Rehabilitation

Hardening SF $28.98 19,331                      $560,269
RipRap Stabilization SF $6.04 186,153                    $1,123,780

Easement Repairs SF $0.99 236,019                    $234,740
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $689,333.29 1                               $689,333
Detention Basin LS $1,510,222.72 1                               $1,510,223

$6,865,501
Risk Contingency 3% $200,009

$1,373,200
Subtotal $8,438,709
Preconstruction Eng. And Design (10%) $843,871
Engineering During Construction (1%) $84,387
Supervision and Administration (6.5%) $548,516
Total Capital Cost (2011$) $9,915,483

Operation and Maintenance (1YR) $149,978
Repair (10YR) $185,932
Rehabilitation (25YR) $430,304
Replacement (50YR) $1,804,520

(UTC_A3_010_E_Merriam_PureNED)

Capital Cost

General Contingency (20%)

UTC Alternative 3a
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 -                               $0
2 ft LF $37.88 -                               $0
3 ft LF $58.24 354 $20,604
4 ft LF $83.04 660                           $54,809
5 ft LF $112.29 840                           $94,267
6 ft LF $145.97 -                               $0
7 ft LF $184.09 803                           $147,746
8 ft LF $226.66 -                               $0

Flood Wall
0-2 ft LF $477.45 681                           $325,198
2-4 ft LF $583.82 2,276                        $1,328,593
4-6 ft LF $690.20 3,519                        $2,428,949
6-8 ft LF $810.92 106                           $85,633

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 87,191                      $964,833
Fill CY $7.83 22,624                      $177,125

Overbank Rehabilitation SF $3.87 373,808                    $1,446,090
Bank Rehabilitation

Hardening SF $28.98 -                               $0
RipRap Stabilization SF $6.04 351,797                    $2,123,750

Easement Repairs SF $0.99 405,249                    $403,052
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

$12,376,925
Risk Contingency 3% $361,905

$2,475,400
Subtotal $15,214,230
Preconstruction Eng. And Design (10%) $1,521,423
Engineering During Construction (1%) $152,142
Supervision and Administration (6.5%) $988,925
Total Capital Cost (2011$) $17,876,720

Operation and Maintenance (1YR) $166,864
Repair (10YR) $447,465
Rehabilitation (25YR) $1,006,518
Replacement (50YR) $2,850,032

Capital Cost

General Contingency (20%)

(UTC_A3_050_E_Merriam_PureNED)
UTC Alternative 3b
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 -                               $0
2 ft LF $37.88 660 $25,002
3 ft LF $58.24 354 $20,604
4 ft LF $83.04 84                             $7,016
5 ft LF $112.29 1,336                        $149,997
6 ft LF $145.97 306                           $44,702
7 ft LF $184.09 -                               $0
8 ft LF $226.66 -                               $0

Flood Wall
0-2 ft LF $477.45 1,119                        $534,433
2-4 ft LF $583.82 3,010                        $1,757,352
4-6 ft LF $690.20 1,321                        $911,946
6-8 ft LF $810.92 -                               $0

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 132,651                    $1,467,883
Fill CY $7.83 6,576                        $51,484

Overbank Rehabilitation SF $3.87 206,324                    $798,171
Bank Rehabilitation

Hardening SF $28.98 25,968                      $752,618
RipRap Stabilization SF $6.04 334,044                    $2,016,579

Easement Repairs SF $0.99 417,161                    $414,899
Bridge Modification

Shawnee Mission Pkwy LS $2,823,129.72 1                               $2,823,130
Merriam Drive LS $1,512,352.09 1                               $1,512,352

Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $16,064,444
Risk Contingency 3% $421,920
General Contingency (20%) $3,212,900
Subtotal $19,699,264
Preconstruction Eng. And Design (10%) $1,969,926
Engineering During Construction (1%) $196,993
Supervision and Administration (6.5%) $1,280,452
Total Capital Cost (2011$) $23,146,636

Operation and Maintenance (1YR) $166,864
Repair (10YR) $410,010
Rehabilitation (25YR) $976,250
Replacement (50YR) $3,139,814

(UTC_A3_050_M_Merriam_PureNED)
UTC Alternative 3c

Page 3



Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 -                               $0
2 ft LF $37.88 396 $15,001
3 ft LF $58.24 306 $17,836
4 ft LF $83.04 -                               $0
5 ft LF $112.29 190                           $21,343
6 ft LF $145.97 -                               $0
7 ft LF $184.09 -                               $0
8 ft LF $226.66 -                               $0

Flood Wall
0-2 ft LF $477.45 1,806                        $862,152
2-4 ft LF $583.82 982                           $573,360
4-6 ft LF $690.20 697                           $481,041
6-8 ft LF $810.92 -                               $0

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 202,222                    $2,237,734
Fill CY $7.83 12,275                      $96,105

Overbank Rehabilitation SF $3.87 98,810                      $382,250
Bank Rehabilitation

Hardening SF $28.98 -                               $0
RipRap Stabilization SF $6.04 464,130                    $2,801,891

Easement Repairs SF $0.99 323,462                    $321,709
Pedestrian Bridge LS $104,491.33 1 $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $10,691,189
Risk Contingency 3% $354,728
General Contingency (20%) $2,138,300
Subtotal $13,184,217
Preconstruction Eng. And Design (10%) $1,318,422
Engineering During Construction (1%) $131,842
Supervision and Administration (6.5%) $856,974
Total Capital Cost (2011$) $15,491,455

Operation and Maintenance (1YR) $181,864
Repair (10YR) $389,526
Rehabilitation (25YR) $924,546
Replacement (50YR) $2,390,801

(UTC_A3_100_E_Merriam_PureNED)
UTC Alternative 3d
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 306 $6,725
2 ft LF $37.88 586 $22,202
3 ft LF $58.24 -                               $0
4 ft LF $83.04 -                               $0
5 ft LF $112.29 -                               $0
6 ft LF $145.97 -                               $0
7 ft LF $184.09 -                               $0
8 ft LF $226.66 -                               $0

Flood Wall
0-2 ft LF $477.45 1,061                        $506,703
2-4 ft LF $583.82 216                           $126,386
4-6 ft LF $690.20 -                               $0
6-8 ft LF $810.92 -                               $0

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 296,542                    $3,281,455
Fill CY $7.83 14,685                      $114,973

Overbank Rehabilitation SF $3.87 104,301                    $403,492
Bank Rehabilitation

Hardening SF $28.98 -                               $0
RipRap Stabilization SF $6.04 492,995                    $2,976,144

Easement Repairs SF $0.99 313,742                    $312,041
Bridge Modification EA

Shawnee Mission Pkwy LS $2,823,129.72 1                               $2,823,130
Merriam Drive LS $2,601,015.08 1                               $2,601,015

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

$16,055,032
Risk Contingency 2% $395,747

$3,211,100
Subtotal $19,661,878
Preconstruction Eng. And Design (10%) $1,966,188
Engineering During Construction (1%) $196,619
Supervision and Administration (6.5%) $1,278,022
Total Capital Cost (2011$) $23,102,707

Operation and Maintenance (1YR) $181,864
Repair (10YR) $366,515
Rehabilitation (25YR) $937,238
Replacement (50YR) $2,607,185

Capital Cost

General Contingency (20%)

(UTC_A3_100_M_Merriam_PureNED)
UTC Alternative 3e
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 -                               $0
2 ft LF $37.88 -                               $0
3 ft LF $58.24 1104 $64,272
4 ft LF $83.04 306                           $25,432
5 ft LF $112.29 -                               $0
6 ft LF $145.97 190                           $27,746
7 ft LF $184.09 -                               $0
8 ft LF $226.66 -                               $0

Flood Wall
0-2 ft LF $477.45 581                           $277,300
2-4 ft LF $583.82 2,001                        $1,168,299
4-6 ft LF $690.20 913                           $630,456
6-8 ft LF $810.92 -                               $0

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 202,222                    $2,237,734
Fill CY $7.83 12,275                      $96,105

Overbank Rehabilitation SF $3.87 98,810                      $382,250
Bank Rehabilitation

Hardening SF $28.98 -                               $0
RipRap Stabilization SF $6.04 464,130                    $2,801,891

Easement Repairs SF $0.99 337,824                    $335,992
Pedestrian Bridge LS $104,491.33 1 $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $10,928,243
Risk Contingency 3% $364,295
General Contingency (20%) $2,185,700
Subtotal $13,478,237
Preconstruction Eng. And Design (10%) $1,347,824
Engineering During Construction (1%) $134,782
Supervision and Administration (6.5%) $876,085
Total Capital Cost (2011$) $15,836,929

Operation and Maintenance (1YR) $194,364
Repair (10YR) $418,090
Rehabilitation (25YR) $990,386
Replacement (50YR) $2,489,996

(UTC_A3_200_E_Merriam_PureNED)
UTC Alternative 3f
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

1 ft LF $21.96 -                               $0
2 ft LF $37.88 -                               $0
3 ft LF $58.24 950 $55,354
4 ft LF $83.04 -                               $0
5 ft LF $112.29 708                           $79,445
6 ft LF $145.97 -                               $0
7 ft LF $184.09 306                           $56,377
8 ft LF $226.66 190                           $43,083

Flood Wall
0-2 ft LF $477.45 -                               $0
2-4 ft LF $583.82 2,108                        $1,230,791
4-6 ft LF $690.20 1,299                        $896,486
6-8 ft LF $810.92 993                           $804,955

8-12 ft LF $1,011.86 -                               $0
Channel Modification

Excavation CY $11.07 202,222                    $2,237,734
Fill CY $7.83 12,275                      $96,105

Overbank Rehabilitation SF $3.87 98,810                      $382,250
Bank Rehabilitation

Hardening SF $28.98 -                               $0
RipRap Stabilization SF $6.04 464,130                    $2,801,891

Easement Repairs SF $0.99 366,998                    $365,009
Pedestrian Bridge LS $104,491.33 1 $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,510,222.72 1                               $1,510,223

Capital Cost $11,930,245
Risk Contingency 3% $413,390
General Contingency (20%) $2,386,100
Subtotal $14,729,735
Preconstruction Eng. And Design (10%) $1,472,973
Engineering During Construction (1%) $147,297
Supervision and Administration (6.5%) $957,433
Total Capital Cost (2011$) $17,307,438

Operation and Maintenance (1YR) $214,364
Repair (10YR) $447,159
Rehabilitation (25YR) $1,039,813
Replacement (50YR) $2,678,969

(UTC_A3_500_E_Merriam_PureNED)
UTC Alternative 3g
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Upper Turkey Creek
Preliminary Opinion of Probable Construction Costs

December 20, 2012

Item Unit Unit Price Quantity Amount
Levee

2 ft LF $37.88 306                           $11,601
3 ft LF $58.24 -                                $0
4 ft LF $83.04 306                           $25,432
5 ft LF $112.29 935                           $104,938
6 ft LF $145.97 496 $72,448
7 ft LF $178.36 0 $0

Flood Wall
0-2 ft LF $477.45 359                           $171,422
2-4 ft LF $583.82 3,672                        $2,143,983
4-6 ft LF $690.20 4,578                        $3,159,567
6-8 ft LF $810.92 496                           $402,477

8-12 ft LF $1,011.86 -                                $0
Easement Repairs SF $0.99 222,976                   $221,767

Pedestrian Bridge LS $104,491.33 1                               $104,491
Utility Crossing EA $81,497.77 6                               $488,987
Drainage System Modification LS $777,066.62 1                               $777,067
Detention Basin LS $1,599,348.64 1                               $1,599,349

Capital Cost $9,283,527
Risk Contingency 4% $345,356
General Contingency (20%) $1,856,800
Subtotal $11,485,683
Preconstruction Eng. And Design (10%) $1,148,568
Engineering During Construction (1%) $114,857
Supervision and Administration (6.5%) $746,569
Total Capital Cost (2011$) $13,495,677

Operation and Maintenance (1YR) $153,218
Repair (10YR) $309,993
Rehabilitation (25YR) $636,187
Replacement (50YR) $2,765,174

(UTC_A2_Locally Preferred Alternative_E_Merriam)
UTC Locally Preferred Plan

Page 1
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1. INTRODUCTION 
The purpose of this chapter is to summarize the regional and site specific geologic, soil, and geotechnical 
conditions, to derive parameters, to conduct preliminary stability assessment of the levee and the existing 
critical channel structures, and to describe the approach used in assessment of geotechnical conditions and 
material required for the various alternatives developed for the Upper Turkey Creek Feasibility Study. A 
detailed description of the alternative evaluation and comparison, the formulation of the final array of 
alternatives, and the evaluation of final array of alternatives can be found in Chapter 5 of the body of the 
feasibility report. 

The Recommended Plan is a levee and floodwall plan in the City of Merriam.  These features would 
extend approximately from Shawnee Mission Parkway to Merriam Drive, which is a stretch that includes 
Merriam’s main downtown reach.  Most of the protected area is on the right bank of Turkey Creek.  The 
features are designed for a small urban watershed with levees not exceeding seven feet in height. The plan 
includes 6,035 feet of floodwall up to 6 feet in height, 2,740 feet of levees up to 6 feet in height, a total 
3,340 feet of storm drainage work, and a 2.14 acre-foot detention area.   

The Upper Turkey Creek floodplain is 50 to 400 feet in width in most locations due to manmade 
activities.  Bank heights along Upper Turkey Creek vary from 10 to 20 feet and the stream width averages 
25 feet within the project area. The Recommended Plan would pass the 1-percent AEP (100-year event) 
through downtown Merriam with an estimated assurance (conditional nonexceedance probability) of 95.7 
percent. The creek along the project area is located a minimum of 15 feet from the existing residential and 
commercial properties, thus its impact to the existing structures during and after construction of the flood 
walls is expected to be minimal, if any. The majority of the structures along the creek bank are mostly one 
story, warehouse type structures. For a majority of the project length, there is a stone masonry gravity 
wall constructed by stacking plates of rocks along both banks of the stream. The impact of the stone 
masonry gravity wall to the stability of the levee is discussed in the proceeding paragraphs. 

Limited preliminary geotechnical information is available on the soils in the region. Site-specific 
subsurface condition information on compactness/consistency and stratification of the soils is based on a 
generalized description given in boring logs based on visual observations of the subsurface deposits. The 
slope stability performed of the Upper Turkey Creek stream embankment determined general ideas of soil 
strengths and seepage potential in the study area. A list of preliminary design parameters and the assumed 
values necessary for the slope stability and the evaluation of the stability of the floodwalls are included 
below. To compensate for this, the parameters as noted are on the conservative end, and likely a more 
economical design could be developed during the design phase after conducting additional geotechnical, 
survey, and site-specific hydrographic data. For the future design work, it is essential to conduct 
additional borings and laboratory testing to drive geotechnical design parameters. Additionally, the final 
geotechnical investigation data would include laboratory strength testing to determine strength 
parameters.  

2. SUBSURFACE CONDITIONS 

2.1 REGIONAL GEOLOGY 

The study area is part of the Osage Plains physiographic section of western Missouri and eastern 
Kansas.  The topography was developed on Pennsylvanian shale interspersed with sandstone and thin 
beds of limestone, which was formed as a result of the transgression of the Absaroka Sea. The 
transgressive and regressive sea movements also formed the Morrowan, the Atokan, the Desmoinsian, the 
Missourian and the Virgilian series of rocks. Most of these rocks are shale, sandstones and clays, although 
thin limestone and coals are also common. Pennsylvanian strata are the dominant rock north of the 
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Missouri River and in the Osage Plains region; they exist as hilltop outliers even over much of the Ozark 
uplift, often resting unconformably on Ordovician rocks. Even though the Pennsylvanian deposits are 
quite extensive, they form usually thin to medium bedded layers of distinctive composition, called 
cyclothems. A cyclothem results when a sea transgresses and regresses very rapidly along a coastal area, 
and in a repeating pattern. Often, this pattern consists of a sandstone (beach); silty shale or siltstone 
(tidal); freshwater limestone (lagoon); underclay (terrestrial); coal (terrestrial swampy forest); shale 
(nearshore tidal); limestone (shallow marine); and black shale (deep marine).  

Tertiary and Quaternary (Cenozoic Era) alluvial (stream deposited) clays, sand and gravels (with a few 
poorly consolidated sandstones); glacial (ice deposited) tillites and gravels, and eolian (wind blown) clays 
and loess (an extremely fine "rock flour") overlies the Pennsylvanian era rocks. 

The surface/near surface geology of the project area consists of Holocene alluvium, and Virgilian Lane 
Shale and Wyandotte Limestone of the Kansas City Group. The two basic soil types present in the project 
area are silt loams and silty-clay loams. Approximately 70 percent of the watershed consists of the 
Sharpsburg soil unit, which is a silt loam. This soil is known for being deep, well drained and in the B 
hydrologic group. It is usually found in the uplands and has a range of slope from 3 to 8 percent.  The 
other silt loams, covering approximately 15 percent of the area are the Grundy, Kennebec, and Ladoga 
soil units.  The Grundy unit is deep, poorly drained, is in the C hydrologic group, has a slope range of 1 to 
3 percent and is found in the uplands.  The Ladoga unit, also found in the uplands is found to be deep, 
well drained, is in the B hydrologic group and has a slope range from 3 percent to 15 percent.  The 
Kennebec unit, which has a significant amount of humus, is deep, well drained, in the B hydrologic 
group, and is found primarily in bottom lands. The silty-clay loam found in this study is grouped into two 
categories, those with deep or shallow layers.  These silt clay loams make up the remaining 15 percent of 
the soils in the watershed.  The deep layers consist of the Martin, and Orthents soil units.  Both of these 
units have similar characteristics in that they both are well drained, in the C hydrologic group and are 
primarily found in the uplands.  The Martin soils can have slopes up to 11 percent while the Orthents soil 
unit has slopes range from 3 to 6 percent. The shallow layers of silty-clay loam are the Sogn and Vinland 
soil units.  These soils are primarily detritus of limestone or shale rock layers.  Both are excessively 
drained, found in the uplands, are in the D hydrologic group, and have slope ranges from 5 to 20 percent. 
Information obtained from the United States Department of Agriculture, Natural Resource Conservation 
Service (NRCS), reports the soils in the Merriam project area to be predominantly the Kennebec silt loam 
(91.2 percent) which trace amounts of Ladoga silt loam (1.4 percent), Oska-Martin complex (1.7 percent), 
and Vinland-Rock outcrop complex (5.7 percent). A copy of the NRCS soils information is included in 
Table 5-1 below. Also included are copies of the soils series maps indicating the soil types within the 
Merriam project area. 

Table 5-1: NRCS Soils Series within Merriam Project Area 
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2.2 SITE SPECIFIC SUBSURFACE CONDITIONS 

Prior to the initiation of the feasibility study, USACE drilled two boreholes, and retained a contractor to 
conduct soils/sediment sampling. That investigation program concentrated on the surface and near surface 
sampling of sediments within Upper Turkey Creek between 51st Street and 75th Street. Also, three (3) 
boreholes were drilled to depths ranging from 26 feet and 38 feet below the existing grade. During the 
sampling program, it appears that shallow hand augured samples were taken within the stream channel 
within this reach. 

The soil laboratory tests performed by Geotechnology, Inc. (Geotechnology) are included in Attachment 
B5-A to this Chapter. Surface and near surface samples and samples from the upper parts of the boreholes 
indicated soils mostly belonged to Silty gravelly very stiff Clay (CL, CH), according to the Unified Soil 
Classification System (USCS). The clayey soils have very high consistency (i.e. very stiff) which may 
point to their residual nature (i.e. formed due to weathering and disintegration of bedrock).   

Soils and rocks below grade in the vicinity of the Upper Turkey Creek, based on the USACE borings DC-
4, DC-5 and DC-6, site consisted of: 1) Fill (mostly clay and silt) underlain by; 2) Clay, Sandy silty Clay, 
and Silt, over; 3) Bedrock (Shale and Limestone).  

The Standard Penetration Test (ASTM D 1586) (SPT) “N” values given in the boring logs indicate 
generally very stiff clay is underlained by stiff, locally to medium clay. No laboratory tests on the samples 
collected from the boreholes were included in the Geotechnology Report. Generalized descriptions of 
these subsurface deposits, as observed in the test borings (top to bottom), are presented as follows:  

Stratum 1: Fill: The uppermost soil materials in all three boreholes consisted of reddish brown, gray, to 
black and stiff to very stiff silty, sandy, gravelly CLAY with pieces of boulders, concrete, glass, 
and other foreign materials. Its thickness ranged from about 4 feet (in DC4) to 6-1/2 feet (in 
DC5).  

Stratum 2: Silty Clay, Gravelly Clay: This stratum mostly consisted of gray to dark brown, stiff, Silty 
CLAY a Lean CLAY and was recorded immediately below the fill. This stratum appears to be 
missing in the boring DC4, while it has an average thickness of about 10 feet (ranging between 
6 to 10 feet) in the other two boreholes. Based on the description of the soils, it appears that this 
stratum may be formed as a result of the weathering/disintegration of the underlying shale 
bedrock.   

Stratum 3: Bedrock (Shale and Limestone): This stratum mostly consisted generally of the alternating 
layers of SHALE and LIMESTONE which were observed between about 4 feet and 18 feet 
below the existing grade. Shale consisted of greenish gray highly weathered locally 
disintegrated (into stiff clay) rock. The upper 10-12 feet of the samples were collected by a SPT 
sampler indicating its soil-grade consistency. The Rock Quality Designation (RQD %) and the 
Total Core Recovery (TCR percent) in shale ranged from RQD= 0 to 80 percent and, TCR=60 
to 100 percent from those samples collected at depths (about 20 feet below the existing grade). 

  The Limestone consisted of gray, fine grained thinly to moderately thickly bedded, moderately 
weathered, fossilferous and argillaceous rock with Rock Quality Designation (RQD%) and the 
Total Core Recovery (TCR percent) ranged from RQD=70 to 100  percent and, TCR= 80 to 
100. All three borings were terminated with bedrock at depths 26 feet to 38 feet below the 
existing grade.  

As noted above, the above stratification is based on visual observations given in the boring logs.  For the 
future design work, it is essential to conduct additional borings and laboratory testing to derive 
geotechnical design parameters. As an example, a minimum of one borehole to an average depth of 25 
feet must be drilled at every 200 feet along the alignment to collect design subsurface data. During boring 
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both disturbed and undisturbed samples should be collected, and the samples should be tested for 
classification, index, strength and consolidation properties. Strength tests should include consolidated, 
undrained conditions to evaluate rapid draw down conditions. 

In earthwork and for the conceptual preliminary design, the following soil parameters can be used:  

Table 5-2: Soil Parameters for Conceptual Preliminary Design 

 
Parameters/ Soil type 

Stratum 1 
Fill  

Stratum 2, Silty 
Clay, Gravelly Clay 

Stratum 4 
Bedrock 

Angle of Internal Friction (0) 32 0 38 
Cohesion (psf) - 2,000 - 
Unit Weight (pcf) 125 125 150 
Unit Weight, submerged (pcf) - 60 90 
Coefficient of Passive Resistance, Kp 3.25 1.5 4.20 
Coefficient of Active Pressure, Ka 0.31 0.5 0.23 
Coefficient of interface friction-ultimate  0.30 0.30 0.40 

2.3 SEISMIC CONSIDERATIONS 

Seismic design parameters should conform to the requirements of the USACE Design Manuals, the 
International Building Code (IBC), and ASCE Section 7, according to which, the site is classified for 
seismic design as “Site Class D”, Stiff Soil Profile. Because of the stiff to very stiff clay, over shale and 
limestone bedrock, the site is classified as “Liquefaction Unlikely” under seismic loading  

Based on the data collected from the USCG’s US Seismic Design Map Web Applications, in design, and 
site coefficients (Ss) of 0.057, and (S1) of 0.157 can be used.   

2.4 SOIL VOLUME AND RECOMMENDED LEVEE STRUCTURE 

Levee and Floodwall options of Upper Turkey Creek were examined for Alternative 2 as part of LBG’s 
analysis. For the levee, LBG used a homogeneous earthen levee. The levee concepts were based on EM 
1110-2-1913 which specifies a top width of 10 feet and side slopes of 3H: 1V (Figure 5-1). Levee heights 
throughout the project area range from 2 to 6 feet high. Landside seepage berms were not included due to 
the limited land area and the flashy nature of Upper Turkey Creek. The flashy nature would not result in 
prolonged periods of flood impoundment, and as such, would not contribute to extensive seepage through 
the levee. 

The subsurface below the proposed levee structure would consist of very stiff clay (fill), underlain by stiff 
clay and silt (likely residual soil), over the bedrock shale. Because the soils and the bedrock below the 
levee are low permeability, and relatively impervious, seepage below the levee is not considered to be a 
concern for this project, and no impervious barrier, (i.e. sheet pile, slurry wall cut off, etc.) is required as 
long as the levee foundation subgrade is prepared satisfactorily and that the levee sits on either compacted 
stiff to very stiff clay, or cleaned bedrock shale. 

The volume of soil required for Alternative 2, the Levee/Floodwall for the 1-percent AEP (100-year 
event) with 90 percent reliability has been calculated to be approximately 17,231 cubic yards. The 
laboratory test report (by Geotechnology) indicates all surface, near surface, and the sediment and soils 
belong to low to high plasticity clay (CL, CH) and locally, poorly graded sand (SP). Mining of clay from 
nearby pits may present challenges in terms of excavation (because they are stiff to very stiff), handling 
and storing. Since no borrow site was specifically located for this project and, the volume of material is 
relatively small, commercial material sources are recommended to be considered for this project. 
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Alternatively, the Kansas City District indicated that excess materials from a project on the Lower Turkey 
Creek, could be available for this project which may be used for the levee construction. However, no 
geotechnical information has been provided to determine if the material would be suitable for use on the 
project. 

Because of the small cross sectional area of the levee, when combined with the workability and sensitivity 
a homogeneous embankment (levee) structure is recommended. Materials consisting of low to medium 
plasticity clay (CL) would be suitable to construct the embankment. Because both fill (Stratum 1) and the 
underlying silty clay (Stratum 2) can be considered low permeability soils, a cut off wall below the 
embankment will not be required, provided the subgrade is prepared properly. The homogeneous levee 
structure can be designed with the landside slope at 3H: 1V and stream-side slope at 3H: 1V, with riprap 
protection (stream side), and vegetation, or synthetic erosion control elements to protect the landside 
levee (Figure 5-1).  

Long term consolidation settlement under the levee loads are expected to be on the order of magnitude of 
less than one inch. 

 

Figure 5-1: Typical Levee Cross Section  

3. SLOPE STABILITY ANALYSIS 
As indicated in the paragraph above, levee heights throughout the project area range from 2 to 6 feet high.  

The levee section was developed based upon a preliminary geological investigation, the borehole data 
collected by the USACE which includes at a minimum: 

a. Collection and study of 

(1) Topographic, soil, and geological maps. 

(2) Aerial photographs. 

(3) Boring logs and well data. 

(4) Information on existing engineering projects. 

b. Field survey: Observations and geology of area, documented by written notes and photographs, 
including such features as: 

(1) Riverbank slopes, rock outcrops, earth and rock cuts or fills. 

(2) Surface materials. 

(3) Poorly drained areas. 
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(4) Evidence of instability of foundations and slopes. 

(5) Emerging seepage. 

(6) Natural and man-made physiographic features. 

(7) The existing structures and its potential impact to the proposed flood wall 

3.1 EMBANKMENT SLOPE STABILITY  

In the construction of new levees, the slope stability depends on the type of materials proposed for use in 
the levee construction. As previously discussed in Section 2.4 of this report, the volume of soil required 
for the Recommended Plan is approximately 10,000 cubic yards. Since no borrow site was specifically 
located for this project, and the volume of material is relatively small, it is anticipated that a local material 
supplier would provide the volume of material which meets a design specification developed for the 
project. Based on the USACE’s recommendations, for conceptual design and preliminary cost estimates a 
homogeneous clay (CL) earthen levee with side slope gradients of 3H: 1V is evaluated.  The relatively 
low gradient side slopes would also resist the rapid draw-down conditions with an adequate factor of 
safety (See Attachment B5-B). 

3.1.1 STABILITY OF THE EXISTING CHANNEL WITH THE NEW LEVEE STRUCTURE 

The stability analysis at three most critical sections with the levee structure was carried out using 
XSABL-An Integrated Slope Stability Analysis Program, Version 5.2, Interactive Software Designs, Inc. 
(Attachment B5-B) The analysis is based on general limit equilibrium methods using Janbu’s generalized 
procedure of slices and Bishop’s Method of analysis and the failure surfaces were generated using 
random technique option of generating non-circular slip surfaces. Those critical slip surfaces are also 
shown in the schematic sections in Attachment B5-B. 

Based on the analysis the overall slope global stability in normal operating conditions, a minimum safety 
factor calculated as 4.3 was estimated in the most critical section, River Station 2.813, where the proposed 
detention basin for interior drainage will be located on the landside of the levee. The factors of safety in 
the other two sections were 6.5 (River Station 3.298) and 5.2 (River Station 3.481). Because the 
laboratory test data for shear strength parameters required for rapid draw down analysis (the consolidated 
undrained R-tests) were not available, stability of the existing channel with the levee structure was 
analyzed for rapid draw down conditions based on the following assumed effective and total strength 
parameters. 

Table 5-3: Effective and Total Shear Strength Parameters 

Parameter Stratum 2a (Upper parts) 
Very Stiff gravelly Clay 

Stratum 2b (lower parts) 
Stiff lean Clay 

γsoil (pcf) 135 (Assumed saturated) 125 

cT (psf) 60 60 

φT (degrees) 25 23 

 

The results of the rapid draw down slope stability analysis are given in Attachment B5-B. The rapid draw 
down conditions also assumed the new levee structure as 720 psf surcharge. The existing channel has an 
adequate factor of safety of 1.9 in the most critical section in a rapid draw down event at river station 
2.813 where the proposed detention basin for interior drainage will be located on the landside of the 
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levee. The factors of safety in the other two sections were 2.5 (River Station 3.298) and 2.7 (River Station 
3.481).  

3.1.2 INTERNAL STABILITY OF THE LEVEE STRUCTURE 

The following parameters were used for the stability of the levee (embankment) structure: 

Levee (Embankment) Material: Clay, Silty Clay, Sandy, Gravelly Clay 

• Unit Weight = 125 pcf 
• Submerged Unit Weight = 60 pcf 
• Angle of Friction = 300   
• Cohesion =100 psf 
• Proposed side slopes at 3H: 1V 

 

At the time of the preparation of this feasibility study, the type of the levee structure was not selected. In 
the stability analysis, therefore a conservative angle of friction is selected. In considering the long term 
stability of a clay levee, the analysis would be valid as the long term stability of the clay slopes is 
governed by the residual strength expressed in “the angle of shearing resistance” (See, Skempton A.W, 
1964.  Long-Term Stability of Clay Slopes, Fourth Rankine Lecture)  

Because this is a feasibility study the levee analysis additional stability analysis were made using the chart 
solutions to evaluate after construction, rapid drawdown cases, and empirical data provided in the Design 
of Small Dams, the US Department of Interior, the USACE’s EM1110-2-1902, Slope Stability: Chart 
Solutions for Embankment Slopes, and Stability Charts for Earth Slopes During Rapid Drawdown (by N. 
Morgenstern, The Institution of Civil Engineers, Geotechnique, June 1963, pp121-131). 

Additional slope stability analysis was conducted. The results of those analyses along with the assumed 
conditions/parameters are given in Attachment B5-B), according to which:  

A factor of safety of 2.5 is obtained after construction, under normal operating conditions. A surcharge of 
300 psf was introduced (for construction traffic, soil stockpile, etc.) to evaluate the stability, for which the 
factor of safety is reduced to 2.3.  

In rapid drawdown (extreme) conditions, the factor of safety is reduced to 1.2 which can be considered 
adequate because A) conservative parameters were used, B) the critical circle is tangent to the base of the 
levee, and other levee analysis would lead to a higher factor of safety. In the rapid drawdown assessment, 
a levee height of 7 feet, maximum water elevation of 6 feet, and a rapid drawdown to base level were 
considered (Attachment B5-B). 

3.2 STREAM BANK SLOPE STABILITY  

The stability of the existing channel with a stone masonry wall was also evaluated using the typical 
sections given in Figures 5-3 through 5-9. These sections were chosen as critical sections within the 
project area, either due to the height of the existing gravity stone wall and its proximity of the proposed 
flood risk mitigation features (River Station 2.813), changes in the channel geometry, such as flattening or 
steepening of the existing side slopes (River Station 3.298), and at a section where development has 
encroached to the top of the bank of the existing channel (River Station 3.481). During the stability 
analysis relatively conservative soil parameters were developed using the USACE boring logs. The 
parameters used in the assessment of the stability and the typical channel section geometry are marked on 
Figure 5-3. The subsurface conditions in the area of the existing stream bank, consists generally of stiff to 
very stiff silt and clay, underlain by the bedrock. The stability analysis conducted at three different slopes 
showed that the stability of the stream bank is maintained with an adequate factor of safety, a typical 
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section shown in Figure 5-3 where the side slope is 1.71H:1.0V gave a factor of safety of 4.4, while a 
steeper slope gradient which represents the steepest side slopes in all critical sections at 0.83H:1.0V gave 
a factor of safety of  2.1 (Attachment B 5-B). The existing stream bank and channel contains armor rock 
slope protection (i.e. the stone masonry wall) which provides additional slope support. (See Figures 5-2 
and 5-3 below). Figures 5-4 through 5-9 indicate the geometry and location of the cross sections analyzed 
in the project area. 

 

Figure 5-2: Existing Channel Photograph 

The stability analysis of the existing stone stacked masonry wall shown in Figure 5.2, was conducted 
based on a geometry provided by the MDD engineering consultant, Delich, Roth, and Goodwille, P.A., 
and is provided in Attachment B5-B. The attachment also includes the soil and groundwater conditions 
and the assumed surcharge due to the new levee structure. The stability analysis indicates that the stone 
masonry wall has a factor of safety of 2.2 against global stability failure, 2.58 against overturning, and 
2.66 against sliding. The critical failure surfaces are also included on the critical cross sections included in 
the stability analysis. 

The proposed levee system would be set back from the bank of the channel and the top of the slope as 
indicated on a typical channel cross section within the Merriam project area included in Figure 5-3.
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Figure 5-3: Typical Channel Cross Section within the Merriam Project Area
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Figure 5-4: Critical Channel Cross Section, River Station 2.813
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Figure 5-5: Critical Channel Cross Section, River Station 3.298 
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Figure 5-6: Critical Channel Cross Section, River Station 3.481 
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Figure 5-7: Critical Channel Cross Section, River Station 2.813 
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Figure 5-8: Critical Channel Cross Section, River Station 3.298 
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Figure 5-9: Critical Channel Cross Section, River Station 3.481 
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4.0   ADDENDUM – GEOTECHNICAL UPDATES TO OCTOBER 2013 NED PLAN  

An evaluation of Atlas 14 precipitation impacts on the NED plan was performed after the Architect-
Engineering (AE) firm that developed the feasibility study was released from contract.  Because the AE 
had been released, USACE performed the evaluation of Atlas 14 precipitation impacts.  All information 
in sections 1.0 through 3.0 in this chapter was developed by the AE.  The analysis USACE performed was 
limited to the evaluation of two levee heights corresponding to Atlas 14 nominal 100-year flows with a 
95% and 83% confidence of not overtopping.   

During the re-evaluation of the NED plan, USACE discovered that the existing limestone block wall that 
supports the creek bank has experienced regular failures along the proposed flood protection reach.  The 
failures consist of short sections (roughly 100 ft long or less) of the creek bank wall completely collapsing 
into the creek.  The cause of the failures is unknown, but the wall is not an engineered structure.   When 
these failures occur the City of Merriam, the future sponsor, rebuilds the section of failed creek bank wall 
with the original limestone blocks.  Several visits to inspect the existing creek bank wall then took place 
and observations were made regarding the existing stacked limestone block creek bank walls that are 
adjacent to the proposed flood protection.  As was documented in Section 3.2, this wall had been found to 
be stable during an engineering analysis performed by the AE.  However, during the site visit by USACE 
the walls were observed to have locations where retained soil was migrating through the limestone blocks.  
Additional discussions with the project Sponsor after the site visit indicated that sections of the wall are 
periodically replaced due to failures.  Based on the recent information, it became apparent that the 
original engineering evaluation did not properly account for the condition and stability of the stacked 
block walls.  The walls, based on visual inspection and recent performance history, are not capable of 
providing support to the proposed adjacent flood protection system. Several alternatives were considered 
that either provided stabilization to the bank or provided a foundation for the project that did not rely on 
the creek bank’s continued stability.   

The first of the alternatives investigated was to remove the existing creek bank wall, replace it with a new 
modular gravity wall system (gabion basket wall, etc.) and then construct the originally proposed 
floodwalls on the existing creek bank.  A modular gravity wall would require bottom-up construction.  
This option was screened out due to excessive cost associated with construction in the wet and need for 
temporary shoring during construction.  Temporary shoring would be needed due to the close proximity 
of buildings and other infrastructure to the existing creek bank wall (on average 15-ft tall).   

Next two alternatives were evaluated to provide a floodwall foundation that did not rely on the stability 
provided by the limestone block supported creek bank.  In order to keep construction costs lower and 
maintain the park like creek aesthetics, both of the alternatives assumed the existing limestone block 
creek bank would not be modified.  It is anticipated the existing wall will continue to have failures and be 
maintained/repaired by the local sponsor; however failure of the wall will not affect either of these 
alternatives.   

The first of these alternatives consisted of a secant drilled shafts that would directly support a cast in place 
floodwall (I-wall). This alternative was evaluated for levee heights corresponding to Atlas 14 flows with a 
95% confidence of not overtopping and was eliminated due to cost. The drilled shafts would be installed 
to form a secant pile wall landward of the existing limestone block wall and then an I-wall would be 
formed and structurally tied to the drilled shafts.  Tie-backs were considered as a means to reduce shaft 
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size of the secant pile wall alternative (cantilever wall); however construction of tie backs would require 
the expense of the removal of the existing creek bank wall.   

Analysis of the secant wall was executed using ENSOFT’s LPILE software.  Two floodwall heights were 
evaluated to analyze the requirements for each of the flow scenarios being evaluated during the re-
evaluation.  A typical wall section was developed to take the place of both the creek wall and flood wall.  
This section was based on a flood wall section 7-ft in height and a creek wall 14.4-ft in height.  The 
secant shaft wall consisted of 30-inch drilled shafts that transitioned to a reinforced concrete I-wall.  The 
secant shaft wall would consist of primary and secondary shafts.  Primary shafts were assumed to have a 
5-ft rock socket and secondary shafts were assumed to extend to 6-inches above the top of bedrock.  The 
analysis of the typical section is included as an attachment to this chapter of Appendix B.  Table 5-4 
provides a summary of secant shaft wall analysis results.  For this alternative, future stability and 
maintenance of the stacked block walls is not required adjacent to the secant shaft wall.  While the secant 
shaft wall alternative is very robust and can be constructed in the dry, it is very expensive and is not 
economically feasible 

 

  Table 5-4.   Secant Shaft Wall Summary 

Wall ht 
above bank 
(ft) 

Primary 
Shaft 
Length 
(ft) 

Secondary 
Shaft 
Length (ft) 

Drilled 
Shaft 
Diameter 
(inches) 

Wall 
Section 
width 
(inches) 

Primary 
Shaft Rock 
Socket (ft) 

Secondary 
Shaft 
Rock 
Socket (ft) 

Top of 
Shaft Max. 
Deflection 
(inches) 

Top of Wall 
Max. 
Deflection 
(inches) 

7 19.9 13.9 30 15 5 0 1.2 0.8 

 Both wall and primary shafts were assumed to be reinforced with 8 #10 bars 
 

Next a ground modification alternative was investigated.  The proposed alternative investigated included 
ground modification landward of the creek bank to support a shallow foundation floodwall.  Ground 
improvement was provided where the projected slope was steeper than 1:2 between the floodwall toe and 
creek bed.  The ground modification provides stability to the floodwall foundation during localized failure 
and repair of the existing creek bank wall.  

The ground improvement consisted of unreinforced 16-inch diameter, concrete, soil replacement columns 
extending to the top of bedrock.  The columns will be spaced approximately 2-ft on center in an 
equilateral triangular pattern.  Soil properties used in the analysis are the same as for alternative 1.  The 
concrete columns were assumed to have a strength of 4,000-psf at a replacement ratio (As) of 0.40.  This 
alternative was developed for both flow scenarios.  The width of the required ground improvement was 
determined to be 15-ft, centered on the floodwall footing.  The ground modification analysis is included 
as Attachment C.  Flood wall sections slated for ground modification are identified in Table 5-5.   While 
small failures and isolated areas of disrepair of the stacked block wall would not cause levee failure with 
the modified foundation, this alternative requires that the Sponsor continue to perform reasonable 
maintenance on the existing stacked block wall. This alternative provided the lowest project cost, and is 
the selected alternative. 
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Table 5-5.   NED Floodwall Sections Slated for Ground Modification for Risk Reduction  

 

Wall I.D. 

Downstream River 
Station of wall 

Section 
Side of Creek bank 

(left or right) 

Length of wall section to be 
supported on Ground 

Modification 

R2 2.610 Right 120-ft 

R4 2.645 Right 80-ft 

R6 2.670 Right 60-ft 

R9-R14 2.724 Right 880-ft 

R15 3.065 Right 1,140-ft 

L5 3.132 Left 200-ft 

L6 3.186 Left 100-ft 

L7 3.204 Left 340-ft 

R15 3.065 Right 250-ft 

R22-R24 3.383 Right 290-ft 

R25-R28 3.460 Right 470-ft 

R33-R35 3.581 Right 190-ft 
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Exhibit 1 
Reconnaissance Study, Notice of 
Initiation, July 2001 



NOTICE OF INITIATION 
Upper Turkey Creek Basin 

Johnson and Wyandotte Counties, 
Kansas 

RECONNAISSANCE STUDY 
                                                                   
                                                                      

   
 

JULY 2001 
 
The Kansas City District Corps of Engineers is conducting a reconnaissance of potential 
flood damage reduction alternatives and related natural resource issues in the Upper 
Turkey Creek Basin of Johnson and 
Wyandotte Counties in Kansas.  The 
study area for this reconnaissance is 
upstream of the authorized flood 
damage reduction project.  A resolution 
of the Committee on Transportation and 
Infrastructure of the United States House 
of Representatives adopted 
February 16, 2000, authorized this study 
of the upper basin.  The study was 
requested by the City of Merriam, 
Kansas, the Merriam Drainage District, 
the Unified Government of Wyandotte 
County and Kansas City, Kansas, and Johnson Co

 

The study funded entirely by the Federal Governm
described in Section 905(b) of the 1986 Water Res
purpose of the analysis is to quickly determine wh
proceed into the more detailed feasibility phase ba
implementing a solution.  The analysis considers e
and possible environmental impacts of the prelimin
Feasibility Study would be cost-shared on a 50-50
Government and at least one non-Federal sponso
Turkey Creek has produced significant flood dama
1977, 1993, and 1998.  The flood of July 1993 cau
estimated at $3.4 million in Merriam, Kansas, and 
flood of October 1998 caused damages in Merriam
and damages in the lower basin equivalent to thos

 

Please share this notice with anyone
Upper Turkey Creek 
Basin 

Public Workshop 
July 25 

Merriam City Hall 
unty, Kansas.  
ent includes an expedited analysis as 
ources Development Act.  The 

ether the planning process should 
sed on Federal interest in 
stimated costs, potential benefits, 
ary alternatives.  Any future 

 basis between the Federal 
r.
ges throughout the basin in 1961, 
sed one fatality and damages 
$20 million in the lower basin.  The 
, Kansas, estimated at $12.0 million, 

e experienced in 1993.  The primary 

 interested in the study. 



overflow points along Upper Turkey Creek in the 1998 flood were:  vicinity of 75th 
street, downtown Merriam, I-35 at vicinity of Lamar Ave., and Roe Lane Industrial Park. 
This study provides an opportunity to focus on comprehensive water and related land 
resource measures in the upper portion of the basin.  Potential measures include:  
structural flood damage reduction measures, flood proofing measures, flood warning, 
detention, relocation, and zoning.  Environmentally focused concepts could include 
wetland or habitat restoration, water quality improvements, and bioengineering to 
enhance the watershed environment along Turkey Creek and its tributaries.  Several 
local agencies are focused on Turkey Creek Basin problems and are expressing interest 
in developing a basin-wide, multi-jurisdictional approach.  Federal and State agencies 
have also expressed a desire to cooperate in this effort. We welcome your participation 
in the reconnaissance study. 

An initial public workshop on the scope of the reconnaissance study will be held 
Wednesday, July 25, 2001, at 7 p.m. in the Council Chambers, Merriam City Hall, 
9000 W. 62nd Terrace, Merriam, Kansas 
If you have questions or wish to express your concerns about the study in writing, 
please address your correspondence to: 

 

U.S. Army Corps of Engineers 
Formulation Section (PM-PF) 
ATTN:  Mike Wolfender 
601 E. 12th Street 
Kansas, City, MO  64106-2896  

        
 

 

Please share this notice with anyone interested in the study. 



 

  

Exhibit 2 
Feasibility Study, Notice of Initiation, 
August 2002 



 
Please share this notice with anyone interested in the study. 

NOTICE OF INITIATION 
Upper Turkey Creek Basin 

Johnson and Wyandotte Counties, 
Kansas 

FEASIBILITY STUDY 

 

AUGUST 27 2002 
 
In cooperat ion w ith the City of Merriam, Kansas, the Kansas City District  Corps of 
Engineers is conducting a Feasibility Study of potential f lood damage reduction 
alternatives and environmental restorat ion opportunit ies in the Upper Turkey Creek 
Basin of Johnson and Wyandotte Counties in Kansas.  The Unif ied Government of 
Wyandotte County and Kansas City, Kansas, and Johnson County, Kansas, joined 
in the request for this study and are key part icipants on the study team. 
The study area for this Feasibility Study begins at the upstream limit  of the Turkey 
Creek f lood damage reduction project authorized for construct ion in the 1999 
Water Resources Development Act and encompasses the remainder of  the basin.  
A map on the reverse of this announcement show s the study area.  A resolut ion of 
the Committee on Transportat ion and Infrastructure of the United States House of  
Representat ives adopted February 16, 2000, authorized this study of the upper 
basin.   
The study made the t ransit ion to a Feasibility Study on June 24, 2002, w ith 
signing of  a cost-sharing agreement by the City of Merriam and the Government.  
Prior to that signing, the Kansas City District  had completed an expedited 
reconnaissance study at 100-percent Federal cost and w orked w ith the study team 
members to develop the cost sharing agreement.  The agreement calls for a study 
cost of slight ly less than $2.5 million w ith part of  the non-Federal share to be 
provided as in-kind w ork rather than cash. The Federal Government and the non-
Federal sponsor w ill share the total Feasibility Study cost equally. 
The study team plans one or more public w orkshops to provide further details of 
the Feasibility Study and to accept public input  to the study process.  The date and 
location have not  been established but the location w ill be w ithin the study area 
and the date w ill probably be after October 1.  In the interim, you may direct 
questions or comments on the Feasibility Study to Mike Wolfender, Project 
Manager, Kansas City District , Corps of Engineers, ATTN: PM-PF, 601 E. 12th 
Street, Kansas City, Missouri  64106* 2896, phone (816) 983-3108 or e-mail 
michael.j.w olfender@usace.army.mil. 

 



 
Please share this notice with anyone interested in the study. 

 

Upper  Turkey Creek Basin Feasibility Study Area 
 

DEPARTMENT OF THE ARMY 
KANSASCITY DISTRICT,CORPS OF ENGINEERS 

700 FEDERAL BUILDING 
601 E. 12TH ST. 

KANSAS CITY, MO 64106-2896 
 

OFFICIAL BUSINESS 



 



 

  

Exhibit 3 
Turkey Creek Awareness Workshop, June 
2003 



Please share this notice with anyone interested in Turkey 
Creek. 

 

Turkey Creek Awareness Workshop 
 

June 17, 2003 
 
The future Turkey Creek will be different from what it is today, perhaps better, perhaps 
not, depending on the plans we’re making now.  Visiting the Awareness Workshop 
would be a convenient way to learn about the activities now underway by City, State, 
Federal and other types of organizations to gather information and turn it into useful 
plans for the future restoration and management of Turkey Creek. 
Turkey Creek flows generally north and east from near 90th Street in Oveland Park and 
follows the Interstate Highway 35 corridor until it enters a tunnel that takes it to the 
Kansas River.  The water in Turkey Creek drains from the eastern part of Shawnee, the 
northwest corner of Overland Park, The northeast corner of Lenexa, all of Merriam, the 
southwest corner of Kansas City, Kansas, and small parts of Mission and Roeland Park.  
Some of the activities now underway affect: 

 Stormwater  
 Wastewater  
 Interstate Highway 35 
 Recurring flood damage 
 Natural habitat and resources 
 Trails and parks 
 Water Quality  

 

The workshop will be open from 3 until 7 p.m. at the Antioch Public Library, 8700 West 
63rd Street, Shawnee Mission, Kansas.  A brief presentation will begin at 6 p.m. 
You may direct questions or comments to Mike Wolfender, Project Manager, Kansas 
City District, Corps of Engineers, ATTN: PM-PF, 601 E. 12th Street, Kansas City, 
Missouri  64106-2896, phone (816) 983-3108 or e-mail 
michael.j.wolfender@usace.army.mil. 
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DEPARTMENT OF THE ARMY 
KANSASCITY DISTRICT,CORPS OF ENGINEERS 

700 FEDERAL BUILDING 
601 E. 12TH ST. 

KANSAS CITY, MO 64106-2896 
 

OFFICIAL BUSINESS 

Please share this notice with anyone interested in Turkey 
Creek. 



 

  

Exhibit 4 
Upper Turkey Creek Concepts Workshop, 
September 2004 



 
Please share this notice with anyone interested in Turkey Creek. 

Upper Turkey Creek 
Concepts Workshop 

 
September 16, 2004 

Merr iam Community Center  
 
Since July of 2002, the Kansas City District  

Corps of Engineers and the City of Merriam, Kansas, assisted by Johnson County 
and the Unif ied Government of Kansas City Kansas and Wyandotte County have 
investigated opportunit ies to reduce f lood damages in Merriam and in the Roe Lane 
Industrial Park.  As part of the study, w e are looking at w ays to protect and restore 
the vitality of Turkey Creek as a living stream that residents can appreciate and 
enjoy.  The current study is far from complete, but w e have produced some 
example solut ions for considerat ion and ref inement.  This w orkshop is an 
opportunity for you to ask questions about the examples and make suggestions for 
improving them. 

We have posted general information on the Upper Turkey Creek basin study on the 
w orldw ide w eb at http://w w w .nw k.usace.army.mil/projects/utc/. 

The w orkshop w ill be open from 3 until 8 p.m. in room 128 of the Merriam 
Community Center, 5701 Merriam Drive, Merriam, Kansas.  A brief presentat ion 
w ill begin at 6 p.m. 

You may direct questions or comments to Mike Wolfender, Project Manager, 
Kansas City District , Corps of Engineers, ATTN: PM-PF, 601 E. 12th Street, Kansas 
City, MO  64106-2896, phone (816) 983-3108 or e-mail 
michael.j.w olfender@usace.army.mil. 
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Federal and Non-Federal Agency 
Involvement 





Exhibit 6 
Upper Turkey Creek Basin Feasibility 
Study, Public Meeting, October 2011 
 



 

 

October 2011 Public Meeting Notice 



 

Notice of Public Meeting 

 

U.S. Army Corps of Engineers            Issue Date: September 15, 2011 
Kansas City District 
 
 

Upper Turkey Creek Basin Feasibility Study 
 

In cooperation with the City of Merriam, Kansas, the Unified Government of Wyandotte County 
and the City of Kansas City, Kansas, and the U.S. Army Corps of Engineers, Kansas City 
District, is conducting a public meeting for the Upper Turkey Creek Basin Feasibility Study.  
The purpose of the study is to identify opportunities to improve flood risk management along 
Turkey Creek from upstream of the Boulevard Drive-In Theater in Wyandotte County, Kansas 
into Johnson County, Kansas.  This study will result in a feasibility report that recommends 
improvements for flood risk management, and an environmental assessment as required by the 
National Environmental Policy Act (NEPA) and U.S. Army Corps of Engineers regulations. 

Major flooding of Turkey Creek occurred in 1961, 1977, 1993, and 1998.  Sadly, the flood of 
1993 resulted in a fatality.  The City of Merriam is particularly prone to damage during flood 
events.  The 1998 flood resulted in an estimated $12 million in damages within Merriam alone.  
For these reasons, improved flood risk management is desired along Turkey Creek. 

The Feasibility Study has focused on three project sites: 

 The Roe Lane Industrial Park in Kansas City, Kansas 
 Interstate-35  
 Downtown Merriam, Kansas 

  
The purpose of the public meeting is to share various alternatives that have been developed, 
provide an opportunity for public feedback on the alternatives, and to allow for public input 
concerning Clean Water Act Section 404 compliance. 

The public meeting will be held on October 19, 2011 from 5:00 - 8:00 pm, at the Irene 
 B. French Community Center, 5701 Merriam Drive, Merriam, Kansas, 66203. 
Additional information about the Upper Turkey Creek Basin study is located on the web 
 at http://www.nwk.usace.army.mil/projects/utc/.  
 
Questions may be directed to the Upper Turkey Creek Project Manager by clicking on the 
Comments link located at http://www.nwk.usace.army.mil/projects/utc/  or by calling  
(816) 389-2000. 



 

 

October 2011 Public Meeting Brochure 





 

  

October 2011 Public Meeting Mailing List 



Upper Turkey Creek
Major Stakeholder Mailing List

Name Org Address 

Jake Gray
Kansas Division of Emergency Management 

(KDEM)
2800 SW Topeka Blvd., Topeka, KS 66611

Tom Morey
Kansas Division of Water Resources, Kansas 

Department of Agriculture
109 SW 9th Street, 2nd Floor, Topeka, Kansas 66612-1283

Hye Jin Lee City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2815

Bryan Dyer City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2816

Phil Lammers City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2817

Judy Deverey City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2818

Dave Smothers City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2819

Randy Carroll City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2819

Ken Sissom City of Merriam City Hall, 8997 W. 62nd Terrace, Merriam, KS 66202-2819

Ronnie Metsker KANSAS House of Representatives ?

Brian Rast
US Army Corps of Engineers, Kansas City 

District

Richard Bolling Federal Building, Suite 529, 601 East 12th Street, Kansas City, Missouri  

64106-2896

John Grothaus
US Army Corps of Engineers, Kansas City 

District

Richard Bolling Federal Building, Suite 529, 601 East 12th Street, Kansas City, Missouri  

64106-2897

David Combs
US Army Corps of Engineers, Kansas City 

District

Richard Bolling Federal Building, Suite 529, 601 East 12th Street, Kansas City, Missouri  

64106-2898

Steve Iverson
US Army Corps of Engineers, Kansas City 

District

Richard Bolling Federal Building, Suite 529, 601 East 12th Street, Kansas City, Missouri  

64106-2899

Anthony Hofmann, 

Colonel, District Engineer

US Army Corps of Engineers, Kansas City 

District

Richard Bolling Federal Building, Suite 529, 601 East 12th Street, Kansas City, Missouri  

64106-2900

Rick Davis Lower Kansas WRAPS 1109 SW Red Oaks Ct., Topeka, KS 66615

Amanda Reed KDHE
Bureau of Water, Watershed Management Section, 1000 S.W. Jackson St., Suite 420, 

Topeka, KS  66612-1367

Scott Satterwaite KDHE
Bureau of Water, Watershed Management Section, 1000 S.W. Jackson St., Suite 420, 

Topeka, KS  66612-1368

Frank Austenfeld The Watershed Institute

Mandy Whitsitt U.S. Environmental Protection Agency Region 7, WWPD/WPIB, 901 N. 5th St., Kansas City, Kansas 66101

Jeff Robichaud U.S. Environmental Protection Agency Region 7, WWPD/WPIB, 901 N. 5th St., Kansas City, Kansas 66101

Terry Harris Downtown Merriam Partnership 5701 Merriam Dr., Merriam, KS 66203

Ted Derks Downtown Merriam Partnership Box 7081, Kansas City, MO  64113

Joe Roth Delich, Roth & Goodwillie 913 Sheidley Avenue, Suite 110, Bonner Springs, KS 66012

Jim Wymer Merriam Drainage District (913) 831-4061

Gerry Becker Merriam Drainage District 5546 Goodman St., Merriam, KS  66202

Jim Orr Merriam Drainage District 4800 Rainbow Boulevard, Suite 200, Westwood, KS  66205-1932

Bill Leap Merriam Drainage District 5525 Noland Road, Shawnee, KS 66216

Bob Roddy Unified Government 701 N. 7th St., 7th Floor, Kansas City, KS 66101

Burt Morey Kansas Department of Transportation 1290 S. Enterprise Drive, Olathe, KS  66061

You Jen Tsai FEMA, Region VII 9221 Ward Parkway, Suite 300, Kansas City, Missouri 64114

Tom Jacobs Mid-America Regional Council 600 Broadway St., Suite 300, Kansas City, MO  64105-1554

Aaron Bartlett Mid-America Regional Council 600 Broadway St., Suite 300, Kansas City, MO  64105-1554



Kassie Shelton Mid-America Regional Council 600 Broadway St., Suite 300, Kansas City, MO  64105-1554

Kent Lage
Johnson County Public Works & 

Infrastructure - Urban Services Division
1800 W. 56 Highway, Olathe, Kansas  66061

Heather Schmidt Johnson County Public Works 1800 W. 56 Highway, Olathe, Kansas  66061

Doug Wesselschmidt City of Shawnee

Mike Gregory Shawnee City Hall, 11110 Johnson Dr., Shawnee, KS  66203

Tom Jacobs City of Lenexa

Dan Miller City of Overland Park

Steve Weeks City of Mission

Jerry Wiley City of Fairway CITY HALL, 4210 Shawnee Mission Parkway, Suite 100 Fairway, KS 66205

USGS



FID AREA PROP_ID KUPN C_ACRE D_ACRE PF OWNER1 OWNER2 S_STREET S_STTYPE S_DIR S_NUMBERLU CLASS L_VALUE I_VALUE T_VALUE ZONING S_ADDR S_ZIP O_ADDR1 O_ADDR2 UNIQID SHPCOUNT
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TRUST

ROBIN 
HOOD DR  6350 111 RU 36410 123390 159800  

6350 
ROBIN 
HOOD DR 66203

6350 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24304 1

3254 19366.52 JP7200000  

05613020
02004.00
0 0.44 0 P

RABINOFF
, WALT 
CO-
TRUSTEE

RABINOFF
, SANDRA 
H. CO-
TRUSTEE

ROBIN 
HOOD DR  6351 111 RU 34560 111640 146200  

6351 
ROBIN 
HOOD DR 66203

6351 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24300 1

3265 13724.64 JF241213-1

05613020
02030.00
0 0.32 0 F

CITY OF 
MERRIAM  63RD TER W 9719 735 EM 2810 0 2810  

9719 W 
63RD TER 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24298 1

3272 15783.66 JP7200000  

05613020
02003.00
0 0.36 0 P

NANNEY, 
SHAWN T.

NANNEY, 
REBEKAH 
R.

ROBIN 
HOOD DR  6353 111 RU 32550 135650 168200  

6353 
ROBIN 
HOOD DR 66203

6353 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24293 1

3273 20854.24 JP7200000  

05613020
04002.00
0 0.48 0 P

SMITH, 
MAX D. JR  

ROBIN 
HOOD DR  6306 111 RU 35390 120010 155400  

6306 
ROBIN 
HOOD DR 66203

6306 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24292 1

3274 21682.78 JP7200000  

05613020
04001.00
0 0.5 0 P

HONDERI
CK, 
EDWINA 
E.  

ROBIN 
HOOD DR  6302 111 RU 35860 128740 164600  

6302 
ROBIN 
HOOD DR 66203

6302 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24291 1

3280 24998.33 JF241213-1

05613020
02034.00
0 0.57 0 F

CITY OF 
MERRIAM  63RD TER W 9709 735 EM 3390 0 3390  

9709 W 
63RD TER 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24288 1

3281 20001.42 JF241213-1

05613020
02033.00
0 0.46 0 F

CITY OF 
MERRIAM  63RD TER W 9713 735 EM 3130 0 3130  

9713 W 
63RD TER 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24287 1

3283 37497.26 JF241213-1

05613020
02032.00
0 0.86 0 F

CITY OF 
MERRIAM  63RD TER W 9717 735 EM 4020 0 4020  

9717 W 
63RD TER 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24286 1

3293 44466.17 JF241213-1

05613020
02031.00
0 1.02 1 F

CITY OF 
MERRIAM  63RD TER W 9720 735 EM 4380 0 4380  

9720 W 
63RD TER 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24285 1

3300 13365.74 JD7200000  

00000000
00000.00
0 0.31 0 D         0 0 0      24284 1

3329 29238.01 JP7200000  

05613020
03003.00
0 0.67 0 P

LANDERS, 
KAY J. 
TRUSTEE

LANDERS, 
KAY J. REV 
TRUST

ROBIN 
HOOD DR  6305 111 RU 40090 164810 204900  

6305 
ROBIN 
HOOD DR 66203

6305 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24272 1

3330 21076.78 JP7200000  

05613020
03002.00
0 0.48 0 P

GARIETY, 
HARVEY J.

GARIETY, 
GAIL H.

ROBIN 
HOOD DR  6303 111 RU 35520 123380 158900  

6303 
ROBIN 
HOOD DR 66203

6303 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24271 1

3331 28202.72 JP7200000  

05613020
03001.00
0 0.65 0 P

BASGALL, 
JAMES L.  

ROBIN 
HOOD DR  6301 111 RU 39510 120390 159900  

6301 
ROBIN 
HOOD DR 66203

6301 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24270 1

3332 235992.9 JD7200000  

00000000
00000.00
0 5.42 0 D         0 0 0      24269 1



3333 20702.52 JP7200000  

05613020
02002.00
0 0.48 0 P

YOUNG, 
MARTHA 
J. 
TRUSTEE

YOUNG, 
FRANCIS 
TRUSTEE

ROBIN 
HOOD DR  6355 111 RU 35310 95590 130900  

6355 
ROBIN 
HOOD DR 66203

6355 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24268 1

3350 636642.9 JF241213-1

05613020
02001.00
0 14.62 15.4 F

KESSLER, 
GEO E.  NS NT  0 458P VU 0 0 0  N/A 66203

9700 W 
63RD ST

MERRIAM
, KS 66203 24265 1

3367 6044.288 JP2800003  

00000000
00000.00
0 0.14 0 P

JOHNSON 
COUNTY  NS NT  0 458 EC 0 0 0  N/A 66203

111 S 
CHERRY 
ST

OLATHE, 
KS 66061-
3441 24249 1

3368 6245.22 JP2800003  

05112030
11048.00
0 0.14 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24248 1

3370 6263.997 JP2800003  

05112030
11049.00
0 0.14 0 P

STAMBAU
GH, RAY 
W. + NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24247 1

3371 6264.008 JP2800003  

05112030
11050.00
0 0.14 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24246 1

3374 6264.019 JP2800003  

05112030
11051.00
0 0.14 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24245 1

3375 6264.011 JP2800003  

05112030
11052.00
0 0.14 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24244 1

3376 6767.917 JP2800003  

05112030
11053.00
0 0.16 0 P

JOHNSON, 
JAS A.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24243 1

3378 6245.087 JP2800003  

05112030
11055.00
0 0.14 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24242 1

3379 6245.26 JP2800003  

05112030
11056.00
0 0.14 0 P

POTTER, 
JAMES ETAL NS NT  0 458P VU 0 0 0  N/A 66203

2711 
SOUTHWE
ST BLV

KANSAS 
CITY, MO 
64108 24241 1

3380 6264.743 JP2800003  

05112030
11057.00
0 0.14 0 P

POTTER, 
JAMES ETAL NS NT  0 458P VU 0 0 0  N/A 66203

2711 
SOUTHWE
ST BLV

KANSAS 
CITY, MO 
64108 24240 1

3381 6262.569 JP2800003  

05112030
11058.00
0 0.14 0 P

POTTER, 
JAMES ETAL NS NT  0 458P VU 0 0 0  N/A 66203

2711 
SOUTHWE
ST BLV

KANSAS 
CITY, MO 
64108 24239 1

3382 6264.71 JP2800003  

05112030
11059.00
0 0.14 0 P

POTTER, 
JAMES ETAL NS NT  0 458P VU 0 0 0  N/A 66203

2711 
SOUTHWE
ST BLV

KANSAS 
CITY, MO 
64108 24238 1

3383 6263.079 JP2800003  

05112030
11060.00
0 0.14 0 P

POTTER, 
JAMES ETAL NS NT  0 458P VU 0 0 0  N/A 66203

2711 
SOUTHWE
ST BLV

KANSAS 
CITY, MO 
64108 24237 1

3385 37545.99 JP2800003  

00000000
00000.00
0 0.86 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24236 2

3386 153961.5 JD4500000  

00000000
00000.00
0 3.53 0 D         0 0 0      24235 1

3388 6251.691 JC241212-2

00000000
00000.00
0 0.14 0 C         0 0 0      24233 1

3389 37945.21 JP4500000  

05112030
11031.00
0 0.87 0 P

ENTERPRI
SE 
LEASING 
COMPANY  63RD ST W 10000 552 CU 265620 214910 480530  

10000 W 
63RD ST 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 24232 1

3390 27365.71 JP4500000  

05112030
11036.00
0 0.63 0 P

LINTON, 
ROBERT F. 
TRUSTEE

LINTON, 
ROBERT F. 
TRUST 63RD ST W 9900 583 CU 191560 109930 301490  

9900 W 
63RD ST 66203

PO BOX 
14026

LEXINGTO
N, KY 
40512-
4026 24231 1

3391 6511.975 JP2800003  

05112030
11061.00
0 0.15 0 P

TAYLOR, 
B. S.  NS NT  0 458P VU 0 0 0  N/A 66203 0 NS NT

MERRIAM
, KS 00000 24230 1



3392 35931.94 JP4500000  

05112030
11034.00
0 0.82 0 P

ENTERPRI
SE 
LEASING 
COMPANY  NS NT  0 500 VU 0 0 0  N/A 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 24229 1

3393 6525.356 JP2800003  

00000000
00000.00
0 0.15 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24228 1

3397 6700.307 JP2800003  

00000000
00000.00
0 0.15 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24226 1

3399 14618.87 JP2800003  

00000000
00000.00
0 0.34 0 P

JOHNSON 
COUNTY  NS NT  0 458 EC 0 0 0  N/A 66203

111 S 
CHERRY 
ST

OLATHE, 
KS 66061-
3441 24225 1

3400 13450.37 JD2800000  

00000000
00000.00
0 0.31 0 D         0 0 0      24224 1

3401 5872.1 JP2800003  

05112030
11062.00
0 0.13 0 P

TAYLOR, 
B. S.  NS NT  0 458P VU 0 0 0  N/A 66203 0 NS NT

MERRIAM
, KS 00000 24223 1

3402 45925.82 JP2800003  

00000000
00000.00
0 1.05 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24222 2

3405 6029.562 JP2800003  

00000000
00000.00
0 0.14 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24220 1

3406 437.0309 JP2800003  

05112030
11037.00
0 0.01 0 P

MOLEY, 
FRANK P.

MOLEY, 
MARIE NS NT  0 458P VU 0 0 0  N/A 66203

RR 2 BOX 
244

SPRING 
HILL, KS 
66083 24219 3

3408 54214.56 JP4500000  

05112030
11032.00
0 1.24 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24217 1

3409 8102.852 JP4500000  

05112030
11031.01
0 0.19 0 P

COACHLIT
E SKATE 
CENTER 
WEST, INC. NS NT  0 500 VU 0 0 0  N/A 66203

9800 W 
62ND TER

MERRIAM
, KS 66203 24216 1

3410 3217.523 JC241212-2

00000000
00000.00
0 0.07 0 C         0 0 0      24215 1

3411 6037.268 JP2800003  

00000000
00000.00
0 0.14 0 P

JOHNSON 
COUNTY  NS NT  0 458 EC 0 0 0  N/A 66203

111 S 
CHERRY 
ST

OLATHE, 
KS 66061-
3441 24214 1

3412 37778.29 JP2800003  

00000000
00000.00
0 0.87 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24213 1

3417 12439.53 JP2800003  

00000000
00000.00
0 0.29 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24209 1

3420 12314 JR2800003  

00000000
00000.00
0 0.28 0 R         0 0 0      24207 1

3422 6634.916 JP2800003  

00000000
00000.00
0 0.15 0 P

CITY OF 
MERRIAM  NS NT  0 458 EK 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24206 1

3425 6700.199 JP2800003  

00000000
00000.00
0 0.15 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24203 1

3428 11380.48 JP2800003  

00000000
00000.00
0 0.26 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24202 1

3429 2360.684 JP2800003  

05112030
11037.00
0 0.05 0 P

MOLEY, 
FRANK P.

MOLEY, 
MARIE NS NT  0 458P VU 0 0 0  N/A 66203

RR 2 BOX 
244

SPRING 
HILL, KS 
66083 24201 3



3437 10249.14 JP2800003  

00000000
00000.00
0 0.24 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24194 1

3440 46173.89 JD2800000  

00000000
00000.00
0 1.06 0 D         0 0 0      24193 1

3445 21629.69 JP2800003  

05112030
11037.02
0 0.5 0 P

CITY OF 
MERRIAM

MOLEY, 
FRANK P. NS NT  0 458P EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24191 1

3446 8313.189 JP2800003  

05112030
11037.00
0 0.19 0 P

MOLEY, 
FRANK P.

MOLEY, 
MARIE NS NT  0 458P VU 0 0 0  N/A 66203

RR 2 BOX 
244

SPRING 
HILL, KS 
66083 24190 3

3448 5222.5 JP2800003  

05112030
11041.00
0 0.12 0 P

JOH-MEN 
COMPANY  NS NT  0 500 VU 1000 0 1000  N/A 66203

9836 
BELINDER 
RD

LEAWOO
D, KS 
66206 24189 1

3449 5436.268 JP2800003  

00000000
00000.00
0 0.12 0 P

CITY OF 
MERRIAM  NS NT  0 458 EK 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24188 1

3451 5438.143 JP2800003  

00000000
00000.00
0 0.12 0 P

JOHNSON 
COUNTY  NS NT  0 458 EC 0 0 0  N/A 66203

111 S 
CHERRY 
ST

OLATHE, 
KS 66061-
3441 24187 1

3452 2466.423 JP2800003  

05112030
11054.00
0 0.06 0 P

TFC 
PARTNERS
HIP  NS NT  0 458 VU 0 0 0  N/A 66203

4400 
SHAWNEE 
MISSION 
PKY

FAIRWAY, 
KS 66205 24186 1

3455 11468.36 JP2800003  

00000000
00000.00
0 0.26 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24185 1

3457 17310.42 JP2800003  

05112030
11038.00
0 0.4 0 P

TRIANGLE 
INDUSTRI
AL PARK  NS NT  0 5121 CU 0 0 0  N/A 66203

1948 E 
SANTA FE 
ST

OLATHE, 
KS 66062 24184 1

3460 42837.76 JP2800003  

05112030
11040.00
0 0.98 0 P

TRIANGLE 
INDUSTRI
AL PARK  MERRIAM DR  6220 512 CU 277130 1096770 1373900  

6220 
MERRIAM 
DR 66203

1948 E 
SANTA FE 
ST

OLATHE, 
KS 66062 24181 1

3476 87969.83 JP2800003  

05112030
11030.00
0 2.02 0 P

COACHLIT
E SKATE 
CENTER 
WEST, INC. 62ND TER W 9800 726 CU 79180 352800 431980  

9800 W 
62ND TER 66203

9800 W 
62ND TER

MERRIAM
, KS 66203 24174 1

3477 6717.614 JD2800000  

00000000
00000.00
0 0.15 0 D         0 0 0      24173 1

3488 909.6537 JP2800003  

05112030
10010.00
0 0.02 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 0 NS NT

MERRIAM
, KS 00000 24162 1

3494 2714.313 JP2800003  

05112030
10009.00
0 0.06 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24157 1

3499 14828.55 JP2800003  

05112030
10005.00
0 0.34 0 P

ASH, 
ROBERT 
M. JR  MERRIAM DR  6200 514 CU 44490 104090 148580  

6200 
MERRIAM 
DR 66203

6200 
MERRIAM 
DR

MERRIAM
, KS 66203 24153 1

3500 4518.315 JP2800003  

05112030
10008.00
0 0.1 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 NS NT

MERRIAM
, KS 66203 24154 1

3502 19181.42 JP2800003  

05112030
11039.00
0 0.44 0 P

TRIANGLE 
INDUSTRI
AL PARK  NS NT  0 5121 CU 0 0 0  N/A 66203

1948 E 
SANTA FE 
ST

OLATHE, 
KS 66062 24151 1

3503 34047.04 JD2800000  

00000000
00000.00
0 0.78 0 D         0 0 0      24150 1

3506 80625.99 JP2800003  

05112030
11028.00
0 1.85 0 P

CITY OF 
MERRIAM  NS NT  0 6591 RU 0 0 0  N/A 66203

9700 W 
62ND ST

MERRIAM
, KS 66202 24149 1



3507 145129 JP4500000  

05112030
11033.00
0 3.33 0 P

RM 14 FK 
CORP  MASTIN ST  6231 581 CU 580520 408980 989500  

6231 
MASTIN 
ST 66203

PO BOX 
852800

RICHARDS
ON, TX 
75085-
2800 24148 1

3508 1732.521 JP2800003  

05112030
10004.00
0 0.04 0 P

KNICKERB
OCKER, 
WILLIAM 
J. TR

KNICKERB
OCKER, 
KATHLEEN 
A. TR NS NT  0 6391 CU 0 0 0  N/A 66203

6144 
MERRIAM 
DR

MERRIAM
, KS 66203 24147 1

3509 126158.9 JP4670000  

05112030
11029.00
0 2.9 0 P

MERRIAM 
CENTER 
ASSOCIAT
ES  62ND TER W 9900 638 CU 378480 678040 1056520  

9900 W 
62ND TER 66203

7180 W 
107TH ST,  
#7

OVERLAN
D PARK, 
KS 66212 24146 1

3510 1332.802 JP2800003  

05112040
09003.00
0 0.03 0 P

JOHNSTO
N, 
ROBERT 
M. ETAL NS NT  0 458P VU 0 0 0  N/A 66203

6142 
MERRIAM 
DR

MERRIAM
, KS 66203 24145 1

3513 14618.31 JP2800003  

05112030
10006.00
0 0.34 0 P

KNICKERB
OCKER, 
WILLIAM 
J. TR

KNICKERB
OCKER, 
KATHLEEN 
A. TR NS NT  0 6391 CU 0 0 0  N/A 66203

6144 
MERRIAM 
DR

MERRIAM
, KS 66203 24144 1

3521 639.0339 JP2800003  

05112040
09004.00
0 0.01 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 0 NS NT

MERRIAM
, KS 00000 24139 1

3523 36076.24 JP2800003  

05112030
10003.00
0 0.83 0 P

JOH-MEN 
COMPANY  MERRIAM DR  6210 514 CU 72150 303110 375260  

6210 
MERRIAM 
DR 66203

9836 
BELINDER 
RD

LEAWOO
D, KS 
66206 24137 1

3525 7694.573 JP2800003  

05112030
10007.00
0 0.18 0 P

KNICKERB
OCKER, 
WILLIAM 
J. TR

KNICKERB
OCKER, 
KATHLEEN 
A. TR MERRIAM DR  6144 639 CU 60120 105110 165230  

6144 
MERRIAM 
DR 66203

6144 
MERRIAM 
DR

MERRIAM
, KS 66203 24135 1

3538 1219.137 JP2800003  

05112040
09002.00
0 0.03 0 P

JOHNSTO
N, 
ROBERT 
M. ETAL NS NT  0 458P VU 0 0 0  N/A 66203

6142 
MERRIAM 
DR

MERRIAM
, KS 66203 24124 1

3539 34320.41 JP2800003  

00000000
00000.00
0 0.79 0 P

JOHNSON 
COUNTY  NS NT  0 458 EC 0 0 0  N/A 66203

111 S 
CHERRY 
ST

OLATHE, 
KS 66061-
3441 24123 1

3540 35763.43 JP2800003  

05112030
11026.00
0 0.82 0 P

CITY OF 
MERRIAM  NS NT  0 6591 RU 0 0 0  N/A 66203

9700 W 
62ND ST

MERRIAM
, KS 66203 24122 1

3542 14144.68 JP2800003  

05112030
11043.00
0 0.32 0 P

TEN 
MASTIN, 
INC.  NS NT  0 100F VU 0 0 0  N/A 66203 0 NS NT

MERRIAM
, KS 00000 24120 1

3543 100722.8 JP2800003  

05112030
11042.00
0 2.31 0 P

TRIANGLE 
INDUSTRI
AL PARK  NS NT  0 5121 CU 0 0 0  N/A 66203

1948 E 
SANTA FE 
ST

OLATHE, 
KS 66062 24119 1

3549 27627.3 JP2800003  

05112030
10002.00
0 0.63 0 P

HOWE, 
ELSIE RAE 
TRUSTEE ETAL 62ND ST W 9513 511 CU 69070 136530 205600  

9513 W 
62ND ST 66203

9705 
MONROVI
A ST,  
#318

LENEXA, 
KS 66215 24117 1

3553 10839.96 JP2800003  

05112030
10001.00
0 0.25 0 P

JOHNSTO
N, 
ROBERT 
M. ETAL MERRIAM LN  6130 638 CU 27100 84000 111100  

6130 
MERRIAM 
LN 66203

6142 
MERRIAM 
DR

MERRIAM
, KS 66203 24114 1

3555 18851.12 JP2800003  

05112040
09001.00
0 0.43 0 P

JOHNSTO
N, 
ROBERT 
M. ETAL MERRIAM DR  6134 511 CU 56550 228250 284800  

6134 
MERRIAM 
DR 66203

6142 
MERRIAM 
DR

MERRIAM
, KS 66203 24112 1

3557 9004.787 JP2800003  

05112040
09005.00
0 0.21 0 P

STAMBAU
GH, RAY 
W.  NS NT  0 458P VU 0 0 0  N/A 66203 RR 1

SHAWNEE 
MISSION, 
KS 66203 24111 1



3566 14391.23 JP4500000  

05112030
11022.00
0 0.33 0 P

EL CON 
INVESTME
NTS, INC.  CORTEZ ST  6105 119 RU 520000 2895100 3415100  

6105 
CORTEZ 
ST 66203

6105 
CORTEZ 
ST

MERRIAM
, KS 66203 24104 3

3578 1823.57 JP2800003  

05112030
11006.03
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24097 1

3581 33751.25 JP2800003  

05112030
11006.00
0 0.77 0 P

PORTER, 
TIMOTHY 
J.

PORTER, 
EVELYN E. NS NT  0 100F VU 8770 0 8770  N/A 66203

1205 N 
CURTIS ST

OLATHE, 
KS 66061 24096 3

3582 10940.84 JP4500000  

05112030
11022.00
0 0.25 0 P

EL CON 
INVESTME
NTS, INC.  CORTEZ ST  6105 119 RU 520000 2895100 3415100  

6105 
CORTEZ 
ST 66203

6105 
CORTEZ 
ST

MERRIAM
, KS 66203 24095 3

3584 22300.5 JF241212-2

05112030
11023.00
0 0.51 0 F

CITY OF 
MERRIAM  NS NT  0 6591 RU 0 0 0  N/A 66203

9700 W 
62ND ST

MERRIAM
, KS 66202 24094 1

3585 194908.9 JF241212-2

05112030
11027.00
0 4.47 0 F

CITY OF 
MERRIAM  62ND ST W 9700 659 EB 667120 3014280 3681400  

9700 W 
62ND ST 66203

9700 W 
62ND ST

MERRIAM
, KS 66203 24093 1

3588 10445.14 JP2800003  

05112030
11044.00
0 0.24 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24090 1

3590 6508.317 JP2800003  

05112030
11006.00
0 0.15 0 P

PORTER, 
TIMOTHY 
J.

PORTER, 
EVELYN E. NS NT  0 100F VU 8770 0 8770  N/A 66203

1205 N 
CURTIS ST

OLATHE, 
KS 66061 24088 3

3591 5740.072 JP2800003  

05112030
11006.00
0 0.13 0 P

PORTER, 
TIMOTHY 
J.

PORTER, 
EVELYN E. NS NT  0 100F VU 8770 0 8770  N/A 66203

1205 N 
CURTIS ST

OLATHE, 
KS 66061 24087 3

3593 264251.9 JP4500000  

05112030
11022.00
0 6.07 0 P

EL CON 
INVESTME
NTS, INC.  CORTEZ ST  6105 119 RU 520000 2895100 3415100  

6105 
CORTEZ 
ST 66203

6105 
CORTEZ 
ST

MERRIAM
, KS 66203 24086 3

3594 6722.374 JP2800003  

05112030
09005.00
0 0.15 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24085 1

3596 39435.81 JP2800003  

05112030
09006.00
0 0.91 0 P

ODDO, 
ANTHONY 
V. 
TRUSTEE

ODDO, 
MARILYN 
E. 
TRUSTEE MERRIAM LN  6126 512 CU 81040 299960 381000  

6126 
MERRIAM 
LN 66203

6325 
ROBIN 
HOOD DR

MERRIAM
, KS 66203 24083 1

3597 1086.522 JP2800003  

05112030
09007.00
0 0.02 0 P

ODDO, 
ANTHONY 
V. 
TRUSTEE

ODDO, 
MARILYN 
E. 
TRUSTEE NS NT  0 5121 CU 0 0 0  N/A 66203

6325 
ROBIN 
HOOD LN

MERRIAM
, KS 66203 24082 1

3599 6604.289 JP2800003  

05112030
09008.00
0 0.15 0 P

PATCH, 
DANIEL D. 
TRUSTEE

PATCH, 
KATHY E. 
TRUSTEE MERRIAM LN  6110 511 CU 19810 64890 84700  

6110 
MERRIAM 
LN 66203

11935 W 
72ND TER

SHAWNEE
, KS 66216 24080 1

3600 408.4182 JP2800003  

05112030
11002.01
0 0.01 0 P

FURMAN, 
JARED W.

FURMAN, 
FAITH A. NS NT  0 100F VU 190 0 190  N/A 66203

6109 
KNOX ST

MERRIAM
, KS 66203 24079 1

3601 456.5071 JP2800003  

05112030
11047.00
0 0.01 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24078 1

3604 5201.392 JP2800003  

05112030
11002.00
0 0.12 0 P

FURMAN, 
JARED W.

FURMAN, 
FAITH A. NS NT  0 100F VU 610 0 610  N/A 66203

6109 
KNOX ST

MERRIAM
, KS 66203 24076 1

3605 8603.251 JF241212-2

05112030
11008.00
0 0.2 0 F

GEBHART, 
JEFFREY 
C.  KNOX ST  6114 112 RU 21010 85990 107000  

6114 
KNOX ST 66203

3660 W 
96TH ST

OVERLAN
D PARK, 
KS 66206 24075 1



3607 44296.85 JP2800003  

05112040
08002.00
0 1.02 0 P

SHAWNEE 
WELDING 
CO., INC.  MERRIAM DR  6124 333 CU 132890 417210 550100  

6124 
MERRIAM 
DR 66203

6124 
MERRIAM 
DR

MERRIAM
, KS 66203 24073 1

3617 12368.97 JP2800003  

05112030
11005.00
0 0.28 0 P

FURMAN, 
JARED W.

FURMAN, 
FAITH A. KNOX ST  6109 111 RU 21840 101160 123000  

6109 
KNOX ST 66203

6109 
KNOX ST

MERRIAM
, KS 66203 24069 1

3625 14622.39 JP2800003  

05112030
09004.00
0 0.34 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24064 1

3638 13401.45 JF241212-2

05112030
11015.00
0 0.31 0 F

FENNERN, 
PAUL D.  61ST ST W 9813 111 RU 22060 89940 112000  

9813 W 
61ST ST 66203

9813 W 
61ST ST

MERRIAM
, KS 66203 24052 1

3639 13391.42 JF241212-2

05112030
11014.00
0 0.31 0 F

MCPHERS
ON, 
LAWRENC
E D.  61ST ST W 9807 111 RU 22060 81140 103200  

9807 W 
61ST ST 66203

9807 W 
61ST ST

MERRIAM
, KS 66203 24051 1

3640 13392.7 JF241212-2

05112030
11013.00
0 0.31 0 F

BLACKME
R, 
JEFFERY S.

SCOTT, 
SHEILA I. 61ST ST W 9803 111 RU 22060 75440 97500  

9803 W 
61ST ST 66203

9803 W 
61ST ST

MERRIAM
, KS 66203 24050 1

3642 15032.25 JF241212-2

05112030
11012.00
0 0.35 0 F

TRABON, 
WILLIAM 
J. 
TRUSTEE  NS NT  0 111 RU 22420 60580 83000  N/A 66203

9914 W 
61ST ST

MERRIAM
, KS 66203 24048 1

3643 15031.67 JF241212-2

05112030
11011.00
0 0.35 0 F

HOFFMAN
, JAMES L.

HOFFMAN
, LAURIE 
A. 61ST ST W 9715 111 RU 22420 90180 112600  

9715 W 
61ST ST 66203

9715 W 
61ST ST

MERRIAM
, KS 66203 24047 1

3646 15024.98 JF241212-2

05112030
11010.00
0 0.34 0 F

WALKER, 
RITA A.  61ST ST W 9709 111 RU 22420 84780 107200  

9709 W 
61ST ST 66203

9709 W 
61ST ST

MERRIAM
, KS 66203 24044 1

3649 7369.083 JP2800003  

05112030
11004.00
0 0.17 0 P

COLLINS, 
GARY E.

COLLINS, 
CHERYL A. 61ST ST W 9695 111 RU 20740 117860 138600  

9695 W 
61ST ST 66203

9695 W 
61ST ST

MERRIAM
, KS 66203 24041 1

3650 10882.94 JF241212-2

05112030
11009.00
0 0.25 0 F

BELAUSTE
GUI, JUAN 
M.

HOURNO
U, 
IVONNE KNOX ST  6102 112 RU 21510 137290 158800  

6102 
KNOX ST 66203

6102 
KNOX ST

MERRIAM
, KS 66203 24040 1

3651 9568.972 JP2800003  

05112030
11003.00
0 0.22 0 P

BALLARD, 
JASON

MARTINE
K-
BALLARD, 
HEATHER 61ST ST W 9685 111 RU 21220 86780 108000  

9685 W 
61ST ST 66203

9685 W 
61ST ST

MERRIAM
, KS 66203 24039 1

3652 11651.72 JP2800003  

05112030
11001.00
0 0.27 0 P

JESTER, 
MICHAEL  61ST ST W 9675 111 RU 21680 89620 111300  

9675 W 
61ST ST 66203

9675 W 
61ST ST

MERRIAM
, KS 66203 24038 1

3658 23367.77 JD2800000  

00000000
00000.00
0 0.54 0 D         0 0 0      24034 1

3663 10397.84 JP2800003  

00000000
00000.00
0 0.24 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24033 1

3664 11309.04 JP2800003  

05112030
09003.00
0 0.26 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24032 1

3665 14411.36 JP2800003  

05112030
09002.00
0 0.33 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24031 1



3666 27355.02 JP2800003  

05112030
09001.00
0 0.63 0 P

MCMENE
MY, 
LEONA A.  MERRIAM LN  6108 649 CU 68390 65340 133730  

6108 
MERRIAM 
LN 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 24030 1

3667 108963.9 JD2800000  

00000000
00000.00
0 2.5 0 D         0 0 0      24029 1

3669 58405.41 JP2800003  

05112040
08001.00
0 1.34 0 P

ORSER, 
CARL E.

ORSER, 
CAROL B. MERRIAM DR  6100 552 CU 136010 53960 189970  

6100 
MERRIAM 
DR 66203

10408 
CODY ST

OVERLAN
D PARK, 
KS 66214 24027 1

3670 40037.49 JD241212-2

00000000
00000.00
0 0.92 0 D         0 0 0      24026 1

3671 49352.95 JF241212-4

00000000
00000.00
0 1.13 3.6 F

STATE 
HIGHWAY 
#10  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 24025 2

3677 5834.524 JD241212-4

00000000
00000.00
0 0.13 0 D         0 0 0      24021 1

3683 95376.87 JP8300000  

00000000
00000.00
0 2.19 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 24019 1

3690 17426.5 JF241212-2

05112030
07011.00
0 0.4 0 F

GIANNOT
TI, DAVID 
J.  KNOX ST  6045 111 RU 22950 81250 104200  

6045 
KNOX ST 66203

6045 
KNOX ST

MERRIAM
, KS 66203 24012 1

3702 297115.2 JD8300000  

00000000
00000.00
0 6.82 0 D         0 0 0      24002 1

3711 14411.56 JF241212-2

05112030
06030.00
0 0.33 0 F

BENEFICIA
L 
MORTGA
GE CO.

OF 
KANSAS, 
INC. 61ST ST W 9706 111 RU 22290 84110 106400  

9706 W 
61ST ST 66203

961 
WEIGEL 
DR

ELMHURS
T, IL 
60126 23997 1

3714 7161.034 JF241212-2

05112030
06031.00
0 0.16 0 F

WALKER, 
EARL J.  61ST ST W 9700 112 RU 12000 78400 90400  

9700 W 
61ST ST 66203

13402 W 
67TH ST

SHAWNEE
, KS 66216 23994 1

3716 5150.87 JF241212-2

05112030
06031.01
0 0.12 0.12 F

WALKER, 
CINDY L.  61ST ST W 9702 112 RU 11140 80960 92100  

9702 W 
61ST ST 66203

9702 W 
61ST ST

MERRIAM
, KS 66203 23992 1

3722 15399.38 JF241212-2

05112030
07010.00
0 0.35 0 F

PARKS, 
DIANE ETAL KNOX ST  6041 111 RU 22500 105900 128400  

6041 
KNOX ST 66203

6041 
KNOX ST

MERRIAM
, KS 66203 23990 1

3727 1230.009 JF241212-4

05112040
05012.00
0 0.03 0 F

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23985 1

3728 31135.95 JF241212-4

05112040
05011.00
0 0.71 0 F

MACEK, 
VICTOR 
M. JR 
TRUSTEE  MERRIAM LN  6059 511 CU 46700 168500 215200  

6059 
MERRIAM 
LN 66203

13625 
MIDLAND 
DR

SHAWNEE
, KS 66216 23986 1

3730 22350.09 JF241212-4

05112040
05013.00
0 0.51 0 F

MACEK, 
VICTOR 
M. JR 
TRUSTEE  MERRIAM LN  6032 511 CU 78230 145970 224200  

6032 
MERRIAM 
LN 66203

6032 
MERRIAM 
DR

MERRIAM
, KS 66203 23984 1

3733 17445.88 JF241212-2

05112030
06029.00
0 0.4 0 F

WILLIAMS
ON, 
TERRY L.

WILLIAMS
ON, 
SHARON 
R. 61ST ST W 9712 111 RU 22950 82350 105300  

9712 W 
61ST ST 66203

9712 W 
61ST ST

MERRIAM
, KS 66203 23983 1

3737 17000.55 JF241212-2

05112030
06032.00
0 0.39 0 F

BERNAL, 
RAYMON
D A.

PRUNEDA, 
BONITTA 
L. KNOX ST  6034 111 RU 22860 86640 109500  

6034 
KNOX ST 66203

6034 
KNOX ST

MERRIAM
, KS 66203 23980 1

3738 8759.126 JD241212-2

00000000
00000.00
0 0.2 0 D         0 0 0      23979 1



3741 15399.55 JF241212-2

05112030
07009.00
0 0.35 0 F

PAIDA, 
DWIGHT I.

PAIDA, 
SANDRA 
M. KNOX ST  6037 111 RU 22500 84600 107100  

6037 
KNOX ST 66203

6037 
KNOX ST

MERRIAM
, KS 66203 23978 1

3743 92836.77 JF241212-2

05112030
07012.00
0 2.13 2 F

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 735 EM 48380 0 48380  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23976 2

3744 3917.472 JF241212-2

05112030
07012.00
0 0.09 2 F

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 735 EM 48380 0 48380  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23975 2

3755 12467.43 JP1800000  

05112030
07013.00
0 0.29 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23966 1

3757 5792.633 JF241212-4

05112030
07014.00
0 0.13 0 F

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23964 1

3762 16687.6 JP1800000  

05112030
07008.00
0 0.38 0 P

ERICKSON
, ELDON L. 
CO-
TRUSTEE

ERICKSON
, NYONA 
V. CO-
TRUSTEE KNOX ST  6017 112 RU 22790 87510 110300  

6017 
KNOX ST 66203

12916 W 
66TH TER

SHAWNEE
, KS 66216 23959 1

3763 23673.58 JP1800000  

05112030
06033.00
0 0.54 0 P

FARAGE, 
CHESTER 
OWEN JR

FARAGE, 
SHANNON 
MICHELLE KNOX ST  6030 111 RU 24320 79280 103600  

6030 
KNOX ST 66203

6030 
KNOX ST

MERRIAM
, KS 66203 23958 1

3768 18037.35 JF241212-4

05112040
05010.00
0 0.41 0 F

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23955 1

3769 49881.71 JF241212-2

05112030
06028.00
0 1.15 1.1 F

MEIS, 
MICHAEL 
A.

MEIS, 
MELANIE 
J. 61ST ST W 9804 111 RU 30090 130910 161000  

9804 W 
61ST ST 66203

9804 W 
61ST ST

MERRIAM
, KS 66203 23954 1

3772 28978.46 JF241212-4

05112040
05014.00
0 0.67 0 F

MACEK, 
VICTOR 
M. JR 
TRUSTEE  NS NT  0 511 CU 86930 269270 356200  N/A 66203

13625 
MIDLAND 
DR

SHAWNEE
, KS 66215 23952 1

3773 121.2035 JF241212-4

05112030
07015.01
0 0 0.01 F

CITY OF 
MERRIAM  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23951 1

3784 9971.451 JF241212-4

05112030
07015.00
0 0.23 0.27 F

LYNN, 
ERIC B.

LYNN, 
PEGGY S. MERRIAM LN  6036 111 RU 21310 45390 66700  

6036 
MERRIAM 
LN 66203

6028 
CAMPBEL
L ST

MERRIAM
, KS 66203 23944 1

3787 16648.63 JP1800000  

05112030
07007.00
0 0.38 0 P

ERICKSON
, ELDON L. 
CO-
TRUSTEE

ERICKSON
, NYONA 
V. CO-
TRUSTEE KNOX ST  6021 112 RU 22780 91320 114100  

6021 
KNOX ST 66203

12916 W 
66TH TER

SHAWNEE
, KS 66216 23941 1

3791 22399.34 JP1800000  

05112030
06034.00
0 0.51 0 P

GRANGER
, RICHARD 
A.

GRANGER
, 
GEORGIA 
L. KNOX ST  6024 111 RU 24040 81660 105700  

6024 
KNOX ST 66203

6024 
KNOX ST

MERRIAM
, KS 66203 23937 1

3812 15518 JF241212-4

05112030
07016.00
0 0.36 0 F

LYNN, 
ERIC B.

LYNN, 
PEGGY S.

CAMPBEL
L LN W 6028 111 RU 22530 75370 97900  

6028 W 
CAMPBEL
L LN 66203

6028 W 
CAMPBEL
L LN

MERRIAM
, KS 66203 23921 1

3813 19577.93 JP1800000  

05112030
07006.00
0 0.45 0 P

FREE, 
STEPHEN 
D.

FREE, 
AMANDA 
S. KNOX ST  6015 111 RU 23420 89680 113100  

6015 
KNOX ST 66203

6015 
KNOX ST

MERRIAM
, KS 66203 23920 1



3817 22402.2 JP1800000  

05112030
06035.00
0 0.51 0 P

MCDOWE
LL, CLYDE 
E.

MCDOWE
LL, LOLA J. KNOX ST  6018 111 RU 24040 77860 101900  

6018 
KNOX ST 66203

6018 
KNOX ST

MERRIAM
, KS 66203 23918 1

3819 19912.25 JF241212-4

05112040
05009.00
0 0.46 0 F

MERRIAM 
DRAINAG
E 
DISTRICT  MERRIAM LN  6023 650 EM 0 0 0  

6023 
MERRIAM 
LN 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23916 1

3821 32690.06 JF241212-4

05112040
05015.00
0 0.75 0 F

PETERSO
N, RUTH 
M. 
TRUSTEE

PETERSO
N, RUTH 
M. REV 
TRUST MERRIAM LN  6002 532 CU 47170 217230 264400  

6002 
MERRIAM 
LN 66203

26690 
NEW 
LANCASTE
R RD

LOUISBUR
G, KS 
66053 23915 1

3831 18900.73 JP1800000  

05112030
07001.00
0 0.43 0 P

DAVEY, 
DANICE A. ETAL NS NT  0 100 VU 6990 0 6990  N/A 66203

9515 W 
60TH ST

MERRIAM
, KS 66203 23909 1

3853 32668.4 JF241212-4

05112040
05005.00
0 0.75 0 F

PETERSO
N, RUTH 
M. 
TRUSTEE

PETERSO
N, RUTH 
M. REV 
TRUST NS NT  0 5321 CU 0 0 0  N/A 66203

26690 
NEW 
LANCASTE
R RD

LOUISBUR
G, KS 
66053 23891 1

3855 68015.8 JP1800000  

05112030
07002.00
0 1.56 0 P

DAVEY, 
DANICE A.  60TH ST W 9515 111 RU 34080 83520 117600  

9515 W 
60TH ST 66203

9515 W 
60TH ST

MERRIAM
, KS 66203 23890 1

3890 20571.51 JF241212-4

05112040
05004.00
0 0.47 0 F

HEPKER, 
KATHLEEN 
M. 
TRUSTEE

HEPKER, 
KATHLEEN 
M. TRUST MERRIAM DR  5948 511 CU 14230 72270 86500  

5948 
MERRIAM 
DR 66203

4401 W 
82ND ST

PRAIRIE 
VILLAGE, 
KS 66208 23856 1

3895 22912.63 JP1800000  

05112030
07005.00
0 0.53 0 P

GIPSON, 
MARNE B.  60TH ST W 9615 111 RU 24160 45940 70100  

9615 W 
60TH ST 66203

1030 W 
45TH ST

KANSAS 
CITY, MO 
64111 23854 1

3898 22912.44 JP1800000  

05112030
07004.00
0 0.53 0 P

GIPSON, 
MARNE B.  60TH ST W 9611 111 RU 24160 55940 80100  

9611 W 
60TH ST 66203

1030 W 
45TH ST

KANSAS 
CITY, MO 
64111 23852 1

3902 15999.94 JP1800000  

05112030
07003.00
0 0.37 0 P

PROCK, 
GEORGE 
L. III

MIXEY, 
AMANDA 
R. 60TH ST W 9521 111 RU 22640 83560 106200  

9521 W 
60TH ST 66203

9521 W 
60TH ST

MERRIAM
, KS 66203 23848 1

3906 15460.51 JP1800000  

05112030
08003.00
0 0.35 0 P

BURGE, 
EUGENE 
L. ETAL, 60TH ST W 9509 111 RU 22520 88080 110600  

9509 W 
60TH ST 66203

9509 W 
60TH ST

MERRIAM
, KS 66203 23845 1

3908 15578.39 JP1800000  

05112030
08002.00
0 0.36 0 P

VANKAM, 
EMILE E.  60TH ST W 9503 111 RU 22540 79060 101600  

9503 W 
60TH ST 66203

9503 W 
60TH ST

MERRIAM
, KS 66203 23843 1

3909 15724.54 JP1800000  

05112030
08001.00
0 0.36 0 P

WHEELER, 
GRADY H.

WHEELER, 
MILDRED 60TH ST W 9421 111 RU 22580 68920 91500  

9421 W 
60TH ST 66203

9421 W 
60TH ST

MERRIAM
, KS 66203 23842 1

3910 3856.277 JD241212-2

00000000
00000.00
0 0.09 0 D         0 0 0      23841 1

3911 57740.2 JD1800000  

00000000
00000.00
0 1.33 0 D         0 0 0      23840 1

3913 5538.563 JD1300000  

00000000
00000.00
0 0.13 0 D         0 0 0      23838 1

3928 30959.67 JF241212-4

05112040
05003.00
0 0.71 0 F

PLATEL, 
LOIC J.

PLATEL, 
CLAUDINE 
D. MERRIAM DR  5930 511 CU 54580 146320 200900  

5930 
MERRIAM 
DR 66203

11742 
GARNETT 
ST

OVERLAN
D PARK, 
KS 66210 23827 1

3936 34037.24 JF241212-4

05112040
06010.00
0 0.78 0 F

BRIDGES, 
JACK L. 
TRUSTEE

BRIDGES, 
JOHNNY 
ANN 
TRUSTEE MERRIAM DR  5957 511 CU 35740 255260 291000  

5957 
MERRIAM 
DR 66203

2230 SW 
WATERFA
LL PL

LEES 
SUMMIT, 
MO 
64081 23820 1

3951 6250.771 JP1300000  

05112030
01028.00
0 0.14 0.17 P

HOESCH, 
CANDICE 
A.  60TH ST W 9520 111 RU 21760 65540 87300  

9520 W 
60TH ST 66203

9520 W 
60TH ST

MERRIAM
, KS 66203 23812 2



3962 8290.355 JF241212-4

05112040
06009.00
0 0.19 0 F

HEPKER, 
KATHLEEN 
M. 
TRUSTEE

HEPKER, 
KATHLEEN 
M. TRUST MERRIAM DR  5947 649 CU 8700 28820 37520  

5947 
MERRIAM 
DR 66203

4401 W 
82ND ST

PRAIRIE 
VILLAGE, 
KS 66208 23803 1

3966 5784.449 JP1300000  

05112030
01028.00
0 0.13 0.17 P

HOESCH, 
CANDICE 
A.  60TH ST W 9520 111 RU 21760 65540 87300  

9520 W 
60TH ST 66203

9520 W 
60TH ST

MERRIAM
, KS 66203 23799 2

3967 17981.31 JF241212-2

05112030
01027.00
0 0.41 0 F

CANSLER, 
MICHAEL 
D.

CANSLER, 
KATHLEEN 
D. 60TH ST W 9604 112 RU 23070 88230 111300  

9604 W 
60TH ST 66203

9604 W 
60TH ST

MERRIAM
, KS 66203 23798 1

3968 15070.01 JP1300000  

05112030
01030.00
0 0.35 0 P

ROLLER, 
RICHARD 
D.

ROLLER, 
LORI L. 60TH ST W 9516 111 RU 22430 96570 119000  

9516 W 
60TH ST 66203

9516 W 
60TH ST

MERRIAM
, KS 66203 23797 1

3969 139309.7 JP1200001  

00000000
00000.00
0 3.2 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23796 1

3971 111146.9 JD1200000  

00000000
00000.00
0 2.55 0 D         0 0 0      23794 1

3972 14998.28 JP1300000  

05112030
01031.00
0 0.34 0 P

ONEAL, 
PEGGY G.

ONEAL, 
CHARLES 
T. SR 60TH ST W 9508 111 RU 22420 71280 93700  

9508 W 
60TH ST 66203

9508 W 
60TH ST

MERRIAM
, KS 66203 23793 1

3974 14997.7 JP1300000  

05112030
01032.00
0 0.34 0 P

VANKAM, 
EMILE  60TH ST W 9502 111 RU 22420 80680 103100  

9502 W 
60TH ST 66203

9502 W 
60TH ST

MERRIAM
, KS 66203 23791 1

3976 18085.15 JP1300000  

05112030
01033.00
0 0.42 0 P

RUDD, 
WARREN 
P.  60TH ST W 9422 111 RU 23100 92000 115100  

9422 W 
60TH ST 66203

9422 W 
60TH ST

MERRIAM
, KS 66203 23789 1

3983 1384.715 JF241212-4

05112040
05002.01
0 0.03 0.03 F

CITY OF 
MERRIAM  NS NT  0 500 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23783 1

3984 9043.016 JF241212-4

05112040
06008.00
0 0.21 0 F

COLE, 
GERALD E.

COLE, 
WANDA L. MERRIAM DR  5943 534 CU 9500 106580 116080  

5943 
MERRIAM 
DR 66203

10706 W 
71ST PL

SHAWNEE
, KS 66203 23782 1

3988 34994.64 JF241212-4

05112040
05002.00
0 0.8 0.87 F

OSIPIK, 
DARRYL 
G.

OSIPIK, 
LAURIE L. MERRIAM DR  5920 511 CU 63540 112860 176400  

5920 
MERRIAM 
DR 66203

5920 
MERRIAM 
DR

MERRIAM
, KS 66203 23778 1

4003 11844.91 JF241212-4

05112040
06007.00
0 0.27 0 F

MCMENE
MY, JOHN 
P. 
TRUSTEE

MCMENE
MY, JOHN 
P. TRUST MERRIAM DR  5937 534 CU 12440 43960 56400  

5937 
MERRIAM 
DR 66203

9117 W 
72ND ST

MERRIAM
, KS 66204 23763 1

4009 15542.57 JF241212-2

05112030
01021.00
0 0.36 0 F

DAUGHER
TY, LEE A.

DAUGHER
TY, 
KARRIE L. 59TH TER W 9605 111 RU 22540 102660 125200  

9605 W 
59TH TER 66203

9605 W 
59TH TER

MERRIAM
, KS 66203 23758 1

4012 14815.81 JP0025000  

05112030
15001.00
0 0.34 0 P

ANDERSO
N, 
CHRISTOP
HER L.

ANDERSO
N, LYNN 
H. 59TH TER W 9521 111 RU 22380 148820 171200  

9521 W 
59TH TER 66203

9521 W 
59TH TER

MERRIAM
, KS 66203 23755 1

4013 10259.5 JP1300000  

05112030
01019.00
0 0.24 0 P

BALDWIN, 
RANDY L.

BALDWIN, 
KELLY D. 59TH TER W 9515 111 RU 21370 71130 92500  

9515 W 
59TH TER 66203

9515 W 
59TH TER

MERRIAM
, KS 66203 23754 1

4018 16223.76 JP1300000  

05112030
01018.00
0 0.37 0 P

ELLIOTT, 
RUSSELL 
C.

ELLIOTT, 
MARILYN 59TH TER W 9507 111 RU 22690 86710 109400  

9507 W 
59TH TER 66203

9507 W 
59TH TER

MERRIAM
, KS 66203 23750 1

4022 9546.248 JD1300000  

00000000
00000.00
0 0.22 0 D         0 0 0      23747 1

4024 24703.87 JF241212-4

05112040
06006.00
0 0.57 0 F

HAMIL, 
SHARON 
TRUSTEE

HAMIL, 
SHARON 
LIV TRUST MERRIAM DR  5921 531 CU 25940 73560 99500  

5921 
MERRIAM 
DR 66203

9930 
FONTANA 
LN

OVERLAN
D PARK, 
KS 66207 23745 1

4025 14238.71 JD1300000  

00000000
00000.00
0 0.33 0 D         0 0 0      23744 1



4036 8706.705 JD1400000  

00000000
00000.00
0 0.2 0 D         0 0 0      23733 1

4047 13922.01 JP1300000  

05112030
01015.00
0 0.32 0 P

COLE, 
VIRGINIA 
L.  59TH TER W 9520 111 RU 22180 86020 108200  

9520 W 
59TH TER 66203

9520 W 
59TH TER

MERRIAM
, KS 66203 23726 1

4048 18666.59 JF241212-4

05112030
01034.00
0 0.43 0 F

MERRIAM 
CHRISTIA
N 
CHURCH, 
INC.  NS NT  0 670 ER 23220 9390 32610  N/A 66203

9401 
JOHNSON 
DR

MERRIAM
, KS 66203 23725 1

4050 11694.77 JP1300000  

05112030
01016.00
0 0.27 0 P

SCHROEG
ER, 
MATTHE
W V.

SCHROEG
ER, MARY 
A. NS NT  0 100 VU 21690 0 21690  N/A 66203

9511 
JOHNSON 
DR

MERRIAM
, KS 66203 23723 1

4051 74930.1 JP1300000  

05112030
01017.00
0 1.72 0 P

MERRIAM 
CHRISTIA
N 
CHURCH  NS NT  0 670 ER 35600 10120 45720  N/A 66203

9401 
JOHNSON 
DR

MERRIAM
, KS 66203 23722 1

4052 3115.563 JF241212-4

05112030
01035.00
0 0.07 0 F

MERRIAM 
CHRISTIA
N 
CHURCH  NS NT  0 670 ER 19800 0 19800  N/A 66203

9401 
JOHNSON 
DR

MERRIAM
, KS 66203 23721 1

4061 23579.04 JP1400000  

05112040
04004.00
0 0.54 0 P

PIETERS, 
MAURICE 
H.

PIETERS, 
MARTHA 
M. MERRIAM DR  5911 532 CU 27700 89600 117300  

5911 
MERRIAM 
DR 66203

9309 
JOHNSON 
DR

MERRIAM
, KS 66203 23712 1

4062 3925.158 JP1400000  

05112040
04005.00
0 0.09 0 P

PIETERS, 
MAURICE 
H.

PIETERS, 
MARTHA 
M. NS NT  0 5321 CU 0 0 0  N/A 66203

9309 
JOHNSON 
DR

MERRIAM
, KS 66203 23710 1

4069 33569.77 JP1400000  

00000000
00000.00
0 0.77 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23704 1

4075 275801.4 JD4500000  

00000000
00000.00
0 6.33 0 D         0 0 0      23698 1

4098 12960.25 JP4600000  

05112030
01007.00
0 0.3 0 P

ENLOW, 
ARTHUR 
D.

ENLOW, 
DEBRA S. JOHNSON DR  9605 124 RU 19760 60140 79900  

9605 
JOHNSON 
DR 66203

929 NE 
87TH TER

KANSAS 
CITY, MO 
64155 23676 1

4101 10124.15 JP4600000  

05112030
01005.00
0 0.23 0 P

POTTER, 
NANCY J.  JOHNSON DR  9519 111 RU 19190 40810 60000  

9519 
JOHNSON 
DR 66203

9519 
JOHNSON 
DR

MERRIAM
, KS 66203 23673 1

4104 18088.28 JP4600000  

05112030
01004.00
0 0.42 0 P

SCHROEG
ER, 
MATTHE
W V.

SCHROEG
ER, MARY 
A. JOHNSON DR  9511 111 RU 20790 95810 116600  

9511 
JOHNSON 
DR 66203

9511 
JOHNSON 
DR

MERRIAM
, KS 66203 23670 1

4105 1439.465 JP4600000  

00000000
00000.00
0 0.03 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23669 1

4107 10347.85 JP4600000  

05112030
01006.00
0 0.24 0 P

VANDEPU
TTE, RICK 
C.

VANDEPU
TTE, 
CHRISTIE 
A. JOHNSON DR  9523 111 RU 19240 61360 80600  

9523 
JOHNSON 
DR 66203

9523 
JOHNSON 
DR

MERRIAM
, KS 66203 23667 1

4109 19842.71 JP4600000  

05112030
01003.00
0 0.46 0 P

MERRIAM 
CHRISTIA
N 
CHURCH  JOHNSON DR  9503 111 ER 21140 47460 68600  

9503 
JOHNSON 
DR 66203

9401 
JOHNSON 
DR

MERRIAM
, KS 66203 23665 1

4110 6748.982 JP4600000  

05112030
01002.00
0 0.15 0 P

ROEBUCK, 
RICHARD 
K.  JOHNSON DR  9417 111 RU 18520 61280 79800  

9417 
JOHNSON 
DR 66203

9417 
JOHNSON 
DR

MERRIAM
, KS 66203 23664 1



4114 15830.85 JP4600000  

05112030
01001.00
0 0.36 0 P

MERRIAM 
CHRISTIA
N 
CHURCH  JOHNSON DR  9401 670 ER 79160 365090 444250  

9401 
JOHNSON 
DR 66203

9401 
JOHNSON 
DR

MERRIAM
, KS 66203 23660 1

4115 12799.09 JP1400000  

05112040
04003.00
0 0.29 0 P

TRACKWE
LL, LEO

TRACKWE
LL, PEARL MERRIAM LN  5903 537 CU 34560 152240 186800  

5903 
MERRIAM 
LN 66203

11405 W 
71ST ST

SHAWNEE
, KS 66216 23659 1

4116 8105.339 JP1400000  

05112040
04002.00
0 0.19 0 P

PIETERS, 
MAURICE 
H.

PIETERS, 
MARTHA 
M. JOHNSON DR  9309 531 CU 16030 165870 181900  

9309 
JOHNSON 
DR 66203

9309 
JOHNSON 
DR

MERRIAM
, KS 66203 23658 2

4117 802.3048 JP1400000  

05112040
04002.00
0 0.02 0 P

PIETERS, 
MAURICE 
H.

PIETERS, 
MARTHA 
M. JOHNSON DR  9309 531 CU 16030 165870 181900  

9309 
JOHNSON 
DR 66203

9309 
JOHNSON 
DR

MERRIAM
, KS 66203 23657 2

4119 1098.461 JP1400000  

00000000
00000.00
0 0.03 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23654 1

4120 8093.501 JP4600000  

00000000
00000.00
0 0.19 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23653 1

4121 704.0075 JP1400000  

00000000
00000.00
0 0.02 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23652 2

4123 67.38786 JP1400000  

00000000
00000.00
0 0 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23650 2

4124 8066.05 JD4600000  

00000000
00000.00
0 0.19 0 D         0 0 0      23649 1

4125 369.1025 JP1400000  

00000000
00000.00
0 0.01 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23648 1

4126 8725.47 JP1400000  

05112040
04001.00
0 0.2 0 P

HODGDO
N, J. B. 
TRUSTEE ETAL JOHNSON DR  9301 531 CU 13090 85810 98900  

9301 
JOHNSON 
DR 66203

6231 
ROBINSO
N ST

OVERLAN
D PARK, 
KS 66202 23647 1

4128 3445.444 JD4600000  

00000000
00000.00
0 0.08 0 D         0 0 0      23645 1

4129 13172.9 JD241212-2

00000000
00000.00
0 0.3 0 D         0 0 0      23644 1

4130 41739.92 JF241212-4

00000000
00000.00
0 0.96 0 F

MERRIAM 
DRAINAG
E 
DISTRICT  MERRIAM LN  5909 458 EM 0 0 0  

5909 
MERRIAM 
LN 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23643 1

4131 2600.101 JF241212-4

00000000
00000.00
0 0.06 0 F

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23642 1

4132 190915.9 JF241212-4

00000000
00000.00
0 4.38 3.6 F

STATE 
HIGHWAY 
#10  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 23641 2

4133 809.8889 JP4800000  

00000000
00000.00
0 0.02 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23640 1

4135 9303.669 JD1400000  

00000000
00000.00
0 0.21 0 D         0 0 0      23638 1

4137 300075.4 JD241212-4

00000000
00000.00
0 6.89 0 D         0 0 0      23636 1

4138 474.1132 JP8400000  

00000000
00000.00
0 0.01 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23635 1



4139 9802.382 JD4800000  

00000000
00000.00
0 0.23 0 D         0 0 0      23634 2

4140 2327.922 JD241212-3

00000000
00000.00
0 0.05 0 D         0 0 0      23633 1

4141 32185.68 JF241212-4

00000000
00000.00
0 0.74 0 F

SEC OF 
TRANSPO
RTATION

STATE OF 
KANSAS NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 23632 1

4142 404.8837 JD4800000  

00000000
00000.00
0 0.01 0 D         0 0 0      23631 1

4145 55034.88 JD1400000  

00000000
00000.00
0 1.26 0 D         0 0 0      23628 1

4149 899.4409 JP8400001  

00000000
00000.00
0 0.02 0 P

KALSYD 
ASSOCIAT
ES  NS NT  0 458P VU 0 0 0  N/A 66203

9320 
JOHNSON 
DR

MERRIAM
, KS 66202 23624 1

4168 5308.245 JP8400001  

05112010
08010.00
0 0.12 0 P

CITY OF 
MERRIAM  MERRIAM DR  5871 458 VU 0 0 0  

5871 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23608 1

4169 89.9612 JP8400001  

05112010
08010.01
0 0 0 P

KALSYD 
ASSOCIAT
ES  NS NT  0 5321 CU 0 0 0  N/A 66203

9320 
JOHNSON 
DR

MERRIAM
, KS 66202 23607 1

4178 17615.56 JP4700000  

05112020
14007.00
0 0.4 0 P

HUSONG, 
JAMES O. 
JR  JOHNSON DR  9650 111 RU 20690 114310 135000  

9650 
JOHNSON 
DR 66203

9650 
JOHNSON 
DR

MERRIAM
, KS 66203 23602 1

4181 1836.235 JP8400000  

00000000
00000.00
0 0.04 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23600 1

4182 3142.871 JP8400000  

00000000
00000.00
0 0.07 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23599 1

4183 17547.15 JP4700000  

05112020
14008.00
0 0.4 0 P

ROSS, 
JOHN D.

ROSS-
ANTHOFE
R, LISA M. JOHNSON DR  9600 111 RU 20680 83920 104600  

9600 
JOHNSON 
DR 66203

9600 
JOHNSON 
DR

MERRIAM
, KS 66203 23598 1

4184 1300.13 JP8400000  

05112001
07013.00
0 0.03 0 P

CITY OF 
MERRIAM  MERRIAM DR  5868 650 EM 0 0 0  

5868 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23597 1

4186 4916.495 JD4800000  

00000000
00000.00
0 0.11 0 D         0 0 0      23595 1

4187 21477.87 JP4800000  

05112020
14013.00
0 0.49 0 P

KELLEY, 
CONNIE K.  JOHNSON DR  9516 111 RU 21470 89430 110900  

9516 
JOHNSON 
DR 66203

9516 
JOHNSON 
DR

MERRIAM
, KS 66203 23594 1

4190 897.018 JP8400000  

00000000
00000.00
0 0.02 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23591 1

4191 15414.09 JP4800000  

05112020
14014.00
0 0.35 0 P

KEIM, 
WAYNE V.

KEIM, 
RUTH A. JOHNSON DR  9500 111 RU 20250 75450 95700  

9500 
JOHNSON 
DR 66203

9500 
JOHNSON 
DR

MERRIAM
, KS 66203 23590 1

4192 2145.08 JP8400000  

05112001
07012.00
0 0.05 0 P

CITY OF 
MERRIAM  MERRIAM DR  5854 531 CU 12870 60330 73200  

5854 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23589 1

4193 5400.04 JP8400001  

05112010
08009.00
0 0.12 0 P

KALSYD 
ASSOCIAT
ES  MERRIAM DR  5853 552 CU 11340 73860 85200  

5853 
MERRIAM 
DR 66203

9320 
JOHNSON 
DR

MERRIAM
, KS 66203 23588 1



4194 9900.106 JP8400001  

05112010
08011.00
0 0.23 0 P

KALSYD 
ASSOCIAT
ES  JOHNSON DR  9320 513 CU 103960 314680 418640  

9320 
JOHNSON 
DR 66203

9320 
JOHNSON 
DR

MERRIAM
, KS 66203 23587 1

4195 10801.34 JP8400001  

05112010
08012.00
0 0.25 0 P

SUGAR, 
L.C.  JOHNSON DR  9214 5131 CU 0 0 0  

9214 
JOHNSON 
DR 66203

9320 
JOHNSON 
DR

MERRIAM
, KS 66204 23586 1

4196 1214.707 JD4800000  

00000000
00000.00
0 0.03 0 D         0 0 0      23585 1

4198 7549.91 JP8400000  

05112010
06006.00
0 0.17 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23583 1

4200 13219.47 JP8400000  

05112010
06003.00
0 0.3 0 P

W. W. C. 
PARTNERS
HIP  JOHNSON DR  9424 111 RU 19810 85290 105100  

9424 
JOHNSON 
DR 66203

7005 
GLADSTO
NE AVE

SHAWNEE
, KS 66218 23581 1

4201 2255.329 JP8400000  

00000000
00000.00
0 0.05 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23580 1

4203 397.6818 JP8400000  

05112010
06001.00
0 0.01 0 P

TRENARY, 
LARRY K.  GRANT ST  5815 111 RU 23880 76120 100000  

5815 
GRANT ST 66203

5815 
GRANT ST

MERRIAM
, KS 66203 23578 2

4204 267.3811 JP8400000  

00000000
00000.00
0 0.01 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23577 1

4205 15183.26 JP8400000  

05112010
06004.00
0 0.35 0 P

OCONNEL
L, ALVIN 
H.

OCONNEL
L, MARY 
A. JOHNSON DR  9400 533 CU 91100 154000 245100  

9400 
JOHNSON 
DR 66203

9901 
JOHNSON 
DR

MERRIAM
, KS 66203 23576 1

4206 5412.443 JP8400000  

05112010
06005.00
0 0.12 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23575 1

4207 3562.646 JP8400000  

05112010
07011.00
0 0.08 0 P

LEAP, 
DANIEL D.  MERRIAM DR  5848 531 CU 14300 96700 111000  

5848 
MERRIAM 
DR 66203

5848 
MERRIAM 
DR

MERRIAM
, KS 66203 23574 1

4211 11025.15 JP4800000  

05112020
14015.00
0 0.25 0 P

DAICY, 
ERIC M.  GRANT ST  5812 111 RU 21540 61460 83000  

5812 
GRANT ST 66203

5812 
GRANT ST

MERRIAM
, KS 66203 23570 1

4212 5641.556 JP8400001  

05112010
08008.00
0 0.13 0 P

LEAP, 
BILLY D.

LEAP, 
KATHLEEN 
S. MERRIAM DR  5847 531 CU 6770 78730 85500  

5847 
MERRIAM 
DR 66203

5525 
NOLAND 
RD

SHAWNEE
, KS 66216 23569 1

4213 358.3367 JP8400001  

05112010
08005.00
0 0.01 0 P

TRUE 
AUTO 
PARTS, 
INC.  MERRIAM DR  5837 534 CU 7630 158090 165720  

5837 
MERRIAM 
DR 66203

5837 
MERRIAM 
DR

SHAWNEE 
MSN, KS 
66203 23568 3

4215 5853.449 JP8400000  

05112010
07010.00
0 0.13 0 P

CITY OF 
MERRIAM  MERRIAM DR  5844 531 CU 40970 37730 78700  

5844 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23566 1

4216 439.1093 JP8400000  

05112010
07009.02
0 0.01 0 P

CITY OF 
MERRIAM  NS NT  0 531 CU 28680 121920 150600  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23565 2

4217 13650.48 JP4800000  

05112020
14009.00
0 0.31 0 P

TESSON, 
EUGENE 
A.

TESSON, 
GAIL R. CARTER ST  5824 111 RU 22120 106580 128700  

5824 
CARTER 
ST 66203

5824 
CARTER 
ST

MERRIAM
, KS 66203 23564 1

4219 14876.32 JP4800000  

05112020
14012.00
0 0.34 0 P

MEDITZ, 
FRED

MEDITZ, 
MARY J. CARTER ST  5821 111 RU 22390 130810 153200  

5821 
CARTER 
ST 66203

5821 
CARTER 
ST

MERRIAM
, KS 66203 23562 1

4221 3000.145 JP8400001  

05112010
08005.00
0 0.07 0 P

TRUE 
AUTO 
PARTS, 
INC.  MERRIAM DR  5837 534 CU 7630 158090 165720  

5837 
MERRIAM 
DR 66203

5837 
MERRIAM 
DR

SHAWNEE 
MSN, KS 
66203 23560 3



4226 3342.057 JP8400000  

00000000
00000.00
0 0.08 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23555 1

4227 20473.78 JP4800000  

05112020
14006.00
0 0.47 0 P

YOUNG, 
RANDALL 
W.

YOUNG, 
KIM H. KNOX ST  5825 111 RU 23620 102680 126300  

5825 
KNOX ST 66203

5825 
KNOX ST

MERRIAM
, KS 66203 23554 1

4228 7168.89 JP8400000  

05112010
07009.02
0 0.16 0 P

CITY OF 
MERRIAM  NS NT  0 531 CU 28680 121920 150600  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23553 2

4229 513.4156 JP8400000  

05112010
07009.01
0 0.01 0 P

TRUE 
AUTO 
PARTS, 
INC.  NS NT  0 500 VU 100 0 100  N/A 66203

5836 
MERRIAM 
DR

MERRIAM
, KS 66203 23552 1

4230 3000.118 JP8400001  

05112010
08005.00
0 0.07 0 P

TRUE 
AUTO 
PARTS, 
INC.  MERRIAM DR  5837 534 CU 7630 158090 165720  

5837 
MERRIAM 
DR 66203

5837 
MERRIAM 
DR

SHAWNEE 
MSN, KS 
66203 23551 3

4231 5848.917 JD4800000  

00000000
00000.00
0 0.13 0 D         0 0 0      23550 1

4232 4200.339 JP8400001  

05112010
08003.00
0 0.1 0 P

ZUCK, JOE 
M. ETAL NS NT  0 500 VU 23400 0 23400  N/A 66203

6734 
RILEY ST

OVERLAN
D PARK, 
KS 66204 23549 2

4234 3600.357 JP8400001  

05112010
08003.00
0 0.08 0 P

ZUCK, JOE 
M. ETAL NS NT  0 500 VU 23400 0 23400  N/A 66203

6734 
RILEY ST

OVERLAN
D PARK, 
KS 66204 23547 2

4235 3599.76 JP8400001  

05112010
08002.00
0 0.08 0 P

ZUCK, JOE 
M. ETAL 58TH TER W 9215 500 VU 10800 0 10800  

9215 W 
58TH TER 66203

6734 
RILEY ST

OVERLAN
D PARK, 
KS 66204 23546 1

4237 7200.751 JP8400001  

05112010
08001.00
0 0.17 0 P

MILLER, 
DONALD 
K.

MILLER, 
LINDA 58TH TER W 9203 513 CU 21600 82000 103600  

9203 W 
58TH TER 66203

9 
GREENES 
PT

GRAVOIS 
MILLS, 
MO 
65037-
8020 23544 1

4239 1993.522 JP8400000  

00000000
00000.00
0 0.05 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23542 1

4241 4582.077 JP8400000  

05112010
07008.00
0 0.11 0 P

TRUE 
AUTO 
PARTS, 
INC.  MERRIAM DR  5836 531 CU 18330 81570 99900  

5836 
MERRIAM 
DR 66203

5836 
MERRIAM 
DR

MERRIAM
, KS 66203 23541 1

4242 175.6978 JP8400000  

05112010
07007.00
0 0 0 P

K.C. 
STRINGS 
VIOLIN 
SHOP, 
INC.  NS NT  0 5311 CU 0 0 0  N/A 66203

5826 
MERRIAM 
DR

MERRIAM
, KS 66203 23540 1

4249 5849.09 JP8400000  

05112010
10001.00
0 0.13 0 P

BUTLER 
ENTERPRI
SES, INC.  KESSLER ST  5747 511 CU 158380 277220 435600  

5747 
KESSLER 
ST 66203

5747 
KESSLER 
ST

MERRIAM
, KS 66203 23536 15

4250 1714.591 JP8400000  

00000000
00000.00
0 0.04 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

SHAWNEE 
MSN, KS 
66202 23535 1

4251 13650.64 JP4800000  

05112020
14010.00
0 0.31 0 P

MENDOZ
A, JOSE E.

MENDOZ
A, 
MICHELLE 
D. CARTER ST  5820 111 RU 22120 125580 147700  

5820 
CARTER 
ST 66203

5820 
CARTER 
ST

MERRIAM
, KS 66203 23534 1



4252 5787.414 JP8400000  

05112010
07005.00
0 0.13 0 P

K.C. 
STRINGS 
VIOLIN 
SHOP, 
INC.  MERRIAM DR  5826 531 CU 9400 79000 88400  

5826 
MERRIAM 
DR 66203

5826 
MERRIAM 
DR

MERRIAM
, KS 66203 23533 2

4253 13648.98 JP4800000  

05112020
14011.00
0 0.31 0 P

ARTHUR, 
DENNIS B.

ANDERSO
N, LESLEE 
C. CARTER ST  5815 111 RU 22120 112580 134700  

5815 
CARTER 
ST 66203

5815 
CARTER 
ST

MERRIAM
, KS 66203 23532 1

4256 17787.62 JP4800000  

05112020
14016.00
0 0.41 0 P

WILIKER, 
L. 
ERNESTIN
E, 
TRUSTEE

WILIKER, 
VERNON 
H. GRANT ST  5800 111 RU 23030 107370 130400  

5800 
GRANT ST 66203

5800 
GRANT ST

MERRIAM
, KS 66203 23529 1

4259 1874.47 JP8400000  

05112010
07005.00
0 0.04 0 P

K.C. 
STRINGS 
VIOLIN 
SHOP, 
INC.  MERRIAM DR  5826 531 CU 9400 79000 88400  

5826 
MERRIAM 
DR 66203

5826 
MERRIAM 
DR

MERRIAM
, KS 66203 23526 2

4265 8415.385 JP4800000  

05112020
14017.00
0 0.19 0 P

SOBANEK, 
DONALD

SOBANEK, 
TAMELLA 
K. GRANT ST  5790 111 RU 20970 96630 117600  

5790 
GRANT ST 66203

5790 
GRANT ST

MERRIAM
, KS 66203 23524 1

4269 2902.23 JP8400000  

00000000
00000.00
0 0.07 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23520 1

4273 26530.5 JP8400000  

05112010
07003.00
0 0.61 0 P

PITTMAN, 
ROBERT

PITTMAN, 
MARGE MERRIAM DR  5820 511 CU 27860 118640 146500  

5820 
MERRIAM 
DR 66203

5820 
MERRIAM 
DR

MERRIAM
, KS 66203 23516 1

4274 3600.054 JP8400000  

05112010
09007.00
0 0.08 0 P

WEAVER, 
GEORGE J.

WEAVER, 
MARTY J. 58TH TER W 9236 631 CU 10800 38400 49200  

9236 W 
58TH TER 66203

5825 
MERRIAM 
DR

MERRIAM
, KS 66203 23515 1

4278 14174.2 JF241212-3

05112010
09006.00
0 0.33 0 F

WEAVER, 
GEORGE J.  MERRIAM DR  5825 531 CU 14880 157720 172600  

5825 
MERRIAM 
DR 66203

5825 
MERRIAM 
DR

MERRIAM
, KS 66203 23513 1

4279 17999.75 JP8400000  

05112010
09008.00
0 0.41 0 P

MERRIAM 
COMM. 
ASSN.  58TH TER W 9214 511 CU 13500 131300 144800  

9214 W 
58TH TER 66203

9309 
JOHNSON 
DR

MERRIAM
, KS 66203 23512 1

4281 4208.65 JD4800000  

00000000
00000.00
0 0.1 0 D         0 0 0      23510 1

4282 31046.99 JP4800000  

05112020
14005.00
0 0.71 0 P

STEWART, 
THOMAS 
R.

MORGAN, 
CAROL D. HOCKER DR  9617 111 RU 25950 254650 280600  

9617 
HOCKER 
DR 66203

9617 
HOCKER 
DR

MERRIAM
, KS 66203 23509 1

4283 16727.62 JP4800000  

05112020
14004.00
0 0.38 0 P

STEWART, 
THOMAS 
R.

MORGAN, 
CAROL D. NS NT  0 100 VU 22800 0 22800  N/A 66203

9617 
HOCKER 
DR

MERRIAM
, KS 66203 23508 1

4284 4725.238 JP8400000  

05112010
10001.00
0 0.11 0 P

BUTLER 
ENTERPRI
SES, INC.  KESSLER ST  5747 511 CU 158380 277220 435600  

5747 
KESSLER 
ST 66203

5747 
KESSLER 
ST

MERRIAM
, KS 66203 23507 15

4285 4722.495 JP8400000  

05112010
10001.00
0 0.11 0 P

BUTLER 
ENTERPRI
SES, INC.  KESSLER ST  5747 511 CU 158380 277220 435600  

5747 
KESSLER 
ST 66203

5747 
KESSLER 
ST

MERRIAM
, KS 66203 23506 15

4286 3151.553 JP8400000  

05112010
10001.00
0 0.07 0 P

BUTLER 
ENTERPRI
SES, INC.  KESSLER ST  5747 511 CU 158380 277220 435600  

5747 
KESSLER 
ST 66203

5747 
KESSLER 
ST

MERRIAM
, KS 66203 23505 15

4287 11398.27 JP4800000  

05112020
14003.00
0 0.26 0 P

GRANT, 
JOHN R.

GRANT, 
MERLIND
A HOCKER DR  9515 111 RU 21620 125180 146800  

9515 
HOCKER 
DR 66203

9515 
HOCKER 
DR

MERRIAM
, KS 66203 23504 1



4289 225.0463 JP8400000  

05112010
10001.00
0 0.01 0 P

BUTLER 
ENTERPRI
SES, INC.  KESSLER ST  5747 511 CU 158380 277220 435600  

5747 
KESSLER 
ST 66203

5747 
KESSLER 
ST

MERRIAM
, KS 66203 23502 15

4291 21940.29 JP4800000  

05112020
14002.00
0 0.5 0 P

BOATMA
N, JANE A.  HOCKER DR  9509 111 RU 23940 106560 130500  

9509 
HOCKER 
DR 66203

9509 
HOCKER 
DR

MERRIAM
, KS 66203 23500 1

4295 8419.375 JP4800000  

05112020
14001.00
0 0.19 0 P

CANTRELL
, J. CREGG

CANTRELL
, SANDRA 
A. GRANT ST  5780 111 RU 20970 101930 122900  

5780 
GRANT ST 66203

5780 
GRANT ST

MERRIAM
, KS 66203 23496 1

4297 21262.01 JP8400000  

05112010
06001.00
0 0.49 0 P

TRENARY, 
LARRY K.  GRANT ST  5815 111 RU 23880 76120 100000  

5815 
GRANT ST 66203

5815 
GRANT ST

MERRIAM
, KS 66203 23494 2

4298 17096.8 JP8400000  

05112010
06007.00
0 0.39 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23493 1

4300 27857.19 JD241212-3

00000000
00000.00
0 0.64 0 D         0 0 0      23492 1

4301 3101.877 JP8400000  

05112010
09002.00
0 0.07 0 P

SUTER, 
KIM W.

SUTER, 
CHERYL J. MERRIAM DR  5807 533 CU 16200 313500 329700  

5807 
MERRIAM 
DR 66203

7524 
FRONTAG
E RD

OVERLAN
D PARK, 
KS 66204 23491 4

4304 8781.689 JF241212-3

05112010
07002.00
0 0.2 0 F

ROBERTS, 
LONNIE D.

ROBERTS, 
SALLY I. MERRIAM DR  5816 511 CU 7900 116700 124600  

5816 
MERRIAM 
DR 66203

5816 
MERRIAM 
DR

MERRIAM
, KS 66203 23490 1

4305 4297.361 JF241212-3

05112010
07001.00
0 0.1 0 F

CANSLER, 
MELVIN L.

CANSLER, 
MARTHA 
L. MERRIAM DR  5816 533 CU 15040 21960 37000  

5816 
MERRIAM 
DR,  #A 66203

12610 W 
55TH ST

SHAWNEE
, KS 66216 23489 1

4306 351.5762 JF241212-3

00000000
00000.00
0 0.01 0 F

CITY OF 
MERRIAM  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23488 1

4313 3004.692 JP8400000  

05112010
09002.00
0 0.07 0 P

SUTER, 
KIM W.

SUTER, 
CHERYL J. MERRIAM DR  5807 533 CU 16200 313500 329700  

5807 
MERRIAM 
DR 66203

7524 
FRONTAG
E RD

OVERLAN
D PARK, 
KS 66204 23481 4

4314 7199.373 JP8400000  

05112010
09009.00
0 0.17 0 P

POUNDS, 
ROBERT L.  KESSLER LN  5804 274 CU 7560 30840 38400  

5804 
KESSLER 
LN 66203

5804 
KESSLER 
LN

MERRIAM
, KS 66203 23480 1

4319 3688.256 JD241212-3

00000000
00000.00
0 0.08 0 D         0 0 0      23477 1

4320 8464.558 JF241212-3

05112010
13021.00
0 0.19 0 F

CITY OF 
MERRIAM  NS NT  0 458P VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23476 1

4321 20717.46 JD241212-3

00000000
00000.00
0 0.48 0 D         0 0 0      23475 1

4322 5720.03 JP8400000  

05112010
09002.00
0 0.13 0 P

SUTER, 
KIM W.

SUTER, 
CHERYL J. MERRIAM DR  5807 533 CU 16200 313500 329700  

5807 
MERRIAM 
DR 66203

7524 
FRONTAG
E RD

OVERLAN
D PARK, 
KS 66204 23474 4

4323 5174.42 JD4800000  

00000000
00000.00
0 0.12 0 D         0 0 0      23473 1

4324 3600.096 JP8400000  

05112010
09002.00
0 0.08 0 P

SUTER, 
KIM W.

SUTER, 
CHERYL J. MERRIAM DR  5807 533 CU 16200 313500 329700  

5807 
MERRIAM 
DR 66203

7524 
FRONTAG
E RD

OVERLAN
D PARK, 
KS 66204 23472 4

4325 7201.035 JP8400000  

05112010
09001.00
0 0.17 0 P

DEAN & 
DEBBIE, 
INC.  58TH ST W 9207 511 CU 7560 111540 119100  

9207 W 
58TH ST 66203

9207 W 
58TH ST

MERRIAM
, KS 66203 23471 1



4327 3599.92 JP8400000  

05112010
10001.00
0 0.08 0 P

BUTLER 
ENTERPRI
SES, INC.  KESSLER ST  5747 511 CU 158380 277220 435600  

5747 
KESSLER 
ST 66203

5747 
KESSLER 
ST

MERRIAM
, KS 66203 23470 15

4337 47862.13 JD4800000  

00000000
00000.00
0 1.1 0 D         0 0 0      23463 1

4339 5021.841 JF241212-3

05112010
05022.00
0 0.12 0 F

CARREL, 
SHIRLEY 
M. TRUSTEE MERRIAM DR  5810 511 CU 5270 117830 123100  

5810 
MERRIAM 
DR 66203

16336 W 
BRIARWO
OD CT

OLATHE, 
KS 66062 23461 1

4340 6378.972 JP4800000  

05112020
15012.00
0 0.15 0 P

HORNBEC
K, 
DONALD 
L.

HORNBEC
K, 
KATHERIN
E E. HOCKER DR  9620 111 RU 22220 150780 173000  

9620 
HOCKER 
DR 66203

9620 
HOCKER 
DR

MERRIAM
, KS 66203 23460 3

4341 5166.952 JP4800000  

05112020
15012.00
0 0.12 0 P

HORNBEC
K, 
DONALD 
L.

HORNBEC
K, 
KATHERIN
E E. HOCKER DR  9620 111 RU 22220 150780 173000  

9620 
HOCKER 
DR 66203

9620 
HOCKER 
DR

MERRIAM
, KS 66203 23459 3

4342 2577.202 JP4800000  

05112020
15012.00
0 0.06 0 P

HORNBEC
K, 
DONALD 
L.

HORNBEC
K, 
KATHERIN
E E. HOCKER DR  9620 111 RU 22220 150780 173000  

9620 
HOCKER 
DR 66203

9620 
HOCKER 
DR

MERRIAM
, KS 66203 23458 3

4347 66714.53 JD4800000  

00000000
00000.00
0 1.53 0 D         0 0 0      23453 1

4357 4710.211 JF241212-3

05112010
11005.00
0 0.11 0 F

BRYANT, 
SYLVIA M. ETAL MERRIAM DR  5757 532 CU 5420 53680 59100  

5757 
MERRIAM 
DR 66203

5757 
MERRIAM 
DR

MERRIAM
, KS 66203 23445 1

4358 444.3262 JF241212-3

05112010
11004.00
0 0.01 0 F

BRYANT, 
SYLVIA M. ETAL NS NT  0 5321 CU 0 0 0  N/A 66203

5757 
MERRIAM 
DR

MERRIAM
, KS 66203 23444 1

4361 3749.911 JP4800000  

05112020
15009.00
0 0.09 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23441 15

4363 7499.764 JP4800000  

05112020
15009.00
0 0.17 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23440 15

4365 9224.906 JP4800000  

05112020
15009.00
0 0.21 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23438 15

4368 4498.968 JP4800000  

05112020
15009.00
0 0.1 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23437 15

4369 4500.056 JP4800000  

05112020
15016.00
0 0.1 0 P

WALLACE, 
JOAN  HOCKER DR  9516 111 RU 26440 118060 144500  

9516 
HOCKER 
DR 66203

9516 
HOCKER 
DR

MERRIAM
, KS 66203 23436 6

4370 9345.098 JP4800000  

05112020
15016.00
0 0.21 0 P

WALLACE, 
JOAN  HOCKER DR  9516 111 RU 26440 118060 144500  

9516 
HOCKER 
DR 66203

9516 
HOCKER 
DR

MERRIAM
, KS 66203 23435 6

4371 7500.061 JP4800000  

05112020
15016.00
0 0.17 0 P

WALLACE, 
JOAN  HOCKER DR  9516 111 RU 26440 118060 144500  

9516 
HOCKER 
DR 66203

9516 
HOCKER 
DR

MERRIAM
, KS 66203 23434 6

4372 3658.335 JP4800000  

05112020
15016.00
0 0.08 0 P

WALLACE, 
JOAN  HOCKER DR  9516 111 RU 26440 118060 144500  

9516 
HOCKER 
DR 66203

9516 
HOCKER 
DR

MERRIAM
, KS 66203 23433 6

4373 3841.71 JP4800000  

05112020
15016.01
0 0.09 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23432 10

4374 7500.029 JP4800000  

05112020
15016.01
0 0.17 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23431 10



4376 9345.014 JP4800000  

05112020
15016.01
0 0.21 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23430 10

4379 5197.367 JP4800000  

05112020
15016.01
0 0.12 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23427 10

4389 6825.135 JP4800000  

05112020
15009.00
0 0.16 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23419 15

4390 1499.817 JP4800000  

05112020
15009.00
0 0.03 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23418 15

4391 1513.31 JP4800000  

05112020
15016.00
0 0.03 0 P

WALLACE, 
JOAN  HOCKER DR  9516 111 RU 26440 118060 144500  

9516 
HOCKER 
DR 66203

9516 
HOCKER 
DR

MERRIAM
, KS 66203 23417 6

4392 5369.399 JP6800000  

05112010
11007.00
0 0.12 0 P

SMITH, 
ROBERT L.  KESSLER LN  5748 111 RU 20300 2700 23000  

5748 
KESSLER 
LN 66203

14333 
JOHNSON 
DR

SHAWNEE
, KS 66216 23416 1

4395 6769.881 JP4800000  

05112020
15016.00
0 0.16 0 P

WALLACE, 
JOAN  HOCKER DR  9516 111 RU 26440 118060 144500  

9516 
HOCKER 
DR 66203

9516 
HOCKER 
DR

MERRIAM
, KS 66203 23413 6

4398 10212.37 JF241212-3

05112010
11006.00
0 0.23 0 F

BRYANT, 
SYLVIA M. ETAL 58TH ST W 9224 111 RU 21360 32040 53400  

9224 W 
58TH ST 66203

5757 
MERRIAM 
DR

MERRIAM
, KS 66203 23410 1

4399 6814.782 JP4800000  

05112020
15016.01
0 0.16 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23409 10

4400 1710.427 JP4800000  

05112020
15016.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23408 10

4405 6824.581 JP4800000  

05112020
15009.00
0 0.16 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23405 15

4407 1499.747 JP4800000  

05112020
15009.00
0 0.03 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23404 15

4409 1556.409 JP4800000  

05112020
15016.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23402 10

4411 6807.474 JP4800000  

05112020
15016.01
0 0.16 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23401 10

4413 7017.709 JP4800000  

05112020
15016.01
0 0.16 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23400 10

4414 1790.037 JP4800000  

05112020
15016.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23399 10

4418 933.4105 JP4800000  

05112020
15017.00
0 0.02 0 P

MERRIAM 
DRAINAG
E 
DISTRICT

OF 
JOHNSON 
CO 
KANSAS NS NT  0 483 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23395 4

4419 4055.741 JP4800000  

05112020
15017.00
0 0.09 0 P

MERRIAM 
DRAINAG
E 
DISTRICT

OF 
JOHNSON 
CO 
KANSAS NS NT  0 483 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23394 4

4420 4674.349 JP4800000  

05112020
15009.00
0 0.11 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23393 15



4421 4148.035 JP4800000  

05112020
15017.00
0 0.1 0 P

MERRIAM 
DRAINAG
E 
DISTRICT

OF 
JOHNSON 
CO 
KANSAS NS NT  0 483 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23392 4

4422 1057.303 JP4800000  

05112020
15017.00
0 0.02 0 P

MERRIAM 
DRAINAG
E 
DISTRICT

OF 
JOHNSON 
CO 
KANSAS NS NT  0 483 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23391 4

4423 4173.558 JP4800000  

05112020
15009.00
0 0.1 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23390 15

4425 2643.127 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23389 18

4426 1519.174 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23388 18

4428 607.0497 JP4800000  

05112020
15018.01
0 0.01 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 1670 0 1670  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23386 4

4430 1261.703 JP4800000  

05112020
15018.01
0 0.03 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 1670 0 1670  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23384 4

4434 1463.165 JP4800000  

05112020
15019.01
0 0.03 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23380 17

4435 29244.35 JF241212-3

05112010
11002.00
0 0.67 0.52 F

WILIKER, 
L. 
ERNESTIN
E 
TRUSTEE

WILIKER, 
VERNON MERRIAM DR  5745 511 CU 53920 95980 149900  

5745 
MERRIAM 
DR 66203

5800 
GRANT ST

MERRIAM
, KS 66203 23379 2

4437 2771.798 JP4800000  

05112020
15019.01
0 0.06 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23377 17

4438 701.8834 JP4800000  

05112020
15019.01
0 0.02 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23376 17

4440 1562.84 JF241212-3

05112010
11002.00
0 0.04 0.52 F

WILIKER, 
L. 
ERNESTIN
E 
TRUSTEE

WILIKER, 
VERNON MERRIAM DR  5745 511 CU 53920 95980 149900  

5745 
MERRIAM 
DR 66203

5800 
GRANT ST

MERRIAM
, KS 66203 23374 2

4444 22765.11 JP0530000  

05112020
15011.00
0 0.52 0 P

LOCKE, 
HALE H.

LOCKE, 
VERA A. KNOX ST  5757 111 RU 24120 133180 157300  

5757 
KNOX ST 66203

5757 
KNOX ST

MERRIAM
, KS 66203 23370 1

4445 2158.207 JP6800000  

05112010
11001.00
0 0.05 0 P

CITY OF 
MERRIAM  MERRIAM DR  5701 692 EM 224120 911570 1135690  

5701 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23369 2

4446 4971.888 JP4800000  

05112020
15009.00
0 0.11 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23368 15

4448 1283.906 JP4800000  

05112020
15008.00
0 0.03 0 P

ERNLUND, 
NINA W.  KNOX ST  5719 111 RU 21490 106910 128400  

5719 
KNOX ST 66203

5719 
KNOX ST

MERRIAM
, KS 66203 23367 3

4450 4162.76 JP4800000  

05112020
15009.00
0 0.1 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23366 15

4452 2637.727 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23364 18



4455 1524.621 JP4800000  

05112020
15003.00
0 0.04 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23363 18

4457 1494.827 JP4800000  

05112020
15018.01
0 0.03 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 1670 0 1670  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23362 4

4460 4521.956 JP4800000  

05112020
15018.01
0 0.1 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 1670 0 1670  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23360 4

4462 2308.145 JP4800000  

05112020
15019.01
0 0.05 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23358 17

4465 6931.176 JP4800000  

05112020
15019.01
0 0.16 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23356 17

4466 1756.099 JP4800000  

05112020
15019.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23355 17

4476 469.5354 JP4800000  

05112020
15019.01
0 0.01 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23346 17

4477 6824.885 JP4800000  

05112020
15008.00
0 0.16 0 P

ERNLUND, 
NINA W.  KNOX ST  5719 111 RU 21490 106910 128400  

5719 
KNOX ST 66203

5719 
KNOX ST

MERRIAM
, KS 66203 23345 3

4479 4162.69 JP4800000  

05112020
15009.00
0 0.1 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23343 15

4480 2673.493 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23342 18

4482 1488.903 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23340 18

4486 1511.392 JP4800000  

05112020
15019.00
0 0.03 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23336 12

4488 6345.155 JP4800000  

05112020
15019.00
0 0.15 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23334 12

4489 88.2752 JP4800000  

05112020
15019.00
0 0 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23333 12

4490 2685.444 JP4800000  

05112020
15008.00
0 0.06 0 P

ERNLUND, 
NINA W.  KNOX ST  5719 111 RU 21490 106910 128400  

5719 
KNOX ST 66203

5719 
KNOX ST

MERRIAM
, KS 66203 23332 3

4491 6897.596 JP4800000  

05112020
15019.01
0 0.16 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23331 17

4492 1796.963 JP4800000  

05112020
15019.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23330 17

4495 4112.385 JP4800000  

05112020
15007.00
0 0.09 0 P

SIMMONS
, 
DOROTHE
E L. 
TRUSTEE

ABBOTT, 
DORLA J. 
TRUSTEE KNOX ST  5715 111 RU 21520 104080 125600  

5715 
KNOX ST 66203

5715 
KNOX ST

MERRIAM
, KS 66203 23328 2

4497 4162.62 JP4800000  

05112020
15009.00
0 0.1 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23327 15

4498 2700.417 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23326 18

4501 1462.026 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23325 18



4502 1537.993 JP4800000  

05112020
15019.00
0 0.04 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23324 12

4505 6787.067 JP4800000  

05112020
15019.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23322 12

4506 1551.848 JP4800000  

05112020
15019.00
0 0.04 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23321 12

4508 5373.209 JP4800000  

05112020
15019.01
0 0.12 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23320 17

4509 1782.96 JP4800000  

05112020
15019.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23319 17

4519 6807.17 JP4800000  

05112020
15007.00
0 0.16 0 P

SIMMONS
, 
DOROTHE
E L. 
TRUSTEE

ABBOTT, 
DORLA J. 
TRUSTEE KNOX ST  5715 111 RU 21520 104080 125600  

5715 
KNOX ST 66203

5715 
KNOX ST

MERRIAM
, KS 66203 23310 2

4521 4151.676 JP4800000  

05112020
15009.00
0 0.1 0 P

SCHLEICH
ER, 
ROCHELLE 
M.

SCHLEICH
ER, 
DANIEL L. HOCKER DR  9610 111 RU 34970 189030 224000  

9610 
HOCKER 
DR 66203

9610 
HOCKER 
DR

MERRIAM
, KS 66203 23309 15

4522 2701.691 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23308 18

4523 21695.71 JF241212-3

05112010
05021.00
0 0.5 0 F

MERRIAM 
DRAINAG
E 
DISTRICT JO CO NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23307 1

4524 1460.8 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23306 18

4525 1539.322 JP4800000  

05112020
15019.00
0 0.04 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23305 12

4527 6785.714 JP4800000  

05112020
15019.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23303 12

4528 3486.654 JP4800000  

05112020
15019.00
0 0.08 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23302 12

4529 3444.904 JP4800000  

05112020
15019.01
0 0.08 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23301 17

4531 1786.531 JP4800000  

05112020
15019.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23299 17

4533 196468 JF241212-3

05112010
05023.00
0 4.51 4.5 F

CITY OF 
MERRIAM  MERRIAM DR  5750 799 EM 510350 432760 943110  

5750 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23297 1

4537 6824.835 JP4800000  

05112020
15006.00
0 0.16 0 P

WAUGAM
AN, 
LARRY R.

WAUGAM
AN, 
SONJA M. KNOX ST  5711 111 RU 22120 99080 121200  

5711 
KNOX ST 66203

5711 
KNOX ST

MERRIAM
, KS 66203 23293 2

4541 4162.559 JP4800000  

05112020
15004.00
0 0.1 0 P

MCMENE
MY, 
LEONA A.  NS NT  0 100 VU 22790 0 22790  N/A 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 23292 4

4542 2686.345 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23291 18

4545 1476.192 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23290 18



4547 1517.89 JP4800000  

05112020
15019.00
0 0.03 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23289 12

4549 6807.123 JP4800000  

05112020
15019.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23288 12

4551 5376.483 JP4800000  

05112020
15019.00
0 0.12 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. NS NT  0 100X VU 9740 0 9740  N/A 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23287 12

4552 1499.174 JP4800000  

05112020
15019.01
0 0.03 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23286 17

4553 1768.057 JP4800000  

05112020
15019.01
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23285 17

4555 82.78728 JP4800000  

05112020
15019.01
0 0 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23284 17

4558 6825.275 JP4800000  

05112020
15006.00
0 0.16 0 P

WAUGAM
AN, 
LARRY R.

WAUGAM
AN, 
SONJA M. KNOX ST  5711 111 RU 22120 99080 121200  

5711 
KNOX ST 66203

5711 
KNOX ST

MERRIAM
, KS 66203 23281 2

4559 27693.38 JP6800000  

05112010
12005.00
0 0.64 0 P

BIVINS, T. 
J.

BIVINS, 
PATRICIA 
A. KESSLER LN  5717 645 CU 69230 156820 226050  

5717 
KESSLER 
LN 66203

500 E 6TH 
ST

WELLSVIL
LE, KS 
66092 23280 1

4560 4162.606 JP4800000  

05112020
15004.00
0 0.1 0 P

MCMENE
MY, 
LEONA A.  NS NT  0 100 VU 22790 0 22790  N/A 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 23279 4

4561 2670.999 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23278 18

4562 4499.947 JF241212-3

05112010
05020.00
0 0.1 0 F

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23277 1

4563 1491.586 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23276 18

4565 6824.989 JP4800000  

05112020
15001.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. 57TH ST W 9613 111 RU 28210 83490 111700  

9613 W 
57TH ST 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23274 6

4566 6881.42 JP4800000  

05112020
15001.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. 57TH ST W 9613 111 RU 28210 83490 111700  

9613 W 
57TH ST 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23273 6

4568 47585.07 JF241212-3

05112010
05024.00
0 1.09 0 F

MUEHLBE
RGER, 
ROBERT J.

MUEHLBE
RGER, 
KAYE MERRIAM DR  5726 511 CU 99930 86170 186100  

5726 
MERRIAM 
DR 66203

5726 
MERRIAM 
DR

MERRIAM
, KS 66203 23272 1

4569 1384.253 JP4800000  

05112020
15019.01
0 0.03 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23271 17

4572 6824.459 JP4800000  

05112020
15005.00
0 0.16 0 P

MCMENE
MY, 
LEONA A.  57TH ST W 9619 111 RU 22150 116450 138600  

9619 W 
57TH ST 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 23269 2

4575 4162.131 JP4800000  

05112020
15004.00
0 0.1 0 P

MCMENE
MY, 
LEONA A.  NS NT  0 100 VU 22790 0 22790  N/A 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 23267 4

4577 2664.932 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23266 18

4580 1497.7 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23264 18



4583 6824.966 JP4800000  

05112020
15001.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. 57TH ST W 9613 111 RU 28210 83490 111700  

9613 W 
57TH ST 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23262 6

4586 6905.171 JP4800000  

05112020
15001.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. 57TH ST W 9613 111 RU 28210 83490 111700  

9613 W 
57TH ST 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23260 6

4597 13992.23 JP6800000  

05112010
12004.00
0 0.32 0 P

KASCHT, 
HARVEY

KASCHT, 
ELIZABET
H M. KESSLER LN  5713 534 CU 34990 62290 97280  

5713 
KESSLER 
LN 66203

5713 
KESSLER 
LN,  #101

MERRIAM
, KS 66203 23249 1

4599 6951.174 JP4800000  

05112020
15005.00
0 0.16 0 P

MCMENE
MY, 
LEONA A.  57TH ST W 9619 111 RU 22150 116450 138600  

9619 W 
57TH ST 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 23247 2

4601 4232.719 JP4800000  

05112020
15004.00
0 0.1 0 P

MCMENE
MY, 
LEONA A.  NS NT  0 100 VU 22790 0 22790  N/A 66203

9619 W 
57TH ST

MERRIAM
, KS 66203 23246 4

4603 2704.926 JP4800000  

05112020
15003.00
0 0.06 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23244 18

4604 1523.182 JP4800000  

05112020
15003.00
0 0.03 0 P

JESTER, 
ALAN F.

JESTER, 
EDE M. 57TH ST W 9615 111 RU 27370 105630 133000  

9615 W 
57TH ST 66203

9615 W 
57TH ST

MERRIAM
, KS 66203 23243 18

4605 4522.274 JD4800000  

00000000
00000.00
0 0.1 0 D         0 0 0      23242 2

4607 6917.018 JP4800000  

05112020
15001.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. 57TH ST W 9613 111 RU 28210 83490 111700  

9613 W 
57TH ST 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23241 6

4609 6996.569 JP4800000  

05112020
15001.00
0 0.16 0 P

CARAVELL
O, TONY

CARAVELL
O, LISA R. 57TH ST W 9613 111 RU 28210 83490 111700  

9613 W 
57TH ST 66203

9613 W 
57TH ST

MERRIAM
, KS 66203 23240 6

4611 76648.95 JF241212-3

00000000
00000.00
0 1.76 1.64 F

SEC OF 
TRANSPO
RTATION

STATE OF 
KANSAS NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 23239 1

4613 265781.8 JD4800000  

00000000
00000.00
0 6.1 0 D         0 0 0      23238 1

4615 9992.976 JP6800000  

05112010
12003.00
0 0.23 0 P

BLY, 
HERBERT 
H.

BLY, JULIE 
I. KESSLER LN  5709 631 CU 24980 48750 73730  

5709 
KESSLER 
LN 66203

5701 
KESSLER 
LN

MERRIAM
, KS 66203 23237 1

4624 8633.925 JF241212-3

00000000
00000.00
0 0.2 0.23 F

CITY OF 
MERRIAM  NS NT  0 458 VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23230 1

4627 11828.22 JD241212-3

00000000
00000.00
0 0.27 0 D         0 0 0      23227 1

4631 41769.71 JF241212-3

00000000
00000.00
0 0.96 1 F

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23225 3

4632 149330.6 JP6800000  

05112010
11001.00
0 3.43 0 P

CITY OF 
MERRIAM  MERRIAM DR  5701 692 EM 224120 911570 1135690  

5701 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23224 2

4633 10531.47 JP6800000  

05112010
12001.00
0 0.24 0 P

BLY, 
HERBERT 
H.

BLY, JULIE 
I. KESSLER LN  5701 111 RU 21430 41370 62800  

5701 
KESSLER 
LN 66203

5701 
KESSLER 
LN

MERRIAM
, KS 66203 23223 1

4636 13299.58 JF241212-3

05112010
05019.01
0 0.31 0.15 F

CITY OF 
MERRIAM  NS NT  0 500 VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23222 1

4637 2394.595 JP7000000  

00000000
00000.00
0 0.05 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23221 1

4639 81105.26 JF241212-3

05112010
05019.00
0 1.86 1.63 F

SWANSO
N, LARRY 
V.

REZABEK, 
JANICE G. NS NT  0 5141 CU 0 0 0  N/A 66203

3208 NE 
42 CT

FT. 
LAUDERD
ALE, FL 
33308 23219 1



4641 215503.9 JF241212-3

00000000
00000.00
0 4.95 0 F

FRISCO 
RAILROAD  NS NT  0 411 UR 0 0 0  N/A 66203

PO BOX 
961089

FORT 
WORTH, 
TX 76161-
0089 23217 1

4644 20757.19 JF241212-3

05112010
05025.00
0 0.48 0 F

SWANSO
N, LARRY 
V.

REZABEK, 
JANICE G. MERRIAM DR  5700 514 CU 122240 515460 637700  

5700 
MERRIAM 
DR 66203

3208 NE 
42 CT

FT. 
LAUDERD
ALE, FL 
33308 23215 1

4652 16800.49 JP2100000  

05112020
02024.00
0 0.39 0 P

BELL, 
JAMES C.

BELL, 
VICKI 57TH ST W 9620 111 RU 22810 110590 133400  

9620 W 
57TH ST 66203

9620 W 
57TH ST

MERRIAM
, KS 66203 23211 1

4655 2371.056 JD7000000  

00000000
00000.00
0 0.05 0 D         0 0 0      23210 1

4662 15806.43 JP2100000  

05112020
02031.00
0 0.36 0 P

COOK, 
TONY J.

COOK, 
VESTA J. 57TH PL W 9500 111 RU 22590 112210 134800  

9500 W 
57TH PL 66203

9500 W 
57TH PL

MERRIAM
, KS 66203 23206 1

4663 65126.95 JD6800000  

00000000
00000.00
0 1.5 0 D         0 0 0      23205 1

4674 1197.679 JF241212-3

00000000
00000.00
0 0.03 0.01 F

CITY OF 
MERRIAM  NS NT  0 458 VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23204 1

4675 16327.41 JP2100000  

05112020
02025.00
0 0.37 0 P

TOBUREN, 
MERRILL 
W.

TOBUREN, 
MARTHA 
J. 57TH ST W 9610 111 RU 22710 84890 107600  

9610 W 
57TH ST 66203

9510 W 
57TH ST

MERRIAM
, KS 66203 23203 1

4676 18151.37 JP2100000  

05112020
02026.00
0 0.42 0 P

KOETTING
, 
CHRISTOP
HER T.

KOETTING
, VALERIE 
L. 57TH ST W 9512 111 RU 23110 116190 139300  

9512 W 
57TH ST 66203

9512 W 
57TH ST

MERRIAM
, KS 66203 23202 1

4677 12626.61 JP3600000  

05112010
05026.00
0 0.29 0 P

MASTERS, 
RAYMON
D C.

MASTERS, 
CYNTHIA 
M. MERRIAM DR  5654 532 CU 21400 212600 234000  

5654 
MERRIAM 
DR 66203

4714 EBY 
ST

MERRIAM
, KS 66203 23201 2

4680 20500.18 JP2100000  

05112020
02023.00
0 0.47 0 P

BURKE, 
GARY L.

BURKE, 
MARY J. KNOX ST  5651 111 RU 23630 105670 129300  

5651 
KNOX ST 66203

5651 
KNOX ST

MERRIAM
, KS 66203 23198 1

4683 15027.87 JD2100000  

00000000
00000.00
0 0.34 0 D         0 0 0      23195 1

4686 15545.24 JP2100000  

05112020
02030.00
0 0.36 0 P

BAILEY, 
WILLIAM 
A.

BAILEY, 
VERSA W. 57TH PL W 9504 111 RU 22540 105560 128100  

9504 W 
57TH PL 66203

9504 W 
57TH PL

MERRIAM
, KS 66203 23192 1

4692 13965.45 JP3600000  

05112010
05028.00
0 0.32 0 P

PERKOVIC
, IVAN

PERKOVIC
, COLETTE MERRIAM DR  5646 514 CU 59650 150000 209650  

5646 
MERRIAM 
DR 66203

11108 W 
119TH 
TER

OVERLAN
D PARK, 
KS 66213 23186 2

4693 554.423 JP3600000  

00000000
00000.00
0 0.01 0 P

CITY OF 
MERRIAM  NS NT  0 458 EK 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23185 1

4698 18736.37 JP6800000  

05112010
04011.00
0 0.43 0 P

FIRST 
CHURCH 
OF CHRIST SCIENTIST 57TH ST W 9224 670 ER 65580 151090 216670  

9224 W 
57TH ST 66203

5868 
MERRIAM 
DR

MERRIAM
, KS 66203 23182 1

4701 40948.53 JF241212-3

00000000
00000.00
0 0.94 0.95 F

CITY OF 
MERRIAM  NS NT  0 458 VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23179 1

4707 23099.08 JP2100000  

05112020
02022.00
0 0.53 0 P

LAY, J. 
WILLIAM

LAY, 
ROBERTA 
C. KNOX ST  5647 111 RU 24200 113400 137600  

5647 
KNOX ST 66203

5647 
KNOX ST

MERRIAM
, KS 66203 23176 1

4708 45864.23 JF241212-3

05112010
05018.00
0 1.05 1.2 F

ROBERTS, 
LONNIE D.

ROBERTS, 
SALLY I. HAYES ST  5636 111 RU 29210 53190 82400  

5636 
HAYES ST 66203

12818 W 
65TH ST

SHAWNEE
, KS 66216 23175 1



4710 24600.93 JP2100000  

05112020
02027.00
0 0.56 0 P

TOBUREN, 
MERRILL 
W.

TOBUREN, 
MARTHA 
A. 57TH PL W 9510 111 RU 24530 133970 158500  

9510 W 
57TH PL 66203

9510 W 
57TH PL

MERRIAM
, KS 66203 23174 1

4713 54293.54 JP3600000  

05112010
05026.00
0 1.25 0 P

MASTERS, 
RAYMON
D C.

MASTERS, 
CYNTHIA 
M. MERRIAM DR  5654 532 CU 21400 212600 234000  

5654 
MERRIAM 
DR 66203

4714 EBY 
ST

MERRIAM
, KS 66203 23172 2

4717 15520.42 JP2100000  

05112020
02028.00
0 0.36 0 P

MIDDLET
ON, PAUL 
A.  57TH PL W 9508 111 RU 22530 131870 154400  

9508 W 
57TH PL 66203

9508 W 
57TH PL

MERRIAM
, KS 66203 23171 1

4718 15858.08 JP3600000  

05112010
05028.00
0 0.36 0 P

PERKOVIC
, IVAN

PERKOVIC
, COLETTE MERRIAM DR  5646 514 CU 59650 150000 209650  

5646 
MERRIAM 
DR 66203

11108 W 
119TH 
TER

OVERLAN
D PARK, 
KS 66213 23170 2

4719 553.8984 JD3600000  

00000000
00000.00
0 0.01 0 D         0 0 0      23169 1

4720 16488.32 JP2100000  

05112020
02029.00
0 0.38 0 P

LYTLE, 
FLOYD D. 
LIVING 
TRUST

LYTLE, 
ONA M. 
LIVING 
TRUST 57TH PL W 9506 111 RU 22740 113160 135900  

9506 W 
57TH PL 66203

9506 W 
57TH PL

MERRIAM
, KS 66203 23168 1

4724 11116.93 JP6800000  

05112010
04010.00
0 0.26 0 P

DOTY, 
JOHNIE

DOTY, 
ROSALIE MERRIAM DR  5645 511 CU 17830 140370 158200  

5645 
MERRIAM 
DR 66203

5645 
MERRIAM 
DR

MERRIAM
, KS 66203 23166 1

4725 3553.6 JD6800000  

00000000
00000.00
0 0.08 0 D         0 0 0      23165 1

4728 50168.6 JP6800000  

05112010
04014.00
0 1.15 0 P

KESSLER I-
35 
BUSINESS 
CENTER  57TH ST W 9150 514 CU 100340 676460 776800  

9150 W 
57TH ST 66203

5039A 
MERRIAM 
DR

MERRIAM
, KS 66203 23162 1

4731 47042.05 JP6800000  

05112010
04015.00
0 1.08 0 P

CAMPBEL
L, 
RUSSELL 
E. JR

CAMPBEL
L, MARY 
ANN 57TH ST W 9108 645 CU 94080 83710 177790  

9108 W 
57TH ST 66203

6120 
CLARE RD

SHAWNEE
, KS 66226 23160 1

4732 5865.833 JF241212-3

05112010
04009.00
0 0.13 0.14 F

DOTY, 
JOHNIE

DOTY, 
ROSALIE NS NT  0 5111 CU 0 0 0  N/A 66203

5645 
MERRIAM 
DR

MERRIAM
, KS 66203 23159 1

4734 348.5457 JF241212-3

00000000
00000.00
0 0.01 0.01 F

CITY OF 
MERRIAM  NS NT  0 458 VU 0 0 0  N/A 66202

9000 W 
62ND TER

MERRIAM
, KS 66202 23157 1

4740 21173.07 JP3500000  

05112010
05030.00
0 0.49 0 P

SINGH, 
HARBHAJ
AN

KAUR, 
KAMALJIT NS NT  0 100F VU 1540 0 1540  N/A 66203

5623 
HAYES ST

MERRIAM
, KS 66203 23152 1

4752 39004.56 JF241212-3

00000000
00000.00
0 0.9 0 F

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23142 1

4753 10096.79 JP0900000  

05112020
02016.00
0 0.23 0 P

HOLLOWA
Y, DONNA 
R. 
TRUSTEE

HOLLOWA
Y, DONNA 
R. REV 
TRUST 56TH TER W 9515 111 RU 21340 102660 124000  

9515 W 
56TH TER 66203

9515 W 
56TH TER

MERRIAM
, KS 66203 23141 1

4754 10696.01 JP0900000  

05112020
02015.00
0 0.25 0 P

CHRISTES
EN, 
DOLORES 
C.  56TH TER W 9509 111 RU 21470 129230 150700  

9509 W 
56TH TER 66203

9509 W 
56TH TER

MERRIAM
, KS 66203 23140 1

4755 14856.1 JP0900000  

05112020
02014.00
0 0.34 0 P

LEEDHAM
, ROBERT 
C. CO-
TRUSTEE

LEEDHAM
, MARIE A. 
CO-
TRUSTEE 56TH TER W 9503 111 RU 22380 115820 138200  

9503 W 
56TH TER 66203

9503 W 
56TH TER

MERRIAM
, KS 66203 23139 1

4757 31181.29 JP3500000  

05112010
05017.00
0 0.72 0 P

FRAZEE, 
JULIET L.  HAYES ST  5628 111 RU 25980 43820 69800  

5628 
HAYES ST 66203

5140 
LOWELL 
ST

OVERLAN
D PARK, 
KS 66202 23138 1



4758 14130.19 JP0900000  

05112020
02017.00
0 0.32 0 P

SEATON, 
PHILLIP 
W.

SEATON, 
SHARON 
M. 56TH TER W 9605 111 RU 22230 100670 122900  

9605 W 
56TH TER 66203

9605 W 
56TH TER

MERRIAM
, KS 66203 23137 1

4759 782.8622 JP3500000  

05112010
05032.01
0 0.02 0 P

CITY OF 
MERRIAM  NS NT  0 650 EM 100 0 100  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23136 1

4761 13476.02 JP0900000  

05112020
02018.00
0 0.31 0 P

FISACKERL
Y, IRA G. 
JR

FISACKERL
Y, NANCY 
A. 56TH TER W 9611 111 RU 22080 101020 123100  

9611 W 
56TH TER 66203

9611 W 
56TH TER

MERRIAM
, KS 66203 23135 1

4773 19834.72 JP3500000  

05112010
05032.00
0 0.46 0 P

SINGH, 
HARBHAJ
AN

KAUR, 
KAMALJIT HAYES ST  5621 112 RU 23480 132920 156400  

5621 
HAYES ST 66203

5623 
HAYES ST

MERRIAM
, KS 66203 23128 1

4779 41792.48 JP3500000  

05112010
05031.00
0 0.96 0 P

MERRIAM 
DRAINAG
E 
DISTRICT  NS NT  0 650 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23123 1

4781 18498.66 JF241212-3

05112010
04008.00
0 0.42 0 F

DOTY, 
JOHNIE

DOTY, 
ROSALIE NS NT  0 500 VU 0 0 0  N/A 66203

5645 
MERRIAM 
DR

MERRIAM
, KS 66203 23121 1

4783 466463.5 JP4950000  

05112010
17002.00
0 10.71 0 P

HD 
DEVELOP
MENT OF 
MARYLAN
D, INC. ANTIOCH RD  5700 541 CU 2798780 3359320 6158100  

5700 
ANTIOCH 
RD 66202

PO BOX 
105842

ATLANTA, 
GA 30348-
5842 23119 1

4785 594.0323 JP3500000  

05112010
05034.03
0 0.01 0 P

CITY OF 
MERRIAM  NS NT  0 500 VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23118 1

4787 35992.64 JD0900000  

00000000
00000.00
0 0.83 0 D         0 0 0      23117 1

4788 10153.15 JP0900000  

05112020
02013.00
0 0.23 0 P

SNOW, 
WILLIAM 
D.

SNOW, 
VAL M. 56TH TER W 9500 111 RU 21350 101450 122800  

9500 W 
56TH TER 66203

9500 W 
56TH TER

MERRIAM
, KS 66203 23116 1

4792 4159.642 JP3500000  

05112010
05033.00
0 0.1 0 P

CARREL, 
WINTON 
K. ETAL HAYES ST  5615 112 RU 11020 59480 70500  

5615 
HAYES ST 66203

5615 
HAYES ST

MERRIAM
, KS 66203 23115 1

4793 31072.24 JP3500000  

05112010
05016.00
0 0.71 0 P

CLARK, 
JULIANNE  HAYES ST  5612 111 RU 25950 64250 90200  

5612 
HAYES ST 66203

5612 
HAYES ST

MERRIAM
, KS 66203 23114 1

4806 9316.131 JP3500000  

05112010
05033.01
0 0.21 0 P

BLECHA, 
MARILYN 
S.  HAYES ST  5613 112 RU 11640 59460 71100  

5613 
HAYES ST 66203

5613 
HAYES ST

MERRIAM
, KS 66203 23101 1

4808 30252.96 JP3500000  

05112010
05034.00
0 0.69 0 P

JENKINS & 
ASSOCIAT
ES, INC.  MERRIAM DR  5600 631 CU 105890 179610 285500  

5600 
MERRIAM 
DR 66203

5602 
MERRIAM 
DR

MERRIAM
, KS 66203 23099 1

4809 3124.382 JP3500000  

00000000
00000.00
0 0.07 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23098 1

4814 10021.48 JP0900000  

05112020
02010.00
0 0.23 0 P

MOORE, 
JOHN M.

MOORE, 
KATHLEEN 
C. 56TH TER W 9512 111 RU 21320 92180 113500  

9512 W 
56TH TER 66203

9512 W 
56TH TER

MERRIAM
, KS 66203 23094 1

4815 10642.89 JP0900000  

05112020
02011.00
0 0.24 0 P

HERRIN, 
WILLIAM 
J.

HERRIN, 
LAWANN
A F. 56TH TER W 9508 111 RU 21460 111940 133400  

9508 W 
56TH TER 66203

9508 W 
56TH TER

MERRIAM
, KS 66203 23093 1

4816 15080.87 JP0900000  

05112020
02012.00
0 0.35 0 P

VANLERB
ERGHE, 
PAUL F. 
TRUSTEE

VANLERB
ERGHE, 
ADRIANA 
M. TTEE 56TH TER W 9504 111 RU 22430 115770 138200  

9504 W 
56TH TER 66203

9504 W 
56TH TER

MERRIAM
, KS 66203 23092 1

4819 10023.2 JF241212-3

00000000
00000.00
0 0.23 0 F

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23090 1



4824 34258.93 JF241212-3

05112010
04007.00
0 0.79 0 F

PERKINS, 
EDWARD 
J.

PERKINS, 
LYNDA K. MERRIAM DR  5605 532 CU 102780 222320 325100  

5605 
MERRIAM 
DR 66203

5605 
MERRIAM 
DR

MERRIAM
, KS 66203 23086 1

4827 29244.53 JP3500000  

05112010
05015.00
0 0.67 0 P

BROOM, 
VIRGINIA ETAL HAYES ST  5604 111 RU 25550 60850 86400  

5604 
HAYES ST 66203

5604 
HAYES ST

MERRIAM
, KS 66203 23083 1

4837 14710.5 JP3500000  

05112010
05037.00
0 0.34 0 P

DAVEY, 
DOUGLAS 
K.  HAYES ST  5605 111 RU 22350 47550 69900  

5605 
HAYES ST 66203

5605 
HAYES ST

MERRIAM
, KS 66203 23077 1

4838 5228.288 JP3500000  

05112010
05036.00
0 0.12 0 P

RONAN, 
MICHAEL 
T.  NS NT  0 5111 CU 0 0 0  N/A 66203

5568 
MERRIAM 
DR

MERRIAM
, KS 66203 23076 1

4845 23710.46 JP3500000  

05112010
05035.00
0 0.54 0 P

RONAN, 
MICHAEL 
T.  MERRIAM DR  5568 511 CU 136820 120540 257360  

5568 
MERRIAM 
DR 66203

5568 
MERRIAM 
DR

MERRIAM
, KS 66203 23068 1

4846 3123.252 JP3500000  

00000000
00000.00
0 0.07 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 23067 1

4860 7596.963 JP3500000  

05112010
05038.00
0 0.17 0 P

LEWIS, 
REDIE  HAYES ST  5547 111 RU 20790 38910 59700  

5547 
HAYES ST 66203

7907 
HALL ST

LENEXA, 
KS 66219 23058 1

4863 10150.92 JP3500000  

05112010
05039.00
0 0.23 0 P

RONAN, 
MICHAEL 
T.  NS NT  0 5111 CU 0 0 0  N/A 66203

5568 
MERRIAM 
DR

MERRIAM
, KS 66203 23055 1

4864 15079.2 JP6700000  

05112020
02002.00
0 0.35 0 P

BRANDON
, DANIEL 
S.

BRANDON
, MARY K. 56TH ST W 9513 111 RU 22430 119670 142100  

9513 W 
56TH ST 66203

9513 W 
56TH ST

MERRIAM
, KS 66203 23054 1

4865 33075.32 JP3500000  

05112010
05014.00
0 0.76 0 P

MEDINA, 
MICHAEL 
W.  HAYES ST  5548 111 RU 26390 90610 117000  

5548 
HAYES ST 66203

5548 
HAYES ST

MERRIAM
, KS 66203 23053 1

4867 15210.42 JP6700000  

05112020
02001.00
0 0.35 0 P

SAMBOL, 
CONSTAN
CE M.

SAMBOL, 
RICHARD 
L. 56TH ST W 9505 111 RU 22460 116140 138600  

9505 W 
56TH ST 66203

9505 W 
56TH ST

MERRIAM
, KS 66203 23051 1

4871 35126.73 JF241212-3

05112010
04016.00
0 0.81 0.89 F

MYERS, 
RAYMON
D I.

MYERS, 
JUDITH B. MERRIAM DR  5601 511 CU 116630 188470 305100  

5601 
MERRIAM 
DR 66203

5601 
MERRIAM 
DR

MERRIAM
, KS 66203 23048 1

4872 3750.075 JF241212-3

05112010
04006.01
0 0.09 0.09 F

MYERS, 
RAYMON
D I.

MYERS, 
JUDITH B. NS NT  0 5111 CU 0 0 0  N/A 66203

5601 
MERRIAM 
DR

MERRIAM
, KS 66203 23046 1

4879 11157.3 JP3500000  

05112010
05041.00
0 0.26 0 P

DENTON, 
RALPH L.  HAYES ST  5545 111 RU 21570 38030 59600  

5545 
HAYES ST 66203

8819 W 
47TH TER

MERRIAM
, KS 66203 23042 1

4885 15534.33 JP3500000  

05112010
05013.00
0 0.36 0 P

NEALY, M. 
DAVID

NEALY, 
JUDITH A. 56TH ST W 9500 111 RU 22530 94170 116700  

9500 W 
56TH ST 66203

9500 W 
56TH ST

MERRIAM
, KS 66203 23039 1

4888 15546.95 JP3500000  

05112010
05012.00
0 0.36 0 P

SANDNES, 
MARTHA 
L.

SANDNES, 
RONALD 
W. HAYES ST  5540 111 RU 22540 86560 109100  

5540 
HAYES ST 66203

5540 
HAYES ST

MERRIAM
, KS 66203 23036 1

4898 12453.48 JP3500000  

05112010
05042.00
0 0.29 0 P

WRIGHT, 
CHARLES 
W. ETAL HAYES ST  5541 111 RU 21860 77940 99800  

5541 
HAYES ST 66203

PO BOX 
7194

KANSAS 
CITY, KS 
64113 23032 1

4905 25000.98 JF241212-3

05112010
04006.00
0 0.57 0 F

H & R 
PROPERTI
ES OF 
JOHNSON

COUNTY, 
L.L.C. NS NT  0 533 CU 75000 104700 179700  N/A 66203

5541 
MERRIAM 
DR

MERRIAM
, KS 66203 23026 1

4911 185352.9 JF241212-3

05112010
04016.01
0 4.26 4.21 F

KINCAID, 
GRAYDON 
J. JR.

KINCAID, 
PATRICIA 
A. NS NT  0 423 CU 278030 179170 457200  N/A 66203

2353 
GUILFORD 
LN

SHAWNEE 
MISSION, 
KS 66208-
1120 23020 1

4918 28648.68 JP3500000  

05112010
05011.00
0 0.66 0 P

LOPEZ, 
MARIA F. ETAL HAYES ST  5538 111 RU 25420 57180 82600  

5538 
HAYES ST 66203

5538 
HAYES ST

MERRIAM
, KS 66203 23014 1



4925 12721.07 JP3500000  

05112010
05043.00
0 0.29 0 P

WRIGHT, 
LEWIS H. 
SR ETAL HAYES ST  5537 111 RU 21920 60080 82000  

5537 
HAYES ST 66203

PO BOX 
7194

KANSAS 
CITY, MO 
64113 23008 1

4930 21503.28 JF241212-3

05112010
04005.00
0 0.49 0 F

ANACO 
TRANSMI
SSION 
REPAIR 
SHOP  MERRIAM DR  5537 511 CU 64510 171490 236000  

5537 
MERRIAM 
DR 66203

9300 
BLUE 
RIDGE

KANSAS 
CITY, MO 
64138 23005 1

4940 31616.7 JP3500000  

05112010
05009.00
0 0.73 0 P

SHARON, 
JESSE J.  HAYES ST  5528 111 RU 26070 55030 81100  

5528 
HAYES ST 66203

5528 
HAYES ST

MERRIAM
, KS 66203 23002 1

4942 17497.58 JP3500000  

05112010
05044.00
0 0.4 0 P

WRIGHT, 
LEWIS H. 
SR ETAL HAYES ST  5529 100 VU 22970 0 22970  

5529 
HAYES ST 66203

PO BOX 
7194

KANSAS 
CITY, MO 
64113 22999 1

4944 66295.79 JP3500000  

05112010
05040.00
0 1.52 0 P

MERRIAM 
PROPERTI
ES  MERRIAM DR  5538 511 CU 232040 150460 382500  

5538 
MERRIAM 
DR 66203

3516 W 
97TH PL

LEAWOO
D, KS 
66206 22997 1

4959 29303.45 JP3500000  

05112010
05045.00
0 0.67 0 P

WRIGHT, 
LEWIS H. ETAL HAYES ST  5521 111 RU 25560 53440 79000  

5521 
HAYES ST 66203

PO BOX 
7194

KANSAS 
CITY, MO 
64113 22988 1

4961 22659.26 JP3500000  

05112010
05046.00
0 0.52 0 P

COLLINS, 
HOMER 
M.

COLLINS, 
ROMA J. MERRIAM DR  5500 553 CU 79310 34480 113790  

5500 
MERRIAM 
DR,  #A 66203

5500 
MERRIAM 
DR

MERRIAM
, KS 66203 22986 1

4991 94888.99 JD3400000  

00000000
00000.00
0 2.18 0 D         0 0 0      22963 1

4993 144908.7 JF241212-3

05112010
04004.00
0 3.33 3.3 F

KINCAID, 
GRAYDON 
J. JR

KINCAID, 
PATRICIA 
A. NS NT  0 638 CU 217360 218080 435440  N/A 66203

2353 
GUILFORD 
LN

MISSION 
HILLS, KS 
66208 22962 1

5009 43790.74 JD3500000  

00000000
00000.00
0 1.01 0 D         0 0 0      22950 1

5010 34115.42 JP3500000  

05112010
05004.00
0 0.78 0 P

FROST, 
EUGENE 
R.

FROST, 
ALETHA B. HAYES ST  5517 111 RU 26620 67080 93700  

5517 
HAYES ST 66203

5517 
HAYES ST

MERRIAM
, KS 66203 22949 1

5012 34420.61 JP3500000  

05112010
05002.00
0 0.79 0 P

COLLINS, 
HOMER 
M.

COLLINS, 
ROMA J. 55TH ST W 9209 111 RU 26690 51310 78000  

9209 W 
55TH ST 66203

5500 
MERRIAM 
DR

MERRIAM
, KS 66203 22947 1

5013 19289.24 JP3500000  

05112010
05001.00
0 0.44 0 P

COLLINS, 
HOMER 
M.

COLLINS, 
ROMA J. MERRIAM DR  5500 553 CU 67510 34780 102290  

5500 
MERRIAM 
DR 66203

5500 
MERRIAM 
DR

MERRIAM
, KS 66203 22946 1

5014 1828.121 JP3500000  

00000000
00000.00
0 0.04 0 P

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 22945 1

5015 38515.94 JD3500000  

00000000
00000.00
0 0.88 0 D         0 0 0      22944 1

5016 97298.43 JD241212-3

00000000
00000.00
0 2.23 0 D         0 0 0      22943 1

5019 140605.9 JP6900000  

00000000
00000.00
0 3.23 0 P

MERRIAM 
TOWN 
CENTER 
LTD.  NS NT  0 458 EM 0 0 0  N/A 66203

34555 
CHAGRIN 
BLV

MORELAN
D HILLS, 
OH 44022 22942 1

5020 23576.57 JD6900000  

00000000
00000.00
0 0.54 0 D         0 0 0      22941 1

5022 93255.57 JF241212-3

05112010
04002.00
0 2.14 0 F

LAIRD, 
WILLIAM 
W.  MERRIAM DR  5513 552 CU 93720 59430 153150  

5513 
MERRIAM 
DR 66203

5501 
MERRIAM 
DR

MERRIAM
, KS 66203 22940 1

5024 104072.8 JF241212-3

05112010
04017.00
0 2.39 0 F

FRISCO 
RAILROAD  NS NT  0 411 UR 0 0 0  N/A 66203

PO BOX 
961089

FORT 
WORTH, 
TX 76161-
0089 22939 1



5025 3397.821 JD241212-3

00000000
00000.00
0 0.08 0 D         0 0 0      22938 1

5026 16325.74 JF241201-4

05101040
10002.00
0 0.37 0 F

CITY OF 
MERRIAM  NS NT  0 458 EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 14436 1

5039 1783041 JP4950000  

05112010
17001.00
0 40.93 0 P

MERRIAM 
TOWN 
CENTER, 
LTD.  ANTIOCH RD  5500 541 CU 9806730 26974870 36781600  

5500 
ANTIOCH 
RD 66202

3300 
ENTERPRI
SE PKY

BEACHW
OOD, OH 
44122 22937 1

5050 50855.36 JD241201-4

00000000
00000.00
0 1.17 0 D         0 0 0      14426 1

5052 2308.373 JP0300000  

05101040
13005.00
0 0.05 0 P

INTERSTA
TE SIGNS, 
INC.  NS NT  0 500 VU 6920 0 6920  N/A 66202

ONE 
WEST 
ARMOUR 
BLVD

KANSAS 
CITY, MO 
64111 14425 1

5067 25214.7 JF241201-4

05101040
09011.01
0 0.58 0.56 F T & B, JR  NS NT  0 500 VU 50430 0 50430  N/A 66203

7730 
HEDGE 
LANE TER

SHAWNEE
, KS 66227 14417 1

5096 45079.57 JF241201-4

05101040
11021.02
0 1.03 1.02 F

ACCESS 
CAPITAL 
CORPORA
TION  MERRIAM DR  5439 512 CU 94670 421030 515700  

5439 
MERRIAM 
DR 66203

5439 
MERRIAM 
DR

MERRIAM
, KS 66203 14391 1

5108 81482.66 JF241201-4

05101040
11021.00
0 1.87 2.33 F

MYERS, R. 
RICHARD ETAL NS NT  0 399 CU 36130 2930 39060  N/A 66203

1053 
SNOW 
LILLY CT

CASTLE 
ROCK, CO 
80104 14388 1

5111 41074.1 JP0300000  

05101040
13006.00
0 0.94 0 P

TWO J 
ENTERPRI
SES, L.L.C.  ANTIOCH RD  5428 514 CU 123220 409980 533200  

5428 
ANTIOCH 
RD 66202

1200 
12TH AVE 
SW

LEMARS, 
IA 51031 14387 1

5114 37267.36 JF241201-4

05101040
09011.00
0 0.86 1.6 F T & B  MERRIAM DR  5440 583 CU 111800 187160 298960  

5440 
MERRIAM 
DR 66203

7730 
HEDGE 
LANE TER

SHAWNEE
, KS 66227 14384 1

5116 15988.28 JF241201-4

05101040
11021.01
0 0.37 0.36 F

LEPISTO, 
JAMES E.

LEPISTO, 
CHERYL N. MERRIAM DR  5435 513 CU 33570 92030 125600  

5435 
MERRIAM 
DR 66203

5435 
MERRIAM 
DR

MERRIAM
, KS 66203 14382 1

5164 23746.75 JF241201-4

05101040
09012.00
0 0.55 0 F

A. E. 
ROBISON, 
INC.  MERRIAM DR  5400 511 CU 83110 176790 259900  

5400 
MERRIAM 
DR 66203

14890 S 
EVENING 
STAR RD

EUDORA, 
KS 66025 14357 1

5168 42272.03 JP0300000  

05101040
13007.00
0 0.97 0 P

REED, 
WILLIAM 
B. SR 
TRUSTEE

REED, 
WILLIAM 
B. SR 
TRUST ANTIOCH RD  5424 514 CU 105680 268320 374000  

5424 
ANTIOCH 
RD 66202

14735 W 
50TH ST

SHAWNEE
, KS 66216 14354 1

5178 14148.45 JP0300000  

05101040
13008.00
0 0.32 0 P

HORST, 
GEORGE 
H.

HORST, 
LOIS J. ANTIOCH RD  5422 274 CU 35370 157770 193140  

5422 
ANTIOCH 
RD 66202

5422 
ANTIOCH 
RD

MERRIAM
, KS 66202 14343 1

5207 33536.94 JF241201-4

05101040
09013.00
0 0.77 0 F

MERRIAM 
INDUSTRI
AL PARK  MERRIAM DR  5360 511 CU 117380 285420 402800  

5360 
MERRIAM 
DR 66203

PO BOX 
28928

ST. LOUIS, 
MO 
63132 14332 1

5212 33294.75 JP0300000  

05101040
13009.00
0 0.76 0 P

DARLING, 
ALBERT

DAVIS, 
JOHN F. ANTIOCH RD  5420 514 CU 83240 272960 356200  

5420 
ANTIOCH 
RD 66202

810 
BALTIMO
RE AVE

KANSAS 
CITY, MO 
64105-
1706 14330 1

5227 4503.098 JP0300000  

05101040
13010.00
0 0.1 0 P

5400 
ANTIOCH, 
INC.  ANTIOCH DR  5400 2621 CU 0 0 0  

5400 
ANTIOCH 
DR,  #B 66203

5400 
ANTIOCH 
DR

MERRIAM
, KS 66202 14316 1

5230 84940.97 JF241201-4

05101040
11020.00
0 1.95 1.9 F

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS NS NT  0 532 CU 169880 265740 435620  N/A 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14315 1

5233 197932.7 JF241201-4

05101040
09010.00
0 4.54 4.58 F T & S CO.  NS NT  0 500 VU 247420 0 247420  N/A 66203

9400 W 
55TH ST

MERRIAM
, KS 66203 14312 1



5250 41642.71 JF241201-4

05101040
09014.00
0 0.96 0 F

MERRIAM 
INDUSTRI
AL PARK 
L.L.C.  MERRIAM DR  5338 511 CU 145750 450450 596200  

5338 
MERRIAM 
DR 66203

2600 
GRAND 
BLV,  
#700

KANSAS 
CITY, MO 
64108-
4615 14300 1

5253 4031.153 JP0300000  

05101040
13013.00
0 0.09 0 P

5400 
ANTIOCH, 
INC.  ANTIOCH DR  5400 2621 CU 0 0 0  

5400 
ANTIOCH 
DR,  #C 66202

5400 
ANTIOCH 
DR

MERRIAM
, KS 66202 14297 1

5256 56885.3 JP0300000  

05101040
13011.00
0 1.31 0 P

5400 
ANTIOCH, 
INC.  ANTIOCH DR  5400 262 CU 220460 959340 1179800  

5400 
ANTIOCH 
DR,  #A 66202

5400 
ANTIOCH 
DR

MERRIAM
, KS 66202 14296 1

5259 79783.05 JD0300000  

00000000
00000.00
0 1.83 0 D         0 0 0      14291 1

5274 1738.963 JF241201-4

05101040
13014.00
0 0.04 0 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66202

STATE 
HOUSE

TOPEKA, 
KS 66612 14284 1

5293 329122.8 JF241201-4

05101040
13004.00
0 7.56 7.29 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 14271 1

5295 26609.17 JF241201-4

05101040
13004.01
0 0.61 0.74 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66202

STATE 
HOUSE

TOPEKA, 
KS 66612 14270 1

5324 20343.21 JF241201-4

05101040
11019.00
0 0.47 0 F

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS NS NT  0 5321 CU 0 0 0  N/A 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14258 1

5339 13274.9 NP5360000  

06306030
04046.00
0 0.3 0 P

ANTIOCH 
FAMILY 
WORSHIP 
CENTER  53RD ST W 8520 112 RU 21390 64410 85800  

8520 W 
53RD ST 66202

5055 
ANTIOCH 
RD

OVERLAN
D PARK, 
KS 66202 55301 1

5361 2249.281 NR0130000  

00000000
00000.00
0 0.05 0 R         0 0 0      55286 1

5362 97552.67 JF241201-4

05101040
09001.00
0 2.24 3.8 F

MERRIAM 
INDUSTRI
AL PARK 
L.L.C.  MERRIAM DR  5300 511 CU 117060 945840 1062900  

5300 
MERRIAM 
DR 66203

2600 
GRAND 
BLV,  
#700

KANSAS 
CITY, MO 
64108-
4615 14231 1

5369 26323.35 JD241201-4

00000000
00000.00
0 0.6 0 D         0 0 0      14222 1

5370 102988.4 JD241201-4

00000000
00000.00
0 2.36 0 D         0 0 0      14221 1

5371 2475.81 JF241201-4

00000000
00000.00
0 0.06 0 F

STATE 
HIGHWAY 
DEPARTM
ENT  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 14220 1

5372 150604.4 JC241201-4

00000000
00000.00
0 3.46 0 C         0 0 0      14218 1

5374 6248.418 JP7300000  

05101040
08020.00
0 0.14 0 P

UNITED 
KANSAS 
BANK & 
TRUST  NS NT  0 458P VU 0 0 0  N/A 66203

PO BOX 
419147

KANSAS 
CITY, MO 
64141-
6147 14216 1

5380 206566.1 JF241201-4

05101040
13003.00
0 4.74 4.7 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 14215 1

5381 478883.9 JF241201-4

05101040
11018.00
0 10.99 9.4 F

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS MERRIAM DR  5305 532 CU 390740 348970 739710  

5305 
MERRIAM 
DR 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14213 1



5382 14343.71 JD241201-4

00000000
00000.00
0 0.33 0 D         0 0 0      14212 1

5387 27811.08 NF251206-

00000000
00000.00
0 0.64 0 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66202

STATE 
HOUSE

TOPEKA, 
KS 66612 55271 1

5432 13872.27 JP7300000  

05101040
08021.00
0 0.32 0 P

TYLER, 
WILLIAM 
E.

TYLER, 
LAURA I. MERRIAM DR  5240 584 CU 20060 181230 201290  

5240 
MERRIAM 
DR 66203

PO BOX 
519

PLEASANT
ON, KS 
66075 14165 2

5433 5230.798 JP7300000  

05101040
08021.00
0 0.12 0 P

TYLER, 
WILLIAM 
E.

TYLER, 
LAURA I. MERRIAM DR  5240 584 CU 20060 181230 201290  

5240 
MERRIAM 
DR 66203

PO BOX 
519

PLEASANT
ON, KS 
66075 14164 2

5441 34108.64 JP7300000  

05101040
11017.00
0 0.78 0 P

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS MERRIAM DR  5263 5321 CU 0 0 0  

5263 
MERRIAM 
DR 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14155 2

5444 32120.61 JP7300000  

05101040
11017.00
0 0.74 0 P

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS MERRIAM DR  5263 5321 CU 0 0 0  

5263 
MERRIAM 
DR 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14152 2

5453 16503.13 JP7300000  

05101040
11016.02
0 0.38 0 P

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS NS NT  0 5321 CU 0 0 0  N/A 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14145 1

5475 3673.839 JF241201-4

05101040
08022.00
0 0.08 0 F

FOUR D'S 
INVESTME
NTS L.L.C.  MERRIAM DR  5238 511 CU 30560 129840 160400  

5238 
MERRIAM 
DR 66203

8600 W 
63RD ST,  
#301

MERRIAM
, KS 66202 14136 2

5478 19137.37 JP7300000  

05101040
11016.01
0 0.44 0 P

ENTERPRI
SE 
LEASING 
COMPANY 
OF KANSAS NS NT  0 5321 CU 0 0 0  N/A 66203

7815 
FLOYD ST

OVERLAN
D PARK, 
KS 66204 14134 1

5483 22866.8 NF251206-

00000000
00000.00
0 0.52 0 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 55223 1

5485 47259.96 JF241201-4

05101040
08022.00
0 1.08 0 F

FOUR D'S 
INVESTME
NTS L.L.C.  MERRIAM DR  5238 511 CU 30560 129840 160400  

5238 
MERRIAM 
DR 66203

8600 W 
63RD ST,  
#301

MERRIAM
, KS 66202 14130 2

5486 3489.176 JF241201-4

05101040
08023.00
0 0.08 0 F

PERRY, 
FRANK S.

PERRY, 
CHERYL J. NS NT  0 460 CU 8130 3050 11180  N/A 66203

2800 W 
118TH ST

LEAWOO
D, KS 
66211 14128 2

5487 3281.405 JF241201-4

05101040
08023.00
0 0.08 0 F

PERRY, 
FRANK S.

PERRY, 
CHERYL J. NS NT  0 460 CU 8130 3050 11180  N/A 66203

2800 W 
118TH ST

LEAWOO
D, KS 
66211 14129 2

5488 28925.63 JP7300000  

05101040
11014.00
0 0.66 0 P

DEFEO, 
DAVID L.

DEFEO, 
SAUNDRA 
G. NS NT  0 6361 CU 0 0 0  N/A 66203

5245 
MERRIAM 
DR

MERRIAM
, KS 66203 14127 1

5489 102804.5 JP7300000  

05101040
13002.00
0 2.36 0 P

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 14126 1

5504 33846.99 JP7300000  

05101040
11016.00
0 0.78 0 P

DEFEO, 
DAVID L.  MERRIAM DR  5245 636 CU 43830 66430 110260  

5245 
MERRIAM 
DR 66203

5245 
MERRIAM 
DR

MERRIAM
, KS 66203 14112 1

5506 30095.62 JF241201-4

05101040
11011.00
0 0.69 0 F

CITY OF 
MERRIAM  52ND ST W 8812 699 EM 22570 3440 26010  

8812 W 
52ND ST 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 14099 1

5526 28924.62 JP7300000  

05101040
11015.00
0 0.66 0 P

DEFEO, 
DAVID L.

DEFEO, 
SAUNDRA 
G. NS NT  0 500 VU 21690 0 21690  N/A 66203

5245 
MERRIAM 
DR

MERRIAM
, KS 66203 14083 1



5541 525867.2 NP0130000  

06306030
04010.00
0 12.07 0 P

ANTIOCH 
FAMILY 
WORSHIP 
CENTER, INC. ANTIOCH RD  5201 670 ER 1051730 2268400 3320130  

5201 
ANTIOCH 
RD 66202

5055 
ANTIOCH 
RD

OVERLAN
D PARK, 
KS 66202 55194 1

5554 20816.77 NP1894000  

06306030
11001.00
0 0.48 0 P

LOWE, 
JAMES B. ETAL HADLEY ST  5229 119 RU 224000 1235000 1459000  

5229 
HADLEY 
ST 66202

922 
WALNUT

KANSAS 
CITY, MO 
64106 55183 15

5564 52319.35 JF241201-4

05101040
11013.00
0 1.2 1.2 F

CITY OF 
MERRIAM  MERRIAM DR  5201 460 EM 39240 9410 48650  

5201 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 14034 1

5568 38071.19 JF241201-4

05101040
11010.00
0 0.87 0 F

CITY OF 
MERRIAM  52ND ST W 8810 460 EM 28550 41240 69790  

8810 W 
52ND ST 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 14030 1

5569 13758.86 JF241201-4

05101040
11012.00
0 0.32 0 F

CITY OF 
MERRIAM  NS NT  0 458P VU 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 14029 1

5570 2074.148 JF241201-4

05101040
11009.01
0 0.05 0.23 F

CITY OF 
MERRIAM  NS NT  0 458P EM 0 0 0  N/A 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 14028 1

5598 60474.95 JF241201-4

05101040
08026.00
0 1.39 0 F

VOELK, 
GERALD E.

VOELK, 
JOHN W. NS NT  0 552 CU 25730 83980 109710  N/A 66203

5234 
MERRIAM 
DR

MERRIAM
, KS 66203 13977 2

5621 55525.58 JF241201-4

05101040
11009.00
0 1.27 1.3 F

CITY OF 
MERRIAM  MERRIAM DR  5191 699 EM 41640 114430 156070  

5191 
MERRIAM 
DR 66203

9000 W 
62ND TER

MERRIAM
, KS 66202 13963 1

5625 14625.7 JF241201-4

05101040
08030.00
0 0.34 0 F

BAMFORD 
FIRE 
SPRINKLE
R

COMPANY
, INC. MERRIAM DR  5144 511 CU 16950 50650 67600  

5144 
MERRIAM 
DR 66203

5134 
MERRIAM 
DR

MERRIAM
, KS 66203 13958 1

5646 94776.08 JP7300000  

05101040
13001.00
0 2.18 0 P

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 13939 1

5655 12181.11 JP7300001  

05101040
08033.00
0 0.28 0 P

BAMFORD 
FIRE 
SPRINKLE
R

COMPANY
, INC. MERRIAM DR  5134 511 CU 14080 223820 237900  

5134 
MERRIAM 
DR 66203

5134 
MERRIAM 
DR

MERRIAM
, KS 66203 13929 1

5658 24600.44 JD7300000  

00000000
00000.00
0 0.56 0 D         0 0 0      13928 1

5712 11249.5 JF241201-4

05101040
11001.00
0 0.26 0 F

CARLSON, 
BRANDON

CARLSON, 
JANELLE BENSON ST  5132 111 RU 18900 38200 57100  

5132 
BENSON 
ST 66203

5132 
BENSON 
ST

MERRIAM
, KS 66203 13886 1

5713 152349.4 JF241201-4

05101040
11008.00
0 3.5 3.5 F

METROPO
LITAN 
MERRIAM
, L.L.C.  MERRIAM DR  5127 514 CU 159970 1475030 1635000  

5127 
MERRIAM 
DR 66203

2600 
GRAND 
AVE,  
#700

KANSAS 
CITY, MO 
64108-
4600 13883 1

5715 3124.94 JF241201-4

05101040
11002.00
0 0.07 0 F

DUVALL, 
THOMAS 
D.

DUVALL, 
DONNA G. BENSON ST  5130 552 CU 9380 48600 57980  

5130 
BENSON 
ST 66203

12412 W 
68TH TER

SHAWNEE
, KS 66216 13877 2

5746 64206.35 JF241201-4

05101040
11007.00
0 1.47 1.4 F

ROBERTS, 
LONNIE D.

ROBERTS, 
SALLY I. MERRIAM DR  5125 111 RU 28130 58070 86200  

5125 
MERRIAM 
DR 66203

5816 
MERRIAM 
DR

MERRIAM
, KS 66203 13845 1

5779 24595.97 JD7550000  

00000000
00000.00
0 0.56 0 D         0 0 0      13809 1

5880 50514.6 NC251206-

00000000
00000.00
0 1.16 0 C         0 0 0      55081 1

5893 100398.4 NF251206-

00000000
00000.00
0 2.3 13.1 F

STATE OF 
KANSAS  NS NT  0 458 EK 0 0 0  N/A 66203

STATE 
HOUSE

TOPEKA, 
KS 66612 55077 2



5896 721163.1 NF251206-

00000000
00000.00
0 16.56 8 F

STATE 
HIGHWAY 
COMMISS
ION OF KANSAS NS NT  0 458 EK 0 0 0  N/A 66202

STATE 
HOUSE

TOPEKA, 
KS 66612 55076 2

6518 2083898 JD7300000  

00000000
00000.00
0 47.84 0 D         0 0 0      12921 1
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  Upper Turkey Creek Feasibility Study 
  Wednesday, October 19, 2011, 5:00 – 8:00 p.m. 
  5701 Merriam Drive, Merriam, Kansas  66203 

 
 

  

Sign-in Sheet 

 

 Name Organization/Affiliation Email Phone 

1. Joseph C. Roth DRG Engineers jroth@drgengineers.com 913.441.1100 

2. David Johnson  davekcmo@gmail.com 816.305.5817 

3. Al Frisby City of Merriam (Council) afrisbyii@kc.rr.com  

4.  Rochelle Schleicter Home owner Rochellsch@msn.com 913.677.3589 

5. Chad Rowe Merriam City Council chard@merriam.org 913.484.2446 

6. Vera Locke Creekside Resident Vera0112@att.net 913.722.1821 

7.  Gerald Becker Merriam Drainage District GBECKER5@kc.rr.com 816.590.2472 

8. Charles McAllister Johnson Co. Stormwater   

9. Dave Smothers City of Merriam daves@merriam.org 913.322.5550 

10. Susan Hayden City of Merriam shayden@merriam.org 913.322.5550 

11. Larry Shepard U.S. EPA KC Shepard.larry@epa.gov 913.551.7441 

12. Larry O’Donnell LBRWC (Little Blue River 
Watershed Coalition) 

Turttle5@aol.com 816.356.4040 

13. Cris Siebenlist KC Bike Club cpigsfly@mindspring.com 913.362.6361 

14. Tom Poer HNTB tpoer@hntb.com 816.527.2357 

15. David Williams ESI Contracting dwilliams@esicontractingcorp.com 816.523.5081 

16. Chris Evans Hands Merriam Council Chrish@merriam.org 913.384.5340 

17. Kent Lage JoCo Public Works and 
Infrastructure 

Kent.Lage@jocogov.org  

 

NOTE:  Jim Wymer of the Merriam and Monticello Drainage District was in attendance but did not sign in. Upper Turkey Creek Feasibility Study 

 

 

mailto:jroth@drgengineers.com
mailto:davekcmo@gmail.com
mailto:afrisbyii@kc.rr.com
mailto:Rochellsch@msn.com
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mailto:GBECKER5@kc.rr.com
mailto:daves@merriam.org
mailto:shayden@merriam.org
mailto:Shepard.larry@epa.gov
mailto:Turttle5@aol.com
mailto:cpigsfly@mindspring.com
mailto:tpoer@hntb.com
mailto:dwilliams@esicontractingcorp.com
mailto:Chrish@merriam.org
mailto:Kent.Lage@jocogov.org


 

  

October 2011 Public Meeting Agenda 



Upper Turkey Creek Feasibility Study

AGENDA:

5:00 p.m.      START

5:10 p.m. Project Overview Presentation

5:25 p.m.       Open House

6:15 p.m.      OPTIONAL round table discussion in 
  Hocker Grove Room

6:30 p.m.      Project Overview Presentation

6:45 p.m.      Open House

7:30 p.m.       OPTIONAL round table discussion in 
  Hocker Grove room

8:00 p.m.     Workshop concludes

Wednesday, October 19, 2011, 5:00 P.M. - 8:00 P.M.
5701 Merriam Drive, Merriam, Kansas 66203

STAGE

Station 4 Station 5 Station 6Station 2
Presentation

StairsStairs

Station 9

Station 1

Station 8Station 7Station 3

Stations:

Station 1: Background and History

Station 2: PowerPoint Presentation
 
Station 3: Three Alternative Concepts (overview)

Station 4: Conceptual Alternative 1: Channelization
      
Station 5: Conceptual Alternative 2:  Levees and Floodwalls

Station 6: Conceptual Alternative 3: Combination 

Station 7: Nonstructural Conceptual Alternative: Floodplain Buyout

Station 8: Real Estate Information Table

Station 9: Ecosystem Restoration Opportunities

Station 10: Floodplain Management Plan
 
Station 11: Exit

Station 10
Station 11



 

  

October 2011 Public Meeting 
Presentation 



 



US Army Corps of Engineers 

BUILDING STRONG® 

Brian T. Rast, PE, CFM, PMP  

Project Manager  

Kansas City District 

October 19, 2011 

Gallery session for the residents and businesses  

Solutions for Flood Hazards 

on Upper Turkey Creek 



BUILDING STRONG® 

Briefing Outline 

• Introduction and Background 
• Understanding Flood Risks 
• Conceptual Alternatives 
• Other Planning Considerations 
• Next Steps 
• Questions / Discussion 

2 Briefing Outline 



BUILDING STRONG® 

Introduction and Background 

Upper Turkey Creek  
Feasibility Study 

3 



BUILDING STRONG® 

What is the purpose? 

 Feasibility Phase 

 Feasibility Report 

 Federal interest in construction  

►Feasible?  

►or not? 

4 Introduction and Background 



BUILDING STRONG® 

5 

SPECIAL AREA 

MANAGEMENT 

PLAN, PHASE I 

U.S. 

GEOLOGICAL 

SURVEY 

FEMA 

LOWER KS 

RIVER 

W.R.A.P.S. 

OVERLAND PARK, 

LENEXA, 

SHAWNEE, 

MISSION 

Upper Turkey Creek Stakeholders & Partnerships 

CITY OF 

MERRIAM 

TURKEY 

CREEK 

COALITION 

MERRIAM 

DOWNTOWN 

PARTNERSHIP 

ENVIRONMENTAL 

PROTECTION 

AGENCY 

RESIDENTS 

BUSINESSES 

MID-

AMERICA 

REGIONAL 

COUNCIL 

KS DEPT. OF 

WILDLIFE & 

PARKS 

KS DEPT. OF 

HEALTH & 

ENVIRONMENT 

MERRIAM 

DRAINAGE 

DISTRICT 

UNIFIED 

GOVERNMENT OF 

WYANDOTTE CO. & 

KANSAS CITY, KS 

JOHNSON COUNTY 

PUBLIC WORKS 

CORPS OF 

ENGINEERS 



BUILDING STRONG® 

Corps’ Civil Works Project Phases 

Plans, Specifications, 

Design Documentation 

(as needed) 

Permits:  404, 

401, 106, etc. 

Project Planning 

Preconstruction 

Engineering & 

Design (PED) 

Phase 

Feasibility 

Phase 

Construction 

Phase Reconnaissance 

Phase 

Operation & 

Maintenance 

(O&M) Phase 

Approximately  

2 Years Duration Varies  

2 – 3 Years  

(subject  to  

availability of  

funding) 

6 – 12 Months 

Funding 

100% Federal 

 

As Long As  

Project  

Remains 

Authorized 

Design Building 
Service Life 

Feasibility Report, 

NEPA 

Documentation 
Engineering 

Design 

Report 

Floodplain 

Management 

Plan               

(1 year after 

PPA) 

Recon Report 

PED Funding 65% Federal,    

35% Non-Federal 

Funding 50% Federal,  

50% Non-Federal 

Construction Funding 

Project Purpose  

Cost Sharing 

Introduction and Background 6 



BUILDING STRONG® 

Purpose and Scope 

 Congressional authority for 

flood risk management  

 The Corps is using a systems 

approach  

 Floodplain management 

plan 

 Watershed-level 

collaborative planning,  

 Multipurpose considerations, 

(environmental degradation 

and recreation) 

7 Introduction and Background 



BUILDING STRONG® 
Study Areas of Interest 

Downtown Merriam 

I-35 

Industrial 

Park 

8 
Introduction and Background 



BUILDING STRONG® 

History 

 Flooding in and around Johnson County led to presidential 
disaster declarations in 1993 and 1998. The estimated 
cost of these disasters exceeded $50 million dollars.  

 Heavy rains in 1998 produced flooding that caused several 
million dollars in damage to businesses and overtopped 
Interstate-35 in several locations. 

 The storm of October 1998 exceeded the 100-year return 
frequency for both the 24-hour and 60-minute rainfall 
amounts. 

 

 

9 Introduction and Background 



BUILDING STRONG® 

Timeline for Turkey Creek 

1967 - Merriam Drainage District modifies channel 

1972 - MDD completes channel  

1980s - MDD completes stream bank armoring between 

Shawnee Mission Parkway and Antioch Road 

1988 - Kansas Department of Transportation completes 

Antioch Rd. bridge 

1993 - Flood event, 1 fatality, $3.4 million in flood damages 

in Merriam 

1998 - Monday night football flood event, $12 million in 

flood damages in Merriam 

1998 - Corps completes planning work for current 

construction project downstream of the Drive-In Theater  

10 Introduction and Background 



BUILDING STRONG® 

Timeline for Turkey Creek 

2001  -Reconnaissance study completed for Upper Turkey 

2002 - Feasibility study begins for Upper Turkey 

2002 - First public meeting for Upper Turkey 

2005 - KDOT begins constructing channel-widening 

between Mission Road and Rainbow Boulevard on 

Lower Turkey 

2009 - Flood insurance rate maps updated in Johnson 

County, Kansas 

2009 - Corps completes repairs to 1,300-ft., 28-ft. diameter 

tunnel between Interstate-35 and Kansas River  

2009 - MARC Turkey Creek Coalition cities and counties to 

sign resolution supporting bicycle / pedestrian trail 

 11 Introduction and Background 



BUILDING STRONG® 

Understanding Flood Risks 

Upper Turkey Creek  
Feasibility Study 

12 



BUILDING STRONG® 13 

 

Flood hazards that need to be discussed 

 

► Depth and maps of extents of floodwaters 

► Velocity 

► Proximity of the population at risk 

► Warning time 

► Rate of rise 

 

 

 

Understand Your Flood Risks 

Understanding Flood Risks 



BUILDING STRONG® 14 

Upper Turkey Creek FIRM (2009 draft) 

Understanding Flood Risks 



BUILDING STRONG® 

Relative Comparison of Features to 

Similar Flood Risk Management Projects 
Cross Section Views 

 Missouri River  

 

 Lower Turkey Creek 

 

 Indian Creek 

 

 Merriam or Roe Lane Reach 

 
15 

High water often lasts 
several  months 

Flash Flooding  
8-16 Hours 

Flash Flooding  
3-12 Hrs 

Flash Flooding  
3-12 Hrs 

Understanding Flood Risks 



BUILDING STRONG® 

 

Shared  Flood  Risk  Management 
Measures for  Driving  Down  Flood Risks 

Residual  Risk 

Federal / State / Local 

Federal / State / Local 

Federal / State / Local 

Federal / State / Local 

Federal / State / Local / Individual 

State / Local 

Local 

Outreach 

Natural  Storage 

Structural 

Non – Structural 

Contingency  Plans 

Building  Codes 

Zoning 

Insurance Individual / NFIP 

Initial  Risk 

All  Stakeholders  contribute  to  reducing  risk! 

R
is

k
  

16 



BUILDING STRONG® 

Conceptual Alternatives 

Upper Turkey Creek  
Feasibility Study 

17 



BUILDING STRONG® 18 

What features can we use to reduce damages? 
 

ST
R

U
C

TU
R

AL
 • Dams 

• Reservoirs 
• Floodwalls 
• Levees 
• Channels 
• Straightening 

 
 

• Clearing and snagging 
• Closure structures 
• Bridge modifications 
• Conveyance modifications 
• Pumping 
• Land treatment 
• Channel diversions 

 

Features for Conceptual Solutions 

Conceptual Alternatives 



BUILDING STRONG® 19 

N
O

N
-S

TR
U

C
TU

R
AL

 

What measures can we use to reduce damages? 
 

• Sanitary and well codes 

• Evacuation 

• Floodproofing 

– Raising 

– Window and door seals 

• Information and education 

• Emergency preparedness 

• Flood warning and preparedness 

• Development codes/regulations 

 

• Tax adjustments 

• Animal refuge area 

• Relocation (Corps 

provides assistance) 

• Public Acquisition  

A drive by of a raised home 
in Tehama, CA. 

Conceptual Alternatives 

Features and Activities for 

Conceptual Solutions 



BUILDING STRONG® 

Conceptual Alternatives Evaluated 

With Bridges and Without 

20 

Property Buyouts 

Levees / Floodwalls 

Channel Widening 

Bridge Expansions 

Combinations 

Residual  Risk 

R
is

k
  



BUILDING STRONG® 

 Alternative 1: Channel Widening 

 

 Alternative 2: Levees and Flood Walls 

 

 Alternative 3: Combination of Channel Widening                                         

   with Levees and Floodwalls 

 

 Alternative 4:    Floodplain Buyout 

Conceptual Plan Formulation for 

Flood Risk Management 

21 Conceptual Alternatives 



BUILDING STRONG® 

Alternative Themes for Screening 

22 

Channel 

Widening Levees and 

Flood 

Walls 

Combination Conceptual Alternatives 



BUILDING STRONG® 

Comparison of Rough Cost Estimates 

for the Conceptual Alternatives 

0 

10 
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30 

40 

50 

60 

70 

Alt. 1, Channel Widening Alt. 2, Levees and 
Floodwalls 

Alt. 3, Combinations 
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23 Conceptual Alternatives 

Alt. 4, Buyout Floodplain 



BUILDING STRONG® 

Residual Risk Example 
Cross Sectional View Near Farmer’s Market 

24 Conceptual Alternatives 

 Current channel capacity: 

 

 

 

 

 Proposed channel widening: 

 New water surface 

Water surface, 10% probability in a given year 

Channel Widening 

Residual  Risk 



BUILDING STRONG® 

Other Planning 

Considerations 

Upper Turkey Creek  
Feasibility Study 

25 



BUILDING STRONG® 

Multi-Objective Enhancements:   

Environmental and Recreational  

  Hike/Bike Trail by Mid-America 

Regional Council 

 Bank Stabilization Measures 

 Fish Habitat Improvement 

 Riffle-Pool Complexes 

 Development of Riparian Habitat 

 Water Quality Improvement 

 

 

 

Brush Mattresses 
 
 

Live Fascines 
 
 

Riprap with Joint 
Plantings 

 
 

Other Planning Considerations 



BUILDING STRONG® 

Opportunities For Local Implementation 

 106 reaches on the Upper Turkey Creek  

 33 stream reaches analyzed 

 11 opportunity areas identified 

 Site Vicinities 

► Highland Park 

► Brown Park 

► Downtown Shawnee 

► Nieman Plaza 

► Chatlain Park 

► Turkey Creek Streamway Park 

► Thousand Oaks 

► Quail Creek 

► Westbrook 

► JC Penney Outlet 

► Sapling Grove Park 

 

 Other Planning Considerations 



BUILDING STRONG® 

Next Steps 

Upper Turkey Creek  
Feasibility Study 

28 



BUILDING STRONG® 

Next Steps  
 Planners begin a Floodplain Management Plan 

 Follow up public meeting in early 2012 

 Begin real estate planning work in spring 2012 

 Draft Feasibility Report, 2012 

 Federal decision point:  Chief of Engineer’s Report, 2013 

 Design Phase 2014 to 2015 

 Construction in 2016 

 

29 Next Steps  



BUILDING STRONG® 

Your Questions 

30 Questions / Discussion  



BUILDING STRONG® 

For More Information 

www.nwk.usace.army.mil/projects/utc 

31 
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October 2011 Public Meeting Summary 
of Public Comments 
 



  Upper Turkey Creek Feasibility Study 
  Wednesday, October 19, 2011, 5:00 – 8:00 p.m. 
  5701 Merriam Drive, Merriam, Kansas  66203 
 

Public Comments Recorded at Stations with Flipcharts 
 

No comments recorded. 
Station #1:  History and Purpose 

 

• Concern raised about the effects of the alternatives to the current trail. 
Station #3:  Overview of Three Structural Conceptual Alternatives 

• Question of ownership of the new levees and future use for recreation. 
 

• Concern that the widening could affect the existing trail (Parks Department). 
Station #4:  Structural Conceptual Alternative #1 – Channelization 

• Costly/O&M; earthen berm more reliable. 
• Concrete armoring is costly to maintain. 
• Putting water back into the g.w. through green stabilization. 
• Likes the bio-stabilization/improving appearance depends on what you use to stabilize. 
• Trail access – would use an off-stream trail (Limited multi-modal  access  from downtown to 

Merriam).  
• Johnson Drive improvement – heavy traffic – at grade intersection – grades to get over railroad 

very problematic. 
• Coordination and future planning – think ahead. 

 

• Looking into buying out property on north of Farmer’s Market for detention.  Detention area at 
Market is former channel, which has been filled. 

Station #5 – Structural Conceptual Alternative #2 – Levees and Floodwalls 

• Impact on trail, left of Turkey Creek (close to Farmer’s Market). 
• Visual showing graph of time
• Mods to scenic walkway. 

 (hyd). 

• Floodwall visuals (material, aesthetic effect). 
• Update aerial photos. 
• Campbell St/Campbell Lane → Floodwall aesthetics (tight). 
• Trail relocation. 

 
 
 

• Impact on Campbell Lane/access to church. 
Station #6 – Structural Conceptual Alternative #3 – Combination  

• Budget for long-term O&M. 
 

No comments recorded. 
Station #7 – Nonstructural  Alternative:  Floodplain buy-out 



  Upper Turkey Creek Feasibility Study 
  Wednesday, October 19, 2011, 5:00 – 8:00 p.m. 
  5701 Merriam Drive, Merriam, Kansas  66203 
 

Evaluation of Meeting 
 

1. Advance notice of the meeting was timely. 
 

Agree - 9  Neutral Disagree - 1 
 
Comments: 

• It may have had good advance notice but I just happened to hear about it 
through an email at 3:30 p.m. (In evaluation of information, writer 
indicates interest in bike trail north and east through KCK) 

• Wonderful 
• Saw Tweet from Merriam just today 

 
2. Technical information was clear. 

 
Agree - 10  Neutral - 2 Disagree 
 
Comments: 

• But no details 
 

3. Questions were answered in plain language. 
 

Yes - 11    No - 1 
 
Comments: 
 

4. Next steps for the project are clear. 
 

Agree – 7   Neutral - 3  Disagree 
 
Comments: 

• Did not give details on costs of possible alternatives. 
• Encourage the least disruption to streamway trail as possible and would 

prefer option of detention not being on Farmers Market property. 
•  
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PUBLIC NOTICE 

      
 US Army Corps 
  of Engineers 
  Kansas City District      

30-Day Notice 
 
 
JOINT PUBLIC NOTICE:  This public notice is issued jointly with the Kansas Department of 
Health and Environment.  The Kansas Department of Health and Environment will use the 
comments to this notice in deciding whether to grant Section 401 water quality certification.  
Commenters are requested to furnish a copy of their comments to the Kansas Department of 
Health and Environment, Bureau of Water - Watershed Management Section, 1000 SW Jackson 
Street, Suite 420, Topeka, Kansas 66612-1367. 
 
APPLICANT:  Kansas City District, Corps of Engineers 
                635 Federal Building 
                           Kansas City, Missouri  64106-2896 
 
PROJECT LOCATION:  The project is located along Turkey Creek in Merriam, Kansas, from 
approximately Shawnee Mission Parkway to Merriam Drive in Johnson County, Kansas.  It is in 
Section 12 of Township 12 South, Range 24 East.  Turkey Creek in this area flows north to south 
and parallels I-35.  A map of the project area is included in Chapter 5 of the Draft Feasibility 
Report with Integrated Environmental Assessment. 
 
AUTHORITY:  Section 404 of the Clean Water Act (33 USC 1344). The feasibility study was 
authorized by Resolution of the Committee on Transportation and Infrastructure, U.S. House of 
Representatives, Docket 2616, adopted February 16, 2000. 
 

Resolved by the Committee on Transportation and Infrastructure of the United 
States House of Representatives, That the Secretary of the Army is requested to 
review the report of the Chief of Engineers on the Turkey Creek Basin, Kansas 
and Missouri, dated June 21, 1999, and other pertinent reports, to determine 
whether any modifications of the recommendations contained therein are 
advisable at the present time in the interest of flood damage reduction for areas 
of Turkey Creek Basin in Johnson and Wyandotte Counties, Kansas, upstream 
of the project for flood damage reduction authorized in section 101(a)(24) of 
Public Law 106-53, the Water Resources Development Act of 1999. 

 

Permit No. 2013-554     
Issue Date:   June 27, 2013               
Expiration Date:  July 26, 2013      



ACTIVITY:   The U.S. Army Corps of Engineers - Kansas City District, in cooperation with the 
City of Merriam, Kansas, propose a levee and floodwall project along Turkey Creek in Johnson 
County, Kansas.  The purpose of this project is to address flooding risks along Turkey Creek 
within Merriam, Kansas.  In addition, sections of the existing limestone revetment stream bank 
retaining wall would be replaced with rip rap in several locations within the project area to 
maintain bank stability.  

 
The National Economic Development (NED) plan involves the installation of concrete 
floodwalls and earthen levees in the project area.  The Merriam downtown or Farmers’ Market 
area would require construction of 280 feet of floodwall 5 feet high upstream of Merriam Drive 
on the left bank of Upper Turkey Creek. On the right bank of the creek, the alternative includes 
550 feet of floodwall 5 to 6 feet high from Merriam Drive upstream to West 57th Street, then 
990 feet of levee 6 feet high, and 550 feet of floodwall 6 feet high downstream of Johnson Drive. 
Two flap gates would be required on drainage structures discharging to the creek, and the 
Merriam Drive Bridge would require the incorporation of an approximately 4-foot high 
headwall. Storm sewer modifications would include 500 feet of storm drainage replacement, and 
an additional 830 feet of pipe rework, a 2,100-foot storm sewer trunk line, and a 2.14-acre/feet 
grass detention basin approximately 80 feet wide by 360 feet long located north of the Farmers’ 
Market for internal drainage. Impacts to utilities would include reconstruction of a sanitary sewer 
line at the crossing south of the Farmers’ Market.   
 
The Industrial and Railway Drive area would require construction of 800 feet of floodwall 4 to 6 
feet high beginning 300 feet upstream of Johnson Drive to 500 feet upstream of West 60th 
Street, then 440 feet of levee 5 feet high along the bike path to 100 feet north of West 61st Street 
on the left bank of the creek. On the right bank of the creek, the alternative includes 1,100 feet of 
floodwall 4 to 6 feet high south of Johnson Drive to 400 feet north of West 61st Street, then 400 
feet of levee 5 feet high to West 61st Street. Three flap gates would be required on a triple 
culvert south of Johnson Drive.   

The Parkway vicinity would require construction of 725 feet of floodwall 5 feet high from 100 
feet south of West 61st Street along the bike path to Knox Avenue where it joins West 62nd 
Street, then 700 feet of levee 3 to 5 feet high from West 62nd Street to West 62nd Terrace, and 
930 feet of floodwall 3 feet high along West 62nd Terrace to Shawnee Mission Parkway on the 
left bank of the creek. On the right bank of the creek, the alternative includes 1,000 feet of 
floodwall 5 feet high from West 61st Street to 400 feet north of Shawnee Mission Parkway, then 
300 feet of levee 5 feet high, and 100 feet of floodwall 4 feet high to Shawnee Mission Parkway. 
Six flap gates would be required on drainage structures discharging to the creek, and the 
pedestrian bridge near West 62nd Terrace would require modification to span 175 feet. Impacts 
to utilities would include reconstruction of a sanitary sewer and water line at and near Shawnee 
Mission Parkway. 
 
Direct project related impacts to waters of the U.S. would result from the replacement of existing 
limestone revetment blocks that line the channel banks and replacing it with 24-inch Bethany 
Falls riprap.  Approximately 1,000 cubic yards of riprap will be placed below the ordinary high 
water mark of Turkey Creek in the following locations: the right descending bank from river 
mile (RM) 2.69 to 2.75, RM 2.93 to 3.03, RM 3.14 to 3.28, RM 3.39 to 3.42, RM 3.59 to 3.62, 
and the left descending bank from RM 3.60 to 3.64.  The 50% annual flood chance flood event 



(2-yr return interval) was used to represent the ordinary high water mark,  which represents a 
conservative (slightly high) estimate of fill below ordinary high water mark.  Project Drawings 
are included as Chapter 5 of the Draft Feasibility Report with Integrated Environmental 
Assessment. 
 
WETLANDS/AQUATIC HABITAT:    There were no wetlands identified within or adjacent 
to the project area.  The Habitat Evaluation Procedures (HEP) green sunfish Habitat Suitability 
Index (HSI) model was used to assess the impacts to waters of the U.S. as part of CWA Section 
404 authorizations.  This model has been certified for use by the National Ecosystem Planning 
Center of Expertise.  The current HSI value for the green sunfish in the project area is 0.52, 
which results in 3.7 habitat units for the project area.  The recommended plan would result in no 
change in HSI scores or habitat units, thus there would be no long-term adverse impact resulting 
from the proposed project on waters of the U.S.  To evaluate the affect of the proposed project on 
the riparian floodplain area, the fox squirrel HSI model was utilized.  The existing HSI score for 
the fox squirrel was 0.12, resulting in 3.18 habitat units over a 26.5 acre area.  These habitat units 
would be lost under the proposed project from the removal of trees in the project footprint.  This 
loss of riparian trees would be mitigated by the planting of 238 hard mast producing trees would 
be planted in the Upper Turkey Creek watershed.  A DRAFT Section 404 (b)(1) Evaluation (40 
CFR 230) has been prepared (See Appendix D in Draft Feasibility Report with Integrated 
Environmental Assessment). 
 
STATEMENT OF AVOIDANCE, MINIMIZATION, AND COMPENSATORY 
MITIGATION FOR UNAVOIDABLE IMPACTS TO AQUATIC RESOURCES:  Impacts 
to downstream receiving waters will be minimized by incorporating on-site best management 
practices.  Alternatives with significant impacts to the ecosystem were screened out in the initial 
planning process.  Unavoidable impacts of the project to riparian floodplain area will be offset by 
planting of 238 hard mast producing trees in the Upper Turkey Creek watershed. 
 
NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) OF 1969, as amended:  The 
Corps has made a preliminary determination that the proposed project would not result in 
significant degradation of the human environment and therefore the proposed project would 
support a Finding of No Significant Impact (FONSI).  The Corps has prepared a Draft Feasibility 
Report with Integrated Environmental Assessment (EA) for the project; this draft document may 
be requested as described below under “Additional Information” and is available for review at 
the Corps of Engineers office and online at the Corps’ web page at: 
http://www.nwk.usace.army.mil/regulatory/CurrentPN/currentnotices.htm.  The Corps will 
utilize comments received in response to this Public Notice and the Draft Feasibility Report with 
Intergated EA to complete our evaluation of the project for compliance with the requirements of 
NEPA, and other Federal, state, and local regulations, including this review for project 
compliance with the requirements of Section 404 of the Clean Water Act.  The Corps has made a 
preliminary determination that the project as proposed would not be contrary to the public 
interest and is in compliance with the Section 404(b)(1) Guidelines (Appendix D of Draft 
Feasibility Report with Integrated Environmental Assessment). 
 
 
 



ADDITIONAL INFORMATION:  Additional information about this application may be 
obtained by contacting Curtis Hoagland at (816) 389-3401 or curtis.r.hoagland@usace.army.mil.  
All comments to this public notice should be directed to U.S. Army Corps of Engineers, ATTN: 
Curtis Hoagland, 635 Federal Building, Kansas City, Missouri 64106.   
 
CULTURAL RESOURCES:  The proposed project has been reviewed in compliance with the 
National Historic Preservation Act of 1966 (Public Law 89-665) including a check of the 
National Register of Historic Places (NRHP) and supplements thereto.  No sites were identified 
within the project area.  A survey of the project area was conducted on December 2, 2012.  The 
survey found no new sites or NRHP eligible properties in the area.  The results of the research 
and survey were coordinated by letter with State Historic Preservation Officer (SHPO).  In that 
letter, the Corps requested concurrence that any proposed work in the project area would have no 
effect on historical properties and that any work could proceed without any further coordination, 
unless in the unlikely event that archeological materials were discover during construction.  
SHPO concurred with this recommendation.    
 
ENDANGERED SPECIES:  In compliance with the Endangered Species Act, a preliminary 
determination has been made that the described work will not affect species designated as 
threatened or endangered or adversely affect critical habitat.  The U.S. Fish and Wildlife Service 
concurred with this determination in previous correspondence.   
 
FLOODPLAINS:  This activity is being reviewed in accordance with Executive Order 11988, 
Floodplain Management, which discourages direct or indirect support of floodplain development 
whenever there is a practicable alternative.  By this public notice, comments are requested from 
individuals and agencies that believe the described work will adversely impact the floodplain. 
 
WATER QUALITY CERTIFICATION:  Section 401 of the Clean Water Act (33 USC 1341) 
requires that all discharges of dredged or fill material must be certified by the appropriate state 
agency as complying with applicable effluent limitations and water quality standards.  This 
public notice serves as an application to the state in which the discharge site is located for 
certification of the discharge.  The discharge must be certified before Department of the Army 
authorization can be issued.  Certification, if issued, expresses the state's opinion that the 
discharge will not violate applicable water quality standards. 
 
PUBLIC INTEREST REVIEW:  The decision to issue authorization will be based on an 
evaluation of the probable impact including the cumulative impacts of the proposed activity on 
the public interest.  That decision will reflect the national concern for both protection and 
utilization of important resources.  The benefits which reasonably may be expected to accrue 
from the proposal must be balanced against its reasonably foreseeable detriments.  All factors 
which may be relevant to the proposal will be considered including the cumulative effects 
thereof; among those are conservation, economics, aesthetics, general environmental concerns, 
wetlands, cultural values, fish and wildlife values, flood hazards, floodplain values, land use, 
navigation, shoreline erosion and accretion, recreation, water supply and conservation, water 
quality, energy needs, safety, food and fiber production, mineral needs and, in general, the needs 
and welfare of the people.  The evaluation of the impact of the activity on the public interest will 
include application of the guidelines promulgated by the Administrator, Environmental 



Protection Agency under authority of Section 404(b) of the Clean Water Act (33 USC 1344).  
The Corps of Engineers is soliciting comments from the public; Federal, state, and local agencies 
and officials; Indian Tribes; and other interested parties in order to consider and evaluate the 
impacts of this proposed activity.  Any comments received will be considered by the Corps of 
Engineers to determine whether to issue, modify, condition or deny an authorization for this 
proposal.  To make this decision, comments are used to address impacts on endangered species, 
historic properties, water quality, general environmental effects, and other public interest factors 
listed above. 
 
COMMENTS:  This notice is provided to outline details of the above-described activity so this 
District may consider all pertinent comments prior to determining if issuance of an authorization 
would be in the public interest.  Any interested party is invited to submit to this office written 
facts or objections relative to the activity on or before the public notice expiration date.  
Comments both favorable and unfavorable will be accepted and made a part of the record and 
will receive full consideration in determining whether it would be in the public interest to issue 
the Department of the Army authorization.  Copies of all comments, including names and 
addresses of commenters may be published in the Final Feasibility Report.  Comments should be 
mailed to: U.S. Army Corps of Engineers, ATTN: Curtis Hoagland, 635 Federal Building, 
Kansas City, Missouri 64106. 
 
PUBLIC MEETING:  A public meeting will be held on Monday July 22, 2013, from 
 5:30-6:45 PM at the Merriam City Hall, 6200 Eby Street, Merriam, Kansas 66202. 
 

 
 

 



PUBLIC NOTICE 

      
 US Army Corps 
  of Engineers 
  Kansas City District      

AMENDMENT 
 
 

 
PURPOSE:  The purpose of this amendment to the original Public Notice dated June 27, 2013 is 
to make a change through addendum to the main feasibility report, make a change in the public 
meeting date and times, and extend the public comment period. 
 
ADDENDUM TO DRAFT FEASIBILITY REPORT WITH INTEGRATED 
ENVIRONMENTAL ASSESSMENT: On page 7-21 of the main report, Section 7.8.1.2, item 
a. 1. Replace “Provide 25 percent of design cost…” with “Provide the required non-Federal share 
of design costs…” 
 
PUBLIC MEETING:  The date of the public meeting has been changed from Monday, 
July 22, 2013 to Wednesday, August 14, 2013 from 5:30-7:00 PM at the Merriam City Hall, 
6200 Eby Street, Merriam, Kansas 66202.  There will be no meeting on July 22, 2013.  
Note: If you require special accommodations (i.e. qualified interpreter, hearing assistance, etc.) 
in order to attend this meeting, please contact the City Clerk’s office 913-322-5500 at least 48 
hours in advance. 
 
COMMENT DATE EXTENSION: The closing date for submitting public comments has been 
extended from July, 26, 2013 to August 21, 2013. 
 
ADDITIONAL INFORMATION:  Additional information about this application may be 
obtained by contacting Curtis Hoagland, (816) 389-3401 or curtis.r.hoagland@usace.army.mil.  
All comments to this public notice should be directed to U.S. Army Corps of Engineers, ATTN: 
Curtis Hoagland, 635 Federal Building, Kansas City, Missouri 64106.   
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1.0 INTRODUCTION 

1.1 LOCATION 
The headwaters of the Turkey Creek Basin are in Lenexa, Kansas, just south of 89th Street, and the 
portion of the watershed upstream of the 4.4 Burlington Northern Santa Fe (BNSF) railroad bridge 
referred to in this study as Upper Turkey Creek and Lower Turkey Creek is the downstream portion. The 
entire basin drains 23 square miles before passing through a quarter-mile-long tunnel to the Kansas River. 
Turkey Creek is approximately 15 miles long and flows parallel to I-35 for almost its entire length. The 
Turkey Creek drainage basin overlaps the common boundary of Johnson and Wyandotte Counties, 
Kansas. Countyline Road passes east-west through the basin separating Johnson County to the south from 
Wyandotte County to the north. This report is focused on the Upper Turkey Creek Basin, or sometimes 
referred to as UTC, and is defined as the basin upstream of an authorized flood risk management 
construction project in the downstream 8,700 feet of the Turkey Creek channel known as Lower Turkey 
Creek in this report.  The primary sites considered for flood risk management plan formulation were a) in 
the City of Merriam, Kansas b) in the Unified Government of Wyandotte County and Kansas City, 
Kansas at an industrial park called Roe Lane; and c) on a flood prone segment of highway, Interstate 35 in 
Johnson County running generally between Merriam and downstream into the Unified Government area.  
Only the City of Merriam site was carried forward.  

1.2  PROPOSED PROJECT 
The Recommended Plan is a levee and floodwall plan in the City of Merriam. These features would 
extend approximately from Shawnee Mission Parkway to Merriam Drive, which is a 1.5-mile stretch that 
includes Merriam’s main downtown reach. Most of the protected area is on the right bank of Turkey 
Creek while much of the left bank remains as an unoccupied floodplain. The features are designed for a 
small urban watershed with levees no more than 6.5 feet high. The Recommended Plan includes 6,822 
feet of floodwall up to 6.5 feet high, 3,383 feet of levees up to 6 feet high, utility modifications, 
approximately 12,427 Auger Grout Piles, and a 2.14 acre-foot detention area (Figures 1 through 6).   
An overview of major construction features is included below: 

 Levees and floodwalls 
 Ground Modification 
 Drainage system modifications 
 Bridge modifications/headwalls 
 Utility  modifications 
 Environmental mitigation 

 

1.3  AUTHORITY 
This study was authorized by Resolution of the Committee on Transportation and Infrastructure, U.S. 
House of Representatives, Docket 2616, adopted February 16, 2000. 

Resolved by the Committee on Transportation and Infrastructure of the United States 
House of Representatives, That the Secretary of the Army is requested to review the report 
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of the Chief of Engineers on the Turkey Creek Basin, Kansas and Missouri, dated June 21, 
1999, and other pertinent reports, to determine whether any modifications of the 
recommendations contained therein are advisable at the present time in the interest of flood 
damage reduction for areas of Turkey Creek Basin in Johnson and Wyandotte Counties, 
Kansas, upstream of the project for flood damage reduction authorized in section 
101(a)(24) of Public Law 106-53, the Water Resources Development Act of 1999. 

2.0 REVIEW OF COMPLIANCE (§ 230.10 a-d) 

2.1 ALTERNATIVES 
In addition to the recommended plan identified above a wide array of alternatives with varying scales of 
channel widening, levees and floodwalls, combinations of widening with levees and floodwalls, and 
property buyouts were considered. Alternatives were examined and compared considering the Federal 
criteria for completeness, efficiency, effectiveness, and acceptability. As alternatives passed through this 
evaluation and screening process, the economic analysis of each alternative’s incremental cost was used 
as a ranking factor in the final selection.  Out of the alternatives having passed review for engineering 
adequacy, environmental and public acceptability, and other evaluation criteria as described below, the 
alternative with the highest net benefits to the national economy was identified as the overall 
recommended NED plan.  The final array of alternatives consisted of the No Action Alternative, 1d – 
Channel Widening to the 1-percent AEP (100-year event), 2d - Levees and Floodwalls to meet the 1-
percent AEP, 3d – Combination of Channel Widening and Levees/Floodwalls, and 4 – Property Buyout.  
More detailed information on the alternatives and screening process can be found in Chapter 5 of this 
feasibility report.  Both alternative 1d and 3d which includes channel widening, results in a much higher 
impact to waters of the US. The property buyout would involve 94 properties making them difficult to 
obtain and result in a much lower cost to benefit ratio and would still leave existing utilities, railroads, and 
roads at risk for future flood damage, making this not a practicable alternative in terms of 404 (b)(1).  The 
levees and floodwalls alternative 2d is considered the least damaging practicable alternative.  Additional 
information on the impact of each of the alternatives on waters of the US can be found in Chapter 6 of 
this feasibility report. 

 

2.2 WATER QUALITY STANDARDS/T&E SPECIES/MARINE SANCTUARIES 
The proposed project would not result in a violation of any applicable state water standard.  A Clean 
Water Act Section 401 State Water Quality Certification would be required prior to beginning any 
construction.  The proposed project would also not violate any applicable toxic effluent standard or 
prohibition under Section 307 of the Clean Water Act.  The construction contractor would be required to 
obtain a Section 402 National Pollution Discharge Elimination System (NPDES) stormwater permit from 
Kansas Department of Health and the Environment (KDHE) prior to beginning any construction.  No 
Federally-listed species, candidate species, or designated critical habitats are located in or adjacent to the 
project area.  No marine sanctuaries exist within or near the project area. 

2.3  WATERS OF THE U.S. 
The proposed project would not cause or contribute to significant degradation of waters of the U.S.  Early 
in the planning process a stream quality assessment was performed for the Upper Turkey Creek watershed 
based on a combination of the Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers 
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(Barbour et al. 1999), and the USDA, Natural Resources Conservation Service (NRCS), Stream Visual 
Assessment Protocol (USDA 1998).  Seventeen different variables were used to characterize physical 
stream conditions, habitat characteristics, and the biological community. Each variable was scored on a 
scale of 1 to 10. Poor conditions for a given variable would result in a low score, while good conditions 
would result in a higher score.  The three reaches evaluated in the project area were all categorized as 
poor with scores being amongst the lowest in the entire Upper Turkey Creek Watershed. At times, the 
Turkey Creek channel within the project area becomes dominated with filamentous algae. Emergent 
aquatic vegetation is virtually non-existent. Additionally, as an indicator of the condition of the aquatic 
habitat, the U.S. Fish and Wildlife Service’s Habitat Evaluation Procedure (HEP) method was utilized to 
calculate a Habitat Suitability Index (HSI) score and determine the existing number of Habitat Units 
(HUs) for green sunfish (Lepomis cyanellus) within the downtown Merriam reach of the project area.  
Within this reach, the HSI for green sunfish was 0.52, resulting in 3.7 HUs for this reach of the river.  
Approximately 25% of the floodplain riparian area has tree canopy cover.  These areas typically consist 
of manicured lawn under the canopy cover. To evaluate the existing condition of the riparian corridor for 
compliance with Section 404 of the CWA, the HEP method was used to calculate an HSI score and 
determine the existing number of habitat units for the fox squirrel (Sciurus niger). Within this reach, the 
HSI score for the fox squirrel was 0.10, resulting in 2.7 HUs over a 26.5-acre area.   A HEP analysis was 
then performed on the proposed project to determine if there would be any impact on green sunfish and 
fox squirrel.  The proposed project would only result in short-term minor impacts to waters of the U.S. 
during construction of the levees and floodwalls.  The proposed project would not result in any impact to 
the green sunfish, but would result in the loss of 2.7 Average Annual Habitat Units (AAHUs) for fox 
squirrel from the removal of approximatley3.6 acres of trees.  This impact would be offset by the planting 
of trees over a 7 acre area.  The proposed project would not cause an adverse impact to human health, life 
stages of organisms dependent on aquatic ecosystems, ecosystem diversity, productivity and stability, 
recreational, aesthetic, and economic values.  A detailed evaluation of the recommended plan can be 
found in chapter 6 of this report. 

2.4  MINIMIZATION OF IMPACTS 
Appropriate and practical steps have been taken which will minimize potential adverse impacts on the 
aquatic ecosystem.  Alternatives with significant impacts to the ecosystem were screened out in the initial 
planning process.  The proposed detention pond should reduce sediment entering the Upper Turkey Creek 
by capturing runoff and sediment and other debris from surrounding urban properties (see Figures 1-2). 

3.0  TECHNICAL EVALUATION FACTORS (SUBPARTS C-F) 

3.1 POTENTIAL IMPACTS ON PHYSICAL AND CHEMICAL 
CHARACTERISTICS OF THE AQUATIC ECOSYSTEM (SUBPART C) 

3.1.1 SUBSTRATE 

There may be some minor short term impacts to the substrate during construction activities from 
equipment working in the channel.  The impact will be minimized by the use of Best Management 
Practices (BMPs) during construction activities.  Following construction, the channel substrate should 
return to the pre-construction state.  Most of the structural alterations (additions of levees and floodwalls) 
would take place outside of the channel.  Due to past channelization in the project area, the creek bed is 
down to bedrock in many areas and the sides of the channel are lined with large limestone blocks.  There 
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are several areas where these blocks are not providing or will not be providing adequate protection and 
will be replaced with 24” riprap (see Figures 1-6). 

3.1.2 SUSPENDED PARTICULATES/TURBIDITY 

The proposed plan would result in minor short-term impacts to suspended particulates and an increase in 
turbidity during project construction.  This would result from disturbing the existing sand/silt substrate 
near the construction location.   There would be a minor long-term decrease in suspended sediments and 
subsequently turbidity from the addition of the detention pond which would allow sediments to settle out 
before entering the stream.  The levees and flood walls would also limit the direct runoff into the stream 
channel which should also allow for a decrease in relative turbidity levels, particularly following the large 
rainfall events.  

3.1.3 WATER 

The Recommended Plan would have minor, short-term construction related impacts to water quality due 
to activities occurring within the creek channel and on the creek banks in order to construct the levees and 
floodwalls.  Additionally, two sewer lines and two waterlines that currently cross under Turkey Creek 
would be replaced.  Replacement of these lines should reduce potential future water quality impacts from 
the breakage of those lines.  Upper Turkey Creek has existing poor water quality issues from a variety of 
point and non-point sources.  This has lead to some areas where filamentous green algae are dominant, 
and emergent aquatic vegetation is non-existent.  This project would not result in a long-term impact to 
water quality. 

3.1.4 CURRENT PATTERNS AND WATER CIRCULATION 

The addition of floodwalls and levees in the recommended plan would constrict very high flows to within 
the leveed/floodwalled area.  This would alter the current patterns and circulation at these high flow 
levels.  At high flows under the existing conditions the water would flow out onto the floodplain which 
would slow the relative speed of the water.  The current pattern and water circulation patterns would be 
unaffected during flows of bankfull or less. 

 

3.1.5 NORMAL WATER FLUCTUATIONS 

The Upper Turkey Creek project area is already an altered system with surrounding areas being highly 
developed with large amounts of impervious surface.  This has created an unnatural hydrograph that 
allows for a rapid runoff of water;  that under undeveloped conditions, large portions of precipitation 
would soak into the ground prior to reaching the creek.  The addition of levees/floodwalls and a detention 
basin will slow water from reaching the creek channel.  Water within the channel however will be at a 
relatively higher level and velocity during high flow events due to being constricted within a narrower 
floodplain area created by the levees/floodwalls.  The altered water level fluctuations of Upper Turkey 
Creek will continue to be altered following construction. 

3.1.6 SALINITY GRADIENTS 

The proposed project would not impact any salinity gradients.  

3.2 POTENTIAL IMPACTS TO THE BIOLOGICAL CHARACTERISTICS OF 
THE AQUATIC ECOSYSTEM (SUBPART D) 
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3.2.1 THREATENED AND ENDANGERED SPECIES 

The recommended plan would have no effect on any Federally-listed threatened or endangered species, 
candidate species, or designated critical habitat. No Federally-listed species, candidate species, or 
designated critical habitats are located in or adjacent to the project area. 

3.2.2 FISH, CRUSTEACEANS, MOLLUSKS, AND OTHER AQUATIC ORGANISMS IN THE 
FOOD WEB 

The recommended plan would cause minor short-term construction related impacts to aquatic organisms 
from the direct displacement of organisms, and potential decreases in water quality during construction 
that may negatively impact species that are not tolerant of these changes. BMPs, as described in Section 6 
of the feasibility report, would help minimize impacts to water quality. Any organisms that would flee the 
project area as a result of direct displacement would be expected to either return to the area after 
construction has been completed or use similar habitat types in locations adjacent to the project.  A HEP 
analysis was done utilizing the green sunfish HSI model to compare between the existing habitat and the 
recommended plan, the result of this analysis determined that AAHUs remained the same under the 
recommended plan.  There would be no long-term adverse impacts to fish, crustaceans, mollusks, or other 
aquatic organisms in the food web. 

3.2.3 OTHER WILDLIFE 

As the project is in a highly developed area, wildlife habitat is somewhat limited with species consisting 
mostly of those that can survive within an urban environment.  However, there would be a removal of 
approximately 3.6 acres of trees creating a minor long-term impact to wildlife.  To mitigate for the loss of 
these trees, approximately 185 hard mast producing trees would be planted in the Upper Turkey Creek 
watershed.  A minor, long-term impact to wildlife would be that the levees and flood walls may 
physically restrict access to Turkey Creek. However, the 15- to 20-foot vertical drop along the creek 
banks due to the channelization with limestone blocks already limits wildlife access to Turkey Creek. To 
comply with the Migratory Bird Treaty Act, the taking of migratory birds, their eggs, and nests would be 
avoided by conducting field surveys if construction were to take place during the migratory bird nesting 
season, generally considered to be from April 1 to July 15.  Additionally short-term impacts from 
construction-related noise and activity may displace wildlife from the project area.  It is anticipated that 
animals displaced by noise would return to the project area following construction. 

 

3.3 POTENTIAL IMPACTS ON SPECIAL AQUATIC SITES (SUBPART E) 

3.3.1  SANCTUARIES AND REFUGES 

No Federal, state or locally managed sanctuary or refuge is located in or adjacent to propose project 
location.  There would be no impacts to sanctuaries or refuges from the proposed project. 

3.3.2 WETLANDS 

No wetlands were identified in or adjacent to the project area.  There would be no impacts to wetlands 
from the proposed project. 

3.3.3  MUD FLATS 

No mud flats would be impacted by the proposed project. 
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3.3.4 VEGETATED SHALLOWS 

No vegetated shallows would be impacted by the proposed project.  No rooted aquatic vegetation is 
located within the project area. 

3.3.5 CORAL REEFS 

No coral reefs would be impacted by the proposed project.  No coral reefs are located in the project area. 

3.3.6 RIFFLE AND POOL COMPLEXES 

Upper Turkey Creek is highly altered within the project area.  A few poorly developed riffle pool 
complexes are present in the area.  The proposed project would not result in any long-term adverse affect 
to riffle pool complexes. 

3.4 POTENTIAL EFFECTS ON HUMAN USE CHARACTERISTICS 
(SUBPART F) 

3.4.1 MUNICIPAL AND PRIVATE WATER SUPPLIES 

Two municipal water lines would be replaced during the project. This may cause a slight disruption to 
those serviced by those lines but this would provide for more stable supply in the future.  No water 
intakes are located in or near the project area. 

3.4.2 RECREATIONAL AND COMMERCIAL FISHERIES 

The proposed project would not negatively affect the suitability of any recreational or commercial 
fisheries.  Lack of stream access in the project area as well as limited water quality is already limiting the 
suitability of the recreational fishery. 

3.4.3 WATER-RELATED RECREATION 

There is little to no water-related recreation within the channel of the Upper Turkey Creek.  A trail is 
located along Turkey Creek in Streamway Park (Figures 1-6), efforts will be made during the detailed 
design phase to retain the trail along the creek.  The proposed project would also result in an approximate 
1 acre loss to Merriam Marketplace and Campbell Park within the footprint of the levees and floodwalls.  
These would result in a minor long-term impact to recreational area near the stream. 

3.4.4 AESTHETICS 

Aesthetics associated with the aquatic ecosystem consist of the perception of beauty by one or a 
combination of the senses of sight, hearing, touch, and smell.  The proposed project area is located in an 
industrial and commercial corridor, with most areas not lending themselves to natural aesthetic values.  
Several park areas are located within the downtown Merriam area.  The placement of levees and 
floodwalls would obstruct the view shed of the creek from many of these businesses and park areas, as 
well as the parallel portions of I-35.  Due to the already highly developed nature of the watershed, it is 
unlikely the proposed project would lead to additional development affecting the aesthetics of the area. 

3.4.5 PARKS, NATIONAL AND HISTORIC MONUMENTS, NATIONAL SEASHORES, 
WILDERNESS AREAS, RESEARCH SITES, AND SIMILAR PRESERVES 

The proposed project would require the use of approximately 1 acre of the Merriam Market Place and the 
adjacent Campbell Park for the placement of the levee and floodwalls (Figures 1-6).  The construction of 
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levees or floodwalls in these areas would affect the view of the stream from the park areas.  The Turkey 
Creek Streamway Park which includes a paved trail that parallels the creek channel could be impacted by 
the proposed project.  However, efforts would be made during the more detailed engineering and design 
phase of any project to retain a trail adjacent to Turkey Creek throughout the project area.  No other 
parks, National and historic monuments, National seashores, wilderness areas, research sites, and similar 
preserves would be adversely impacted by the proposed project. 

4.0 EVALUATION OF DREDGED OR FILL MATERIAL (SUBPART G) 

4.1 GENERAL EVALUATION OF DREDGED OR FILL MATERIAL 
Fill material placed below the ordinary high water mark would consist of 24-inch Bethany Falls riprap 
obtained from a commercial source.  The riprap would replace the current limestone revetment blocks 
lining the channel banks (Figures 1-6).  This would only occur in several areas along the project reach 
where the current limestone blocks would not be compatible with the levee/floodwall or is failing to 
provide adequate bank protection.  No fill would be placed on the stream bed.  Replaced limestone 
revetment blocks would be hauled away by the contractor and disposed of outside of the floodplain.  This 
same type of commercial fill material has been successfully used on other nearby projects, resulting in a 
product that is free from chemical, biological, or other pollutants. 

4.2 CHEMICAL, BIOLOGICAL, AND PHYSICAL EVALUATION AND 
TESTING 

The commercial fill material would meet the testing exclusion as Bethany Falls riprap has been used on 
multiple projects in the nearby area including other projects on Turkey Creek with no harmful effects.  
There is no reason to believe that this fill would contain harmful contaminants. 

5.0 DISPOSAL SITE DELINEATION (§230.11f) 
Fill locations would consist of the bank areas along Turkey Creek.  The approximate location of fill 
placement include the right descending bank from river mile (RM) 2.69 to 2.75, RM 2.93 to 3.03, RM 
3.14 to 3.28, RM 3.39 to 3.42, RM 3.59 to 3.62, and the left descending bank from RM 3.60 to 3.64 
(Figures 1-6) .  As almost the entire stream bank in the project area is lined with limestone rock revetment 
blocks with high steep walls, a delineation of the ordinary high water mark using tradition means (drift 
lines, etc.) would be difficult if not impossible.  Due to availability of the computed water surface 
profiles, the 50-percent annual chance flood event (2-yr return interval) was selected for analysis to 
generate a conservative (slightly high) estimate of fill below ordinary high water.  Based on this level, 
approximately 1,000 cubic yards of clean rip rap fill would be spread over the stream segments listed 
above.  The limestone revetment blocks currently in these locations would be removed and replaced by 
the rip rap resulting in a net zero balance of fill below the ordinary high water mark.   

6.0 ACTIONS TO MINIMIZE ADVERSE EFFECTS (SUBPART H) 
As part of the planning process, alternatives that included channel widening were analyzed as potential 
alternatives.  These would have required a much higher impact to the stream during construction.  The 
preferred alternative minimizes construction related impacts relative to channel widening.  To offset the 
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2.7 AAHU loss of riparian corridor habitat, 7 acres of hard mast producing trees would be planted on 
nearby lands owned by the city, resulting in approximately 3.1 AAHU over a 50 year period of analysis. 
The construction contractor would be required to obtain a Section 402 NPDES stormwater permit from 
Kansas Department of Health and Environement.  As part of the NPDES permit, Best Management 
Practices (BMPs) would be required to minimize the incidental fallback of material into the waterway and 
to minimize the introduction of fuel, petroleum products, or other deleterious material from entering the 
waterway.  Such measures could include the use of erosion control fences; storing equipment, solid waste, 
and petroleum products above the ordinary high water mark and away from areas prone to runoff; and 
requiring that all equipment be clean and free of leaks.  Additional measures to minimize adverse effects 
would include using clean rock fill with minimal fines, stabilizing the earthen material with rock, using 
appropriate construction equipment, minimizing the amount of time that equipment would be in the river 
channel, and not placing fill in the river during unusual high water events. 

7.0 FACTUAL DETERMINATIONS (§230.11) 
A review of the information in sections 2 through 6 above indicate there is minimal potential for long-
term environmental effects of the proposed discharge.  There should be a minor long-term positive benefit 
to sedimentation from the off channel detention basin.  There would be a change to several areas of the 
physical substrate of the channel sidewalls from limestone revetment blocks to 24 inch riprap, however 
this would not have an adverse effect on stream quality.  The water circulation, fluctuation, and salinity 
levels would remain nearly the same for all but the highest flow levels where out of bank flows would be 
confined within the levee floodwalls.  The suspended particulates/turbidity would have a small adverse 
effect during construction activities from equipment working in the channel; however, there should be a 
minor benefit (reduction) to turbidity levels from the off-channel detention basin capturing runoff.  The 
proposed riprap has been used on other nearby projects without any contaminant issues so this project 
should have no impact to contaminants.  There will be localized minor short-term impacts on the aquatic 
ecosystems and organisms during construction but following construction aquatic ecosystem should 
return to similar pre-construction conditions.  Best management practices will be used during construction 
to limit contaminants and other deleterious materials from entering the waterway.  No significant 
cumulative or secondary are anticipated for the proposed project. 

8.0 FINDINGS (§230.12) 
The proposed Upper Turkey Creek Project has been evaluated and determined to be in compliance with 
Clean Water Act Section 404(b)(1) guidelines, with the inclusion of appropriate and practical conditions 
to minimize pollution and adverse effects on the aquatic ecosystem. 
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Figure 1: Recommended Plan (Alternative 2d) – Plate 1
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Figure 2: Recommended Plan (Alternative 2d) – Plate 2
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Figure 3: Recommended Plan (Alternative 2d) – Plate 3
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Figure 4: Recommended Plan (Alternative 2d) – Plate 4
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Figure 5: Recommended Plan (Alternative 2d) – Plate 5
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Figure 6: Recommended Plan (Alternative 2d) – Plate 6



 
 

Bureau of Water 
Watershed Management Section 
1000 SW Jackson, Suite 420 
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Fax: 785-296-5509 

nps@kdheks.gov 
www.kdheks.gov/nps 

 

December 8, 2014 
 
Mr. Curtis R. Hoagland 
Environmental Resources Specialist 
Kansas City District 
U.S. Army Corps of Engineers 
635 Federal Building 
Kansas City, Missouri 64106-2896 

Section 401 Water Quality Certification 
 

RE: PN2013-554:  Applicant: Kansas City District, U.S. Army Corps of Engineers, 635 Federal Building 
Kansas City, Missouri 64106-2896 

 
Mr. Hoagland: 
 
On December 4, 2014, the Kansas Department of Health and Environment (KDHE) received, from the U.S. 
Army Corps of Engineers (USACE), Kansas City District, a request for Section 401 Water Quality Certification 
for the proposed Section 404 project.  However, according to USACE, “Some minor modifications have occurred 
since the PN as described below.  There are no longer any project features upstream of Shawnee Mission 
Parkway.  In Addition the foundations for the flood walls have been widened to add stability due to change in 
H&H rainfall data.  This has reduced our impact to removal of trees from 4 acres to 3.6 acres.  This decreased 
our loss of Average Annual Habitat Units from 3.2 to 2.7 AAHUs.  As a result our mitigation will be the planting 
of 185 trees over 7 acres”.  The final report and EA will be posted on their website after they are approved 
by USACE HQ and finalized. The USACE will send KDHE a copy of the final feasibility report and EA/FONSI. 
Information concerning the Turkey Creek Project is located at: 
http://www.nwk.usace.army.mil/Missions/CivilWorks/CivilWorksProgramsandProjects/UpperTurkeyCreek.
aspx 

 
Description from the U.S. Army Corps of Engineers, Kansas City District/KDHE Joint Public Notice 

dated June 27, 12013: “Proposed: The U.S. Army Corps of Engineers - Kansas City District, in cooperation 
with the City of Merriam, Kansas, propose a levee and floodwall project along Turkey Creek in Johnson 
County, Kansas. The purpose of this project is to address flooding risks along Turkey Creek within Merriam, 
Kansas. In addition, sections of the existing limestone revetment stream bank retaining wall would be replaced 
with rip rap in several locations within the project area to maintain bank stability. The National Economic 
Development (NED) plan involves the installation of concrete floodwalls and earthen levees in the project area. 
The Merriam downtown or Farmers’ Market area would require construction of 280 feet of floodwall 5 feet 
high upstream of Merriam Drive on the left bank of Upper Turkey Creek. On the right bank of the creek, the 
alternative includes 550 feet of floodwall 5 to 6 feet high from Merriam Drive upstream to West 57th Street, 
then 990 feet of levee 6 feet high, and 550 feet of floodwall 6 feet high downstream of Johnson Drive. 
Two flap gates would be required on drainage structures discharging to the creek, and the Merriam Drive 
Bridge would require the incorporation of an approximately 4-foot high headwall. Storm sewer modifications 
would include 500 feet of storm drainage replacement, and an additional 830 feet of pipe rework, a 2,100-foot 
storm sewer trunk line, and a 2.14-acre/feet grass detention basin approximately 80 feet wide by 360 feet long 
located north of the Farmers’ Market for internal drainage. Impacts to utilities would include reconstruction of a 
sanitary sewer line at the crossing south of the Farmers’ Market. The Industrial and Railway Drive area would 

http://www.nwk.usace.army.mil/Missions/CivilWorks/CivilWorksProgramsandProjects/UpperTurkeyCreek.aspx
http://www.nwk.usace.army.mil/Missions/CivilWorks/CivilWorksProgramsandProjects/UpperTurkeyCreek.aspx
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require construction of 800 feet of floodwall 4 to 6 feet high beginning 300 feet upstream of Johnson Drive to 
500 feet upstream of West 60th Street, then 440 feet of levee 5 feet high along the bike path to 100 feet north of 
West 61st Street on the left bank of the creek. On the right bank of the creek, the alternative includes 1,100 feet 
of floodwall 4 to 6 feet high south of Johnson Drive to 400 feet north of West 61st Street, then 400 feet of levee 
5 feet high to West 61st Street. Three flap gates would be required on a triple culvert south of Johnson Drive. 
The Parkway vicinity would require construction of 725 feet of floodwall 5 feet high from 100 feet south of 
West 61st Street along the bike path to Knox Avenue where it joins West 62nd Street, then 700 feet of levee 3 to 
5 feet high from West 62nd Street to West 62nd Terrace, and 930 feet of floodwall 3 feet high along West 62nd 
Terrace to Shawnee Mission Parkway on the left bank of the creek. On the right bank of the creek, the 
alternative includes 1,000 feet of floodwall 5 feet high from West 61st Street to 400 feet north of Shawnee 
Mission Parkway, then 300 feet of levee 5 feet high, and 100 feet of floodwall 4 feet high to Shawnee Mission 
Parkway. Six flap gates would be required on drainage structures discharging to the creek, and the pedestrian 
bridge near West 62nd Terrace would require modification to span 175 feet. Impacts to utilities would include 
reconstruction of a sanitary sewer and water line at and near Shawnee Mission Parkway. Direct project related 
impacts to waters of the U.S. would result from the replacement of existing limestone revetment blocks that line 
the channel banks and replacing it with 24-inch Bethany Falls riprap. Approximately 1,000 cubic yards of riprap 
will be placed below the ordinary high water mark of Turkey Creek in the following locations: the right 
descending bank from river mile (RM) 2.69 to 2.75, RM 2.93 to 3.03, RM 3.14 to 3.28, RM 3.39 to 3.42, RM 
3.59 to 3.62, and the left descending bank from RM 3.60 to 3.64. The 50% annual flood chance flood event 
(2-yr return Interval) was used to represent the ordinary high water mark, which represents a conservative 
(slightly high) estimate of fill below ordinary high water mark. Project Drawings are included as Chapter 5 of 
the Draft Feasibility Report with Integrated Environmental Assessment. The project is located along Turkey 
Creek in Merriam, Kansas, from approximately Shawnee Mission Parkway to Merriam Drive in Johnson 
County, Kansas. It is in Section 12 of Township 12 South, Range 24 East. Turkey Creek in this area flows north 
to south and parallels I-35. A map of the project area is included in Chapter 5 of the Draft Feasibility 
Report with Integrated Environmental Assessment. 
 

WETLANDS/AQUATIC HABITAT: There were no wetlands identified within or adjacent to the project area. 
The Habitat Evaluation Procedures (HEP) green sunfish Habitat Suitability Index (HSI) model was used to 
assess the impacts to waters of the U.S. as part of CWA Section 404 authorizations. This model has been 
certified for use by the National Ecosystem Planning Center of Expertise. The current HSI value for the green 
sunfish in the project area is 0.52, which results in 3.7 habitat units for the project area. The recommended plan 
would result in no change in HSI scores or habitat units, thus there would be no long-term adverse impact 
resulting from the proposed project on waters of the U.S. To evaluate the affect of the proposed project on 
the riparian floodplain area, the fox squirrel HSI model was utilized. The existing HSI score for the fox squirrel 
was 0.12, resulting in 3.18 habitat units over a 26.5 acre area. These habitat units would be lost under the 
proposed project from the removal of trees in the project footprint. This loss of riparian trees would be 
mitigated by the planting of 238 hard mast producing trees would be planted in the Upper Turkey Creek 
watershed. A Draft Section 404 (b)(1) Evaluation (40 CFR 230) has been prepared (See Appendix D in Draft 
Feasibility Report with Integrated Environmental Assessment).    
 
STATEMENT OF AVOIDANCE, MINIMIZATION, AND COMPENSATORY MITIGATION FOR 

UNAVOIDABLE IMPACTS TO AQUATIC RESOURCES: Impacts to downstream receiving waters will 
be minimized by incorporating on-site best management practices. Alternatives with significant impacts to the 
ecosystem were screened out in the initial planning process. Unavoidable impacts of the project to riparian 
floodplain area will be offset by planting of 238 hard mast producing trees in the Upper Turkey Creek 
watershed.”  
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The KDHE has reviewed the USACE provided material and determined the project has the following 
potential water pollutant discharge sources: 

 
1. Construction and excavation activities including grading and filling, equipment and materials storage, 

equipment fueling and maintenance, etc. 
2. Stabilizing of the creek bank  
3. Significant disturbance of riparian area.  

 
 

Discharges from these sources if not minimized or otherwise controlled may cause violations of the provisions 
of Kansas Water Quality Standards found at KAR 28-16-28 et seq.  The Kansas Surface Water Register [KAR 
28-16-28b(g)] documents this segment of (Upper)Turkey Creek being designated for uses including: Primary 
contact recreation stream segment is by law or written permission of the landowner open to and accessible by 
the public, aquatic life support, food procurement, domestic water supply, ground water recharge, industrial 
water supply, irrigation use and livestock watering. 
 

The KDHE has reviewed the certification request materials and associated documents, in response to the 
joint public notice of the project and find there is a potential for significant water quality impacts. Therefore, 
KDHE issues this Section 401 Water Quality Certification subject to the conditions enumerated throughout this 
letter.  

 
1) This certification shall be posted on site through the duration of the project.  
 
2) The  U.S Army Corps of Engineers shall avoid or control the discharge of suspended solids from riparian 

activities so that the project does not cause:  

 
a. Any surface waters of the state within and below the project area to contain discarded solid 

material, including trash, garbage rubbish, offal, grass clippings, discarded building or 
construction materials, car bodies, tires, wire and other unwanted or discarded materials [KAR 
28-16-28e(b)(3)].  

 
b. Any surface waters of the state within and below the project to have floating debris, scum, foam, 

froth and other floating materials directly or indirectly attributable to the project [KAR 28-16-
28e(b)(4)]. 

 
c. Any surface waters of the state within or below the project to have of deposits of sludge or fine 

solids [KAR 28-16-28e(b)(6)].  
 

d. The concentration of dissolved oxygen in Turkey Creek to be lower than 5.0 mg/L, Kansas 
Surface Water Quality Standards [KAR 28-16-28e(d)] in table1g, found in a separate document 
found at: http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf .  

 
e. Addition of suspended solids to Turkey Creek in amounts and concentrations that will interfere 

with the behavior, reproduction, physical habitat, or other factors related to the survival and 
propagation of aquatic or semiaquatic life or terrestrial wildlife [KAR 28-16-28e(2)(B)]. 

 
 

http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf
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3) Construction activities disturbing one acre or more are subject to the National Pollutant Discharge 

Elimination System (N.P.D.E.S.) storm water permit requirements of 40 C.F.R. 122.26. The U.S 
Army Corps of Engineers shall contact Mr. Larry Hook at 785/296-5549, lhook@kdheks.gov; 
Bureau of Water - Industrial Programs (BOW IP) for instructions or visit KDHE’s website: 
www.kdheks.gov/stormwater.  This permit requires a Stormwater Pollution Prevention Plan 
(SWP3) be prepared and retained on site.  
 

4) The U.S Army Corps of Engineers shall avoid or control the discharge of toxic substances, oil and grease 
and other fluids from riparian activities, so that the project does not cause:  

 
a. Any surface waters of the state within and below the project area to have a public health hazard, 

nuisance condition or impairments of designed uses [KAR 28-16-28e(b)(1)]. 
 

b. Any surface waters of the state within and below the project area to have a visible oil and grease 
film or sheen on the water surface or on submerged substrate or adjoining shore lines, nor have a 
sludge or emulsion deposit below the water surface of adjoining shorelines [KAR 28-16-
28e(b)(5)]. 
 

c. Any surface waters of the state within and below the project to contain taste and odor producing 
substances at concentrations which interfere with the production of potable water by 
conventional water treatment processes, impart an unpalatable flavor to edible aquatic or semi-
aquatic life or terrestrial wildlife or that result in noticeable odors in the vicinity [KAR 28-16-
28e(b)(7). 

 
d. The concentration of dissolved oxygen in Turkey Creek to be lower than 5.0 mg/L, Kansas 

Surface Water Quality Standards [KAR 28-16-28e(d)] in table1g, found in a separate document 
found at: http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf. 

 
e. The pH in Turkey Creek to be below 6.5 or above 8.5 including effects by   concentrations of 

toxic substances.  Refer to Surface Water Quality Standards  [KAR 28-16-28e(d)] in table1g, a 
separate document found at: 
http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf 

 
f. Concentrations of toxic substances listed in Tables 1a, 1b, and 1c [KAR 28-16-28e(d)]  in 

Turkey Creek to exceed the criteria set out in these tables [KAR 28-16-28e(c)(2)(D) & KAR 28-
16-28e(c)(4)(A)]. 

 
g. In Turkey Creek harmful concentrations of any substance alone or in combination with other 

substances causing toxic, carcinogenic, teratogenic, or mutagenic effects in humans [KAR 28-
16-28e(c)(3)(C)]. 

 
h. Concentrations of substances that bio-accumulate in the tissues of edible organisms to exceed a 

cancer risk level of (10-6 ) in persons consuming organisms taken from Turkey Creek [KAR 28-
16-28e(c)(4)( B)]. 

 
5) The activity shall avoid or control the discharge of plant nutrients from  wetland removal, removal of 

permanent riparian vegetation, so that the project does not cause: 
 

mailto:lhook@kdheks.gov
http://www.kdheks.gov/stormwater
http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf
http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf
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a. Accelerated succession or replacement of aquatic biota or the production of undesirable 
quantities or kinds of aquatic life in Turkey Creek [KAR 28-16-28e(c)(2)(A)]. 
 

b. Cause the development of objectionable concentrations of algae or algal by-products or nuisance 
growths of submersed, floating, emergent aquatic vegetation in Turkey Creek [KAR 28-16-
28e(c)(7)(A)]. 

 
c. The concentration of dissolved oxygen in Turkey Creek to be lower than 5.0 mg/L, Kansas 

Surface Water Quality Standards [KAR 28-16-28e(d)] in table1g, found in a separate document 
found at: http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf. 

 
6) The U.S Army Corps of Engineers shall avoid or control the discharge of Escherichia-coli  bacteria  from 

the project sites, especially human sanitation or housekeeping activities and surface runoff so that the 
project does not cause the Escherichia-coli bacteria concentration of Turkey Creek to exceed a geometric 
mean of 427 organisms per 100 milliliters during the period of Apri1 through October 31 and geometric 
mean of 3,843 organisms per 100 milliliters during the period of  November 1 through March 31.  [KAR 28-
16-28e(c)(7)(D)].  

 
7) The U.S Army Corps of Engineers shall prepare a water quality protection plan describing the actions that 

will be taken to comply with Certification Conditions 2-6.  The SWPP referenced in condition 3 above will 
suffice.  The applicant is strongly encouraged to also address the following items in the SWPP plan: 

 
a. Riparian Areas: Minimize removal or disturbance of riparian areas (areas adjacent to water 

bodies).  Strongly consider using native vegetation endemic to the area. 
 

b. Erosion and sediment control: Maintain practices to minimize or avoid soil loss and 
sedimentation. 

 
c. Solid Waste:  All waste materials produced by the construction project shall be disposed of in 

accordance with the provisions of the Kansas solid waste management statutes and regulations 
(K.S.A. 65-3401 and K.A.R. 28-29-1 et. seq.) or applicable local rules. Good housekeeping 
including personal refuse such as food containers, sacks etc. shall be addressed.  

 

d. Fuels, Chemicals and Maintenance Areas:  All fuels and chemicals necessary to complete the 
project shall be stored in such a manner that accidental spillage is minimized or can be 
temporarily contained before reaching the water body.  Equipment maintenance areas shall also 
be located in this manner. 
  

e. Spills: Should a spill of fuel or discharge of pollutants occur, the local emergency staff should be 
contacted first by dialing 911. The Kansas Department of Health and Environment shall then be 
notified immediately: (785) 296-1679 (24 hours a day.)  These incidences should also be 
reported to the National Spill Response Center (1-800-424-8802). Hazardous materials spills 

and air releases that meet federal reportable quantities must also be reported to Kansas Division 

of Emergency Management (800-275-0297)." These reporting numbers shall be posted in several 
locations around the site. A Spill Prevention and Response Plan should be prepared. This should 
include reportable quantity limits (see www.kansas.gov/kdem). 

 

http://www.kdhe.state.ks.us/water/download/swqs_numeric_criteria.pdf
http://www.kansas.gov/kdem
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f. Floating Debris:  The applicant shall take appropriate measures to capture any floating debris 
released to surface waters as a result of this project. 

 

g. Materials used to stabilize stream banks area shall be free of pollutants which can wash or leach 
into waters of the state. 
  

8) If the applicant believes the conditions of this certification will result in impairment of important 
widespread social and economic development, the applicant is advised of the variance provisions of KAR 
28-16-28b(lll) and KAR 28-16-28f(e). 

 
Questions concerning this certification may be directed to Mr. Scott Satterthwaite, 785-296-5573. 

        
 
 
 
     Sincerely, 

  
     Scott L. Satterthwaite, M.S. 
     Non-point Source Pollution Control Specialist 
     Bureau of Water-Watershed Management Section 
 
EC:  KDHE- Rowlands, Stiles, Hook 

KDA DWR- Phillips 
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PRELIMINARY JURISDICTIONAL DETERMINATION FORM 

BACKGROUND INFORMATION 

A.   REPORT COMPLETION DATE FOR PRELIMINARY JURISDICTIONAL 
DETERMINATION (JD): April 26, 2013    

 
B.   NAME AND ADDRESS OF PERSON REQUESTING PRELIMINARY JD:       
 
C.   DISTRICT OFFICE, FILE NAME, AND NUMBER: Kansas City District, Upper 
Turkey Creek Feasibility Study, 2013-554  
 
D.   PROJECT LOCATION(S) AND BACKGROUND INFORMATION: The Corps of 
Engineers in conjunction with the local project sponsor, the City of Merriam conducted a 
feasibility study on decreasing the flood risk along Turkey Creek in Merriam, Kansas.  
The proposed project is a series of levees and floodwall approximately from Shawnee 
Mission Parkway to Merriam Drive (see attached maps).  The plan includes 
approximately 6,035 feet of floodwall up to six feet in height, 2,740 feet of levees up to 
five feet in height, a total of 3,340 feet of storm drainage work, and a 2.14 acre-foot 
detention area.  The project may also include some replacement of existing large stone 
retaining wall blocks with riprap within the channel to enhance stability.   
(USE THE ATTACHED TABLE TO DOCUMENT MULTIPLE WATERBODIES AT 
DIFFERENT SITES) 

State: Kansas   County/parish/borough: Johnson and Wyandotte Counties 
 City: Merriam 
Center coordinates of site (lat/long in degree decimal format):  Lat. 39.020886° N, 
Long. 94.694782° W.  
           Universal Transverse Mercator: 15 S 353262 E 4320423 
Name of nearest waterbody: Turkey Creek 
 
Identify (estimate) amount of waters in the review area:  
     Non-wetland waters:  Approximately 7,030 linear feet: 20 to 60 (~25ft average) 
width (ft) and/or       acres. 
 Cowardin Class:             
 Stream Flow:  Approximately 5 cfs  
     Wetlands:       acres. 
 Cowardin Class:          
 
Name of any water bodies on the site that have been identified as Section 10 
waters:  
 Tidal: None 
 Non-Tidal: None 
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E.   REVIEW PERFORMED FOR SITE EVALUATION (CHECK ALL THAT APPLY): 
 Office (Desk) Determination.  Date: April 26, 2013    
 Field Determination.  Date(s):       

1.  The Corps of Engineers believes that there may be jurisdictional waters of the United 
States on the subject site, and the permit applicant or other affected party who 
requested this preliminary JD is hereby advised of his or her option to request and 
obtain an approved jurisdictional determination (JD) for that site.  Nevertheless, the 
permit applicant or other person who requested this preliminary JD has declined to 
exercise the option to obtain an approved JD in this instance and at this time. 
 
2.  In any circumstance where a permit applicant obtains an individual permit, or a 
Nationwide General Permit (NWP) or other general permit verification requiring “pre-
construction notification” (PCN), or requests verification for a non-reporting NWP or 
other general permit, and the permit applicant has not requested an approved JD for the 
activity, the permit applicant is hereby made aware of the following: (1) the permit 
applicant has elected to seek a permit authorization based on a preliminary JD, which 
does not make an official determination of jurisdictional waters; (2) that the applicant 
has the option to request an approved JD before accepting the terms and conditions of 
the permit authorization, and that basing a permit authorization on an approved JD 
could possibly result in less compensatory mitigation being required or different special 
conditions; (3) that the applicant has the right to request an individual permit rather than 
accepting the terms and conditions of the NWP or other general permit authorization; 
(4) that the applicant can accept a permit authorization and thereby agree to comply 
with all the terms and conditions of that permit, including whatever mitigation 
requirements the Corps has determined to be necessary; (5) that undertaking any 
activity in reliance upon the subject permit authorization without requesting an approved 
JD constitutes the applicant’s acceptance of the use of the preliminary JD, but that 
either form of JD will be processed as soon as is practicable; (6) accepting a permit 
authorization (e.g., signing a proffered individual permit) or undertaking any activity in 
reliance on any form of Corps permit authorization based on a preliminary JD 
constitutes agreement that all wetlands and other water bodies on the site affected in 
any way by that activity are jurisdictional waters of the United States, and precludes any 
challenge to such jurisdiction in any administrative or judicial compliance or 
enforcement action, or in any administrative appeal or in any Federal court; and (7) 
whether the applicant elects to use either an approved JD or a preliminary JD, that  JD 
will be processed as soon as is practicable.  Further, an approved JD, a proffered 
individual permit (and all terms and conditions contained therein), or individual permit 
denial can be administratively appealed pursuant to 33 C.F.R. Part 331, and that in any 
administrative appeal, jurisdictional issues can be raised (see 33 C.F.R. 331.5(a)(2)).  If, 
during that administrative appeal, it becomes necessary to make an official 
determination whether CWA jurisdiction exists over a site, or to provide an official 
delineation of jurisdictional waters on the site, the Corps will provide an approved JD to 
accomplish that result, as soon as is practicable. 
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This preliminary JD finds that there “may be” waters of the United States on the subject 
project site, and identifies all aquatic features on the site that could be affected by the 
proposed activity, based on the following information: 
SUPPORTING DATA.  Data reviewed for preliminary JD (check all that apply - 

checked items should be included in case file and, where checked and requested, 
appropriately reference sources below): 

 Maps, plans, plots or plat submitted by or on behalf of the applicant/consultant: 
US Army Corps of Engineers. 

 Data sheets prepared/submitted by or on behalf of the applicant/consultant.  
  Office concurs with data sheets/delineation report.   

  Office does not concur with data sheets/delineation report.   
 Data sheets prepared by the Corps:     . 

 Corps navigable waters’ study:     . 
 U.S. Geological Survey Hydrologic Atlas: Online National Map Site. 

  USGS NHD data.   
  USGS 8 and 12 digit HUC maps.   

 U.S. Geological Survey map(s). Cite scale & quad name:     . 

 USDA Natural Resources Conservation Service Soil Survey. Citation:     . 
 National wetlands inventory map(s).  Cite name: Online NWI Mapper. 
 State/Local wetland inventory map(s):     . 

 FEMA/FIRM maps:     . 

 100-year Floodplain Elevation is:     (National Geodectic Vertical Datum of 
1929) 

 Photographs:  Aerial (Name & Date):2012, 2011, 2010, 2008, 2006.  
    or  Other (Name & Date):     .  

 Previous determination(s).  File no. and date of response letter:     . 

 Other information (please specify):     . 
 

IMPORTANT NOTE: The information recorded on this form has not necessarily 
been verified by the Corps and should not be relied upon for later jurisdictional 
determinations. 
 
 
 
_________________________                           __________________________ 
Signature and date of   Signature and date of 
Regulatory Project Manager   person requesting preliminary JD 
(REQUIRED)  (REQUIRED, unless obtaining the 

signature is impracticable) 
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SAMPLE 

Site 
number Latitude Longitude Cowardin 

Class 

Estimated 
amount of 
aquatic resource 
in review area 

Class of 
aquatic 
resource 

1      

2      

3      

4      
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Figure ES-1: NED Plan-Northern Portion
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Figure ES-2: NED Plan-Southern Portion 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE 
The purpose of this economic analysis is to identify the extent of the economic impact from 
flooding and, on a comparable basis, evaluate the range of plans considered in the study. The 
analysis requires a risk-based analysis of the flood problem under the existing condition. The 
existing, future without-project, and future with-project conditions are established, and a risk-based 
evaluation in terms of benefits, costs, and performance of the various alternatives under the with-
project condition is presented. The analysis encompasses all flood-prone properties within the study 
area. 

1.2 REFERENCES 
The analysis was accomplished under the procedures outlined in the following: 

• Economic and Environmental Principles and Guidelines for Water and Related Resources 
Implementation Studies (P&G) -- Water Resources Council, 1983; 

• Engineering Regulation (ER) 1105-2-100, Planning Guidance Notebook -- 22 April 2000; 
• ER 1105-2-101, Risk Analysis for Flood Damage Reduction Studies -- 3 January 2006; 
• Engineering Manual (EM) 1110-2-1619, Risk-Based Analysis for Flood Damage 

Reduction Studies -- 1 August 1996; 
• HEC-FDA Flood Damage Reduction Analysis User’s Manual (Version 1.2.4) -- 

Hydrologic Engineering Center, USACE Institute for Water Resources, November 2008. 
• Economic Guidance Memorandum (EGM) 04-01, Generic Depth-Damage Relationships 

for Residential Structures With Basements – USACE Institute for Water Resources, 10 
October 2003. 

• Depth-Damage Relationships for Structures, Contents, and Vehicles and Content-to-
Structure Value Ratios in Support of the Lower Atchafalaya Reevaluation and Morganza to 
the Gulf, Louisiana Feasibility Studies – USACE-MVN (New Orleans District), May 1997; 

• IWR Report 96-R-12, Analysis of Non-residential Content Value and Depth-Damage Data 
for Flood Damage Reduction Studies -- Jack C. Kiefer and J. Scott Willett (Planning & 
Management Consultants Ltd., Carbondale IL), May 1996; 

• EGM 09-04, Generic Depth-Damage Relationships for Vehicles -- 22 Jun 2009; 
• Water Resources Development Act (WRDA) of 1990, Section 308; 
• Residential Cost Handbook -- Marshall & Swift, various updates 2002-2010; 
• EM 1110-2-1304, Civil Works Construction Cost Index System (CWCCIS) – version of 30 

September 2013. 
• Engineer Circular 1165-2-209, Civil Works Review Policy -- 31 January 2010. 

 
Other references pertinent to the analysis include the following: 

• 1993 Interagency Floodplain Management Review Committee Report (Galloway Report); 
• Impacts of the Great Flood of 1993, U.S. Army Corps of Engineers Lower Mississippi 

Valley Division, May 1996; 
• Flood Plain Management Assessment of the Upper Mississippi River and Lower Missouri 

Rivers and Tributaries, U. S. Army Corps of Engineers June 1995. 



 

F-6 

2.0 STUDY AREA BACKGROUND 

2.1 STUDY AREA LOCATION 
Turkey Creek is a right bank tributary of the lower Kansas River. The Upper Turkey Creek Basin 
study area is located in northeastern Johnson and southeastern Wyandotte Counties in Kansas and is 
a part of the Kansas City Metropolitan Statistical Area (MSA). The initial study area boundaries 
were Upper Turkey Creek stream miles (RM) -1.119 to 7.508. RM 0 is at the boundary between 
Johnson and Wyandotte Counties.  The basin contains a highly developed urban area in the Kansas 
portion of the Kansas City MSA. Portions of the Kansas cities of Merriam, Lenexa, Overland Park, 
and Kansas City are located in the basin study area. The focus of the screening is on the Merriam 
reaches (RM 2.035 to 5.394) because this is the only area that has both very significant investment 
in the floodplain and interest from the local sponsor in a flood risk management project. 

2.2 STUDY AREA ECONOMY AND ACCESS 
The Upper Turkey Creek study area is part of the Kansas City MSA, which has a diverse and varied 
economic base. As a centrally located market, the Kansas City metropolitan area is a major 
warehouse and distribution center and a leading agribusiness center. It ranks first in the nation as a 
farm distribution center and as a market for hard wheat. In addition to its agribusiness activities, the 
Kansas City metropolitan area has major industrial activities, such as auto and truck assembly, steel 
and metal fabrication, and food processing. The Kansas City metropolitan area also fosters a 
growing non-manufacturing sector. Wholesale and retail industries and service organizations are 
now chief employers in the area. The initial Upper Turkey Creek study area (RM -1.119 to 7.508) 
contains approximately 105 businesses, including about 90 commercial and industrial buildings in 
the Merriam reaches that are the focus of the analysis (RM 2.035 to 5.394). Types of businesses 
range from light manufacturing, construction and earthwork, auto repair, auto sales, and tool and 
die manufacturing to retail and service businesses. 
The Kansas City metropolitan area has a major network of interstates and major highways that 
provide excellent access to the study area. The area is easily accessed by Interstate 35 (I-35), which 
runs parallel to Turkey Creek and the study area. Kansas City International Airport, some 20 miles 
north of the study area, is easily accessible via the interstate system. Major rail service also is 
available to the study area. 

2.3 STUDY AREA SOCIOECONOMIC CHARACTERISTICS 
Census 2010 data for 14 tracts encompassing the overall study area were compiled to describe the 
socioeconomic characteristics of the study area. Census 2010 data were also compiled for counties 
in the study area and for the Kansas City, Missouri, and Kansas MSA. Although census tracts cover 
areas that may typically be somewhat larger than the study area, tract data are considered to be 
generally representative of study area characteristics. The overall study area includes portions of 
Kansas Census tracts (KCT) numbers 434, 450, 502, 503.01, 504, 511, 519.03, 519.06, 519.07, 
520.01, 520.04, 521.01, 522.01, and 9800.02. The Merriam project area includes portions of five 
Johnson County tracts. These include KCT numbers 519.06, 520.01, 520.04, 521.01, and 522.01. 
The 2010 population of the overall study area’s 14 census tracts was 42,503, and the population of 
the Merriam reaches was 14,857, which equates to about 2.1 percent and 0.7 percent of population 
of the Kansas City MSA, respectively. Approximately 20.5 percent of the overall study area 
population and 19.0 percent of the Merriam reaches population were 17 years of age or younger. 
Approximately 12.1 percent of the overall study area’s population and 12.6 percent of the 
population of the Merriam reaches was over the age of 65. There were 19,801 households in the 
census tracts in the overall study area with an average household size of 2.1. The 6,804 households 
in the Merriam reaches have an average household size of 2.1, compared with an average household 
size of 2.2 for Merriam. There were 21,907 housing units in the overall study area, 46.7 percent of 
which were owner occupied, 43.6 percent renter occupied, and the remaining 9.6 percent vacant. In 
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the Merriam reaches, there were 7,440 housing units, of which, 42.9 percent were owner occupied, 
48.6 percent were renter occupied, and 8.5 percent were vacant.  
The two primary economic indicators in the study area are employment and income. The indicators 
show the number and the quality of the jobs available to the study area population. At the time data 
were collected for the 2010 census, the census tracts in the overall study area experienced 
unemployment of 6.1 percent, which was significantly below the national average of 7.9 percent. 
The 3.9 percent unemployment rate for the census tracts in the Merriam project area was even 
lower. The range of median household income is $37,744 to $59,486 for the census tracts in the 
overall study area and $41,910 to $59,486 for the census tracts in the Merriam project area. For 
comparison, the median population for the United States is in the middle of these ranges at $51,914. 
Table 2-1 displays the population, employment, and housing characteristics for the study area 
census tracts, Johnson and Wyandotte Counties, and the Kansas City MSA. 
 

Table 2-1: Population, Employment, and Housing Characteristics, 2010 

 Overall 
Study 
Area 

Census 
Tracts 

Merriam 
Project Area 

Census Tracts 

Merriam, 
Kansas 

Johnson 
County, 
Kansas 

Wyandotte 
County, 
Kansas 

Kansas 
City (MO–
KS) MSA 

Kansas United States 

Population 2010 42,503 14,857 11,107 531,228 155,462 1,999,718 2,809,329 303,965,272 

Households 2010 19,801 6,804 5,125 210,278 57,207 789,432 1,101,672 114,235,996 

Average number 
of persons per 
household 

2.1 2.1 2.2 2.5 2.7 2.5 2.5 2.6 

% Under age 18 20.5% 19.0% 18.6% 26.7% 28.2% 25.8% 25.5% 24.4% 

% Over age 65 12.1% 12.6% 13.4% 10.6% 10.7% 11.7% 13.1% 12.7% 

Unemployment 6.1% 3.9% 5.2% 4.6% 12.2% 6.8% 6.0% 7.9% 

Mediana 
household 
income 

$37,744 to 
$59,486 

$41,910 to 
$59,486 $49,957 $73,733 $38,503 $55,749 $49,424 $51,914 

Housing vacancy 
rate 

9.6% 8.5% 6.3% 5.4% 14.4% 9.6% 9.9% 12.2% 

Mediana house 
value 

$73,600 to 
$159,000 

$148,300 to 
$158,000 $155,000 $209,900 $97,600 $158,000 $122,600 $188,400 

 Source: U.S. Census American Community Survey 2010 5-year estimates 
a Median values are given as the range of median values among the census tracts, excluding Census Tract 9800.02, 
which did not have enough houses or households to provide a meaningful median. 

 

2.4 HISTORICAL FLOOD EVENTS AND DAMAGES 
Repeated flooding by Turkey Creek has caused severe physical flood damages and loss of revenues 
during periods of flooding. It also has significantly impacted transportation access in the area. 
Significant damage in the basin has occurred most recently in 1961, 1977, 1993, 1998, and 1999. 
Damages reported for the July 1993 flood in Merriam were about $3.4 million (approximately $6.4 
million in October 2014 dollars, using the ENR Construction Cost Index or CCI to adjust). In 
October 1998, estimated flood damages in Merriam totaled $12 million (approximately $19.8 
million in October 2014 dollars based on the CCI), and I-35, which runs parallel to Turkey Creek, 
was overtopped at five different locations. The U.S. Army Corps of Engineers (USACE), Kansas 
City District, hydrology and hydraulics staff estimates that the 1998 flood event was a 1-percent 
event, but there is a high degree of uncertainty for this estimate since Upper Turkey Creek is an 
ungaged stream. It is also important to note that reported damages are often not wholly 
representative of actual total damages incurred during flood events because many people and 
businesses do not report damages to officials and post-flood surveys are often less than 
comprehensive. Table 2-2 lists known flood events in both the upper and lower portions of the 
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Turkey Creek Basin, including a description of the flooding and estimated damages if known. (The 
mentions of Rosedale refer to a neighborhood downstream of the Upper Turkey Creek study area.)  
Specific historical flood damage data were collected during interviews of businesses in the study 
area and noted in the structure inventory data. 
 
 

Table 2-2: Turkey Creek Flood History 

Event Description of Flooding 

Estimated 
Damages (price 
level based on 

year of 
occurrence) 

May 5–6, 1904 Not available. Unknown 
October 21–22, 1908 Not available. Unknown 
September 6–7, 1914 Not available. Unknown 

June 1, 1935 

Flood depths up to 7 feet occurred with estimated discharge 
of 13,650 cfs. Commercial, industrial, and railroad damages 
were experienced in Merriam, Rosedale, and along 
Southwest Boulevard. 

Unknown 

April 21–22, 1944 Not available.  

July 30–31, 1958 
Flood damage at Merriam and along Southwest Boulevard, 
at least 69 buildings damaged. Railroad tracks washed out 
west of Roe. Estimated discharge of 4,400 cfs at Merriam. 

$155,000 

September 12–13, 1961 Flooding damaged at least 82 buildings; No. 10 Fire Station 
was flooded to 1 foot depth, and I-35 was under water. $240,000 

July 21, 1968 Not available. Unknown 

September 12–13, 1977 
Significant damage occurred along Southwest Blvd in the 
Rosedale District (estimated discharge of 11,700 cfs) and in 
Merriam; numerous buildings were damaged. 

$8,100,000 

April 1, 1983 
Rosedale District and the state line area experienced severe 
flooding. Flood depths reached an estimated 4–6 feet in the 
state line area (estimated 12,500 cfs discharge). 

Unknown 

September 17, 1986 

Rosedale District experienced severe damage with many 
buildings flooded. I-35 northbound lanes under water and 
other transportation damages occurred. Damages to city 
infrastructure (e.g., bridges, sewers, and streets). 

Unknown 

July 10, 1993 

Largest flood on record. Damages in Rosedale, state line, 
and the Kansas City Central Industrial District. One fatality, 
but loss of life could have been greater had flood occurred 
during business hours rather than in the early morning hours. 

$22,000,000 
(partial estimate) 

October 4–5, 1998 

Severe flash flooding in Merriam and along Southwest 
Boulevard, numerous flooded buildings, mud and debris 
deposits. Flood depths and extents of flooding were very 
similar to the 1993 event. I-35 was closed for a few hours. 

$25,000,000 
(rough partial 
estimate) 

June 27–28, 1999 

Some businesses along Southwest Boulevard flooded 
(approximately 1-foot depth); people rescued from cars 
stalled in high water; street intersections closed; I-35 closed 
at 18th Street, and at Lamar, for a couple of hours. 

Unknown 

August 28, 2004 Limited flooding; buildings downstream along Southwest 
Boulevard were evacuated. Unknown 
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3.0 WITHOUT-PROJECT CONDITION ANALYSIS 

3.1 MAPPING 
Electronic mapping data files were obtained from local government sources, and Kansas City 
District GIS staff compiled detailed aerial maps of the study area with 2-foot contours. GIS staff 
also obtained electronic files from local cities and counties that contained structure footprints and 
land parcel data (including parcel valuation).  Kansas City District economics staff completed the 
data collection for commercial, residential, and public investment in the study area. 

3.2 STUDY REACHES 
For purposes of the analysis, the initial study area along Upper Turkey Creek was divided into nine 
reaches, including a split-flow reach that runs parallel to the main channel. A reach also was 
designated for each of two Upper Turkey Creek tributaries. Table 3-1 below lists the study reaches, 
their river mile boundaries, and the designated index point location for each reach. The reach index 
point is used to aggregate the stage damage relationships for the different categories of investment 
in each reach at a common location. 
 
 

Table 3-1: Initial Study Reaches 

Damage Reach Name 
Beginning 

Station  
(RM) 

Ending 
Station (RM) Bank 

Index Location 
Station  

(RM) 
Reach 1a -1.199 -0.730 Both -0.816 
RR Bypass Reach -0.590 -0.525 Both -0.560 
Reach 1b -0.730 0 Both -0.206 
Reach 2 0 2.035 Both .897 
Reach 3a 2.035 2.593 Both 2.120 
Reach 3b 2.593 3.855 Both 3.298 
Reach 3c 3.855 5.394 Both 4.767 
Reach 4 5.394 7.247 Both 6.038 
Reach 5 7.402 7.508 Both 7.479 
Tributary 81 Reach 5.649 6.708 Both 6.1 
Tributary 85 Reach 5.855 6.712 Both 6.187 

 

3.2.1 REACH 1A 

Reach 1a is located in Wyandotte County. The downstream reach limit is RM –1.199, located 
slightly east of the intersection of Roe Lane and Merriam Lane. The upstream limit is RM –0.730, 
which is the boundary of a potential Roe Lane project area. Because of lack of interest from the 
local sponsors, Reach 1a was not evaluated in detail with the Hydrologic Engineering Center-Flood 
Damage Reduction Analysis (HEC-FDA) software to screen alternatives. 

3.2.2 RR BYPASS REACH 

The RR Bypass Reach is a split-flow reach that runs parallel to Reach 1a of Upper Turkey Creek. 
Structures in the RR Bypass Reach are subject to flooding from both RR Bypass Reach and Reach 
1a. Similar to Reach 1a, the RR Bypass Reach was not evaluated in detail with the HEC-FDA 
software to screen alternatives, due to lack of interest from local sponsors.  
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3.2.3 REACH 1B 

Reach 1b is located between the potential Roe Lane project area (RM –0.730) and the county line at 
RM 0. Reach 1b was not evaluated in detail with the HEC-FDA software. 

3.2.4 REACH 2 

Reach 2 is within Johnson County, Kansas, extending from RM 0 to 2.035, flowing through 
portions of Mission and Overland Park between Merriam and the county line. Reach 2 was not 
evaluated in detail with the HEC-FDA software. 

3.2.5 REACH 3A 

Reach 3a is just downstream of the potential project area in Merriam, between RM 2.035 near 
Antioch Road and RM 2.593 near 55th Street. Reach 3a was evaluated in detail with the HEC-FDA 
software.  

3.2.6 REACH 3B 

Reach 3b is the potential project area in Merriam between RM 2.593 near 55th Street and RM 3.855 
near 63rd Street (Shawnee Mission Parkway). Reach 3b was evaluated in detail with the HEC-FDA 
software, and its boundaries are shown in Figures 5-1 through 5-4 of Chapter 5. 

3.2.7 REACH 3C 

Reach 3c is located between the potential Merriam project area (RM 3.855) and 75th Street (RM 
5.394). Reach 3c was evaluated in detail with the HEC-FDA software. 

3.2.8 REACH 4 

Reach 4 extends from RM 5.394 to 7.247 just north of 87th Street Parkway. Reach 4 was not 
evaluated in detail with the HEC-FDA software. 

3.2.9 REACH 5 

Reach 5 is located between RM 7.247 to 7.508 in the area of 87th Street Parkway. Reach 5 was not 
evaluated in detail using the HEC-FDA software. 

3.2.10 TRIBUTARY 81 REACH 

Tributary 81 Reach is located at Turkey Creek RM 5.649 (confluence) and extends slightly more 
than 1 mile upstream to tributary mile 6.708. Tributary 81 was not evaluated in detail with the 
HEC-FDA software. 

3.2.11 TRIBUTARY 85 REACH 

Tributary 85 Reach is located at Turkey Creek RM 5.855 (confluence) and extends approximately 
nine-tenths of a mile upstream to tributary mile 6.712. Tributary 85 was not evaluated in detail with 
the HEC-FDA software. 

3.3 ECONOMIC DATA COLLECTION 
Economic data collection efforts for the small number of residential structures were based on visual 
observation during the field survey. Data obtained for the commercial, industrial, and public 
facilities were based on a mix of direct interviews of typical businesses in the study area and visual 
field observation. 

3.3.1 FIELD SURVEY AND INTERVIEWS 

Kansas City District staff conducted a windshield survey of all development in the study area to 
identify individual businesses and entities subject to flood damage. A survey form recently 
approved by Office of Management and Budget for use in data collection efforts for another  
Kansas City District study was used for the field survey data collection efforts in the Upper Turkey 
Creek study. A sample of the survey form is included as Attachment 1. Based on visual observation 
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during the windshield survey, a mix of businesses representative of typical businesses in the study 
area was identified for interviews conducted by Kansas City District economics staff.  
Completed interview survey forms provided detailed information about property values, location of 
damageable investment, and damage susceptibility of the investment at various depths of flooding. 
Data included the type of business, depreciated replacement structure value, and investment values 
by physical location (basement, first floor, second floor) for inventory, office equipment, 
production equipment, and other contents. Survey data also included estimates of potential damage 
to structure, inventory, equipment, and other contents with various potential depths of flooding. 
Information on historical flood events and historical damages was obtained in some cases. 
However, many respondents indicated that they were not occupants of the area during the last major 
damage event.  
The 32 interviews accounted for about 32 percent of the estimated total commercial investment. 
The earlier survey data were augmented and updated by additional windshield surveys conducted in 
2007 and 2012 to identify any significant changes in investment in the study area. 

3.3.2 DESCRIPTIVE AND LOCATION DATA  

Visual observation during the windshield survey and review of aerial survey maps were used to 
develop descriptive and location data for structures, including: name and address of business 
occupant, as available; type of business; number of buildings; first floor above ground height and 
low entry elevations; type of construction material; estimated effective age; and condition of the 
building -- all noted during the windshield survey. The ground elevation for each structure was 
determined based on the aerial maps with 2-foot contours and spot elevations. Where similar 
structure/investment entity types were located adjacently and at similar elevations, such 
structures/investments were grouped and entered into HEC-FDA as a single entry. For 
identification purposes, each structure or group of structures was assigned a structure number 
corresponding to the aerial map structure number and a river mile location based on the cross-
sections on the maps. Square footage data for each structure were obtained from GIS data files. The 
GIS square footage data were checked during the windshield survey in order to minimize square 
footage calculation errors from roof overhangs, multiple structure groupings, or multiple story 
buildings. Vehicles and any outdoor inventories and equipment were usually assumed to have the 
same ground elevation as the associated structure. 

3.3.3 STRUCTURE AND CONTENT INVESTMENT VALUES  

Commercial values - Data provided by business owners and representatives were used for the 
businesses that were interviewed. For businesses that were not interviewed, depreciated 
replacement values developed using Marshall & Swift data were computed for each structure, based 
on the descriptive data obtained during the windshield survey (type of business, class of structure, 
exterior walls make, effective age and condition). For purposes of determining business content 
values for the businesses that were not interviewed, the interviewed businesses in the study area 
were grouped by general business type, based on information obtained during the interview. A 
typical dollar value per square foot was developed for each group of similar business types based 
on study area interview data. Then, for businesses not interviewed, the typical dollar value per 
square foot was multiplied by the square footage of the structure to determine an estimated content 
value. 
The commercial “other” category in this analysis is used only for those businesses with equipment 
and inventory stored outside.  The only such businesses that are characterized with a value for the 
“other” category are the auto and transportation-related businesses such as garages and dealerships. 
For these businesses, the “other” category is used to account for external inventory in the form of 
cars, trucks, and other vehicles on the lot. For most of these businesses, vehicle counts were 
estimated at each business affected during the original field survey and subsequent updates. As 
such, these estimates are site-specific and non-generic. For auto and transportation-related 
businesses where no site-specific data were available, we used an other-to-structure value ratio 
(OSVR) of 30 percent. This is a very conservative ratio considering that the OSVRs from the auto 
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businesses that do have site-specific data are substantially higher than 30 percent in virtually all 
cases. The commercial “other” category in this analysis does not include landscaping or employee 
vehicles 
Residential values - Residential values make a relatively slight contribution to investment and EAD 
in this analysis. There are only nine homes in the study area, and they tend to be situated on 
relatively high ground and subject to damage only in larger flood events. Consequently, residential 
values account for only about 4 percent of total investment and 1.3 percent of EAD. 
For residential structures, the Residential Cost Handbook from Marshall & Swift was used to 
develop depreciated replacement values for residences based on type of structure, square footage, 
effective age, and condition. These values were input into the HEC-FDA software program for 
residential structures.   
Residential content values were set at 100 percent in each residential occupancy used in HEC-FDA, 
with no error specified.  This procedure follows the guidance established in EGM 04-01 for use of 
the EGM’s residential depth-damage functions within HEC-FDA.  
For the Residential “other” category in HEC-FDA, the value for each home was assumed to equal 
20 percent of structure value.  This percentage is meant to account for items outside the home that 
would typically be found at most residences, including a car, one or more utility outbuildings with 
contents, and landscaping.  Each residential unit was assumed to have one vehicle of average value, 
one or more utility outbuildings, and typical landscaping subject to damage.  Most families today 
own more than one vehicle, but with imminent threat of flooding and little warning time, it is likely 
that a family would load belongings into one of the vehicles and evacuate the area. Thus, for 
purposes of the study, vehicles assumed to be subject to flood damage were limited to one per 
residential structure. (If most homes are assumed to have more than one vehicle, with one 
evacuated and one left behind as assumed here, this assumption comports fairly well with the 
vehicle evacuation data found in EGM 09-04, which indicates that in flash-flooding situations with 
less than six hours of warning time, about 50 percent of vehicles are evacuated.)  All homes in the 
protected areas have at least one utility outbuilding, with multiple outbuildings at most of the 
residences, and most if not all of the homes have typical shrub plantings, lawns, and gardens that 
also would be damaged by flooding. The other-to-structure value (OSVR) ratio of 20 percent would 
of course vary considerably from home to home in reality, as would the individual values of cars, 
outbuildings, and landscaping, so the analysis is not based on assumptions regarding the specific 
average value of cars, outbuildings and contents, and landscaping.  The only assumption in the 
analysis is that these diverse items, which are rolled up into a single category due to limitations of 
the HEC-FDA analysis (since FDA categories are limited to structure, contents, and other value), 
collectively amount to an average of 20 percent of residential structure value.   

3.3.4 DAMAGEABILITY AND UNCERTAINTIES  

Depth Damage Relationships 

Depth-damage relationships used in this study were obtained from the following sources: 
• IWR residential functions; 
• Information provided by business/property owner representatives working in the 

study area; 
• Commercial/public functions developed by the New Orleans District. 

Commercial - Application of the depth-damage relationships depended on the business/property 
category, construction characteristics, and the source and quantity of survey data available for the 
particular type of business/ property. When completed, site-specific survey form data had been 
provided, the depth-damage relationships provided by the business/property representative were 
used. Site-specific data were available for 25 of the 90 businesses in the study area. When site-
specific survey data were not available, the analysis utilized depth-damage functions developed by 
the New Orleans District Corps of Engineers, which has accomplished a great deal of analysis over 
several major studies concerning typical content values and depth-damage functions for both 
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structures and contents in a broad range of industries.  The data used in this analysis were published 
in the report “Depth-Damage Relationships for Structures, Contents, and Vehicles and Content-to-
Structure Value Ratios in Support of the Lower Atchafalaya Reevaluation and Morganza to the 
Gulf, Louisiana Feasibility Studies.” This source was recommended by national Corps subject 
experts for use in previous NWK flood risk management economic analyses.  Several data sets 
were contained in the referenced report.  Structure depth-damage functions used in this study came 
from the expert elicitation data for freshwater flooding and included three categories: masonry-
bearing, wood and steel frame, and metal frame.  Depth-damage functions for contents came from 
the dataset  based on post-flood interviews with business owner/operators. Development of the 
owner/ operator data for each business category included interviews with 10 businesses, usually 
representing several specific types of business within each broad category. The content functions 
were based on eight broadly defined non-residential categories commonly found in virtually any 
community, including eating and recreation, warehousing and contractors, professional offices, 
retail and personal services, grocers and gas stations, repair and home use, public and semi-public, 
and multi-family housing (not used in this study since there are no applicable properties).  
The Planning Guidance Notebook (ER 1105-2-100, Appendix E, para. E-19q(2)) requires that when 
“comparable floodplain data” (i.e., generic data) are used, the study must justify the applicability of 
the data to local conditions. Although the New Orleans curves originated in a different geographical 
context, they transfer well to the Upper Turkey Creek basin context for the following reasons: (1) 
they are based on inland, freshwater flooding (not saltwater flooding, it should be emphasized); (2) 
the structure types used as a basis for the expert elicitation dataset are commonly found in almost 
any community; (3) the eight categories of non-residential contents functions are also based on 
broad categories found in almost any community.   
The New Orleans functions were used for the 65 commercial structures for which site-specific data 
were not available.  For structure depth-damage, each business/property in this analysis was 
classified using the three different construction types defined in the New Orleans data. For content 
and other depth-damages, the standardized national industrial classification codes assigned to each 
business/property were used to classify each structure into the appropriate business/property 
category as defined in the New Orleans report.”  
Risk and uncertainty is accounted for in the New Orleans depth-damage functions by median, 
maximum, and minimum values for each category that serve as the basis for triangular damage 
uncertainty distributions in the risk analysis for Upper Turkey Creek.   
Residential - Residential damages in this analysis are based on depth-damage percentages released 
in Economic Guidance Memorandum 04-01, “Generic Depth-Damage Relationships for Residential 
Structures Without Basements,” dated 10 October 2003.  This EGM summarized data developed by 
the Institute for Water Resources (IWR) using post-flood residential damage claim records 
provided by the Federal Emergency Management Agency (FEMA).  The functions account for both 
structural and content damage to homes.  Based as they are on post-flood damage claims data, the 
functions should also account for any emergency flood avoidance actions taken by residents such as 
evacuation or flood proofing.  The IWR functions pertain to the three residential occupancy types 
for this analysis:  1-story without basement, 1 1/2-story without basement, and 2-story without 
basement.  Only the curves that assumed no basement were used since none of the nine homes in 
the study area have basements. 
The pattern of flood risk for Upper Turkey Creek is primarily related to flash flooding. Available 
data on streamflow at both Johnson Drive and Antioch Road indicate that the creek can rise 
approximately 10 feet within 1 hour. Rises of this magnitude do not allow adequate time for 
businesses to move significant amounts of property (including vehicles) out of the floodplain in 
response to flood events. 
Uncertainties 

Economic uncertainties used in the HEC-FDA model are associated with structure and content 
values, structure elevations, and depth-percent damage relationships. Uncertainties were developed 
as described below. 
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Commercial structure value uncertainties were determined by completing a set of Marshall & Swift 
valuations for the businesses interviewed. The Marshall & Swift valuations were compared to the 
values that the business owners provided, and a standard deviation was computed. The businesses 
of interviewed owners were representative of the various types of structures located within the 
study area, and the process considered such factors as type of business, size, building effective age, 
and construction material. A normal distribution was selected with a standard deviation of 
approximately 41.8 percent. This standard deviation was used as the depreciated structure value 
uncertainty for all commercial and public structures within the study area for which survey data 
were not directly provided by the owners. 
Uncertainties about residential structure values were determined using the ranges of values 
provided by Marshall & Swift for lower and higher quality residential structure types. Residential 
content to structure value ratios were chosen based on the particular structure depth percent damage 
curve used for the structure. If the IWR without-basement curves were used, the ratio was set at 100 
percent of structure value. If other with-basement curves were used, the ratios and standard 
deviations from Table 6-4 of EM 1110-2-1619, Risk Based Analysis for Flood Damage Reduction 
Studies, were used as appropriate for the type of residential structure. 
Ground elevation uncertainties were assigned in accordance with Table 6-5, EM 1110-2-1619, 
dated 1 August 1996. Based on the contour interval of available mapping, the recommended 
standard deviation of 0.3 foot and a normal distribution were assigned. 
Uncertainties about depth-damage relationships were assigned by entering the estimates of 
minimum, maximum, and most likely damages provided by business owners interviewed or as 
presented in the IWR and New Orleans depth percent damage curves. 
Three of the commercial structures in the inventory of the Upper Turkey Creek floodplain were 
identified as vacant, and 5 of the 24 interviewed commercial occupants had moved to the area after 
the 1998 flood. As is typically the case for flood-risk management studies in commercial and 
industrial areas, the variability in commercial occupancy that is likely to occur over the period of 
analysis is another source of uncertainty. 

3.3.5 INVESTMENT IN ROADS, ELEVATIONS, DAMAGEABILITY 

Damages to roads in each reach are included in the public category of damage. Miles of roads by 
type and elevation for each reach were determined from study area maps. Estimates of the 
investment per mile for the various types of roads were developed from typical road construction 
cost estimates obtained from the Missouri Department of Transportation and from representatives 
of Kansas City highway engineering firms. These estimates were applied to the estimated miles of 
roadways by type in each reach subject to flooding. Uncertainties in investment value were 
determined based on the ranges of values provided for the different types of roads. The analysis 
uses a 35 percent maximum or minimum variation for arterial and local/collector streets. Depth-
percent damage relationships for roads in the study area were based on previously developed 
Kansas City District curves.  These curves were developed by obtaining typical costs per mile for 
minor maintenance such as regrading and resurfacing as well as for more major reconstruction to 
compare against the costs of new construction. In general, it is assumed that lower levels of 
inundation will result in relatively minor damage requiring repairs amounting to regrading and/or 
resurfacing, while more severe inundation levels will require much more expensive repairs that 
would be comparable to reconstruction.  The resurfacing and reconstruction costs per mile obtained 
were divided by the new construction costs per mile to produce the generalized depth-damage 
percentages.  

3.4 STUDY AREA INVESTMENT 
3.4.1 SUMMARY OF STUDY AREA INVESTMENT  

During a survey of the overall study area, 105 commercial structures and 10 residential structures 
were identified from RM –1.199 to 7.508. (See section 3.2 above for reach demarcation.)  Of these, 
91 commercial structures and 9 residential structures are in the Merriam reaches. Total investment 
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in the study area was estimated at $113.7 million in FY 2012 prices for the screening process. This 
total has been updated to $120.6 million in FY 2015 prices. Table 3-2 below shows total investment 
relative to both price levels. The subsequent discussion of existing and future without-project 
damages, as well as the discussion of screening of alternatives, is presented in terms of the FY 2012 
price level, while the NED plan discussion is based on the FY 2015 price level.  
The depreciated replacement value for buildings and infrastructure in the study area is estimated to 
be approximately $48.4 million (October 2011 price level). The study area businesses and 
residences have approximately $65.2 million worth of investment in contents and “other” 
investment that is subject to flood damage. Business contents include inventory, office equipment, 
computers, production equipment and machinery, and other miscellaneous contents. “Other” 
investment includes outdoor items such as residential vehicles and landscaping and commercial 
equipment and inventory stored outdoors. Residential and non-residential investment is not broken 
out in Table 3-2 since the investment in this study area is overwhelmingly non-residential (about 
97.7 percent of total investment).  

3.4.2 REACH 3A  

Reach 3a, with 20 structures, has commercial and public investment of approximately $8.5 million 
for structures and $14.8 million for contents/other for a total of approximately $23.3 million. 

3.4.3 REACH 3B 

Reach 3b has 78 structures, with commercial, residential, and public investment of approximately 
$28.6 million for structures and $42.6 million for contents/other for a total of approximately $71.2 
million. 

3.4.4 REACH 3C 

Reach 3c, with 2 structures, has commercial investment of approximately $11.4 million for 
structures and $7.8 million for contents/other for a total of approximately $19.2 million. 
 

Table 3-2: Study Area Investment 
Reach # 

Structures/ 
groups of 
structures 

1 Oct 11 prices ($1,000s) 1 Oct 14 prices ($1,000s) 
Structure / 

infrastructure 
investment 

Contents 
Investment* 

Reach 
Totals 

Structure / 
infrastructure 

investment 

Contents 
Investment* 

Reach 
Totals 

Reach 3a 20 $8,500.0  $14,800.0  $23,300.0  $9,300.0  $15,600.0  $24,900.0  
Reach 3b 78 $28,600.0  $42,600.0  $71,200.0  $29,500.0  $45,500.0  $75,000.0  
Reach 3c 2 $11,400.0  $7,800.0  $19,200.0  $12,400.0  $8,300.0  $20,700.0  
Study 
Area 
Totals 

100 $48,400.0  $65,200.0  $113,700.0  $51,200.0  $69,400.0  $120,600.0  

 
 

3.5 PHYSICAL DAMAGES AND OTHER COSTS OF FLOODING 
Primary damages for the Upper Turkey Creek Basin study consist of physical inundation damage to 
the commercial, residential, and public structures and their contents and damages to roads in the 
study area. Clean-up costs also were calculated as a separate damage category in the HEC-FDA. 

3.5.1 ANALYSIS YEARS 

Analysis years selected for the study configuration in the HEC-FDA model define damage and 
project performance information for specific periods during the life of a project. The analysis year 
represents a static period or year for which the hydrologic engineering and economic data must be 
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developed for the analyses. The existing conditions analysis is based on conditions of 2012. The 
base year for the Upper Turkey Creek Basin study is 2018. The year 2043 was used as the “future 
condition year” in HEC-FDA. However, hydrologic and economic conditions were assumed to be 
the same for existing, base and future years in HEC-FDA. The conditions are assumed to be 
identical because no changes in existing hydrologic/hydraulic conditions (including those 
conditions forecasted using Atlas 14 data) or existing property inventory are projected for the entire 
installation period and period of analysis – largely because the existing floodplain is developed. In 
addition, no abnormal population increases are projected for the area through the period of analysis. 

3.5.2 DAMAGE CATEGORIES 

Physical Damages - The predominant land uses and investment in the study area are, as described 
above, commercial, public, and residential. Potential flood damages are based on damages to 
structures and damages to contents, including inventory and equipment for commercial properties. 
Additionally, there would be damages to public infrastructure (roads).  

Other Costs of Flooding - Reduction of the physical damages would be the primary basis for the 
benefits of a project in the study area. However, benefits of providing flood protection in the study 
area can also include avoidance of other costs, such as emergency flood-fighting costs, flood 
insurance administration costs, overtime costs related to business evacuations, and clean-up costs. 
These costs associated with flood avoidance measures are an important issue in the Turkey Creek 
Basin because of the frequency of actual and threatened flooding. Significant revenue losses can 
occur as businesses remain closed to clean up and refurbish. However, these types of costs do not 
usually represent a change in the National Economic Development (NED) benefits. Traffic 
diversion costs and utilities damages were also not included in the analyses. Although these costs 
are expected to continue to be a factor in the without-project condition and the significance of their 
impact should be noted, most non-physical categories were not quantitatively evaluated.  

The exception is clean-up costs, which were calculated in HEC-FDA. Cumulative clean-up 
expenses under conditions of frequent flooding are severe. Clean-up costs are, to a large extent, a 
reassignment of workers from productive duties. A stage-damage relationship was developed by 
taking 2 percent of the total value of inundated investment for various flood events, based on 
preliminary runs of the HEC-FDA. This is consistent with other approved studies in the USACE, 
Kansas City District, that used actual data collected after the 1993 flood event on the Missouri and 
Mississippi Rivers. Published reports that were researched for that effort included the 1993 
Interagency Floodplain Management Review Committee Report (Galloway Report); Impacts of the 
Great Flood of 1993, U.S. Army Corps of Engineers Lower Mississippi Valley Division, May 
1996; and the Flood Plain Management Assessment of the Upper Mississippi River and Lower 
Missouri Rivers and Tributaries, U. S. Army Corps of Engineers June 1995. 

3.5.3 DAMAGE CALCULATION METHODOLOGIES AND UNCERTAINTIES 

The feasibility phase analysis for the Upper Turkey Creek Basin study uses the HEC-FDA software 
program (certified version 1.2.4) developed by the Hydrologic Engineering Center, for 
incorporation of risk and uncertainty in the analysis of alternatives. Eight water surface profiles 
were entered into the HEC-FDA model. The eight profiles included the 0.50, 0.20, 0.10, 0.05, 0.02, 
0.01, 0.005, and 0.002 probability events. For successful operation of the HEC-FDA model, some 
water surface profiles were “smoothed” prior to data entry by adjusting elevations by as much as 
0.2 foot where “blips” in the profiles appeared. In addition to specific economic data uncertainties, 
uncertainties in the discharge-exceedance probability function for each reach and in the stage-
discharge function for each reach are included in the model to produce the aggregated stage-
damage functions by category for each reach. HEC-FDA risk-based analyses incorporate those 
uncertainties in the integration of the hydrologic and hydraulic engineering and economic analysis 
of the with- and without-project conditions using Monte Carlo simulation techniques. 
Primary flood damages for various flood events are computed based on the level of investment 
subject to flooding, the beginning damage elevation, and the estimated damage to that investment 
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with various depths of flooding. Values of investment subject to flooding, structure elevations, and 
foundation heights (to indicate the elevation at which first floor flood damages would be estimated 
to occur) along with associated uncertainties were entered into the HEC-FDA model for each 
structure or groups of structures in the study area. Damage susceptibility functions and associated 
uncertainties for the various types of structures and contents determined as described in preceding 
paragraphs were also entered into the HEC-FDA model.  The HEC-FDA program references each 
structure’s first floor elevation or beginning damage elevation to the corresponding frequency event 
elevation at the reach index point. Individual stage-damage relationships at each structure for each 
investment category are then computed with risk and aggregated to the reach index location in the 
program for integration of the economic and hydrologic engineering data. Use of HEC-FDA for the 
analysis facilitates the assessment of the tradeoff between risks and costs.  
An example of a depth-percent damage function, with error limits, for the content investment 
category is displayed in Table 3-3 below. An example stage primary damage (at the reach index 
point) report is provided in Table 3-4 below. 
 
 

Table 3-3: Example Depth-Percent Damage Function Report for “AMASONRY” Auto 
Repairs and Auto Parts – “Other” Damage Category 

Depth 
(feet) 

Damage 
(percent) 

Error Limit Curves (normal) 
Damage  
(percent) 

-2 SD -1 SD +1 SD +2 SD 
0.00 0.0 0.0 0.0 0.0 0.0 
0.50 5.9 0.0 0.0 25.1 44.3 
1.00 25.1 0.0 8.3 41.9 58.7 
2.00 42.9 16.5 29.7 56.1 69.3 
3.00 58.6 41.6 50.1 67.1 75.6 
4.00 72.3 61.7 67.0 77.6 82.9 
5.00 83.9 71.5 77.7 90.1 96.3 
6.00 93.2 65.6 79.4 100.0 100.0 
7.00 97.4 69.8 83.6 100.0 100.0 
8.00 99.5 71.9 85.7 100.0 100.0 
9.00 100.0 72.4 86.2 100.0 100.0 
10.00 100.0 72.4 86.2 100.0 100.0 

Note: SD – standard deviation 
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Table 3-4: Example Stage-Damage Report Without Project Commercial Damage Category 
Plan Name: Without Project Condition 

Stream Name: Upper Turkey Creek 
Damage Reach Name: Reach 3b 

Damage Category Name:  Commercial 
 

Stage 
(feet) 

Damage 
($1,000s) 

Error Limit Curves (Normal) 
Damage (October 2011 prices, $1,000s) 

-2 SD -1 SD +1 SD +2 SD 
905.0 $0 $0 $0 $0 $0 
906.0 $0 $0 $0 $0 $0 
907.0 $0 $0 $0 $0 $0 
908.0 $0 $0 $0 $0 $0 
909.0 $0 $0 $0 $0 $0 
910.0 $0 $0 $0 $0 $0 
911.0 $28.2 $0 $0 $62.8 $97.4 
912.0 $180.5 $91.5 $136.0 $225.0 $269.5 
913.0 $478.3 $0 $230.1 $726.5 $974.7 
914.0 $2,948.2 $1,132.7 $2,040.4 $3,855.9 $4,763.6 
915.0 $11,390.3 $7,845.1 $9,617.7 $13,162.9 $14,935.5 
916.0 $15,397.8 $10,951.5 $13,174.6 $17,620.9 $19,844.1 
917.0 $18,471.2 $13,437.1 $15,954.2 $20,988.3 $23,505.4 
918.0 $22,635.0 $16,899.9 $19,767.4 $25,502.5 $28,370.0 
919.0 $30,340.2 $22,704.4 $26,522.3 $34,158.1 $37,976.0 
920.0 $37,900.8 $28,330.9 $33,115.8 $42,685.7 $47,470.7 
921.0 $43,159.3 $32,585.0 $37,872.2 $48,446.5 $53,733.7 
922.0 $46,470.2 $35,310.0 $40,890.1 $52,050.4 $57,630.5 
923.0 $48,609.2 $37,030.2 $42,819.7 $54,398.7 $60,188.2 
924.0 $50,478.8 $38,464.7 $44,471.8 $56,485.9 $62,492.9 

Note: SD – standard deviation 
 
 

3.6 RESULTS OF DAMAGE ANALYSIS FOR EXISTING (WITHOUT-PROJECT) 
CONDITION 

3.6.1 BEGINNING DAMAGE ELEVATIONS 

Stage damage curves developed with risk and uncertainty at the reach index point indicate that 
significant physical damages (>$5,000) to structures in the Upper Turkey Creek project occur with 
very high frequency. In Reach 3a, significant damage begins at index point elevation 889.50, the 40 
annual chance exceedance (ACE) event. Reach 3b begins to incur significant damages around the 
60 percent ACE event (elevation 910.85 at the index point). Reach 3c begins to incur significant 
damages around the 10 percent ACE event (elevation 949.45 at the index point). Table 3-4 displays 
the events and elevations at which significant damage begins in each reach.  
Table 3-5 below provides a summary by reach of the frequency events and corresponding 
elevations at which significant physical damages (>$5,000) are estimated to begin to occur based on 
evaluation of the existing conditions. 
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Table 3-5: Significant Damage Events and Elevations 

Unit Index Point Elevation at Reach Index 
Point Frequency of Event 

Reach 3a 2.120 889.50 40% 
Reach 3b 3.298 910.85 60% 
Reach 3c 4.767 949.45 10% 

 
 

3.6.2 INTEGRATION OF STAGE-DAMAGE AND STAGE-DISCHARGE-FREQUENCY 
RELATIONSHIPS 

Hydrologic and hydraulic uncertainties include uncertainties about the stage-discharge-exceedance 
probability relationships. Discharge-exceedance probability functions were developed in the HEC-
FDA program by the graphical exceedance probability method using the water surface profiles and 
a 30-year period of record. Uncertainty in stage-discharge functions was also developed in HEC-
FDA using a standard deviation of error of 1 foot provided by the USACE hydrologic engineering 
staff. Tables 3-6, 3-7, and 3-8 display examples of discharge-exceedance probability, stage-
discharge, and exceedance probability-damage functions (including risk and uncertainty). The 
functions were generated in the HEC-FDA program after specification and input of the above-
described uncertainties about the economic, hydrologic and hydraulic data. Integration of the depth 
damage relationships with the stage-frequency data in HEC-FDA provided estimates of total 
damages for flood events with various chances of occurrence for the existing without project 
conditions. 
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Table 3-6: Exceedance Probability-Discharge Function Report for Damage Reach 3b 
Plan Name: Without Project Condition 

Stream Name: Upper Turkey Creek 
Damage Reach Name: Reach 3b 

 

Exceedance Probability Discharge  
(feet) 

0.9990 1,649 
0.9900 2,036 
0.9500 3,005 
0.9000 3,603 
0.8000 4,398 
0.7000 5,047 
0.6000 5,643 
0.5000 6,244 
0.4750 6,399 
0.4500 6,557 
0.4250 6,719 
0.4000 6,886 
0.3750 7,059 
0.3500 7,241 
0.3000 7,637 
0.2750 7,858 
0.2500 8,098 
0.2250 8,363 
0.2000 8,659 
0.1750 8,994 
0.1500 9,378 
0.1250 9,829 
0.1000 10,374 
0.0750 11,070 
0.0500 12,060 
0.0400 12,624 
0.0250 13,841 
0.0200 14,423 
0.0150 15,173 
0.0100 16,206 
0.0090 16,470 
0.0080 16,770 
0.0070 17,103 
0.0060 17,489 
0.0050 17,947 
0.0040 18,502 
0.0020 20,395 
0.0010 22,359 
0.0001 25,152 
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Table 3-7: Stage-Discharge Report for Damage Reach 3b 
Plan Name: Without Project Condition 

Stream Name: Upper Turkey Creek 
Damage Reach Name: Reach 3b 

Discharge 
(cfs) 

Stage 
(feet) 

Error Limit Curves Stage 
(feet) 

-2 SD -1 SD +1 SD +2 SD 
0 904.24 904.24 904.24 905.24 906.24 

6242 911.61 909.61 910.61 912.61 913.61 
8596 913.58 911.58 912.58 914.58 915.58 

10293 914.86 912.86 913.86 915.86 916.86 
11585 915.68 913.68 914.68 916.68 917.68 
14263 917.37 915.37 916.37 918.37 919.37 
15007 917.80 915.80 916.80 918.80 919.80 
16101 918.27 916.27 917.27 919.27 920.27 
18115 919.24 917.24 918.24 920.24 921.24 

Note: cfs – cubic feet per second, SD – standard deviation 
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Table 3-8: Exceedance Probability-Damage Function Report for Damage Reach 3b 
Plan Name: Without Project Condition 

Stream Name: Upper Turkey Creek 
Damage Reach Name: Reach 3b 

Exceedance 
Probability 

Primary Damage by Damage Category  
(October 2011 prices, $1,000s) 

Cleanup Commercial Public Residential Total Damage 
0.9900 $0.0 $0.0 $0.0 $0.0 $0.0 
0.9500 $0.0 $0.0 $0.0 $0.0 $0.0 
0.9000 $0.0 $0.0 $0.0 $0.0 $0.0 
0.8000 $0.0 $0.1 $0.0 $0.0 $0.1 
0.7000 $0.2 $3.3 $0.0 $0.1 $3.6 
0.6000 $1.8 $29.5 $0.2 $0.5 $32.0 
0.5000 $7.3 $119.9 $0.8 $2.2 $130.1 
0.4750 $9.1 $149.1 $1.0 $2.7 $161.8 
0.4500 $11.0 $181.1 $1.2 $3.3 $196.6 
0.4250 $13.3 $217.9 $1.4 $3.9 $236.5 
0.4000 $16.1 $265.7 $1.7 $4.8 $287.3 
0.3750 $20.1 $329.8 $2.2 $6.0 $358.0 
0.3500 $25.3 $415.3 $2.7 $7.5 $450.9 
0.3250 $31.9 $523.7 $3.4 $9.4 $568.5 
0.3000 $41.2 $675.4 $4.4 $12.2 $733.2 
0.2750 $56.1 $920.4 $6.1 $16.6 $999.2 
0.2500 $82.8 $1,358.3 $8.9 $24.5 $1,474.5 
0.2250 $117.7 $1,932.2 $12.7 $34.8 $2,097.5 
0.2000 $161.9 $2,657.9 $17.5 $47.9 $2,885.2 
0.1750 $234.2 $3,843.5 $25.3 $69.3 $4,172.3 
0.1500 $367.5 $6,032.4 $39.7 $108.8 $6,548.4 
0.1250 $530.8 $8,712.4 $57.3 $157.1 $9,457.6 
0.1000 $687.3 $11,280.8 $74.2 $203.4 $12,245.7 
0.0750 $827.4 $13,580.6 $89.3 $244.9 $14,742.2 
0.0500 $985.2 $16,169.7 $106.4 $291.6 $17,552.7 
0.0400 $1,064.4 $17,471.1 $114.9 $315.0 $18,965.5 
0.0250 $1,230.6 $20,198.1 $132.9 $364.2 $21,925.7 
0.0200 $1,316.2 $21,602.8 $142.1 $389.5 $23,450.6 
0.0150 $1,437.9 $23,601.1 $155.2 $425.6 $25,619.8 
0.0100 $1,634.2 $26,821.9 $176.4 $483.6 $29,116.1 
0.0090 $1,685.1 $27,658.4 $181.9 $498.7 $30,024.1 
0.0080 $1,741.6 $28,658.4 $188.0 $515.4 $31,031.2 
0.0070 $1,805.1 $29,627.7 $194.9 $534.2 $32,161.9 
0.0060 $1,876.4 $30,797.2 $202.6 $555.3 $33,431.4 
0.0050 $2,109.3 $34,619.8 $227.7 $624.2 $37,581.0 
0.0040 $2,550.7 $41,864.9 $275.4 $754.9 $45,445.8 
0.0020 $3,433.5 $56,355.1 $370.7 $1,016.1 $61,175.4 
0.0010 $3,874.9 $63,600.2 $418.3 $1,146.8 $69,040.2 
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3.6.3 EXCEEDANCE PROBABILITY-DAMAGE (INCLUDING RISK AND 
UNCERTAINTY) FOR THE INTERIM FEASIBILITY REPORT UNITS 

Primary Damages (including risk and uncertainty) vs. Frequencies  

0.10 ACE Event—A flood event of this magnitude and frequency could impact approximately 58 
structures. Reach 3a would incur an estimated $211,000 in damages with a maximum depth of 1.4 
feet to structures, approximately $2,000 in damages to roads, and approximately $10,000 in clean-
up costs. Reach 3b would incur approximately $8.2 million in damages with a maximum depth of 
5.1 feet to structures, approximately $53,000 in damages to roads, and $456,000 in clean-up costs. 
Reach 3c would incur approximately $2,000 in road damages. 
0.01 ACE Event—A flood event of this magnitude and frequency could impact an estimated 86 
structures. Reach 3a would incur approximately $6.1 million in damages with a maximum depth of 
5.3 feet to structures, approximately $57,000 in damages to roads, and approximately $234,000 in 
clean-up costs. Reach 3b would incur approximately $17.6 million in damages with a maximum 
depth of 6.3 feet to structures, approximately $109,000 in damages to roads, and nearly $1 million 
in clean-up costs. Reach 3c would incur approximately $2.6 million in damages with a maximum 
depth of 1.8 feet to structures, approximately $22,000 in road damages, and approximately 
$258,000 in clean-up costs. 
0.002 ACE Event—A flood event of this frequency and magnitude could impact an estimated 98 
structures. Reach 3a would incur approximately $13.1 million in damages with a maximum depth 
of 8.9 feet to structures, approximately $70,000 in damages to roads, and approximately $509,000 
in clean-up costs. Reach 3b would incur approximately $27.2 million in damages with a maximum 
depth of 7.5 feet to structures, approximately $183,000 in damages to roads, and approximately 
$1.5 million in clean-up costs. Reach 3c would incur approximately $4.1 million in damages with a 
maximum depth of 2.3 feet to structures, approximately $28,000 in road damages, and 
approximately $416,000 in clean-up costs. 
Table 3-9 displays the existing condition primary damages by ACE event for the reaches in the 
study area. Table 3-10 displays existing condition primary damages, by category, flood frequency 
event and reach.  Table 3-11 shows the number of structures/groups of structures affected by each 
flood event by reach and damage category.  Table 3-12 shows the existing condition primary 
damage by flood frequency event and reach for the structural, contents, and other categories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3-9: Existing Without Project Condition Primary Damages (with Risk and Uncertainty) 
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Reach ACE Event 

Existing Condition 

2012 
Discharge 

(cfs) 
2012 Stage 

(feet) 
Max. Struc. 
Depth 2012a 

2012 Primary 
Damages 

(October 2011 prices, 
$1,000s) 

Reach 3a  .1 9,322 891.43 1.4 $223.2 
.05 10,910 892.25 2.3 $567.2 
.02 13,853 893.76 4.7 $3,857.1 
.01 14,644 894.60 5.3 $6,368.3 

.002 18,035 898.91 8.9 $13,724.8 
Reach 3b .1 10,293 914.86 5.1 $8,721.3 

.05 11,585 915.68 5.6 $12,061.7 

.02 14,263 917.37 6.1 $17,135.1 

.01 15,007 917.80 6.3 $18,670.1 
.002 18,115 919.24 7.5 $28,902.7 

Reach 3c .1 4,303 949.03 NA         $2.1 
.05 4,846 949.81 NA         $3.5 
.02 6,844 951.85 1.7 $2,239.3 
.01 7,279 952.33 1.8 $2,846.3 

.002 9,556 953.33 2.3 $4,556.7 
Study Area 
Total 

.1 NA NA 5.1 $8,946.6 
.05 NA NA 5.6 $12,632.4 
.02 NA NA 6.1 $23,231.5 
.01 NA NA 6.3 $27,884.7 

.002 NA NA 8.9 $47,184.2 
Note: cfs – cubic feet per second 

a Based on lowest structure; does not include street elevations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3-10: Existing Condition Primary Damages (with Risk and Uncertainty) by Category 
for Selected Events 
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Damage Category 
Existing Condition (2012) Primary Damages 

(October 2011 prices, $1,000s) 
.1 ACE Event .01 ACE Event .002 ACE Event 

Reach 3a 
Commercial    $211.2   $6,077.2  $13,145.7 
Public        $1.8        $57.1        $70.4 
Residential        $0.0          $0.0          $0.0 
Clean-up      $10.1      $234.0      $508.6 
Total    $223.2   $6,368.3 $13,724.8 
Reach 3b 
Commercial    $8,036.1 $17,182.8 $26,698.4 
Public         $53.3      $109.3      $183.0 
Residential      $176.0      $390.2      $501.6 
Clean-up      $455.9      $987.8   $1,519.7 
Total   $8,721.3 $18,670.1 $28,902.7 
Reach 3c 
Commercial       $0.0    $2,566.1    $4,112.4 
Public       $2.1        $22.2        $28.3 
Residential       $0.0          $0.0          $0.0 
Cleanup       $0.0      $258.0      $416.1 
Total       $2.1   $2,846.3   $4,556.7 
Study Area Total 
Commercial    $8,247.3 $25,826.1 $43,956.5 
Public         $57.2      $188.6      $281.7 
Residential      $176.0      $390.2      $501.6 
Cleanup      $466.0   $1,479.8   $2,444.4 
Total   $8,946.6 $27,884.7 $47,184.2 

Note: Any discrepancies are due to rounding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3-11: Minimum Number of Structures/Groups of Structures Affected 
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Damage Category 
Existing Condition (2012) Cumulative  
(at or below specific flood elevation) 

.1 ACE Event .01 ACE Event .002 ACE Event 
Reach 3a  
Commercial 2 13 19 
Residential 0 0 0 
Total 2 13 19 
Reach 3b    
Commercial 47 60 68 
Residential 7 7 8 
Total 54 67 76 

Reach 3c 
Commercial 0 2 2 
Residential 0 0 0 
Total 0 2 2 

Study Area Total 
Commercial 49 75 89 
Residential 7 7 8 
Total 56 82 97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3-12: Existing Condition Primary Damages (with Risk and Uncertainty) for Structures, 
Contents, and Other for Selected Events 
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Damage Category 
Existing Condition (2012) Primary Damages 

(October 2011 prices, $1,000s) 
0.1 ACE Event 0.01 ACE Event 0.002 ACE Event 

Reach 3a 
Structural      $31.3   $1,819.0   $3,605.6 
Contents    $176.0   $4,139.0   $9,243.0 
Other      $15.9      $410.3      $876.2 
Total    $223.2   $6,368.3 $13,724.8 
Reach 3b 
Structural    $1,930.4   $4,474.6   $7,144.8 
Contents    $4,583.3 $10,744.3 $17,704.6 
Other    $2,207.6   $3,451.2   $4,053.2 
Total   $8,721.3 $18,670.1 $28,902.7 
Reach 3c 
Structural       $2.1   $1,646.4   $2,394.7 
Contents       $0.0   $1,199.9   $2,162.0 
Other       $0.0          $0.0          $0.0 
Total       $2.1   $2,846.3   $4,556.7 
Study Area Total 
Structural    $1,963.8   $7,940.0 $13,145.1 
Contents    $4,759.3 $16,083.2 $29,109.6 
Other    $2,223.5   $3,861.5   $4,929.4 
Total   $8,946.6 $27,884.7 $47,184.2 

Notes: Clean-up costs included with structural. Any discrepancies are due to rounding. 
 

 
Expected Annual Damages (EAD) for the Existing Condition  

The HEC-FDA program calculated (with risk and uncertainty) the expected (average) annual 
damages (EAD) from flooding for the existing condition (2012), using the exceedance probability 
functions, stage-discharge functions, and structure inventory data. Tables 3-13 and 14 provide a 
detailed breakdown of the damages by category for each reach and for the total study area. 
 

Table 3-13: Existing Condition (Without Project) Annual Damages 
(October 2011 prices, $1,000s) 

Reach Clean-up Commercial Public Residential Total 
Reach 3a $14.1 $409.1 $3.2 $0.0 $426.4 
Reach 3b $161.7 $2,654.6 $17.5 $47.9 $2,881.6 
Reach 3c $10.8 $136.2 $1.6 $0.0 $148.6 
Study Area Total $186.6 $3,199.9 $22.3 $47.9 $3,456.7 

Notes: Any discrepancy due to rounding.  50-year period of analysis, FY12 federal interest rate of 4.000% 
 
 
 
 
 
 
 

 Table 3-14: Existing Condition (Without Project) Other Costs of Flooding (Clean-Up) 
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Existing Condition Expected Annual Non-Physical (Clean-Up) Costs of 
Flooding 

(October 2011 Prices, $1,000s) 

Clean-up As a % of Physical 
Damages 

As a % of Total Damages 
(Physical + Non-Physical) 

Reach 3a $14.1 3% 3% 
Reach 3b  $161.7 6% 5% 
Reach 3c $10.8 8% 7% 
Study Area Total $186.6 6% 5% 

Notes: Any discrepancy due to rounding.  50-year period of analysis, FY12 federal interest rate of 4.000% 
 
 

3.7 EXISTING CONDITION ENGINEERING PERFORMANCE 
3.7.1 ANNUAL PERFORMANCE AND EQUIVALENT LONG-TERM RISK OF THE 

EXISTING PROJECT 

Long-term risk refers to the flood risk over a long period of time, given uncertainty. Table 3-15 
below shows the long-term risk for each reach over periods of 10, 30, and 50 years. 

 

Table 3-15: Annual Performance and Equivalent Long-Term Risk, Existing Condition 

Reach Target 
Stage 

Target Stage 
Annual Exceedance 

Probability 

Equivalent Long-Term Risk 
(Probability of Exceedance) Over the 

Indicated Time Period 

Median Expected 10 Years 30 Years 50 Years 

Reach 3a 891.70 0.079 0.107 0.6781 0.9412 0.9965 
Reach 3b 913.17 0.245 0.269 0.9563 0.9996 1.0000 
Reach 3c 950.58 0.035 0.045 0.3713 0.6866 0.9018 
 
 

3.7.2 ALTERNATIVE DISPLAY OF ANNUAL PERFORMANCE AND EQUIVALENT 
LONG-TERM RISK OF THE EXISTING PROJECT 

Table 3-16 displays long-term risk under existing conditions in other terms. Annual performance is 
shown in terms of the annual probability that the existing condition design will NOT be exceeded 
(will not flood). The long-term risk is stated in terms of the chance of the project design being 
exceeded in a specified number of years (chance of flooding in a specified number of years). 
 

Table 3-16: Alternative Display of Annual Performance and Equivalent Long-term Risk, 
Existing Condition 

Reach Target Stage 
Annual Non-
Exceedance 
Probability 

Equivalent Long-Term Risk 
(chance of design being exceeded over the 

indicated time period) 
10 Years 30 Years 50 Years 

Reach 3a 891.70 0.893 1 in 1.5 1 in 1.1 1 in1.0 
Reach 3b 913.17 0.731 1 in 1.0 1 in 1.0 1 in1.0 
Reach 3c 950.58 0.955 1 in 2.7 1 in 1.5 1 in1.1 
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3.7.3 CONDITIONAL PROBABILITY OF DESIGN NON-EXCEEDANCE. 

Table 3-17 below shows the probability that the target stage associated with the existing condition 
will not be exceeded, given the occurrence of an event of the specified annual exceedance 
probability. 
 

Table 3-17: Conditional Probability of Design Non-Exceedance, Existing Condition 

Reach 
Top of Levee/ 

Floodwall 
Elevation  

(at index point) 

Conditional Probability of Design Containing Indicated Event 

10% 4% 2% 1% 0.4% 0.2% 

Reach 3a NA 0.5900 0.2457 0.0872 0.0603 0.0288 0.0146 
Reach 3b NA 0.0997 0.0187 0.0034 0.0020 0.0008 0.0005 
Reach 3c NA 0.9246 0.6108 0.1543 0.0966 0.0291 0.0124 

 
 

3.8 FUTURE WITHOUT-PROJECT CONDITION 
The future without-project condition is the basis of comparison for all of the other alternatives, and 
the difference in damages with and without a project is the basis for benefits of each alternative. 
Conditions in the floodplain are not expected to change significantly between the existing (2012), 
base (2018) and future (2043) years. Economically, the communities within the floodplain are 
participants in the National Flood Insurance Program, thus limiting new, unprotected development 
within the 1 percent floodplain. Also, most of the open space in the Merriam reaches has been 
developed, so the consequences of flooding should not be expected to differ greatly between these 
reference years. Base and future year hydrologic conditions in the basin are also expected to be very 
similar to the existing condition. The basin is highly urbanized and water surface profiles and stage 
uncertainties are not expected to change significantly in the absence of a federal project. Thus, the 
base year and future year without-project conditions are assumed to be identical to those of the 
existing condition in this analysis. 
Since the three reference conditions are identical, the economic (EAD) and project performance 
results presented above in Tables 3-13 through 3-17 also serve to characterize the future without-
project condition. 

3.8.1 NATIONAL ECONOMIC DEVELOPMENT, REGIONAL ECONOMIC 
DEVELOPMENT IMPACTS, AND OTHER SOCIAL EFFECTS WITHOUT 
PROJECT 

The benefit evaluation process involves analysis of the economic losses to the subject study area 
from flooding, and the potential gains to the study area from the successful prevention of flooding. 
Some impacts with and without a flood control project may be of major significance to a 
metropolitan area or community, but may not have any net impact on the national economy. For 
example, if a flood interrupts production at a given business in one community, that community 
suffers a loss. However, if the lost production is simply transferred to another plant elsewhere in the 
country, the loss to the local community does not represent a net loss to the national economy. 
These Regional Economic Development (RED) impacts are not included in determining the NED 
benefits and costs, but they do receive separate consideration in the decision-making process. Other 
RED impacts include the potential effects on the tax base if businesses leave the area after future 
flood events. Other social effects (OSE) relevant to the future-without project condition include the 
risk to human life, especially given the fast-rising nature of Upper Turkey Creek flood events.  
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4.0 WITH-PROJECT CONDITION ANALYSIS 

Alternatives considered in the economic analysis include channelization projects (Alternative 1); 
levee and floodwall projects (Alternative 2); projects that combine channelization, levees, and 
floodwalls (Alternative 3); and a floodplain buyout (Alternative 4). Several scales of each 
alternative type were evaluated for Alternatives 1, 2, and 3. Alternative 4 included a single scale, a 
floodplain buyout of the 1 percent ACE event. The protected area for the alternatives that included 
levees and floodwalls matched the boundaries of Reach 3b for both sides of Upper Turkey Creek. 
Although not shown in the detailed evaluation of alternatives below, some additional consideration 
was given to more limited buyout alternatives, focused on areas with the highest concentrations of 
expected flood damages. It was determined that these alternatives would offer significantly less in 
net economic benefit than the structural alternatives and would not be locally acceptable due to the 
economic void that would be left in downtown Merriam. 

4.1 NED ANALYSIS OF BENEFITS AND COSTS 
Economic costs and benefits resulting from a project are evaluated in terms of their impacts on 
national wealth, without regard to where in the United States the impacts may occur. NED benefits 
must result directly from a project and must represent net increases in the economic value of goods 
and services to the national economy. NED costs represent the costs of diverting resources from 
other uses in implementing a flood risk management project, as well as the costs of economic losses 
resulting from detrimental effects of a project. These detrimental effects could include, for example, 
induced flooding in areas other than the project study area. 

4.2 RESIDUAL DAMAGES AND BENEFITS OF SCREENING 
ALTERNATIVES 

For the screening of alternatives, which was accomplished during FY 2012, the future condition 
with- and without-project equivalent annual damages (EAD) were calculated with risk and 
uncertainty in HEC-FDA to reflect October 2011 prices and the FY 2012 federal interest rate of 
4.000 percent. Table 4-1 shows the benefits of each alternative and the with-project equivalent 
residual annual damages that would be expected to occur if each alternative considered were in 
place. EAD under the future without-project condition are also shown for comparison purposes.  
Section 308 of the Water Resources Development Act (WRDA) of 1990 requires that structures 
built after July 1, 1991, be excluded from economic benefits if their first floors are built below the 1 
percent flood elevation.  Section 308 was considered during the economic analysis; however, 
Johnson County land records show the structures in the Upper Turkey Creek floodplain as being 
constructed prior to 1991, typically much earlier.  
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Table 4-1: Equivalent Annual Benefits and Residual Damages With and Without Project 
(October 2011 Prices, 4.000% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Alternative 
Equivalent 

Annual Flood 
Damages in 

Reach 3a  

Equivalent 
Annual Flood 
Damages in 

Reach 3b 

Equivalent 
Annual Flood 
Damages in 

Reach 3c 

Total Equivalent 
Annual  

Damages/Residu
al Damages in 

Reaches 3a, 3b, 
and 3c 

Total Benefits 
from FRM 

Alternatives in 
Merriam 

Future Without 
Project   $  426.4   $  2,881.6   $  148.6   $ 3,456.7  NA 

Alternative 1a  $  426.0  $  1,965.9   $  148.6   $ 2,540.5   $ 916.2    
Alternative 1b $  426.4  $  1,928.4   $  148.6   $ 2,503.4   $ 953.3  
Alternative 1c 

$  426.4  $  1,203.5   $  148.4   $ 1,778.2   $ 1,678.5  
Alternative 1d 

$  426.4  $     850.6   $  148.4   $ 1,425.4   $ 2,031.3  
Alternative 1e 

$  426.4  $     381.2   $  148.4   $    955.9   $ 2,500.8  
Alternative 2a $  426.4  $  1,130.7   $  148.6   $ 1,705.7   $ 1,751.0  
Alternative 2b $  426.4  $     230.2   $  148.6   $    805.2   $ 2,651.5  
Alternative 2c $  426.4  $     225.2   $  148.6   $    800.2   $ 2,656.5  
Alternative 2d $  426.4  $       69.6   $  148.6   $    655.6   $ 2,812.1  
Alternative 2e $  426.4  $       47.8   $  148.6   $    622.8   $ 2,833.9  
Alternative 2f $  426.4  $         7.0   $  148.6   $    582.1   $ 2,874.6  
Alternative 3a $  426.0  $     559.1   $  148.6   $ 1,133.7   $ 2,323.0  
Alternative 3b $  426.4  $     390.0   $  148.6   $    965.0   $ 2,491.7  
Alternative 3c $  426.4  $     327.7   $  148.4   $    902.5   $ 2,554.2  
Alternative 3d $  426.4  $       87.0   $  148.4   $    661.7   $ 2,795.0  
Alternative 3e $  426.4  $       61.9   $  148.4   $    636.6   $ 2,820.1  
Alternative 4–
Property 
Buyouts $    14.6  $       32.9   $    12.1   $      59.7   $ 3,397.0  

Note: Any discrepancies are due to rounding. 
 

4.3 COSTS OF SCREENING ALTERNATIVES 
4.3.1 ANNUAL PROJECT COSTS 

The Louis Berger Group provided screening cost estimates (October 2011 price level) and 
estimated construction periods for each of the alternatives. The interest during construction for each 
alternative was calculated based on the total first cost for each alternative, the starting and 
completion dates for each phase beginning with PED, assumed equal monthly expenditures during 
each phase, and the FY12 federal interest rate of 4.000 percent. Ongoing federal funding issues 
were not considered in the starting and completion dates of the phases; appropriate funding was 
assumed available for each phase. Total first cost for each alternative includes the estimated 
construction cost, cost for lands, easements and rights of way, preconstruction engineering and 
design cost, environmental mitigation cost, supervision and administration cost, and contingencies. 
The interest during construction calculated for each alternative was then added to the total first cost 
to derive the economic cost of each alternative. The economic cost was then annualized based on a 
50-year life and a 4.000 percent interest rate. 
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Table 4-2: Detailed Breakdown of Project First Costs by Alternative 
(October 2011 Prices, 4.000% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Alternative 
Construction 

Cost (includes 
EDC and S&A) 

PED Cost LERRD Cost 
Mitigation Cost 
(Compensatory 

Restoration) 
Total First Cost 

Future Without 
Project  

NA NA NA NA NA 

Alternative 1a $   6,616.4 $        615.5 $   3,241.1 $        29.3 $   10,502.3 
Alternative 1b $   8,235.6 $        766.1 $   4,744.7 $        29.3 $   13,775.7 
Alternative 1c $ 15,249.9 $     1,418.6 $   4,744.7 $        29.3 $   21,442.5 

Alternative 1d $ 10,984.2 $     1,021.8 $   5,652.2 $        29.3 $   17,687.5 

Alternative 1e $ 19,178.1 $     1,784.0 $   5,652.2 $        29.3 $   26,643.6 

Alternative 2a $   8,360.6 $        777.7 $   2,369.3 $        24.0 $   11,531.6 
Alternative 2b $   9,618.5 $        894.7 $   3,943.3 $        24.0 $   14,480.5 
Alternative 2c $ 11,631.2 $     1,082.0 $   3,963.5 $        24.0 $   16,700.7 
Alternative 2d $ 12,232.1 $     1,137.9 $   3,963.5 $        24.0 $   17,357.5 
Alternative 2e $ 12,641.6 $     1,176.0 $   3,963.5 $        24.0 $   17,805.1 
Alternative 2f $ 15,239.9 $     1,417.7 $   3,963.5 $        24.0 $   20,645.1 
Alternative 3a $   9,071.6 $        843.9 $   3,901.6 $        29.3 $   13,846.4 
Alternative 3b $ 16,355.3 $     1,521.4 $   4,191.7 $        29.3 $   22,097.7 
Alternative 3c $ 21,176.7 $     1,969.9 $   4,168.6 $        29.3 $   27,344.5 
Alternative 3d $ 14,173.0 $     1,318.4 $   4,872.8 $        29.3 $   20,393.5 
Alternative 3e $ 21,136.5 $     1,966.2 $   5,189.2 $        29.3 $   28,321.2 
Alternative 4—
Property Buyouts 

$              - $                - $ 58,232.5 $               - $   58,232.5 

Note: Any discrepancies are due to rounding; EDC – Engineering During Construction, LERRD – Land, Easement, Rights-
of-way, Relocations, and Disposal, PED – Preconstruction Engineering and Design, S&A – Supervision and Administration 

 
 

Derivation of Mitigation Costs (Compensatory Restoration) 

The environmental team formulated 18 options for mitigation. Each of the mitigation options was 
mutually exclusive from the others. Therefore, no additional permutations or combinations of 
options were evaluated under the cost effectiveness and incremental cost analysis (CE/ICA). The 
certified IWR (Institute for Water Resources) Planning Suite program was used to determine which 
of the options were cost effective and which options were best buys. Cost effective options are 
those options for which there is no other option that achieves greater output at a lesser cost 
(identified in Table 4-3). The best buy options are the full array of cost-effective options for which 
the average cost for the incremental output is strictly increasing (identified in Table 4-4). The first 
best buy option is always the “No Action” (in this case “No Mitigation”) option, followed by the 
option that produces output at the lowest average cost, followed by the next option that produces 
additional/incremental output at the lowest average cost, followed again by the next option that 
produces further incremental output at the lowest average cost, and so on, with the option that 
produces the most output always being the final option in the array of best buys. The output used 
for CE/ICA was fox squirrel Average Annual Habitat Units (AAHU). The cost used for CE/ICA 
was average annual cost, including the cost of purchasing trees, installation, preconstruction 
engineering and design (PED), and real estate. The full calculation of costs can be found in 
Appendix M, “Cost Effective Incremental Cost Analysis CE-ICA.” In addition to Tables 4-3 and 4-
4, the results of CE/ICA are also displayed graphically in Figures 4-1 and 4-2. 
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Table 4-3: Results of IWR Planning Suite Cost Effectiveness Analysis 

Mitigation Option Total Cost Average Annual 
Cost 

Fox Squirrel AAHU 
Gain Cost Effective? 

No Mitigation $0 $0 0.00 Yes 
Mitigation Option 1 $14,802  $689  2.26 Yes 
Mitigation Option 2 $13,851  $645  2.23 Yes 
Mitigation Option 3 $13,323  $620  2.18 Yes 
Mitigation Option 4 $30,483  $1,419  2.78 No 
Mitigation Option 5 $25,612  $1,192  2.71 No 
Mitigation Option 6 $22,906  $1,066  2.58 No 
Mitigation Option 7 $20,722  $965  3.16 Yes 
Mitigation Option 8 $19,392  $903  3.12 Yes 
Mitigation Option 9 $18,652  $868  3.06 Yes 
Mitigation Option 10 $42,676  $1,987  3.89 No 
Mitigation Option 11 $35,857  $1,669  3.80 No 
Mitigation Option 12 $32,069  $1,493  3.61 No 
Mitigation Option 13 $26,643  $1,240  4.06 Yes 
Mitigation Option 14 $24,932  $1,161  4.01 Yes 
Mitigation Option 15 $23,982  $1,116  3.93 Yes 
Mitigation Option 16 $54,870  $2,554  5.00 No 
Mitigation Option 17 $46,102  $2,146  4.88 No 
Mitigation Option 18 $41,232  $1,919  4.64 No 
Mitigation Option 19 $32,564  $1,516  4.97 Yes 
Mitigation Option 20 $30,473  $1,419  4.90 Yes 
Mitigation Option 21 $29,311  $1,364  4.80 Yes 
Mitigation Option 22 $67,063  $3,122  6.12 Yes 
Mitigation Option 23 $56,347  $2,623  5.97 Yes 
Mitigation Option 24 $50,394  $2,346  5.67 No 

Notes: The average annual cost was determined using an October 2011 price level and the FY2012 federal interest rate of 
4.000% over a 50-year period of analysis.  
AAHU – Average Annual Habitat Unit 

 

Table 4-4: Results of IWR Planning Suite Incremental Cost Analysis 

Mitigation Option Average Annual Cost Fox Squirrel AAHU Gain Best Buy? 
No Mitigation $0 0.00 Yes 
Mitigation Option 1 $689 2.26 No 
Mitigation Option 2 $645 2.23 No 
Mitigation Option 3 $620 2.18 No 
Mitigation Option 7 $965 3.16 No 
Mitigation Option 8 $903 3.12 No 
Mitigation Option 9 $868 3.06 Yes 
Mitigation Option 13 $1,240 4.06 No 
Mitigation Option 14 $1,161 4.01 No 
Mitigation Option 15 $1,116 3.93 Yes 
Mitigation Option 19 $1,516 4.97 No 
Mitigation Option 20 $1,419 4.90 Yes 
Mitigation Option 21 $1,364 4.80 Yes 
Mitigation Option 22 $3,122 6.12 Yes 
Mitigation Option 23 $2,623 5.97 Yes 
Mitigation Option 24 $2,346 5.67 No 

Note: The average annual cost was determined using an October 2011 price level and the FY2012 federal interest rate of 
4.000% over a 50-year period of analysis.  
AAHU – Average Annual Habitat Unit 
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Figure 4-1: Planning Set “CEICA Analysis 2” Cost and Output 

 
Figure 4-2: Planning Set “CEICA Analysis 2” Incremental Cost and Output 
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The criteria for determining which mitigation option(s) would be used in the economic screening 
were that the option: 

1. Is a best buy option as determined by CE/ICA; 
2. Meets the minimum mitigation requirement for a given alternative; 
3. Is the lowest-cost option of the options that meet criteria 1 and 2. 

The best buy options are evaluated for criteria 2 in Table 4-5. The final results of all criteria are 
shown in Table 4-6. Mitigation Option 21 was used for Alternatives 1 and 3. Mitigation Option 15 
was used for Alternative 2. No mitigation was assumed for the property buyouts in Alternative 4. 
 

Table 4-5: Evaluation of Best Buy Options against Minimum Mitigation Requirement 
Mitigation Option 

(re-ordered by 
ascending cost 

and output) 

Fox 
Squirrel 

AAHU Gain 

Meets 
Minimum 
Mitigation 

Requirement 
for Alt 1 (3.94) 

Meets 
Minimum 
Mitigation 

Requirement 
for Alt 2 (3.18) 

Meets 
Minimum 
Mitigation 

Requirement 
for Alt 3 (4.23) 

Meets 
Minimum 
Mitigation 

Requirement 
for Alt 4 (3.18) 

Meets 
Minimum 
Mitigation 

Requirement 
for Alt 5 (0.00) 

No Mitigation 0.00 No No No No Yes 

Mitigation Option 9 3.06 No No No No Yes 

Mitigation Option 15 3.93 No Yes No Yes Yes 

Mitigation Option 21 4.80 Yes Yes Yes Yes Yes 

Mitigation Option 20 4.90 Yes Yes Yes Yes Yes 

Mitigation Option 23 5.97 Yes Yes Yes Yes Yes 

Mitigation Option 22 6.12 Yes Yes Yes Yes Yes 
Note: AAHU – Average Annual Habitat Unit 
 
 

Table 4-6: Mitigation Options and Mitigation Costs Used in Economic Screening 

Alternative Mitigation Option Used in 
Economic Screening Total Cost 

Alternative 1: Channel Widening Mitigation Option 21 $29,311 

Alternative 2: Levees and Floodwalls Mitigation Option 15 $23,982 

Alternative 3: Combination Widening and Levees 
and Floodwalls Mitigation Option 21 $29,311 

Alternative 4: Property Buy-Outs No Mitigation $0 

  Note: October 2011 price level 
 
 
4.3.2 ANNUAL OMRR&R COSTS 

The costs for operation, maintenance, repair, rehabilitation, and replacement (OMRR&R) were 
estimated in October 2011 prices for each alternative and were based on a life-cycle cost analysis. 
The analysis included all OMRR&R costs that the sponsors would be expected to incur based on 
any new proposed alternative. The analysis considered and accounted for the OMRR&R in each 
year of occurrence, and then computed a present worth value of the future OMRR&R costs. The 
present worth value was then annualized using a federal interest rate of 4.000 percent and a 50-year 
period of analysis.  
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4.3.3 OTHER DIRECT AND ASSOCIATED COSTS OF IMPLEMENTATION 

Induced damages created by a proposed flood risk alternative must be included as costs in the 
economic screening; however, based on results from the HEC-FDA and discussions with hydrology 
and hydraulics engineering staff, the alternatives evaluated for Upper Turkey Creek would not 
induce significant damages on adjacent stream reaches. Any indication of induced damages is only 
based on rounding errors or internal HEC-FDA iterative computations, not on actual induced 
damages. 

4.3.4 TOTAL ANNUAL COSTS   

The total annual cost of each alternative that will be compared with the benefits of the project is the 
sum of the direct project costs: annual economic cost (design, real estate and construction costs) 
and annual OMRR&R costs. Table 4-7 provides a detailed breakdown of costs for the alternatives 
considered.  
 

Table 4-7: Detailed Cost Breakdown for Screening Alternatives for Merriam 
(October 2011 Prices, 4.000% Interest, 50-Year Period of Analysis, $1,000s) 

Alternative Project First 
Cost 

Interest 
During 
Constr. 

Total 
Investment 

Cost 

Annual  
Economic 

Cost 

Annual 
OMRR&R 

Cost 

Annual 
Induced 

Damages 

Total 
Average 

Annual Cost 
Future Without Project  NA NA NA NA NA NA NA 
Alternative 1a  $ 10,502.3   $    497.4   $  10,999.7   $    512.0   $   100.9   $     0.0     $    612.9  
Alternative 1b  $ 13,775.7   $    853.3    $  14,629.0   $    681.0   $   126.5   $     0.0     $    807.5  
Alternative 1c  $ 21,442.5   $ 1,516.8   $  22,959.3   $ 1,068.8   $   133.7   $     0.0     $ 1,202.5  
Alternative 1d  $  17,687.5   $ 1,135.1   $  18,822.6   $    876.2   $   152.5   $     0.0     $ 1,028.7  

Alternative 1e  $ 26,643.6   $ 2,344.0   $  28,987.6   $ 1,349.4   $   162.5   $     0.0     $ 1,511.9  
Alternative 2a  $ 11,531.6   $    520.8   $  12,052.4   $    561.0   $   179.9   $     0.0     $    740.9  
Alternative 2b  $ 14,480.5   $    897.3   $  15,377.8   $    715.8   $   198.9   $     0.0     $    914.7  
Alternative 2c  $ 16,700.7   $ 1,007.7   $  17,708.4   $    824.3   $   210.8   $     0.0     $ 1,035.1  

Alternative 2d  $ 17,357.5   $ 1,040.1   $  18,397.6   $    856.4   $   212.1   $     0.0     $ 1,068.5  
Alternative 2e  $ 17,805.1   $ 1,306.4   $  19,111.5   $    889.6   $   215.3   $     0.0     $ 1,104.9  
Alternative 2f  $ 20,645.1   $ 1,760.4   $  22,405.5   $ 1,043.0   $   229.4   $     0.0     $ 1,272.4  
Alternative 3a  $ 13,846.4   $    642.5   $  14,488.9   $    674.5   $   187.6   $     0.0     $    862.1  

Alternative 3b  $ 22,097.7   $ 1,284.3   $  23,382.0   $ 1,088.4   $   247.0   $     0.0     $ 1,335.4  
Alternative 3c  $ 27,344.5   $ 1,897.5   $  29,242.0   $ 1,361.2   $   245.0   $     0.0     $ 1,606.2  
Alternative 3d  $ 20,393.5   $ 1,232.1   $  21,625.6   $ 1,006.7   $   252.2   $     0.0     $ 1,258.9  
Alternative 3e  $ 28,321.2   $ 2,435.7   $  30,756.9   $ 1,431.7   $   252.0   $     0.0     $ 1,683.7  

Alternative 4—Property Buyouts $ 58,232.5 $        0.0 $  58,232.5 $ 2,710.7 $     0.0 $     0.0 $ 2,710.7 
Note: Any discrepancies are due to rounding. 
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4.4 SUMMARY OF ECONOMIC SCREENING OF ALTERNATIVES 
CONSIDERED 

Table 4-8 displays a summary of total annual costs (including OMRR&R costs), annual benefits, 
residual damages, and net benefits for each alternatives evaluated. The benefit/cost ratio and the net 
benefits for the alternatives considered are also shown. 
 

Table 4-8: Screening Summary With-Project Annual Benefits, Costs, and Net Benefits 
(October 2011 Prices, 4.000% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Reach Alternative 
Total Annual 

Costs of 
Projecta 

Annual 
Benefits 

Residual 
Damages B/C Ratio Net Benefits 

Future Without Project  NA NA  $ 3,456.7  NA NA  
Alternative 1a  $    612.9   $ 916.2     $ 2,540.5  1.5   $      303.3  
Alternative 1b  $    807.5   $ 953.3   $ 2,503.4  1.2   $      145.8  
Alternative 1c  $ 1,202.5   $ 1,678.5   $ 1,778.2  1.4   $      476.0  
Alternative 1d  $ 1,028.7   $ 2,031.3   $ 1,425.4  2.0   $   1,002.6  
Alternative 1e  $ 1,511.9   $ 2,500.8   $    955.9  1.7   $      988.9  
Alternative 2a  $    740.9   $ 1,751.0   $ 1,705.7  2.4   $   1,010.1  
Alternative 2b  $    914.7   $ 2,651.5   $    805.2  2.9   $   1,736.8  
Alternative 2c  $ 1,035.1   $ 2,656.5   $    800.2  2.6   $   1,621.4  
Alternative 2d  $ 1,068.5   $ 2,812.1   $    655.6  2.6   $   1,743.6  
Alternative 2e  $ 1,104.9   $ 2,833.9   $    622.8  2.6   $   1,729.0  
Alternative 2f  $ 1,272.4   $ 2,874.6   $    582.1  2.3   $   1,602.2  
Alternative 3a  $    862.1   $  2,323.0   $ 1,133.7  2.7   $   1,460.9  
Alternative 3b  $ 1,335.4   $ 2,491.7   $    965.0  1.9   $   1,156.3  
Alternative 3c  $ 1,606.2   $ 2,554.2   $    902.5  1.6   $      948.0  
Alternative 3d  $ 1,258.9   $ 2,795.0   $    661.7  2.2   $   1,536.1  
Alternative 3e  $ 1,683.7   $ 2,820.1   $    636.6  1.7   $   1,136.4  
Alternative 4—Property Buyouts  $ 2,710.7   $ 3,397.0   $      59.7  1.3   $      686.3  
Note: Any discrepancies are due to rounding.  
a Includes PED (Preconstruction Engineering and Design); LERRD (Lands, Easements, Rights-of-way, Relocations, and 

Disposal); construction; EDC (Engineering During Construction); S&A (Supervision and Administration); environmental 
mitigation; interest during construction; and OMRR&R (Operation, Maintenance, Repair, Rehabilitation, and Replacement). 

 

4.5 ECONOMIC PERFORMANCE WITH UNCERTAINTY FOR 
SCREENING ALTERNATIVES CONSIDERED 

The economic performance and effectiveness of the alternatives are compared in Table 4-9 below. 
The table displays the expected value and probabilistic values of equivalent annual damage (EAD) 
and EAD reduced, thus showing the impact of uncertainty in evaluation of project benefits. The 
damages reduced represent the project benefits, and are shown in terms of annualized equivalent 
values as computed in HEC-FDA.  
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Table 4-9: Economic Performance with Uncertainty for Merriam Alternatives 
(October 2011 Prices, 4.000% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Plan 

Top of 
Levee/ 

Floodwall 
Elev.  
(feet) 

Expected Value and Probabilistic Values of EAD and EAD Reduced 

EAD Probability EAD Reduced Exceeds 
Indicated Amount 

Without 
Plan With Plan Damage 

Reduced .75 .50 .25 

Future Without 
Project  

NA  $ 3,456.7   $ 3,456.7  NA NA NA NA 

Alternative 1a NA  $ 3,456.7   $ 2,540.5   $    916.2    $   621.0  $   964.1  $1,224.7  
Alternative 1b NA  $ 3,456.7   $ 2,503.4   $    953.3  $   604.2  $   953.2  $1,275.4  
Alternative 1c NA  $ 3,456.7   $ 1,778.2   $ 1,678.5  $   921.4  $1,544.2  $2,267.7  
Alternative 1d NA  $ 3,456.7   $ 1,425.4   $ 2,031.3  $1,085.4  $1,863.6  $2,765.3  
Alternative 1e NA  $ 3,456.7   $    955.9   $ 2,500.8  $1,176.3  $2,194.4  $3,395.8  
Alternative 2a 917.11  $ 3,456.7   $ 1,705.7   $ 1,751.0  $1,001.5  $1,564.2  $2,391.6  
Alternative 2b 920.05  $ 3,456.7   $    805.2   $ 2,651.5  $1,222.3  $2,250.6  $3,653.5  
Alternative 2c 920.49  $ 3,456.7   $    800.2   $ 2,656.5  $1,231.1  $2,261.4  $3,665.0  
Alternative 2d 920.99  $ 3,456.7   $    655.6   $ 2,812.1  $1,256.0 $2,291.8  $3,791.0  
Alternative 2e 921.21  $ 3,456.7   $    622.8   $ 2,833.9  $1,262.1  $2,299.2  $3,800.6  
Alternative 2f 922.78  $ 3,456.7   $    582.1   $ 2,874.6  $1,289.3  $2,332.4  $3,839.9  
Alternative 3a 916.36  $ 3,456.7   $ 1,133.7   $ 2,323.0  $1,162.1  $2,132.1  $3,071.3  
Alternative 3b 917.80  $ 3,456.7   $    965.0   $ 2,491.7  $1,209.1  $2,206.1  $3,317.3  
Alternative 3c 916.86  $ 3,456.7   $    902.5   $ 2,554.2  $1,215.6  $2,231.1  $3,412.3  
Alternative 3d 916.64 $ 3,456.7   $    661.7   $ 2,795.0  $1,252.1  $2,287.0  $3,786.5  
Alternative 3e 915.93 $ 3,456.7   $    636.6   $ 2,820.1  $1,267.2  $2,305.5  $3,808.4  

Alternative 4 – 
Property Buyouts NA $ 3,456.7 $      59.7 $ 3,397.0 $1,503.5 $2,715.7 $4,590.1 

Notes: Any discrepancies are due to rounding. 
EAD – equivalent annual damages 
 

4.6 ENGINEERING PERFORMANCE OF SCREENING 
ALTERNATIVES CONSIDERED 

How well a new federal flood-risk management project performs is indicated by the probability 
that, in a certain number of years, flows would be expected to exceed the capacity of the stream’s 
channel and, if a levee/floodwall project exists, the water-surface elevation will exceed the top of 
the levee/floodwall. 

4.6.1 ANNUAL PERFORMANCE AND EQ UIVALENT LONG-TERM RISK 

Long-term risk indicates how successfully the project protects against flooding under conditions of 
uncertainty and over a long period of time. Table 4-10 shows, for the without-project condition and 
each alternative considered, the long-term risk or probability of the project being exceeded in a 10-, 
30-, and 50-year period.  
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Table 4-10: Annual Performance and Equivalent Long-term Risk for Merriam Reach 3b 

Plan 
Top of Levee/ 

Floodwall Elevation 
(feet) 

Annual Performance 
(annual probability of 

design being 
exceeded) 

Equivalent Long-term Risk 
(probability of exceedance over the 

indicated time period) 
10 Years 30 Years 50 Years 

Future Without Project  NA 0.2688 0.9563 0.9996 1.0000 
Alternative 1a NA 0.1497 0.8024 0.9826 0.9997 
Alternative 1b NA 0.1168 0.7112 0.9552 0.9980 
Alternative 1c NA 0.1169 0.7117 0.9554 0.9980 
Alternative 1d NA 0.0617 0.4713 0.7968 0.9587 
Alternative 1e NA 0.0419 0.3485 0.6574 0.8826 
Alternative 2a 917.11 0.0387 0.3263 0.6275 0.8613 
Alternative 2b 920.05 0.0048 0.0474 0.1143 0.2155 
Alternative 2c 920.49 0.0045 0.0439 0.1061 0.2009 
Alternative 2d 920.99 0.0012 0.0119 0.0294 0.0580 
Alternative 2e 921.21 0.0008 0.0079 0.0197 0.0391 
Alternative 2f 922.78 0.0001 0.0010 0.0025 0.0050 
Alternative 3a 916.36 0.0199 0.1817 0.3943 0.6331 
Alternative 3b 917.80 0.0094 0.0903 0.2107 0.3771 
Alternative 3c 916.86 0.0100 0.0955 0.2218 0.3945 
Alternative 3d 916.64 0.0024 0.0239 0.0586 0.1138 
Alternative 3e 915.93 0.0023 0.0226 0.0555 0.1079 
Alternative 4–Property 
Buyouts NA 0.2678 0.9557 0.9996 1.0000 
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4.6.2 CONDITIONAL PROBABILITY OF DESIGN NON-EXCEEDANCE 

Table 4-11 shows the probability that the target stage associated with each plan will not be 
exceeded, given the occurrence of the 1 percent ACE event. 
 

Table 4-11: Conditional Probability of Design Non-Exceedance 

Plan 
Top of Levee/ Floodwall 

Elevation  
(feet) 

Conditional Probability of Design 
Containing 1% ACE Event 

Future Without Project  NA 0.002 
Alternative 1a NA 0.030 
Alternative 1b NA 0.044 
Alternative 1c NA 0.043 
Alternative 1d NA 0.200 
Alternative 1e NA 0.296 
Alternative 2a 917.11 0.252 
Alternative 2b 920.05 0.847 
Alternative 2c 920.49 0.856 
Alternative 2d 920.99 0.956 
Alternative 2e 921.21 0.971 
Alternative 2f 922.78 0.996 
Alternative 3a 916.36 0.505 
Alternative 3b 917.80 0.703 
Alternative 3c 916.86 0.687 
Alternative 3d 916.64 0.917 
Alternative 3e 915.93 0.921 
Alternative 4–Property Buyouts NA 0.002 
 
 

4.7 RED IMPACTS WITH PROJECT 
Construction of any of the alternatives considered would contribute to the long-term stability of the 
project area. Alternative 1 does not require significant acquisition or relocation of residents or 
businesses. Alternatives 2 and 3 would require a buyout of two businesses (three buildings), slightly 
reducing the local tax base. With decreased probability of flood events inundating the floodplain, 
existing businesses would be expected to continue their occupancy in Reach 3b, and new businesses 
and investment would be more easily attracted to the area in the future if vacancies occur, resulting 
in a stronger tax base. With decreased probability of flooding, business activity would be expected 
to remain relatively stable, barring impacts from other sources. Because Alternatives 2 and 3 
generally are more effective than Alternative 1 in reducing residual damages and the probability of 
flood events inundating the floodplain, they would be expected to have greater benefits of this type. 
Additionally, temporary increases in employment would be expected during construction. The 
temporary presence of construction workers for the project may bring a temporary increase in 
demand for some services in the local area, but also a temporary increase in business volume, 
profits, and sales tax receipts at the local retail and service establishments. Alternative 4 would be 
characterized by a buyout of all the homes and commercial buildings that would be inundated by 
the 1 percent flood event, greatly reducing the local tax base due to the demolition and removal of 
structures.  
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4.8 OTHER SOCIAL EFFECTS WITH PROJECT 
Implementation of any of the structural and non-structural alternatives considered would contribute 
to the safety of those living or working in the project area. Risk is defined as the probability of an 
event and the consequences if that event does occur. As shown in Table 4-10, the structural 
alternatives (Alternatives 1, 2, and 3) reduce flood risk and the attendant threat to human life. The 
alternatives that include levees and floodwalls (Alternatives 2 and 3) generally are more effective 
than Alternative 1 (channelization only) in reducing this aspect of flood risk. Alternative 4 does not 
change the probability of flooding relative to the future without-project condition; however, by 
removing homes, businesses, and people from the floodplain, Alternative 4 reduces the population 
that would be threatened by floodwaters, thus reducing the consequences of future flood events.  
Public safety is a particular social concern in the Upper Turkey Creek basin because the nature of 
flood risk here is generally flash flooding, given that the creek channel is very urbanized and 
narrow in the study area. Upper Turkey Creek can rise very rapidly: available data on stream flow 
at both Johnson Drive and Antioch Road indicate that the creek rise approximately 10 feet within 
an hour during a flood event, and this is consistent with anecdotal experience noted during the more 
recent Upper Turkey Creek flood events. The rapidity with which flood events develop on this 
stream usually allows little if any advance warning of possible overbank flows, particularly in this 
upper portion of the basin where early warning systems could easily be outrun by a developing 
flash flood event. Two deaths occurred in the Upper Turkey Creek basin during a flood event in 
October 1998, and at least one other death has occurred downstream of the study area in previous 
flood events. 
A primary metric of the threat of flooding to human life is population at risk (PAR), which is 
anchored by those who live and work in the area. There are only a few homes in the floodplain of 
this study area, but the total PAR related to residents and workers at the 91 study area companies is 
estimated to be about 1,500 – nearly all workers. This figure does not tell the entire story, however, 
as PAR also includes those who are in the area temporarily, such as customers of area businesses or 
drivers and passengers traveling through the area. This transitory portion of the PAR is difficult to 
estimate with any accuracy and is heavily dependent upon judgment, but one point of reference is 
traffic counts. Average daily traffic counts as estimated by the Kansas Department of 
Transportation are available for one location within the study area: Merriam Drive at 60th Street, 
just south of Johnson Drive, where the average daily traffic count is 4,495. This works out to an 
hourly average of 187 vehicles per hour. However, the count at this location probably is not fully 
representative of study area traffic in light of the average daily traffic counts in excess of 9,000 
(approaching 400 per hour) that can be seen nearby (just outside the study area floodplain) on 
Antioch Road near Johnson Drive and on Merriam Drive near the Johnson/Wyandotte County line. 
Factoring in the likelihood for vehicles to carry multiple passengers along with the driver brings the 
transitory portion of PAR at any given time to perhaps 500. The total PAR for the study area, 
including residents, workers, and drivers, is therefore estimated to be approximately 2,000. 
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5.0 NED PLAN 

The NED plan is the scale of alternative that reasonably maximizes expected net NED benefits. Net 
NED benefits are the difference between the NED benefits and the NED costs. The plan with the 
highest net benefits (not necessarily the highest benefit-cost ratio) is considered the NED plan, 
assuming technical feasibility, environmental soundness, and public acceptability. This was the 
basis for selecting Alternative 2d as the NED plan.  Based on the economic screening of the array 
of alternatives, as shown in Table 4-8 above, Table 5-1 displays annual costs, benefits, net benefits, 
and residual damages for the NED plan (Alternative 2d) and the two alternatives with net NED 
benefits within 1 percent of the NED plan. 
 

Table 5-1: Summary With-Project Annual Benefits, Costs, and Net Benefits for NED Plan 
and Locally Preferred Plan 

(October 2011 Prices, 4.000% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Reach Alternative 
Total Annual 

Costs of 
Project* 

Annual 
Benefits 

Residual 
Damages B/C Ratio Net Benefits 

Alternative 2b  $    914.7   $ 2,651.5   $  805.2  2.9   $   1,736.8  
Alternative 2d (NED plan)  $ 1,068.5   $ 2,812.1   $  655.6  2.6   $   1,743.6  
Alternative 2e  $ 1,104.9   $ 2,833.9   $  622.8  2.6   $   1,729.0  
Locally Preferred Plan  $ 1,126.9   $ 2,820.9   $  635.8  2.5   $   1,694.0  

Notes:  Any discrepancies are due to rounding. 
a Includes PED (Preconstruction Engineering, and Design), LERRD (Land, Easement, Rights-of-way, Relocations, and 

Disposal), construction, environmental mitigations, interest during construction, and OMRR&R (Operation, Maintenance, 
Repair, Rehabilitation, and Replacement). 

 

6.0 INCREMENTAL ANALYSIS 

In water resources planning, the plan that maximizes net NED benefits is the best plan from an 
economic perspective. The economic analysis also examines increments of plans or project features 
to determine their incremental costs and incremental benefits. Increments of plans may be, for 
example, increments of added levee heights or separate features that are added to the plan. 
Increments of plans continue to be added and evaluated as long as the incremental benefits exceed 
the incremental costs. In comparison to all of the alternatives that provide less gross NED benefits 
than the NED plan, the incremental benefits of the NED plan exceed the incremental costs. 
However, for the alternatives that provide more gross NED benefits than the NED plan, their 
incremental benefits above the NED plan do not exceed the incremental costs. This results in the 
NED plan, Alternative 2d, having the greatest net NED benefit, albeit narrowly over Alternatives 
2b and 2e.  
Three alternatives from the screening array Alternative 2 series (2b, 2d, and, 2e), all levee and 
floodwall plans, are narrowly separated in terms of net annual economic benefits. They also have 
very similar social and environmental effects and requirements for implementation. Throughout 
several iterations of analyses conducted in the process of adjusting economic and cost data, these 
three alternatives have remained narrowly separated; nevertheless, Alternative 2d, the NED plan, 
has consistently remained the plan with the maximum net annual benefits. Alternative 2d would 
pass the 1-percent ACE event through downtown Merriam with an estimated assurance (conditional 
non-exceedance probability) of 95.7 percent. In comparing the three alternatives, 2b is 
approximately $2.88 million cheaper in first costs than 2d but has significantly less benefits and 
retains significantly greater residual risk, providing an estimated assurance of passing the 1-percent 
ACE event of 84.7 percent and allowing more structures to be damaged at a higher level. 
Alternative 2e, on the other hand, provides an estimated 97.1 percent assurance in passing the 1-
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percent ACE event, but is more expensive than 2d by $447,600.  It provides very similar flood risk 
reduction to the structures in Merriam relative to 2d.  
Table 4-1 shows that selection of Alternative 2b would reduce annual damages for Reach 3b to 
$230,200, about 8 percent of without-project condition damages. Alternative 2d, while entailing 
higher project costs, would reduce residual damages for Reach 3b to $69,600, or 2.4 percent of 
without-project damages, and Alternative 2e, the most expensive of these three alternatives, would 
further reduce residual damages to 1.7 percent of without-project damages ($47,800). Alternatives 
2b, 2d, and 2e all have identical environmental consequences and require identical mitigation 
measures. Local acceptability is greatest for Alternative 2d, as the incremental reduction in residual 
risk (as compared to 2b) is viewed as being worth the incremental cost. 

7.0 UPDATED WATER-SURFACE PROFILES AND SENSITIVITY 

ANALYSIS 

The study’s Independent External Peer Review (IEPR) brought to light that the National 
Oceanographic and Atmospheric Administration (NOAA) had recently published updated 
hydrologic information (Atlas 14), which would change the probability of flooding in the Upper 
Turkey Creek study area.  An updated HEC-RAS model based on the Atlas 14 hydrologic data 
showed flood probabilities that were generally higher than previous estimates.  This meant that any 
with-project alternative would have both greater benefits and greater residual damages than 
previously estimated.  Given that preliminary screening showed levees to be far more effective and 
efficient than channelization, the sensitivity analysis focused on whether or not a levee project was 
still justified and what the recommended levee height should be.  In consultation with the vertical 
team, including the HQUSACE Office of Water Policy Review, a new plan, designated the Atlas-
14 Sensitivity-Analysis Plan, was formulated for the sensitivity analysis.  The Atlas-14 Sensitivity-
Analysis Plan was designed to achieve a level of reliability similar to what had been previously 
estimated for the NED plan based on the older hydrology.  Benefits and costs also were updated 
from the screening-level FY 12 price level and interest rate to FY 15 for the sensitivity analysis.  
The updated benefits and costs of the NED Plan (with top-of-levee elevation of 920.98 at the index 
point) were compared against the Atlas-14 Sensitivity-Analysis Plan (with top-of-levee elevation of 
922.69 at the index point), and both plans were compared with the future without-project condition.  

In addition to the NED Plan and the Atlas-14 Sensitivity-Analysis Plan, the sensitivity analysis also 
included Alternatives 2b and 2c, which were similar to the NED plan. Note that Alternative 2c was 
included in the sensitivity analysis rather than 2e, even though in the screening, 2e was closer to 2d 
in net benefits (within 1 percent of net benefits, as discussed in sections 5.0 and 6.0) than was 2c. 
However, 2e was also more expensive than 2d, and the vertical team (again, including HQUSACE 
Office of Water Policy Review) wanted to focus on the two alternatives smaller in scale than 2d to 
ensure that 2d remained on the rising portion of the net benefits curve, and was therefore still the 
NED plan, in the Atlas 14 context. 

The update factors used included a 9.4 percent increase for structures using the Construction Cost 
Index (CCI), a 5.5 percent increase for roads using the Civil Works Construction Cost Index 
System for “Roads” (CWCCIS 08), and a 6.5 percent increase for contents, cleanup, and other 
using the Consumer Price Index (CPI).  So the increase in annual damages from the previous 
estimate (e.g. $3,456,700 for the FY 2012 estimate of Future Without Project to $4,749,600 for the 
FY 2015 estimate, an increase of 37.4 percent) was caused in part by an increase in price level, but 
mostly by a change in H&H conditions under Atlas 14.   

Based on the updated costs and benefits from the Atlas-14 update, Tables 7-1 through 7-7 display 
costs, benefits, net benefits, and residual damages for the NED plan (Alternative 2d), two 
alternatives similar to 2d (Alternatives 2b and 2c), and the Atlas-14 Sensitivity-Analysis Plan.  
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First, Table 7-1 shows the benefits of each alternative and the with-project equivalent residual 
annual damages that would be expected to occur if each alternative considered were in place. 
 
 

Table 7-1: Sensitivity Analysis - Equivalent Annual Benefits and Residual Damages With and 
Without Project 

(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Alternative 
Equivalent 

Annual Flood 
Damages in 

Reach 3a  

Equivalent 
Annual Flood 
Damages in 

Reach 3b 

Equivalent 
Annual Flood 
Damages in 

Reach 3c 

Total Equivalent 
Annual  

Damages/Residu
al Damages in 

Reaches 3a, 3b, 
and 3c 

Total Benefits 
from FRM 

Alternatives in 
Merriam 

Future Without 
Project   $  702.9   $  3,709.6   $  337.4   $ 4,749.6  NA 

Alternative 2b $  702.9 $    549.0 $  337.4 $ 1,589.0 $ 3,160.6 
Alternative 2c $  702.9 $    397.4 $  337.4 $ 1,437.5 $ 3,312.1 
Alternative 2d 
(NED Plan) $  702.9  $    264.9  $  337.4   $ 1,304.9   $ 3,444.7    
Atlas-14 
Sensitivity-
Analysis Plan $  702.9  $  6.7  $  337.4   $ 1,046.7   $ 3,702.9  

Note: Any discrepancies are due to rounding. 
 
 
Table 7-2 shows project first costs for each of the alternatives. The updated construction costs 
shown include engineering during construction and supervision & administration, but not PED.  
The LERRD costs shown include lands & damages, as well as relocations. 
 

Table 7-2: Sensitivity Analysis - Detailed Breakdown of Project First Costs by Alternative 
(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Alternative 
Construction 

Cost (includes 
EDC and S&A) 

PED Cost LERRD Cost 
Mitigation Cost 
(Compensatory 

Restoration) 
Total First Cost 

Future Without 
Project  

NA NA NA NA NA 

Alternative 2b $   23,883.0 $      2,712.0 $  10,122.0 $      15.0 $   36,732.0 
Alternative 2c $   24,261.0 $      2,748.0 $  10,122.0 $      15.0 $   37,146.0 
Alternative 2d (NED 
Plan) 

$   24,655.0 $      2,787.0 $  10,122.0 $      15.0 $   37,579.0 

Atlas-14 Sensitivity-
Analysis Plan 

$   29,771.0 $      3,287.0 $   9,954.0 $      15.0 $   43,209.0 

Note: Any discrepancies are due to rounding; EDC – Engineering During Construction, LERRD – Land, Easement, Rights-
of-way, Relocations, and Disposal, PED – Preconstruction Engineering and Design, S&A – Supervision and Administration 
 

 
Table 7-3 provides a detailed breakdown of the updated average annual cost of each alternative.  
For this update, each alternative’s annual cost (as well as IDC) was calculated using a Federal 
interest rate of 3.375 percent and a 50-year period of analysis. 
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Table 7-3: Sensitivity Analysis - Detailed Cost Breakdown for Alternatives Considered 
(October 2014 Prices, 3.375% Interest, 50-Year Period of Analysis, $1,000s) 

Alternative Project First 
Cost 

Interest 
During 
Constr. 

Total 
Investment 

Cost 

Annual  
Economic 

Cost 

Annual 
OMRR&R 

Cost 

Annual 
Induced 

Damages 

Total 
Average 

Annual Cost 
Future Without Project  NA NA NA NA NA NA NA 

Alternative 2b $ 36,732.0 $  2,946.4 $  39,678.4 $  1,653.7 $   40.8 $     0.0 $  1,694.5 

Alternative 2c $ 37,146.0 $  2,974.1 $  40,120.1 $  1,672.1 $   40.8 $     0.0 $  1,712.9 

Alternative 2d (NED Plan)  $ 37,579.0   $  3,003.9   $  40,582.9   $  1,691.4  $   40.8  $     0.0     $  1,732.2  

Atlas-14 Sensitivity-Analysis 
Plan  $ 43,026.0   $  4,021.1    $  47,047.1   $  1,960.8  $   40.8   $     0.0     $  2,001.6  
Note: Any discrepancies are due to rounding. 

 
 
Table 7-4 displays an updated summary of total annual costs (including OMRR&R costs), annual 
benefits, residual damages, and net benefits for each alternative. The benefit/cost ratio and the net 
benefits for the alternatives considered are also shown.  
 
 

Table 7-4: Sensitivity Analysis - Annual Benefits, Costs, and Net Benefits of Alternatives 
(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Reach Alternative 
Total Annual 

Costs of 
Projecta 

Annual 
Benefits 

Residual 
Damages B/C Ratio Net Benefits 

Future Without Project  NA NA $ 4,749.6  NA NA  
Alternative 2b $  1,694.5 $ 3,160.6 $ 1,589.0 1.9 $  1,466.1 
Alternative 2c $  1,712.9 $ 3,312.1 $ 1,437.5 1.9 $  1,599.2 
Alternative 2d (NED Plan) $  1,732.2  $ 3,444.7    $ 1,304.9  2.0  $  1,712.5  
Atlas-14 Sensitivity-Analysis Plan $  2,001.6  $ 3,702.9  $ 1,046.7  1.8  $  1,701.3  
Note: Any discrepancies are due to rounding.  
a Includes PED (Preconstruction Engineering and Design); LERRD (Lands, Easements, Rights-of-way, Relocations, and 

Disposal); construction; EDC (Engineering During Construction); S&A (Supervision and Administration); environmental 
mitigation; interest during construction; and OMRR&R (Operation, Maintenance, Repair, Rehabilitation, and Replacement). 

 
 
Table 7-5 shows expected values and probabilistic values of equivalent annual damage and 
reduction in equivalent annual damage for each of the alternatives. 
 

Table 7-5: Economic Performance with Uncertainty for Merriam Alternatives 
(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Plan 

Top of 
Levee/ 
Floodw

all 
Elev.  
(feet) 

Expected Value and Probabilistic Values of EAD and EAD Reduced 

EAD Probability EAD Reduced Exceeds 
Indicated Amount 

Without 
Plan With Plan Damage 

Reduced .75 .50 .25 

Future Without Project  NA $ 4,749.6   $ 4,749.6  NA NA NA NA 
Alternative 2b 920.05 $ 4,749.6 $ 1,589.0 $  3,160.6 $  1,706.4 $  2,835.7 $  4,262.1 
Alternative 2c 920.49 $ 4,749.6 $ 1,437.5 $  3,312.1 $  1,727.0 $  2,938.8 $  4,445.8 
Alternative 2d (NED Plan) 920.98 $ 4,749.6 $ 1,304.9  $  3,444.7    $  1,749.1  $  2,986.1  $  4,620.3  
Atlas-14 Sens.-Analysis Plan 922.69 $ 4,749.6  $ 1,046.7  $  3,702.9  $  1,811.3  $  3,062.2  $  4,891.1  

Notes: Any discrepancies are due to rounding. 
EAD – equivalent annual damages 
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Table 7-6 shows (for each alternative) the long-term risk or probability of the project being 
exceeded in a 10-, 30-, and 50-year period, under conditions of uncertainty. 
 

Table 7-6: Annual Performance and Equivalent Long-term Risk for Merriam Reach 3b 

Plan 
Top of Levee/ 

Floodwall Elevation 
(feet) 

Annual Performance 
(annual probability of 

design being 
exceeded) 

Equivalent Long-term Risk 
(probability of exceedance over the 

indicated time period) 
10 Years 30 Years 50 Years 

Future Without Project  NA 0.283 0.9640 0.9998 1.0000 
Alternative 2b 920.05 0.011 0.1086 0.2498 0.4371 
Alternative 2c 920.49 0.008 0.0777 0.1831 0.3326 
Alternative 2d (NED Plan) 920.98 0.005 0.0507 0.1220 0.2292 
Atlas-14 Sensitivity-Analysis 
Plan 922.69 0.0001 0.0011 0.0028 0.0055 
 
 
Table 7-7 shows the probability that the target stage associated with each plan will not be exceeded, 
given the occurrence of the 1-percent ACE event. 
 

Table 7-7: Conditional Probability of Design Non-Exceedance 

Plan 
Top of Levee/ Floodwall 

Elevation  
(feet) 

Conditional Probability of Design 
Containing 1% ACE Event 

Future Without Project  NA 0.002 
Alternative 2b 920.05 0.644 
Alternative 2c 920.49 0.740 
Alternative 2d (NED Plan) 920.98 0.829 
Atlas-14 Sensitivity-Analysis Plan 922.69 0.995 
 

8.0 THE NED PLAN 

The USACE Planning Guidance Notebook, ER 1105-2-100 states, “A plan that reasonably 
maximizes net national economic development benefits, consistent with the Federal objective, is to 
be formulated. This plan is to be identified as the NED plan  

During the final iteration of the planning process the study team continued to analyze data on 
stream hydraulics, hydrology, interior drainage, economics, engineering design and costs, and real-
estate costs to refine and optimize alternatives. In this process of optimizing the concept alternatives 
wherever possible, all costs for Alternative 2 (levee and floodwalls) and Alternative 3 – 
(combination of channel widening and levee/floodwalls) were re-evaluated. Recommendations for 
refining the alternatives included relocation of the detention basin from the area east of the Farmer's 
Market to a property located on the north of the Farmer's Market for all Alternative 2 and 
Alternative 3 concept alternatives. Although this property was always considered ideal from a 
hydraulic and engineering stand point, the real estate acquisition of the lot was not considered 
possible during the initial alternative conceptualization. The revised alternatives became the final 
Alternative 2 (levee and floodwalls) and Alternative 3 (combination of channel widening and 
levee/floodwalls) concept alternatives. 
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Further analysis revealed that the relocation of the detention basin to the north of the Farmers' 
Market is the more acceptable alternative for the local community.  The Farmers’ Market is a 
community event pavilion housing many special events and programs, and the local sponsor has 
expressed concerns and a desire to avoid impacts to the Farmers' Market area. In addition to the 
local acceptability issue, the construction of the detention basin east of the Farmers' Market pavilion 
would have required relocation of the entrance road to the Farmers' Market in order to provide a 
continuous pond and maximize the available space for detention while keeping mild slopes for 
maintenance. This change could have had impacts on the future use of the Farmer's Market. From 
an engineering perspective, the location north of the Farmers' Market is also a more ideal location 
(lower) than the proposed site east of the Farmers' Market and is closer to Turkey Creek, requiring 
less pipe (culvert) installation from the ponding area to the proposed outlet point. There is potential 
for nuisance flooding to occur if the constructed detention basin east of the Farmers’ Market were 
to exceed its capacity during a storm event. This nuisance flooding is not expected with the 
relocation of the detention basin to north of the Farmers' Market as this site is at a lower elevation 
than the surrounding area.    

All of the Alternative 2 and Alternative 3 concept alternatives are similar structural projects 
involving channel widening and levee/floodwalls that are distinguished only by differing project 
scales and the costs associated with these scales. For that reason, changes in cost estimates or other 
factors would most likely have a similar effect on all of the Alternative 2 and Alternative 3 concept 
alternatives rather than creating any ranking shifts compelling enough to necessitate a new 
economic analysis. 

Based on the current economic analysis and information, Alternative 2d is the plan that reasonably 
maximizes the net national economic development benefits and is the most effective at addressing 
the planning objectives, and is therefore the NED plan. Alternative 2d would pass the 1-percent 
ACE event through downtown Merriam with an estimated assurance (conditional non-exceedance 
probability) of 82.9 percent, and provide greater net annual benefits in reduction of flood damages 
than the other Alternative 2 and Alternative 3 concept alternatives, in addition to meeting the needs 
of the local community.   

8.1 NED PLAN COSTS 
The NED costs of the recommended plan include the project first costs shown in Table 8-1 (design, 
construction, environmental mitigation, and LERRD costs) that will occur with project 
implementation. All of these costs are included in the economic analysis. The total annual cost 
(including interest during construction, and OMRR&R costs) for the NED plan was computed at 
the current FY15 Federal interest rate of 3.375 percent, October 2014 price level, and 50-year 
period of analysis. Table 8-2 displays the total annual cost of implementing the NED Plan.  
 

Table 8-1: Detailed Breakdown of Project First Costs for NED Plan 
(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Alternative Construction Cost 
(includes EDC and 

S&A) PED Cost LERRD Cost 

Mitigation Cost 
(compensatory 

restoration) 
Total First 

Cost 
Alternative 2d  $ 24,655.0   $     2,787.0   $  10,122.0   $       15.0   $  37,579.0 

Notes:  Any discrepancies are due to rounding. 
EDC – Engineering During Construction, PED – Preconstruction Engineering and Design, LERRD – Lands, Easements, Rights-

of-way, Relocations, and Disposal Areas, S&A –Supervision & Administration 
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Table 8-2: Detailed Breakdown of Annual Costs for NED Plan 
(October 2014 Prices, 3.375% Interest, 50-yr Period of Analysis, $1,000s) 

Alternative Project 
First Cost 

Interest 
During 
Constr. 

Total 
Investment 

Cost 

Annual 
Economic 

Cost 

Annual 
OMRR&R 

Cost 

Annual 
Induced 

Damages 

Total 
Average 
Annual 

Cost 
Alternative 2d 

 $ 37,579.0   $ 3,003.9   $  40,582.9   $    1,691.4   $   40.8   $     0.0     $ 1,732.2  
Note:  Any discrepancies are due to rounding. 
 

8.2 NED PLAN PERFORMANCE 
8.2.1 BENEFITS AND COSTS  

Implementation of the NED plan would provide significant flood-risk management benefits. Table 
8-3 displays the annual benefits, residual damages, annual cost, and net benefits for the NED plan.  
 

Table 8-3: Summary of With- and Without-Project Annual Damages, Benefits and Costs 
(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Reach Alternative 
Total Annual 

Costs of 
Project * 

Annual 
Benefits 

Residual 
Damages B/C Ratio Net 

Benefits 

Future Without Project  NA NA  $  4,749.6  NA NA 
Alternative 2d  $ 1,732.2   $ 3,444.7   $  1,304.9  2.0   $   1,712.5  
Note:  Any discrepancies are due to rounding. 
* Includes PED, LERRD, Construction, Environmental Mitigations, Interest During Construction, and OMRR&R. 
 
 
The risk and uncertainty-based economic performance and effectiveness of the NED plan is 
summarized in Table 8-4. The table displays the expected value and other probabilistic values of 
EAD and EAD reduced, thus showing the impact of uncertainty in evaluation of project benefits. 
For Alternative 2d, the mean/average estimate, given uncertainties, of the damage reduced is 
$3,444,700.  However, there is a 75-percent chance that the damage reduced will be more than 
$1,749,100, a 50-percent chance that the damage reduced will be more than $2,986,100, and a 25-
percent chance that the damage reduced will be more than $4,620,300.  The damages reduced 
represent the project benefits, and are shown in terms of annualized equivalent values as computed 
in HEC-FDA. 
 

Table 8-4: Probabilistic Economic Performance of NED Plan 
October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s 

Plan 

Top of 
Levee/ 

Floodwall 
Elevation 

(feet) 

Expected Value and Probabilistic Values of EAD and EAD Reduced 

Equivalent Annual Damage Probability EAD Reduced Exceeds 
Indicated Amount 

Without Plan With Plan Damage 
Reduced .75 .50 .25 

Future Without Project  NA $4,749.6 $4,749.6  NA NA NA NA 
Alternative 2d 920.98 $4,749.6 $ 1,304.9  $3,444.7 $1,749.1 $2,986.1 $4,620.3 

Note: Any discrepancies are due to rounding. 
EAD – equivalent annual damages 
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8.2.2 DAMAGE REDUCTION BY CATEGORY AND EVENT 

Flooding will occur significantly less frequently in Reach 3b with implementation of the NED plan, 
and thus total EAD in Merriam is reduced by approximately 73 percent. Table 8-5 displays the 
NED plan and without-project EAD (physical and non-physical) by category of damage. 
 
 

Table 8-5: Future With and Without Project Condition EAD by Category 
(October 2014 Prices, 3.375% Interest Rate, 50-Year Period of Analysis, $1,000s) 

Equivalent Annual Physical Damages 
Reach Without Project NED Plan 

Commercial EAD $ 4,411.1 $   1,240.3 
Commercial EAD Reduced          NA $  3,170.8 
Public EAD $     30.6 $      12.6 
Public EAD Reduced         NA $      18.0 
Residential EAD $     63.8 $        4.8 
Residential EAD Reduced         NA $      59.0 
Clean-up EAD  $   244.1 $      47.3 
Clean-up EAD Reduced           NA $    196.8 
Total EAD $ 4,749.6 $ 1,305.0 
Total EAD Reduced            NA $ 3,444.7 

Note: Any discrepancies are due to rounding.  
EAD – equivalent annual damages 
 
 

Table 8-6 displays river discharge, river stage, maximum structure depth, and damage that could 
occur with a flood event of the specified exceedance probability with implementation of the NED 
plan. The NED plan features levees and floodwalls that are designed to protect Reach 3b against 
flood stages up to approximately the 0.0052 ACE event, preventing damage to Reach 3b for the 
events listed.  Reaches 3a and 3c are unaffected by the project, and their EAD is the same as in the 
without-project condition. 
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Table 8-6: Single-Event Exceedance Probability-Damage with NED Plan 

ACE Event Discharge 
(cfs) 

Stage  
(feet) 

Max. Struc 
Deptha 

Damage 
(October 2014 

prices, $1,000s) 

No. of 
Structures 
Affected 

3a 
.1 9,843 891.71 1.7 $321.2 4 
.01 16,613 896.61 6.6 $12,328.4 16 

.002 21,526 901.64 11.6 $17,685.9 20 
3b 

.1 10,718 915.44 NA $0 0 
.01 16,855 919.77 NA $0 0 

.002 21,037 921.55 14.0 $46,448.4 75 
3c 

.1 4,409 949.26 NA $2.7 0 
.01 8,625 952.82 2.1 $4,312.7 2 

.002 11,511 954.03 3.0 $6,262.3 2 
Study Area Total  

.1 NA NA 1.7 $323.9 4 
.01 NA NA 6.6 $16,641.1 18 

.002 NA NA 14.0 $64,760.6 97 
Note: cfs – cubic feet per second 
a Based on lowest structure. 
 
 

8.2.3 ENGINEERING PERFORMANCE (ASSURANCE)  

How well the NED plan would perform is indicated by the probability of the project being 
exceeded over a certain number of years. Long-term risk indicates how well the project will contain 
floods under conditions of uncertainty and over a long period of time. Table 8-7 shows the long-
term risk or probability of the project being exceeded in a 10-, 30-, and 50-year period. The AEP 
(annual exceedance probability) of the NED plan design (probability of flooding in any given year 
with the project in place) in Reach 3b is 0.0052. Over a 10-year period, the probability of the top of 
project being exceeded is 0.0507 in Reach 3b. Over a 30-year period, the long-term risk is 0.1220, 
and it is 0.2292 over a 50-year period.  
 

Table 8-7: Annual Performance and Equivalent Long-term Risk for NED Plan (Merriam 
Reach 3b) 

Plan 
Top of Levee/ Floodwall 

Elevation  
(feet) 

Annual Performance 
(annual probability 

of design being 
exceeded) 

Equivalent Long-term Risk 
(probability of exceedance over 

the indicated time period) 
10 Years 30 Years 50 Years 

Future Without Project  NA 0.2827 0.9640 0.9998 1.0000 
Alternative 2d 920.98 0.0052 0.0507 0.1220 0.2292 
 
 
As shown in Table 8-8, long-term risk can be alternatively described in terms of chance of flooding 
in any given year or in a specified time period. The equivalent long-term residual risk with the NED 
plan in place can be characterized as follows: There is a 1 in 3.5 chance that Reach 3b would flood 
in any year under the future without project condition. With the NED plan, Reach 3b has a 1 in 192 
chance of flooding in any year, a significant reduction in the probability of flooding. Over 50 years, 
there is a 1 in 4 chance that the capacity of the project to protect against flooding would be 
exceeded one or more times. This shows a significant improvement over the near certainty of 
capacity exceedance in the future without project condition over 50 years. Over 30 years, there is a 
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1 in 8 chance of the project design capacity being exceeded (flooding), again a significant 
improvement over the near certainty of exceedance under the future without project condition. Over 
10 years, there is a 1 in 20 chance with the NED plan, compared with a 1 in 1.04 chance under the 
future without project condition.  
 

Table 8-8: Annual Performance and Equivalent Long-Term Risk for NED Plan (Merriam 
Reach 3b) 

Plan 
Top of Levee/ 

Floodwall 
Elevation  

(feet) 

Annual Performance 
(annual probability of 

design being exceeded) 

Equivalent Long-term Risk 
(probability of exceedance over 

the indicated time period) 
10 Years 30 Years 50 Years 

Future Without Project  NA 1 in 3.5 1 in 1.04 ~ 1 in 1 ~ 1 in 1 
Alternative 2d 920.98 1 in 192 1 in 20 1 in 8 1 in 4 
 
One metric used to characterize the performance of a flood risk management project is overall 
project reliability against the 1-percent ACE event. Table 8-9 displays, for the NED plan, the with-
project conditional non-exceedance probability given the occurrence of a 1-percent ACE event. The 
table also displays the top of levee margins above the nominal 1 percent and below the nominal 0.2 
percent ACE event water surface profiles. 

 

Table 8-9: Conditional Probability of Design Non-Exceedance 

Plan 

Top of 
Levee/Flood Wall 

Elev. at Index 
Point 

(feet msl) 

Overtopping Margin 
(feet) above 1% ACE 
Event Water Surface 

Profile 

Overtopping Margin 
(feet) in comparison 
to 0.2% ACE Event 

Water Surface 
Profile 

Conditional Probability 
of Design Containing 

1% ACE Event 

Alternative 2d 920.98 +1.21 -0.57 0.829 

 

8.2.4 RED AND OSE EFFECTS   

Implementation of the NED plan would provide RED benefits due to the decreased probability of 
flood events inundating the floodplain, as shown in Table 4-11. Existing businesses would be 
expected to continue their occupancy in Reach 3b, and new businesses and investment would be 
more easily attracted to the area in the future if vacancies occur, resulting in a stronger tax base. 
With reduced probability of flooding, business activity would be expected to remain relatively 
stable, barring unforeseen impacts from other sources. Additionally, temporary increases in 
employment would be expected during construction. The temporary presence of construction 
workers for the project may bring a temporary increase in demand for some services in the local 
area, but also a temporary increase in business volume, profits, and sales tax receipts at the local 
retail and service establishments.  
The NED plan would also likely reduce the risk of life loss from flooding, due to the decreased 
probability of a flood event inundating the floodplain with short warning time.  

8.3 RESIDUAL RISK 
8.3.1 RESIDUAL DAMAGES 

The total residual damage for the project is $1,304,900 per year, which is approximately 27 percent 
of the future without-project damages.  All of the reduced damage takes place in Reach 3b, which 
has residual damage of $264,920, approximately 7.1 percent of the Reach 3b future without-project 
damages of $3,709,600.  Residual damage for the project is $702,850 for Reach 3a and $337,170 
for Reach 3c, both of which are unchanged from the future without-project condition. 
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8.3.2 RISK OF PROJECT CAPACITY EXCEEDANCE 

Although floodplain users and occupants may desire 100 percent protection from flooding, this is 
an unachievable goal. No flood-risk management project can guarantee 100 percent elimination of 
flooding. With any flood-risk management project, it is important for floodplain users and 
occupants to be aware of the level of flood risk that remains even after implementation of a 
recommended project (see Tables 8-4 and 8-7 above). The probability and occurrence of flooding 
would be less frequent with the implementation of the recommended plan in the Merriam Project 
area. However, during major flood events, residents and other floodplain occupants may still be 
ordered to evacuate and move to higher ground. If levees and/or floodwalls failed or overtopped 
during these events, flood depths could reach more than 14 feet in the Merriam Project Area, 
causing significant damages.  The probability that a flood event will overtop the levees and/or 
floodwalls in Reach 3b is approximately 0.52 percent in a given year and 22.9 percent over a 50-
year period.  The probability of flood events inundating Reach 3a or Reach 3c would be unchanged 
from the future without-project condition.  For Reach 3a this probability would be approximately 
11 percent in a given year and over 99 percent over a 50-year period, and for Reach 3c the 
probability would be approximately 8.6 percent in a given year and approximately 99 percent over 
a 50-year period.  

9.0  PLAN FOR ECONOMIC UPDATES   

ER 1105-2-100, para. D-4, requires a plan for conducting updates of the project economic 
justification.  Economic updates, revisiting estimated damages, benefits, costs, affected population, 
and residual risk, will be required every three years.  Updates are not intended to involve major 
economic analyses or extensive reworking of the feasibility study analysis.  They are intended to 
verify the continuing validity of important assumptions on which the economic justification is 
founded as well as to convert data to current price levels.  It is currently expected that the first 
economic update would be required in FY 2018. 
If there have been only modest changes in the study area’s economic base since the previous 
approved update, and there have been no changes in engineering data or plan formulation, it may be 
concluded that the changes in the economic base do not challenge the fundamental economic 
development assumptions that supported the previous economic analysis.  In this case, the update 
can be a Level 1 update consisting of a simple reaffirmation of the benefits from the previous 
analysis and involving no structure inventory revision and new benefit calculations.  
If significant changes have occurred in the area’s economic base since the previous approved 
update, but there have been no changes in the supporting engineering data or the plan formulation, a 
Level 2 update will be called for.  The Level 2 update will entail revising the structure inventory 
and recalculating benefits.  If there have also been changes in the engineering data and/or the plan 
formulation in addition to the economic base changes, a Level 3 update will be required involving 
structure inventory revision, new economic modeling, and recalculation of the benefit-cost ratio. 
Task 1: Data gathering -- The first task for the economic update for all levels will be data gathering 
to evaluate changes since the last approved economic analysis in the economic base and the 
population at risk.  A brief windshield survey including all major portions of the study area will be 
carried out to initially identify major changes in the scale or condition of residential and 
nonresidential properties and transportation networks.  Local city and Chamber of Commerce staff 
will be consulted to further help identify major changes of the previous three years pertaining to the 
economic structure inventory and particularly to major nonresidential properties. Discussions will 
encompass verification of continuing operations at major properties, identification of significant 
changes in operational scale at major businesses and facilities, and identification of significant new 
development including major new businesses, public facilities, residential developments, and roads 
and streets. Business operators may also be consulted briefly for general information on operational 
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scale. Additional research on the internet will also be carried out in judging the extent of economic 
changes.  

Task 1 (data gathering) estimated labor: 32 hours. 
Task 2: Structure inventory and population at risk revisions – This task will not be required for 
Level 1 updates.  For Level 2 or 3 updates, an updated structure inventory will be necessary. For all 
businesses and public facilities, new updated depreciated replacement structure values will be 
calculated using RS Means cost per square foot values and appropriate individual depreciation 
rates. Contents will be adjusted as appropriate based on information gathered from the first task.  
Since there are only a few homes in the floodplain, residential updating will also involve 
calculation of new depreciated replacement structure values for all homes using RS Means cost per 
square foot values and appropriate individual depreciation rates. For roads, streets and railroads, 
updated average replacement costs per mile, as well as average depreciation factors, will be used to 
bring depreciated replacement values up to date for each type of road. Estimates of affected 
population and population at risk also will be updated if significant new block or block-level 
Census data are available. 

Task 2 (structure inventory revision) estimated labor: 28 hours (Level 2 & 3 only) 
Task 3: Economic modeling – This task will not be required for Level 1. For Level 2 updates, the 
HEC-FDA model will be loaded with the updated structure inventory.  For Level 3 updates, it will 
be necessary to revise the HEC-FDA model using new engineering data and/or new plan 
formulation in addition to loading the updated structure inventory. 
 Task 3 (economic modeling) estimated labor: 8 hours  (Level 2); 24 hours (Level 3) 
Task 4: Computation of updated benefits -- The revised HEC-FDA model will be used to calculate 
new benefit estimates for Level 2 or 3 updates. 
 Task 4 (benefits computation) estimated labor: 8 hours (Level 2 & 3 only) 
Task 5: Costs and B/C ratio – An updated cost estimate will be prepared by engineering staff (labor 
not included here) and annualized.  Benefit-cost ratios and net benefits will be calculated based on 
the updated benefits (for Level 2 or 3 updates) and costs (for all levels). 
 Task 5 (BCR) – 2 hours (all levels) 
Task 6: Documentation -- A report will be prepared documenting the tasks completed and the 
results of the updated analysis.  This will be a brief report for Level 1 updates, more extensive for 
Level 2 or 3 updates. 
 Task 6 (report preparation) – 8 hours (Level 1); 24 hours (Level 2 & 3) 
Total estimated labor: 

Level 1 economic update: 42 hours 
Level 2 economic update: 102 hours 
Level 3 economic update: 118 hours 
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10.0  CONCLUSION 

The feasibility-level socioeconomics analysis of the Upper Turkey Creek flood risk 
management project has found that a strong Federal interest exists in the NED plan.  The 
plan exhibits very strong economic justification with a benefit-cost ratio of 2.0.  With net 
benefits of $1,712,500, the project represents a strong contribution to national economic 
outputs.  The plan also would make important contributions to public safety considerations. 
 
 Annual benefits   $3,444,700 
 First costs  $37,579,000  
 Annual costs    $1,732,200 
 Benefit-cost ratio                2.0  
 Net benefits    $1,712,500 
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10.  Baseline Cost Estimate on Acquisition of LERRD:  
For a summary of total real estate costs see table 10.1.  Temporary work area easements, permanent flood protection levee 
easements, flowage easement and pipeline easement will be required and are included in the cost estimate along with 
incidental costs for the NFS and in-house Federal administrative costs.  There are four properties that will require fee 
acquisition and one shed will have to be acquired.  The estimated cost includes the estimate for the purchase of these 
properties and an estimated cost for P.L. 91-646 relocation costs. When there was an absence of specific information 
relating to suspect contaminated area, for this cost estimate, it was prudent to value the land as clean.  Known areas of 
contamination will be avoided to the fullest extent possible.  The non-federal sponsor will be responsible for all clean up 
of environmental contamination and is aware of this fact.   

Below is a summary table of the Real Estate Baseline Cost Estimate for Land costs, Utility and Facility 
Relocations, PL91-646 Relocations and Administrative costs for the NFS.  Land cost values are based on a Cost Estimate 
conducted and approved by Kevin Keller of the Kansas City District Corps of Engineers Office November 2014. The 
Utility and Facility Relocation costs were provided by cost estimators at the Kansas City District Corps of Engineers. 

 
TABLE 10.1 - Baseline Cost Estimate 

Type of Costs Total Costs 
Land Acquisition Costs 
Temporary Construction Easement $54,042.00 
Permanent Flood Protection Easement $1,068,052.00 
Fee Simple  for Project Structures $1,151,810.00 
Fee Simple for Mitigation lands $35,000.00 
Utility Easement (Permanent) $182,524.00 
P.L. 91-646 Relocations $250,000.00 
Total Real Estate Acquisition Costs $2,741,428.00 
20% Contingency $548,286.00 
Total Real Estate Acquisition Costs w/ Contingency $3,289,714.00 
Utility/Facility Relocation Costs 
Utility Relocation $3,254,351.00 
Pedestrian Bridge and Trail Relocation $584,011.00 
Total Utility/Facility Relocation $3,838,362.00 
25% Contingency $959,591.00 
Total Utility/Facility Relocation w/ Contingency $4,797,953.00 
LERRD Administrative Costs 
Non-Federal Sponsor Incidental Costs $1,264,500.00 
Federal Incidental Costs $90,000.00 
Total Incidental Costs $1,354,500.00 
15% Contingency $203,175.00 
Total Incidental Costs w/ Contingency $1,557,675.00 

Total LERRDS Costs for Project $9,645,342.00 
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title to real property and condemnation authority and is fully capable of contracting for all real estate needs for the project.  

The sponsor will not require USACE assistance with acquiring real estate.  Financial capability is addressed in the main 

report.    

 

14.  Zoning Ordinances Considered in Support of LERRD Requirements:  
Predominate zoning within the boundaries of the project is commercial, light industrial, and business industrial.  All land 

associated with the project are located within a flood zone.  Zoning issues are not anticipated for this project. 

 

15.  Real Estate Acquisition Schedule:  

The project sponsor is responsible for acquiring real estate interests required for the project.  A time frame for land 

acquisition has been outlined for the area of interest ranging from 6 months to 1 year and can begin when final plans and 

specs have been completed and the PPA has been executed.  The Project Manager and Real Estate Division will formulate 

the milestone schedule upon project approval to meet dates for advertisement and award of a construction contract.  

 

16.  Facility/Utility Relocation:  
The pedestrian bridge in Reach 3, (shown on Plate 6 of Exhibit A) will require a modification consisting of widening the 

bridge to span across the new levee walls.  

The Feasibility Study examined the utilities crossing affected by the project for the Upper Turkey Creek.  

Together with Civil Engineering and Cost Estimating the plan was scrutinized to estimate costs of relocation or removal 

of functioning and/or abandoned utilities. The Baseline Cost Estimate captures these assumptions. The Government will 

make a final determination of the relocations necessary for the construction, and operation, or maintenance of the project 

during the design phase and approval of final attorney’s opinions of compensability for each of the impacted utilities and 

facilities.    

The utilities that will be relocated are: storm and sanitary sewer, Electric lines, and gas lines. All are shown in 

Exhibit A. A description of the planned relocations can be found in Appendix B, Chapter 1, Paragraph 6 of the Feasibility 

Study. 

"ANY CONCLUSION OR CATEGORIZATION CONTAINED IN THIS REAL ESTATE PLAN, OR 

ELSEWHERE IN THIS PROJECT REPORT, THAT AN ITEM IS A UTILITY OR FACILITY RELOCATION 

TO BE PERFORMED BY THE NON-FEDERAL SPONSOR AS PART OF ITS LERRD RESPONSIBILITIES IS 

PRELIMINARY ONLY.  THE GOVERNMENT WILL MAKE A FINAL DETERMINATION OF THE 

RELOCATIONS NECESSARY FOR THE CONSTRUCTION, OPERATION, OR MAINTENANCE OF THE 

PROJECT AFTER FURTHER ANALYSIS AND COMPLETION AND APPROVAL OF FINAL ATTORNEY'S 

OPINIONS OF COMPENSABILITY FOR EACH OF THE IMPACTED UTILITIES AND FACILITIES." 
 

17.  Impact of HTRW:  
A general records search of hazardous, toxic, and radioactive waste (HTRW) sites was conducted in 2011 by the Corps of 

Engineers along the Upper Turkey Creek corridor.  This included the EPS Enviromapper, EPA Comprehensive 

Environmental Response, Compensation and Liability Information System (CERCLIS) database, KDHE Identified Sites 

list, KDHE aboveground storage tanks and underground storage tanks assessment database, and KDHE database of 

registered underground storage tanks. 

Findings from the records search indicate that there are no known hazardous waste sites within or adjacent to the 

project area.  In addition, no solid waste facilities, such as former landfills, were identified.  There are many records of 

leaking underground storage tanks throughout the Upper Turkey Creek watershed.  Some of these tanks were located near 

the downstream portion of the proposed project area at 5639 Merriam Drive, Merriam, Kansas.  This facility is used as a 

school bus station.  The leaking tanks were used to store waste oil and diesel fuel.  The storage tanks were removed along 

with approximately 170 cubic yards of contaminated soil, which was disposed of in accordance with environmental 

procedure.  Additional underground storage tanks are currently registered at this location, although they are not known to 

be leaking.   
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18.  Opposition/Support of Project by Local Landowners:  
Input was received through coordination with public and other agencies on the draft and interim products during 

workshops and public meetings during the Reconnaissance Phase, initiation of the Feasibility Study and mid-way through 

Phase 2 of the Feasibility Study to receive feedback on the possible alternatives.  The recommended plan reflects the 

views of the public received during the workshops and public meeting and therefore is accepted and supported by the 

local landowners. 

 

19.  Notification to Non-Federal Sponsor of Early Acquisition of LERRD:  
The Non-Federal Sponsors have been advised in writing of the risks associated with advance land acquisition activities.  A 

risk letter was mailed to the Non-Federal Sponsor 25 April 2013.  The risks outlined in the letter include but are not 

limited to: 

 

 Congress may not appropriate funds to construct the proposed project; 

 The proposed project may otherwise not be funded or approved for construction; 

 A project partnership agreement (PPA) mutually agreeable to the Non-Federal Sponsor and the government may 

not be executed and implemented; 

 The Non-Federal Sponsors may incur liability and expense by virtue of their ownership of contaminated lands, or 

interests therein, whether such liability arising out of the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA), as amended; 

 The Non-Federal Sponsors may acquire interests or estates that are later determined by the government to be 

inappropriate, insufficient, or otherwise not required for the project; 

 The Non-Federal Sponsors may initially acquire insufficient or excessive real property acreage, which may result 

in additional negotiations and/or benefit payments under public law (P.L.) 91-646, as well as the payment of 

additional fair market value to affected landowners which could have been avoided by delaying acquisition until 

after PPA execution and the government’s notice to commence acquisition and performance of LERRD; and 

 The Non-Federal Sponsors may incur costs or expenses in connection with their decision to acquire or perform 

LERRD in advance of the executed PPA and the government’s notice to proceed, which may not be creditable 

under the provisions of P.L. 99-662 or the PPA. 

20.  All other Real Estate Issues: 

Cultural Resources, District Archeologists have researched and performed field surveys of the areas of interest.  

Coordination with the Missouri State Historic Preservation Office (SHPO) is ongoing.  It has been determined that the 

project will result in no known adverse effects on historic properties, but appropriate measures will be taken to avoid, 

minimize or mitigate any effects. 

 Unidentified public utilities could be an issue as most of the areas of interest are heavily developed and have been 

for close to one hundred years.  PDT members are working closely with sponsors to identify possible problem areas and 

avoid or address any utilities in question. 

 

        

      This report was prepared by Meredith Harmon, March 2015 
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Comments and Correspondence 



  

Exhibit 1 
Agency Correspondence 



DEPARTMENT OF THE ARMY 
KANSAS CITY DISTRICT, CORPS OF ENGINEERS 

635 FEDERAL BUILDING 
KANSAS CITY, MISSOURI 64106-2896 

 
May 9, 2012 

REPLY TO 

       ATTENTION OF 

 

Environmental Resources Section 

Planning Branch 

 

Ms. Jennie A. Chinn 

Executive Director, State Historic Preservation Officer 

Kansas State Historical Society 

6425 S. W. 6
th

 Avenue 

Topeka, Kansas 66615-1099  
 

Dear Ms. Chinn: 

 

     The attached report Archeological Survey of Upper Turkey Creek Basin Flood Risk 

Management Project Johnson County, Kansas details the results of an archeological survey 

conducted by the Kansas City District, Corps of Engineers (Corps). This correspondence initiates 

Section 106 consultation for the proposed project. 
 

     The archeological survey was conducted by David Cain, an archeological intern. Mr. Cain 

meets the Secretary of Interiors standards for conducting archeological investigations. In sum, the 

survey found no archeological sites or artifacts during the survey. The former Ft. Leavenworth- 

Ft. Scott military road is mapped bisecting the project area. The former road is marked by a sign 

in the project area, but no trace of the road remains due to the severe urban development in the 

area. I have reviewed the report and concur with his recommendations that no historic properties 

will be effected by the proposed undertaking. At this time, I request your review and concurrence 

as well.  

      
     Thank you for your consideration in this matter.  If you have any questions or have need of 

further information please contact me at timothy.m.meade@usace.army.mil or at (816) 389-3138.                

 

Sincerely, 

 

 

 

 

Timothy Meade 

District Archeologist 

 

 

Enclosure 

 

 

 

 

 



CENWK-PM-PR     Mr. Meade/3138/January 17, 2012 
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Totten, Laura

From: Granet, Jesse J NWK <Jesse.J.Granet@usace.army.mil>
Sent: Thursday, April 12, 2012 9:04 AM
To: Mike_LeValley@fws.gov
Cc: Michele McNaulty; eric.johnson@ksoutdoors.com; Rast, Brian T NWK; Grothaus, John J 

NWK; Switzer, Jennifer L NWK; Covington, William G NWK
Subject: RE: Upper Turkey Creek CAR (UNCLASSIFIED)

Classification: UNCLASSIFIED 
Caveats: NONE 
 
Mike and Eric, 
 
Thank you.  I really appreciate you taking the time to look at the existing conditions of the project area and come to this 
conclusion. 
 
I will be sure to contact you when we are prepared to put the document out for comment, which should be sometime 
this summer or fall. 
 
Thanks again, 
Jesse 
 
 
Jesse Granet 
Environmental Resources Specialist 
U.S. Army Corps of Engineers 
Kansas City District 
Environmental Resources Section 
USACE Phone: (816) 389‐3470 
 
 
 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Mike_LeValley@fws.gov [mailto:Mike_LeValley@fws.gov] 
Sent: Thursday, April 12, 2012 8:52 AM 
To: Granet, Jesse J NWK 
Cc: Michele McNaulty; eric.johnson@ksoutdoors.com 
Subject: Re: Upper Turkey Creek CAR (UNCLASSIFIED) 
 
Jesse: I've discussed this project with Eric Johnson of the KDWPT. Given the urban location of the project, limited habitat 
benefits for federal and state trust resources, past modifications to stream hydrology and morphology, and the 
proposed alternatives (channelization/floodwalls etc.), we do not think a formal Fish and Wildlife Coordination Act 
Report is warranted. We can provide FWCA comments through the 404 permit process, include FWCA comments in our 
NEPA review, or both. 
 
Michael J. LeValley 
Kansas Ecological Services Field Office Supervisor U.S. Fish and Wildlife Service 
2609 Anderson Avenue 
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Manhattan, KS 66502 
785‐539‐3474, Ext. 105 
785‐539‐8567, Fax 
Inactive hide details for "Granet, Jesse J NWK" <Jesse.J.Granet@usace.army.mil>"Granet, Jesse J NWK" 
<Jesse.J.Granet@usace.army.mil> 
 
 
 
 
                                "Granet, Jesse J NWK" <Jesse.J.Granet@usace.army.mil> 
 
                                04/03/2012 11:05 AM 
 
 
 
To 
 
Michele McNaulty <Michele_McNulty@fws.gov>, "Mike_LeValley@fws.gov" <Mike_LeValley@fws.gov> 
 
 
cc 
 
 
 
 
Subject 
 
Upper Turkey Creek CAR (UNCLASSIFIED) 
 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
Hi Michele & Mike, 
 
We talked some time ago about your office preparing a CAR for the Upper Turkey Creek project in Johnson County.  I've 
attached a concise description of each of the alternatives that will be considered in our Integrated Feasibility Report and 
Environmental Assessment.  As we discussed previously, the project is in a highly urbanized/disturbed location and the 
creek has previously been modified throughout the project area. 
 
I'm currently in the process of using two HSI models to determine project impacts and how these can best be offset.  I'm 
using the fox squirrel model for terrestrial impacts, and the green sunfish model for aquatic impacts.  I can share these 
results with you once I've completed the analysis. 
 
What is the best way to proceed with complying with the Fish and Wildlife Coordination Act? 
 
Thanks, 
Jesse 
 
 
Jesse Granet 
Environmental Resources Specialist 
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U.S. Army Corps of Engineers 
Kansas City District 
Environmental Resources Section 
USACE Phone: (816) 389‐3470 
 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
 
[attachment "Upper Turkey Creek Project Area in Merriam.docx" deleted by Mike LeValley/R6/FWS/DOI] [attachment 
"03‐29‐12 UTC_COMPARISON OF FINAL ALTERNATIVES SECTION.docx" deleted by Mike LeValley/R6/FWS/DOI] 
 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
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From: Luginbill, Jason  
Sent: Tuesday, August 13, 2013 2:08 PM 
To: Hoagland, Curtis R NWK 
Cc: Environmental Services 
Subject: [EXTERNAL] KDWPT review (20130928 & 20130928-2) for City of Merriam, KS, Turkey Creek 
Levee and Floodwall Project 
 
Project: City of Merriam, KS, Turkey Creek Levee and Floodwall Project     Tracking No.: 20130928 & 
20130928-2        Legals: T12S, R24E, Sec. 12 
 
 
Dear Mr. Hoagland: 
 
The referenced project was reviewed for potential impacts on crucial wildlife habitats, current state-
listed threatened and endangered species and species in need of conservation, and Kansas Department 
of Wildlife, Parks, and Tourism managed areas for which this agency has administrative authority. 
 
No state-listed threatened or endangered species or crucial wildlife habitats should be significantly 
affected.  No Department of Wildlife and Parks permits or special authorizations are needed.   
 
* Avoid impacts to non-impacted riparian zones, wetlands, and native prairie and woodland areas.  
  
* Minimize any / all further instream construction activities particularly during general spawning 

dates of May 1 through August 31. 
* Incorporate principles of Low Impact Development, such as permeable asphalt pavement, 

swales, bioretention, raingardens, and on-site phytoremediation. 
* Implement and maintain standard erosion control Best Management Practices such as silt 

fencing, hay bale ditch checks, erosion control blankets, storm drain inlet protection and 
temporary weed-free seeding/mulching to protect water quality during construction.  

* Reseed and landscape with indigenous warm season grasses, forbs, shrubs and trees to 
permanently revegetate all areas disturbed by construction.  

 
 
Please consider this email our official review of this project.  If you have any questions or concerns 
please feel free to contact me. 
 
Thank you, 
 
Jason S. Luginbill 
 
 
Jason S. Luginbill, Aquatic Ecologist 
Ecological Services Section, KDWPT 
512 SE 25th Ave. 
Pratt, KS  67124 
Office: 620-672-0795 
Cell: 620-450-8311 
Fax: 620-672-2972



From: Delia Garcia  
Sent: Wednesday, August 21, 2013 8:15 PM 
To: Hoagland, Curtis R NWK 
Cc: Eliodora Chamberlain 
Subject: [EXTERNAL] Permit No. 2013-554 -Upper Turkey Creek Flood Risk Management Program 
 
Hello, 
 
We are writing this email to express our opposition to the preferred alternative presented for the Upper 
Turkey Creek Flood Risk Management Program.  The proposed levees and flood walls are a rather 
antiquated way of dealing with flood control, when there are other management techniques that can be 
implemented that would provide more benefits to the ecosystem.  The Merriam Drainage District needs 
to make an effort to work with other agencies and nongovernmental organizations to implement 
greener solutions that could help alleviate the risk of flooding.  It should also spend some of the funds it 
receives from our taxes to sponsor and promote workshops (e.g. rain gardens, rain barrels, pervious 
pavement) that homeowners and business organizations can voluntarily implement. 
 
Instead of focusing on restoring an ecosystem that has been badly degraded by years of 
mismanagement (bank stabilization through hard surfaces that have led to further erosion of 
downstream banks), this alternative as proposed will lead to the further degradation of the 
environment.  Increased channelization of flows within the Upper Turkey Creek, will lead to increased 
water velocities traveling to the Lower Turkey Creek.  It would be a shame that all of the money and 
effort that has been spent in trying to improve the ecosystem in the Lower Turkey Creek, could be 
undone by high water velocities that would occur if the Upper Turkey Creek is further channelized.  
 
Merriam needs to embrace the environmental and aesthetic benefits that an improved ecosystem could 
do for the City's image.  Stop treating Turkey Creek as though it is just a pipe whose only purpose is to 
move water downstream as fast as possible.   
 
We are completely opposed to both our federal and local  taxes being spent on further degrading the 
environment.  Our taxes would be better spent on our elected officials taking a trip to Portalnd, Oregon 
or other cities where they value their natural resources and have spent money on green infrastructure 
rather than gray infrastructure.   
 
Delia Garcia, Ph.D. 
Eliodora Chamberlain, Ph.D. 
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Section 1 
HTRW   



Upper Turkey Creek Feasibility Study  
Hazardous Waste Section 
 
 
ENVIRONMENTAL LAWS AND REGULATIONS 
 
Various Federal and State legislation regulates the proper use, disposal, and clean up of 
hazardous materials and waste. 
 
Resource Conservation and Recovery Act (RCRA) 
 
Passed by Congress in 1976, this law gives the Environmental Protection Agency the 
authority to regulate hazardous waste disposal.   This is accomplished by tracking the 
hazardous waste from its generation to its disposal.  In 1984, there were several 
amendments made to this act, called the Hazardous and Solid Waste Act (HSWA).  The 
amendments were enacted to include underground storage tank regulation, all releases of 
hazardous waste to the environment, and mandates for corrective action at hazardous 
waste facilities. 
 
Toxic Substance Control Act (TSCA) 
 
Also enacted by Congress in 1976, this law deals with all chemicals produced or 
imported into the United States.  It requires that the chemical be adequately tested for 
toxicity prior to its commercial release to the public.  In 1979, this act was amended to 
include the prohibition of the manufacture and distribution polychlorinated biphenyls 
(PCBs). PCBs are required to be labeled and disposed of properly.  In the Statutes of 
Kansas, K.A.R. 28-55-5 states that PCB treatment, storage and disposal facilities shall 
comply with all applicable requirements of 40 CFR 761 subpart D, as in effect on 
November 1, 1986 and 40 CFR 264 subparts B, C, D, G and H, as in effect on November 
1, 1986. 
 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
 
Nicknamed Superfund, this law was enacted to start a trust fund for the payment of 
remediation at abandoned hazardous waste sites.  This law was passed in 1980.  The issue 
of abandoned or uncontrolled sites has grown through the years.  The EPA manages the 
National Priority List, which lists certain CERCLA sites of the highest priority.  By law, 
the State of Kansas also maintains a registry list of all abandoned and uncontrolled 
hazardous waste sites within the state.  Superfund Amendments and Reauthorization Act 
(SARA) amended CERCLA in 1984.  The amendments included more state and 
community involvement in the remediation process, increased focus on human health 
problems posed by contaminated sites, selection of remedies that permanently cleaned the 
site, and consideration of standards and other requirements in State and other Federal 
laws and regulations. 
 
   



 
Federal Facility Compliance Act (FFCA) 
 
In 1992, Congress passed the Federal Facility Act, which requires the Department of 
Energy (DOE) to develop and submit Site Treatment Plans for the development of 
capacity and technologies for treating mixed waste.  All facilities that the DOE stores or 
generates these wastes must have such a plan.  It also requires schedules for bringing new 
treatment facilities into operation. 
 
State Regulations  
 
The State of Kansas provides regulations for the use, management, and disposal of 
hazardous waste.  These regulations are found in Article 31 on Hazardous Waste 
Management with additional statutes on Public Health in Chapter 65 and Hazardous 
Waste in Regulation Article 34.   Environmental Use Controls are mentioned in K.S.A 
65-1, 221 to 65-1, 235 and gives the state authority to assist existing programs to help 
address environmental contamination in a cost effective manner and restrict the use of 
land where controls exist.  It also empowers the State to enforce the regulations, defines 
hazardous waste, and controls the management, treatment, and disposal of hazardous 
waste.  Statute Article 34 Solid Waste and Regulation Article 55 establishes criteria for 
facilities that handle and dispose of PCB waste.  Article 28 contains regulations 
pertaining to the protection of surface waters and the water supply from environmental 
contamination and establishes water quality standards. 
 
SITE INVESTIGATION 
 
The HTRW investigations at this stage of the project consisted primary of a records 
search of past and present environmental activities and enforcement actions at properties 
adjacent to the creek.  The information sources reviewed as part of this records search 
included: 
 

 USEPA Enviromapper - GIS database identifying Superfund sites, sites were 
hazardous releases have occurred, and facilities regulated by the USEPA that 
handle materials designated as hazardous waste. 

 
 USEPA CERCLIS Database -  The Comprehensive Environmental Response, 

Compensation, and Liability Information System (CERCLIS) database contains 
general information on sites across the nation and US territories including 
location, status, contaminants, and actions taken.  It provides information on sites 
being assessed under the Superfund Program, hazardous waste sites and potential 
hazardous waste sites. 

 
 KDHE Identified Sites – Contaminated sites managed by the Bureau of 

Remediation (except for leaking underground or above ground petroleum storage 
tanks) are included in the Identfied Sites List (ISL).   

 



 KDHE AST and UST Assessment Database – this database provides information 
on site were leaks have occurred or a tank has been closed.  

 
 KDHE Database of Registered USTs  

 
The areas focused on during this investigation included properties adjacent to Turkey 
Creek and its’ tributaries where a potential for soil disturbance is identified. 
 
Below are the findings from the records search: 
 
Superfund Sites 
 
There were no Superfund sites identified in areas of potential soil disturbance 
 
Sites identified on CERCLIS Database 
 
The CERCLIS Database identified no sites being investigated or remediated for 
hazardous waste within the areas of potential soil disturbance 
 
KDHE Identified Sites 
 
Figure 1 shows locations of KDHE Identified sites in the proximity of Turkey Creek.  
There were three sites identified that are relatively close to proposed work.  These are 
listed below. 
 

 Site 1:  CEPA L.C., 7700 Wedd Rd, Overland Park, KS – contaminated with 
chlorinated solvents from adjacent Site 2.  A railroad track exists between the site 
and the channel.  Site should not impact work. 

 Site 2:  Electronics Research Company,  7618 Wedd Rd, Overland Park, KS – 
contaminated from a chlorinated solvent spill.  A railroad track exists between the 
site and the channel.  Site should not impact work. 

 Site 4:  Security Storage, 11015 W 62nd St, Shawnee, KS – this property is being 
impacted by a release from a leaking UST on an adjacent property.  Channel work 
adjacent to this property is minimal so there should be no impact to the project. 

 
Solid Waste Facilities 
 
There is one solid waste facility identified near the project area.  It is facility number 16 
on Figure 2.  The name of the facility is Planet Marrs Recycling located at 2701 Roe 
Lane, Kansas City, KS.  Information from the KDHE database indicates it is a 
composting operation, therefore it poses no risk to encountering any hazardous 
substances. 
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SOLID WASTE SITES



Leaking or Closed Storage Tank Sites 
 
There are a large number of historical leaking UST sites near the project.  These sites are 
plotted on Figure 3.  Although many of the site appear close to the proposed channel 
work,  a closer look at the specific properties found that only four sites (3, 4, 7, and 24) 
are immediately adjacent to the channel.  Based on remarks in the KDHE database, it 
appears all of the contamination associated with the leaking tanks on these properties was 
adequately remediated.  However, recommend contingency plans be developed to address 
any fuel contaminated soil if it is encountered. 

 
 Site 3:  Harrington Roofing Co, 2820 Roe Lane, Kansas City, KS - 1-4000 

gallon gasoline underground storage tank  & 1-3000 gallon diesel underground 
storage tank was removed 7-12-96.  Line assess not done, but dispenser appears 
to have been adjacent to underground storage tanks. 356 yds of soil removed 
from basin. 

 Site 4: Rohrer Contracting, 2820 Roe Lane, Kansas City, KS - Field tests 
showed a maximum of 1500 ppm total petroleum hydrocarbons.  Removed an 
estimated 25 yards of sand and backfilled. Leakage from all sources of past 
operation. 

 Site 7:  Kansas City, Maintenance. Shop, 4801 Shawnee Drive, Kansas City, KS 
- 1 1000 gal diesel and 1 1000 gal gasoline USTs removed. there was 
contaminated soil surrounding the tanks. They transported 100 yds of 
contaminated soil to Miami co landfill. 

 Site 24:  School Services & Leasing, 5639 Merriam Drive, Merriam, KS - 1-300 
waste oil UST & lines removed. Tank had minor staining, ~20 yrds removed. 1-
10000 gas, 1-2000 diesel USTs & lines removed from 2nd  excav. fill stained, 
excav=  +2500 ppm tph. overexcavated, ~150 yrds removed.   closed. 

 Site 25:  Marley Pump Company, 5730 Merriam Drive, Merriam KS – 3-560 
gallon gasoline USTs were removed in 1992.  There was no contamination 
noted. 

 
 
Facilities Handling Hazardous Waste 
 
There are numerous facilities located along the Turkey Creek channel that handle or 
produce hazardous wastes.  These facilities are regulated by USEPA.  Although they 
handle hazardous wastes, there have been no reported spills or areas requiring cleanup 
they would have an impact on the project. 
 
Registered Underground Storage Tanks 
 
Registered USTs near the proposed Turkey Creek project are shown on Figure 4.  Two of 
these USTs are on properties immediately adjacent to the channel where work is 
proposed.  The exact location of these tanks and piping will need to be identified during 
the design phase to ensure they are located in the specific area to be disturbed.  The 
properties adjacent to the channel with registered USTs are: 
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 Site 3:  Street Maintenance Dept Buildings, 4801 Shawnee Drive, Kansas City, 

KS –  
 Site 7:  Durham School Services, 5639 Merriam Drive, Merriam, KS – the 2010 
registration for this tank identifies the property as First Student, Inc.  

 
CONCLUSION/RECOMMENDATIONS 
 
Based upon the findings from the records search performed, there are no known 
hazardous waste sites that will impact the proposed channel work.  In addition, no solid 
waste facilities, such as former landfills, were identified at locations that would impact 
the project.  There are three properties immediately adjacent to the channel that had 
leaking underground storage tanks.  These are at 2820 Roe Lane, 4801 Shawnee Drive, 
and 5639 Merriam Drive.  It appears the contamination associated with these leaking 
tanks was adequately addressed, so it is unlikely fuel contaminated soil will be 
encountered.  There are also two properties adjacent to the channel that have current 
registered USTs.  These are at 4801 Shawnee Drive and 5639 Merriam Drive.  It is 
recommended the specific location of these tanks be identified during the design phase of 
the project so they can be avoided.  In addition, any specifications developed for the 
work, should include provisions to develop a contingency plan to address any hazardous 
waste or fuel contaminated soils if encountered during construction. 
 
The property located north of the Farmer’s Market in downtown Merriam (5730 Merriam 
Drive) had 3-560 gallon gasoline USTs removed from the property.  There was no 
contamination observed during the UST removal. In addition, there are reports that the 
property contains a significant amount of buried debris.  If buried debris is excavated 
during construction activities it will need to be properly disposed of at an off-site facility 
permitted to accept the material.  
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UPPER TURKEY CREEK 
STREAM HEALTH ASSESSMENT 

 

1.0 PURPOSE 
The Louis Berger Group, Inc. (Berger) conducted physical, habitat, and biological data collection 
and evaluation in representative reaches throughout Upper Turkey Creek in May and June 2005, 
with follow-up in September 2005.  Fish surveys and the macroinvertebrate composition of 
Upper Turkey Creek were also determined via biological surveys conducted along the length of 
Upper Turkey Creek and its tributaries during the same period. This data was then used to 
develop an overall stream health assessment ranking for reaches in Upper Turkey Creek, using a 
ranking methodology that weights the physical, habitat, and biological assessment scores of a 
given stream reach to generate one metric indicative of the overall conditions at that reach.  This 
report documents the methods and results of these surveys. 

2.0 INTRODUCTION 
The Upper Turkey Creek watershed is located in eastern Kansas, in Johnson and Wyandotte 
Counties.  The watershed is located in a highly urbanized suburb of Kansas City, Kansas.  
Turkey Creek and its floodplain have been a part of the Kansas City metropolitan infrastructure 
since the 1800’s.  The relatively flat topography associated with the creek and its floodplain has 
been favorable to the location and development of railroads, highways, and utilities.  
Commercial and residential development associated with the railroad and highways has also 
paralleled the creek. 

Urbanization and ongoing development in the Upper Turkey Creek watershed has resulted in 
degradation of environmental resources associated with the creek.  The creek has been deepening 
and widening its channel as a result of high runoff volumes and flow rates associated with 
urbanization in the watershed.  In response, much of the creek channel has been enclosed in 
culverts, lined with concrete, or otherwise hardened to address channel instability.  Stream 
reaches where the channel has been enclosed or hardened with concrete provide little or no 
habitat value and represent impassable biological dead zones for most of the  fish and other 
aquatic wildlife in Turkey Creek.  Failure of Turkey Creek to attain its designated recreational 
and aquatic life uses is, in part, a result of these channel modifications. 

The modification of natural hydrologic characteristics in the stream and surrounding watershed 
has also contributed to increased flooding.  The Turkey Creek basin experienced major floods in 
1961, 1977, 1993, and 1998.  The flood events resulted in significant property damage in the 
downstream reaches of Turkey Creek.  

In response to these issues, a resolution on the Committee on Transportation and Infrastructure, 
U.S. House of Representatives, Docket 2616, was adopted February 16, 2000 which authorized 
the U.S. Army Corps of Engineers (USACE) Kansas City District to commission a study of the 
Upper Turkey Creek basin upstream of the existing authorized Turkey Creek Basin, Kansas City, 
Missouri, and Kansas City, Kansas, Flood Damage Reduction Project.  The purpose of the 
existing project, authorized under the Water Resources Development Act, was to develop a plan 
for flood damage reduction on Turkey Creek in an area generally from the Interstate 35 tunnel 
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upstream for about 10,000 feet. The Section 905(b) analysis approved October 5, 2001 indicated 
a potential federal interest in flood damage reduction and environmental restoration in the Upper 
Turkey Creek watershed.  The Upper Turkey Creek Feasibility Study has been underway since 
July 2002.   

Berger has been contracted to assist the USACE Kansas City District with the identification and 
evaluation of stormwater runoff conditions and stream degradation, as well as the development 
of alternative stormwater management measures for the reduction of stormwater runoff, flow and 
re-establishment of stream and habitat stability, and the development of a comprehensive plan of 
alternatives that is acceptable to the stakeholders in the Upper Turkey Creek watershed. 
Elements of the proposed study include, problem area identification via field surveys and 
stormwater modeling, stormwater flow estimation and mitigation, evaluation of the feasibility of 
stormwater control implementation, evaluation of potential stream habitat improvements, 
development of flood control and habitat restoration alternatives, and evaluation of the 
developed alternatives.     

The component discussed in this report is a stream health assessment conducted to determine the 
existing conditions and identify problem areas to determine restoration alternatives.      

3.0 EXISTING STUDIES 
The following section briefly describes previous studies, surveys, and other projects that have 
been conducted within the Turkey Creek Watershed as components of flood management and 
habitat restoration efforts.   

3.1 US Army Corps Initiatives and Studies 
A reconnaissance study that evaluated the federal interest in solutions to recurring flood 
damages, environmental degradation, and related water and land resources needs and 
opportunities was completed in July 2002.  The study recommended several different strategies 
to restore Turkey Creek and reduce flood damages.  The study resulted in a Feasibility Cost 
Sharing Agreement between the City of Merriam, Kansas, and the federal government.  The 
Feasibility Study of flood damage reduction and ecosystem restoration in the Turkey Creek 
Basin was initiated in July 2002.  Ongoing efforts are being implemented to identify ecosystem 
restoration opportunities and to identify the value of structures and contents subject to flood 
damage from Turkey Creek overflows. 

3.2 Northeast Johnson County Watershed Study 
Johnson County Public Works Department hired the Larkin Group in 2001 to conduct a 
watershed flood study for five watersheds in Northeast Johnson County.  The watersheds 
included Lake Quivira, Turkey Creek, Brush Creek, Rock Creek, and Dykes Branch.  The 
purpose of the study was to generate updated FEMA maps; identify flood problem areas that 
were previously unidentified, or had otherwise not previously been addressed; provide a tool and 
standard for future storm drainage and flood mitigation work in the watershed; and provide a tool 
for analyzing future projects and their impacts on a watershed-based analysis. 

The study provides the Johnson County Stormwater Management Program with tools for 
managing the watershed into the future, including functioning hydrology and hydraulic models, 
GIS data of the existing storm drainage system, and mapping products generated in the study.  
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The study included the development of hydrologic models utilizing HEC-1 and hydraulic models 
using HEC-RAS. The hydrologic and hydraulic models include the 10-, 50-, 100-, and 500-year 
storm flow rates for existing and future conditions.  The study also identified problem areas 
utilizing the models and included development of improvements. The improvements component 
of the study included a discussion of the appropriateness of improvements at identified problem 
locations, the identification of potential solutions that should be evaluated in more detail, and a 
discussion of the potential for regional detention/solutions in the watershed. 

3.3 HNTB Study 
The Upper Turkey Creek Basin Environmental Restoration Report-Feasibility Phase was 
prepared by HNTB in August 2004 for the USACE Kansas City District. The purpose the report 
was to identify strategies for environmental restoration within the basin.  Nine strategies for 
environmental restoration were developed and included:  

1. stopping and possibly reversing the downcutting of the stream banks;  

2. removing fish blockages or finding alternatives to divert fish around the blockages; 

3. retrofitting stormwater basins and swales to improve water quality;  

4. acquiring open space pertinent to aquatic resources;  

5. removing enclosures on tributaries;  

6. removing retaining walls, and using bioengineering solutions to improve those locations 
and other eroded areas;  

7. reconnecting the channel and the floodplain;  

8. emphasizing stormwater and flood water storage and infiltration systems over stormwater 
and floodwater conveyance systems; and  

9. implementing a public information and awareness campaign addressing regulatory 
programs, potential regulatory strategies, negative environmental impacts on downstream 
flooding of stream enclosures and channel modifications, and available alternatives.  

The HNTB study provided designs for thirteen projects at twelve sites to address seven of the 
above-mentioned strategies. The effects on water quality, cost, habitat, and flood control of each 
alternative were addressed. 
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4.0 METHODOLOGY  
A stream assessment survey was conducted to characterize existing conditions of Upper Turkey 
Creek and its tributaries.  The assessment involved visual inspection and evaluation of physical 
characteristics of the stream, stream bank, and riparian areas, as well as biological assessment of 
vegetation, fish, and benthic macroinvertebrate species found. 

4.1 Overall Stream Health Assessment 
Information collected as part of the field surveys conducted in May, June and September of 
2005, was used to characterize the health of each of the surveyed reaches in Upper Turkey Creek 
watershed. Seventeen different factors were used to characterize physical stream  conditions, 
habitat characteristics and quality, and the biologic community for each surveyed reach.  Each 
factor was scored in the field on a scale of 1-10 based on verbal descriptions corresponding to 
the level of impairment observed for that stream health factor (See Appendix A).  Poor 
conditions for a given factor would result in a low score, while good conditions for that factor 
would result in a higher score.   

An average score across all stream health factors was then calculated to yield an overall metric 
indicative of the stream health conditions at each reach.  This metric made it possible to separate 
the reaches of Upper Turkey Creek into minimally impacted reaches, moderately impacted 
reaches, and highly impacted reaches.  Those reaches with an overall score of 0 to 6.0 indicated 
poor conditions, scores of 6.1 to 7.4 indicated fair conditions, scores of 7.5 to 8.9 indicated good 
conditions, and scores of 9.0 to 10 indicated excellent conditions for overall stream health.  It 
should be noted, that since Turkey Creek is part of a highly urbanized watershed, an excellent 
score does not indicate that pristine or natural stream conditions are present.  Rather, this ranking 
would be indicative of a stream that has a relatively low amount of impact for a stream flowing 
through and receiving drainage from an urban environment.    

 

4.2 Physical Assessment and Visual Habitat Survey 
A physical assessment and habitat survey was conducted at representative reaches based on a 
combination of the EPA Rapid Bioassessment Protocols for Habitat Assessment and 
Physiochemical Parameters of Streams developed in the Rapid Bioassessment Protocols for Use 
in Streams and Wadeable Rivers (Barbour et. al 1999), and the USDA NRCS Stream Visual 
Assessment Protocol (USDA, 1998).  These protocols provide a standard and repeatable 
approach to evaluate conditions in streams and aquatic ecosystems.  Physical parameters noted 
included site location, stream channel and bank characteristics, vegetation, substrate 
composition, available instream habitat for macroinvertebrates and fish, barriers to fish passage, 
and adjacent watershed features. The visual assessment evaluated both instream habitat 
characteristics and the characteristics of the riparian and terrestrial habitat adjacent to the stream.  
Examples of the habitat parameters examined include available cover, substrate embeddedness, 
channel flow and morphology, and channel habitat types. The complete physical assessment and 
visual habitat survey data form is included in Appendix A. 
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4.3 Biological Survey – Macroinvertebrates 
Macroinvertebrate sampling is an accurate and reliable method to measure the ecological 
condition, habitat quality, and water quality of a stream. Certain species of macroinvertebrates 
are sensitive to habitat and water quality changes and their presence is indicative of good stream 
health, while other organisms are more tolerant of habitat degradation and represent the majority 
of species in degraded areas.  Macroinvertebrate composition in the Upper Turkey Creek 
watershed was characterized based on surveys that were conducted both visually and through 
kick-net samples taken at representative assessment reaches throughout the watershed.   

The method used to survey macroinvertebrates was based on a combination of the Save our 
Streams Methodology (SOS, 2005) and the USEPA Rapid Bioassessment Protocols for Use in 
Streams and Wadeable Rivers (Barbour et. al, 1999).  Sampling was conducted by placing a kick 
net downstream of riffles within a representative reach, followed by agitating cobbles, gravel, 
leaves, and sand within a meter upstream to dislodge organisms.  This procedure was conducted 
until over 200 macroinvertebrates were collected, or the procedure had been conducted at three 
locations in the reach. Macroinvertebrate samples collected at each site were identified in the 
field and individual metrics, including the overall species diversity and the percent of families 
both tolerant and intolerant to pollution, were calculated in order to determine an overall 
ecological health score.  In reaches where there were no riffles suitable for sampling, boulders, 
cobbles, and other components of the substrate were examined and observed macroinvertebrates 
were identified and recorded.  The complete macroinvertebrate survey form is included in 
Appendix B. 

4.4 Biological Survey – Fish 
Fish species composition within urbanized streams such as Upper Turkey Creek and its 
tributaries can be limited by habitat degradation, barriers to movement, and poor water quality.  
Sample reaches were determined based on the presence of available habitat and existing in-
stream conditions, and were representative of the diversity of habitats and conditions present 
within the basin.  The draft Upper Turkey Creek Basin Environmental Restoration Report 
completed by the USACE Kansas City District detailed two fish studies conducted by the 
USEPA (1997) and the Kansas Department of Wildlife and Parks (2003).  A list of 28 species 
that may be expected to occur in Turkey Creek was compiled based on the results of the three 
studies.  This list includes six species that have been documented in Upper Turkey Creek in 
previous biological surveys.  

The fish species biological survey was developed from the species list presented in the 
Environmental Restoration Report, and includes species tolerance values specified by the Kansas 
Department of Wildlife and Parks (2005).  Initially, seine hauls were proposed to be used at 
representative reaches in order to evaluate fish populations and community composition in Upper 
Turkey Creek and its tributaries.  However, the occurrence of deep pools, long shallow broad 
runs, and variable streambeds over extended reaches in the study area limited the use of seine 
hauls as a viable method of characterizing fish species composition and abundance.  Therefore, 
fish species composition and qualitative abundance was based on visual observation. The 
complete fish species biological datasheet and assessment form is included in Appendix B. 
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5.0 FINDINGS 
Stream assessment results were compiled for a total of 100 stream reaches of variable lengths 
throughout the Upper Turkey Creek watershed. Sections of Turkey Creek and its tributaries 
enclosed in pipes were not surveyed. The location of the stream assessment reach stations and 
their overall assessment score are shown in Figure 1.  Station locations represent the midpoint of 
the assessed stream reaches. 

The lists below present the factors assessed during field surveys organized by general stream 
health category.  The following section describes each of the factors assessed, as well as its 
general scoring for the Upper Turkey Creek watershed. 

 

Physical 
Channel 

Characteristics 
Vegetation Water Quality Aquatic Communities and 

Habitat Parameters 

• Channel 
Condition • Riparian Vegetation • Sediment Deposition • Barriers to Fish Movement 

• Hydrologic 
Alteration • Vegetative Protection • Nutrient Enrichment • Fish Cover 

• Bank Stability • Presence of Invasive 
Plant Species • Presence of Trash • Presence of Pools 

   • Invertebrate Habitat 

   • Canopy Cover 

   • Riffle Embeddedness 

   • Presence of 
Macroinvertebrates 
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Figure 1: Stream Health Assessment Reaches and Overall Ratings 
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5.1 Watershed Wide Conditions 

5.1.1 Physical Condition 
The following parameters were assessed to determine the overall physical channel condition of 
the stream.  

Channel Condition 
The current channel condition was assessed at 
each reach to determine if the channel is currently 
altered or has remained in a natural condition. 
Results showed that approximately one third of 
the reaches sampled had been altered in the past 
but the banks had recovered. Another third of the 
reaches showed either active downcutting or 
widening, or more than 50% of the channel was 
covered in riprap.  Only a small proportion (10%) 
of reaches did not have any channel alterations.  

 

Hydrologic Alteration 
In order to determine the hydrologic alteration within a reach, the following characteristics were 
examined: the degree of channel incision, access to the flood plain, and the estimated number of 
annual flooding events that may occur within the 
reach. Throughout the watershed, the majority of 
reaches (54%) were considered to have some level 
of channel incision, and flooding was expected to 
occur within the reach between every 3 to 7 years. 
A large proportion (41%) of reaches were 
considered deeply incised to a point that flooding 
beyond the banks may not occur at any time. Only 
5% of reaches were considered to have very few 
hydrologic alterations.  

 

Bank Stability 
Roughly one-third of the reaches sampled have 
been stabilized to some degree with riprap, and 
seven reaches surveyed within the watershed were 
completely lined with concrete. These 
stabilization measures account for the stable 
condition of the many of the sampled reaches. 
However, nearly half (45%) of the reaches have 
not been stabilized, showed significant 
downcutting, and had actively eroding banks.   
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5.1.2 Vegetative Condition 
The vegetative condition along a reach is an indicator of stream disturbance and modification, 
and therefore is both a physical and habitat component of the survey.  Vegetative cover provides 
bank stability, instream protection, and wildlife habitat.  The following parameters were used to 
assess vegetative condition.  

 
Riparian Vegetation 
Riparian vegetation provides a measure of bank 
stabilization, acts as a filter to surface runoff, and 
serves as habitat for both terrestrial and aquatic 
biota.  The majority of reaches assessed (69%) 
had a narrow riparian zone impacted by either 
human disturbance and/or non-native plant 
species.  The remaining (35%) was not considered 
as impacted and had a wide riparian zone. 

 

 Vegetative Protection 
Vegetative cover protects against bank erosion. 
Banks that are mostly covered with native 
vegetation without any human disturbance are 
favorable. In general, riparian zones in the 
watershed were equally distributed across 
categories from poor to good, with 90% of the 
reaches showing some degrees of disturbance, 
areas of bare ground, or cut grass.  Only 10% of 
reaches were considered to have a relatively 
optimal vegetative zone.  

 

 Presence of Invasive Plant Species 
Invasive plant species often out-compete native 
plant species and dominate vegetation 
composition, especially in urban areas. 
Surprisingly, the majority (78%) of reaches 
sampled in Turkey Creek do not contain non-
native invasive plants or noxious weeds.  Only 
22% of sampled reaches had some measure of 
their vegetative cover comprised of non-native 
invasives.    
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5.1.3 Water Quality 
General water quality conditions can be estimated through visual inspection. The following 
visual water quality factors were assessed in the field. 

 
Sediment Deposition 
At each reach, the amount of sediment deposited 
was visually estimated. Results indicated that 
almost 40% of reaches have moderate bar and 
pool sediment deposition, 29% of the reaches had 
slight sediment deposition, while approximately 
20% of the reaches had little to no sediment 
deposition.   

 
Water appearance 
Water appearance can be indicative of instream 
conditions such as enrichment, sedimentation, and 
pollution.  None of the reaches sampled were 
considered to have very clear water. However, the 
majority of samples (70%) were considered to 
have only occasionally cloudy conditions, with 
visibility to between 1.5 to 3 feet in depth and no 
oil sheen on the surface.  Considerable cloudiness 
with visibility of 0.5 to 1.5 feet, a conspicuous 
odor of ammonia, and/or a heavy green film 
covering submerged objects, was noted at 23% of 
sampled sites.  

 
Nutrient Enrichment 
 During this field study, the presence of nutrient 
enrichment was classified by the presence of algae 
and whether algae cover was dominant within the 
reach.  Overall, the majority of reaches (81%) were 
considered to have moderate enrichment, with 
fairly clear or slightly greenish water and some 
algal growth on stream substrates.   

 

Presence of Trash 
In urban streams, such as those in the Turkey Creek 
watershed, trash is expected to be found in stream 
reaches due runoff from city streets, litter blown in 
through riparian zones, and illegal dumping.  
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Results indicate the majority of reaches (57%) contain trash in their floodplains and riparian 
zones.  Trash in these reaches appears to have accumulated over time, with no evidence of any 
recent dumping or continuous sources.  Approximately 34% of sampled sites have a higher 
presence of trash in streams, floodplains, and riparian zones.  Sources for these reaches appear to 
be continuous, but unknown.  Only a small proportion (10%) of the streams sampled showed 
minimal signs of trash in the stream corridor. 

5.1.4 Instream Habitat Quality 
Although the assessment parameters described above contribute to habitat quality, several 
metrics are specifically aimed at characterizing instream habitat. These parameters are described 
below. 

 

Barriers to Fish Movement 
Barriers to fish movement include pipe crossings, 
waterfalls, dams, and outfalls. Results show that 
barriers were found within a mile of every 
sampled reach.  The presence of these barriers to 
fish movement throughout the watershed is an 
issue that will be addressed in the alternatives 
section of this report.  

  

Fish Cover 
Quality fish habitats consist of multiple types of 
instream cover for foraging and shelter. These 
cover types can include macrophyte beds, riffles, 
deep pools habitats, undercut banks, overhanging 
vegetation, and woody debris. Half of the reaches 
sampled provided between two and three cover 
types, which is considered a limited number of 
cover types for quality fish habitat.  Roughly, 
1/3rd of the sites sampled were considered to have 
a slightly higher number of cover types available (between 6 and 7). Only two of the reaches 
sampled provided a multitude of  instream cover and high habitat diversity. 

 
Presence of Pools 
Instream pool areas are important for fish habitat.  
The majority of reaches either had shallow pools 
(48%) or pools were absent (39%).  Of all the 
reaches sampled, 12% were considered to have 
areas abundant with both deep and shallow pools. 
This is a limiting factor for instream fish habitat.  
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Invertebrate Habitat 
Invertebrate habitat is considered favorable when 
there is greater diversity in cover and streambed 
substrates. Fine woody debris, leaf packs, cobbles, 
gravel, roots, and boulders all provide opportunity 
for invertertebrate foraging and shelter. Reaches 
were primarily composed of either three to four of 
these cover types (41%) or two to three habitat 
types (37%).  

 

Canopy Cover 
Tree or shrub canopy cover can provide necessary 
shade for aquatic organisms within the stream and 
moderate temperature increases during the 
summer. The majority of reaches sampled had a 
favorable amount of canopy over (68%). The 
remaining reaches (31%) had a small amount of 
canopy cover that was considered unfavorable.  

 
Riffle Embeddedness 
Riffle embeddedness is both a sign of 
sedimentation and habitat quality for fish and 
macroinvertebrates.  Embedded cobbles do not 
allow invertebrates to attach underneath rocks or 
serve as useful spawning material for many fish 
species. Roughly on third of the reaches sampled 
were not embedded, while nearly half showed 
some level of riffle embeddedness.  Riffles were 
not present in 20% of the reaches 

 

Presence of Macroinvertebrates 
Overall, invertebrate community composition was 
based on a three to five minute examination of 
boulders, cobbles, and various instream habitat. 
Observations were not able to be made on 7 
reaches due to a lack of accessibility to the 
streambed. At the majority of reaches (59%) 
pollution tolerant species such as midges, leeches, 
and aquatic earthworms were present. In addition, 
6 samples did not yield any macroinvertebrates. 
Facultative species that are somewhat tolerant to 
pollution such as damselflies, dragonflies, and 
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sowbugs were found at 35% of reaches.  Mayflies, stoneflies, and most caddisfiles, which are 
highly sensitive to pollution, were found at one sampled reach. 

5.1.5 Overall Stream Health Assessment 
A cumulative assessment score indicative of overall stream health was calculated using the 
physical, habitat, and biological factor scores described above.  A summary of the physical 
condition assessment scores is presented in Table 1.   
The results presented in the table are typical for streams flowing in highly urbanized areas where 
stormwater runoff and riparian modifications create highly variable flow conditions and unstable 
streambed and banks. Stream health conditions were generally evenly distributed between good, 
fair, and poor categories.  Only five assessed stream reaches were characterized as excellent for 
an urban stream; four of these stream reaches were located in the northern portion of the Turkey 
Creek watershed, and all had well developed riparian buffer zones and stable banks.  Overall, 
impaired conditions were noted throughout the watershed, with bank stability, riparian 
impairments, and obstructions to fish passage commonly noted as major sources of stream health 
degradation. 

 

Table 1: Overall Stream Health Assessment Scores for Upper Turkey Creek 

Assessment Score % of Reaches 
Excellent 5 
Good 32 
Fair 34 
Poor 29 
Total 100 
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5.2 Area Specific Habitat Conditions 

5.2.1 Southern Portion of Upper Turkey Creek Watershed 
The southern portion of Turkey Creek begins at roughly W 91st Street and continues north, 
receiving drainage from three major tributaries, TRIB 95 from the west, and TRIB 85 and TRIB 
81 from the east.  These tributaries and the southern portion of Turkey Creek below W 75th 
Street are shown in Figure 2 (Figures 2, 3, and 4 can be found at the rear of Section 5.0).   

 

TRIB 95 drains an area west of the Turkey Creek mainstem 
of approximately 260 acres in size centered on the 
intersection of West 83rd Street and West 75th Street. The 
majority of the lower portion of this tributary is lined in 
concrete, the middle section is enclosed in pipe, and the 
headwaters flow through both enclosed pipes and open  
channels through residential areas.  Reach C3-T1-1 is located 
at the most downstream section near TRIB 95’s confluence 
with Turkey Creek. This reach has heavy sediment 
deposition and turbid water quality impacting biotic habitat.  

 

Further north, TRIB 85 drains an area east of the Turkey 
Creek mainstem of approximately 790 acres in size centered 
on the intersection of West 87th Street and West 79th Street. 
The majority of the headwaters of this stream flow through 
either enclosed pipes or concrete lined channels.  Headwater 
stream reach D3-T2-4 has very poor bank stability, which is 
due to high volume flows that pass through a concrete lined 
stream section immediately upstream. The middle portion of 
this tributary flows through a park area before entering a 
concrete channel. Stream reach D3-T2-3 and D3-T2-2 are 
both located in the park, and have more stable banks, as well 
as better vegetation and habitat conditions than D3-T2-4. Further downstream, D3-T2-1 is 
located within a concrete lined channel and therefore had little value for habitat.  

 

TRIB 81 is north of TRIB 85 and also drains an area east of 
the Turkey Creek mainstem.  This area is roughly 630 acres 
in size centered on the intersection of West 83rd Street and 
West 75th Street. The majority of the headwaters are piped 
underground.  The middle portion of the stream flows 
through a park and then a concrete channel, and the lower 
portion is in a natural channel before crossing under the 
highway in an enclosed pipe, which then enters Turkey 
Creek.  The most upstream reach sampled, E3-T1-6, is 
located directly below a section of enclosed pipe, has poor 
instream habitat due to incised stream banks, sediment 

Looking Upstream at D3-T2-4 

Looking Upstream at E3-T1-5 

Looking Upstream at Reach C3-T1-1 
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deposition, and managed grasses along both sides of its banks. E3-T1-A, located on a headwater 
tributary draining from the north, has deeply incised channels, actively eroding banks, and heavy 
sediment deposition. Further downstream along the tributary in the park area (E3-T1-5) instream 
habitat, undercut banks, and heavy sediment deposition result in a poor rating.  Reach D3-T1-4 
was located slightly downstream within a concrete lined channel and therefore had very poor 
instream habitat. Several hundred feet downstream of the concrete channel, reach D3-T1-3 has 
poor bank stability and managed grasses along one bank.  The most downstream reaches 
sampled D3-T1-2 and D3-T1-1 have heavy instream sediment deposition, highly eroding banks, 
and deeply incised channels.      

 

The southern portion of Turkey Creek receives drainage from 
these three tributaries, draining a total area of approximately 
3,700 acres in size. Portions of the headwaters are enclosed 
in pipes and portions of the mainstem are stabilized with 
riprap.  Reaches sampled along the mainstem overall 
received scores ranging from poor to excellent. The most 
upstream reach, B2-1 is located directly below piped 
headwaters and has deeply incised banks, heavy deposition, 
and embedded substrates. Conditions further downstream 
appear to improve at reaches C2-1, C3-7, C3-6, C3-5, and 
C3-4 where favorable instream habitats, relatively stable 
banks, and improved vegetative buffer conditions occur.  In contrast, reach C3-3 immediately 
downstream of the higher quality stream reaches to the south, has blown out banks, bank scour, 
and trees falling into the channel due to erosion from the surrounding outfalls.  Directly 
downstream of West 79th Street, stream reach C3-2 shows sediment deposition as well as 
restored wetlands on the eastern bank. In general, physical channel conditions degrade north of 
C3-4, and generally continue as it progresses north and Turkey Creek picks up drainage from 
TRIB 85 and TRIB 81. 

5.2.2 Central Portion of Upper Turkey Creek Watershed 
Figure 3 shows the middle section of Turkey Creek between 74th Street and Johnson Drive. Five 
main tributaries flow into this portion of Turkey Creek.  Drainage from TRIB  75, TRIB 70, and 
TRIB 49 all provide flow input from east of Turkey Creek, while TRIB 71, TRIB 66 (and 
associated TRIB 60, 63, and 65), and TRIB 40 drain areas to the west. 

 

TRIB 75 drains an area of approximately 690 acres, 
receiving runoff from neighborhoods surrounding the 
intersections of Antioch and W. 71st Street, Lowell and W. 
75th, and Santee and W. 71st Street.    Nearly the entire length 
of this tributary between Lowell Street and Antioch Road is 
considered poor aquatic habitat due to either channel 
enclosures or full concrete channels with a buffer zone 
consisting mainly of mowed grasses.  Below Antioch Road 
stream health conditions generally improve with multiple 

Looking Upstream at C2-2 

Looking Downstream at D4-T2-4 
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sections of stream stabilized and a well-vegetated riparian zone ranging between 50 and 100 feet 
wide on either side of the stream.   Several improvements in fish habitat such as obstruction 
removals and bank stabilization at D4-T2-4 would further improve this portion of TRIB 75.  
Prior to passing under East Frontage Road and entering Turkey Creek, this tributary is again 
lined with concrete, with poor scores for both vegetation conditions and habitat quality. 

 

TRIB  71 drains approximately 350 acres and enters Turkey 
Creek from the west just above the confluence of TRIB 75 
and Turkey Creek.  A significant portion of this tributary 
consists of concrete lined channels in two sections; a 1,200 
foot portion in the headwaters just east of Neiman Road, and 
a 1,500 foot segment beginning at Switzer Road and 
continuing to the confluence of TRIB 71 and Turkey Creek.  
The two stream reaches between these concrete lined 
sections were assessed (C4-T1-2 and C4-T1-1) and both had 
well-developed riparian zones and generally good habitat, 
but could be further improved by bank stabilization 
measures. 

 

TRIB 70 drains an area east of Turkey Creek of approximately 500 acres.  This tributary is 
completely enclosed above W. Frontage Road for approximately 1,000 feet.  There are several 
impoundments in the tributary drainage and the Milburn Country Club comprises a large portion 
of the headwaters of this tributary.  Four stream reaches were assessed on this tributary.  The 
stream reach furthest to the east, E5-T1-7, is located just below an impoundment in Antioch Park  
and receives nearly all of the drainage from the Milburn Country Club.  This reach had a well-
developed riparian area, and has been restored with riprap, installed meanders, and drop 
structures (rocks) resulting in an overall good stream health ranking.  Continuing west of 
Antioch Road, stream reach E5-T1-6, was rated poor for stream health. This entire reach was 
channelized with both banks hardened with stone slab, and rock and concrete slabs placed in the 
channel.  Conditions immediately to the west of Antioch 
Road, between Interstate 35 and Carter Ave along reaches 
D5-T1-4 and D5-T1-5 are considered fair. Unstable bank 
conditions along these reaches are the primary impairment 
impacting stream health, and during high intensity rain events 
the lower portion of the stream floods as water backs up 
behind Carter Avenue.  Continuing further downstream to the 
west of Carter Avenue (D5-T1-3, D5-T1-2, and D5-T1-1) 
conditions improve with all stream reaches attaining an 
overall good rating.  Review of the 100-year floodplain in 
this area reveals a zone of flooding that may potentially be 
formally managed for flood control. 

 

TRIB 60, 63, 65, and 66 form a complex of tributaries that drain approximately 1,900 acres to 
the west of Turkey Creek.  TRIB 63 drains the southwestern portion of the drainage complex, 

Looking Downstream at C4-T1-2 
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and is primarily enclosed or lined with concrete along its 4,800-foot length between just south of 
West 67th Street and Shawnee Mission Parkway.   Two stream reaches on this tributary were 
assessed B6-T1-10 and B5-T1-9, and were ranked fair and good for stream health, respectively.  
Conditions at B6-T1-10 are impaired due to poor bank stability and active erosion, while poor 
banks, riparian areas, and sedimentation are impacting conditions at B5-T1-9.  Concrete and 
enclosed channels are located both upstream and downstream of these reaches, limiting habitat 
improvement potential.  TRIB 65 drains the northern portion of this drainage complex, and 
generally ranks as either fair or poor for stream health.  Stream reaches along this tributary 
transition between concrete channels and completely enclosed channels, with those stream 
reaches that are open and unlined in need of bank stability improvements (B6-T2-11 north of 
Johnson Drive and B5-T1-7 just north of Shawnee Mission Parkway).  TRIB 66 largely follows 
Shawnee Mission Parkway west from Goddard Street to its confluence with Turkey Creek.  
Stream health conditions along this tributary are generally fair to good with stabilized banks 
along both sides of the stream as it parallels the parkway.   

 
The central segment of Upper Turkey Creek from 75th Street to Johnson Drive flows north 
through parklands, a mixed commercial/industrial zone, and finally enters a mixed- 
residential/commercial area north of Shawnee Mission Parkway. The upstream reaches, D4-3, 
D4-2, and D4-1 have poor instream conditions with actively eroding banks, trees falling into the 
channel, and areas of exposed soil.  Bank stabilization and riparian improvement would benefit 
the instream habitat within these reaches.  Below the confluence with TRIB 71, instream 
conditions improve (at reaches D5/D4-5, D5-4, D5-3, D5-2 and D5-1) although there are some 
habitat constraints, such as instream barriers to fish.  After the intersection with Shawnee 
Mission Parkway, instream conditions decline, with hardened banks, a reduction in vegetative 
cover, and degraded instream habitats.     

5.2.3 Northern Portion of Upper Turkey Creek Watershed 
 
The northern portion of Upper Turkey Creek begins just below Johnson Drive and continues 
north to the intersection of Interstate 35 and Roe Lane. This portion receives drainage from TRIB 
40 and TRIB 49, which were not surveyed during this study due to the fact that nearly 6,000 feet 
of these streams are either enclosed in pipe or lined with concrete, and therefore offer little 
aquatic habitat benefit.  Two major tributaries were surveyed during this study, TRIB 32 draining 
from the west and TRIB 15 draining from the east. These tributaries and the southern portion of 
Turkey Creek above Johnson Drive are shown in Figure 4.   
 
TRIB 32 drains an area west of the Turkey Creek mainstem of roughly 790 acres in size centered 
on the intersection of West 53rd Street and West 47th Street. Almost all of the stream miles 
within this tributary are open, unlined stream channels. TRIB 31 drains into TRIB 32 from the 
southwest. The most upstream reach on TRIB 31, D6-T1-7, has poor bank stability, and 
stabilization measures in the upstream reaches of this tributary would further enhance the overall 
condition of this tributary complex.  Further downstream on TRIB 31, overall stream health 
improves with increased bank stability and a functional, yet narrow riparian buffer. The 
headwaters of TRIB 32 flow primarily through open parkland. The majority of reaches sampled 
along this stream segment have relatively stable banks, some of which had been restored. 
Continued riparian improvement along this stream section would further enhance aquatic 
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habitat.  Additionally, habitat scores for several of the reaches sampled along this tributary were 
low due pipe crossings and other fish blockages.  
 
TRIB 15 drains an area east of the Turkey Creek mainstem 
of approximately 490 acres in size centered on the 
intersection of Johnson Drive and the Interstate 35. The 
majority of the streams within this watershed are open, 
unlined channels. The headwaters drain through a forested 
area, reach E7-T2-5, with excellent bank stability, 
vegetative cover, and instream habitat limited by fish 
obstructions.  Slightly downstream, habitat quality in 
stream reach E7-T2-4 is poor due to a concrete lined 
channel.  The reach directly downstream, E7-T2-3, has 
deeply incised banks, poor water quality, and yard waste 
dumped into the channel. Continuing downstream along TRIB 15, instream conditions improve, 
although at reach E7-T2-1, the banks are actively eroding. Bank stabilization at reaches E7-T2-3, 
E7-T2-2, and E7-T2-1 would improve the rapidly eroding stream channel within this area.   
 
The mainstem of Turkey Creek above Johnson Drive drains a 
total of approximately 3,100 acres.  Reaches along the 
mainstem from just below Johnson Drive to slightly above 
W. 53rd Street are in relatively poor condition with riprap 
along the banks, a lack of diversity in instream substrates, 
and in many cases, a lack of a riparian buffer.  Directly 
downstream of the confluence between Turkey Creek and 
TRIB 40, the banks are stabilized, but instream conditions 
are poor until the stream enters a section with a forested 
riparian area. Fish habitat and riparian improvement at 
several reaches along this portion of the mainstem would 
allow for improved stream conditions.  Below the 
intersection with Metcalf Ave, instream conditions could be further enhanced by bank 
stabilization and fish habitat improvement.  
 

Looking Upstream at D6-2 
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Figure 2. Southern Portion of Upper Turkey Creek Watershed
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Figure 3. Central Portion of Upper Turkey Creek Watershed 
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Figure 4.  Northern Portion of Upper Turkey Creek Watershed 
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APPENDIX A STREAM HEALTH ASSESSMENT DATA SHEETS 

Overall Assessment Rating Score 
Excellent 9.0-10.0  
Good 7.5-8.9 
Fair 6.1-7.4  
Poor 1.0-6.0  

 
Channel condition 

Description 

Natural channel; no 
structures, dikes.  No 

evidence of 
downcutting 
or excessive 

lateral cutting. 

Evidence of past 
channel alteration, but 

with significant 
recovery of channel and 

banks. Any dikes or 
levies are set back to 
provide access to an 
adequate flood plain. 

Altered channel; <50% 
of the reach with riprap 
and/or channelization. 
Excess aggradation; 

braided channel. Dikes 
or levees restrict flood 

plain width. 

Channel is actively 
downcutting or 

widening. >50% of the 
reach with riprap or 

channelization. Dikes or 
levees prevent access to 

the flood plain. 
 

Score 10 7 3 1 
 

Hydrologic alteration 

Description 

No dams, no water 
withdrawals, no 
dikes or other 

structures 
limiting the 

stream's access to 
the flood plain. 
Channel is not 

incised 
Flooding every 1.5 

to 2 
years. 

Limited channel 
incision; or 

withdrawals, although 
present, do not affect 
available habitat for 

biota. 
Flooding occurs only 

once every 3 to 5 years 

Channel deeply incised; 
or withdrawals 
significantly 

affect available low flow 
habitat for biota. 

Flooding occurs only 
once every 6 to 10 years 

No flooding; channel 
deeply incised; or 

structures prevent access 
to flood plain; or dam 

operations prevent flood 
flows; or 

withdrawals have 
caused severe loss of 

low flow habitat; 
or flooding occurs on a 

1-year rain event or less. 
Score 10 7 3 1 

 

Riparian zone (score each bank separately) 

Description 

Natural 
vegetation 

extends at least 
two active 

channel 
widths (or 

>50’)on each 
side; human 

activities (i.e. 
parking lots, 

roadbeds, clear-
cuts, lawns) have 

not impacted 
zone. 

Natural 
vegetation 

extends one 
active 

channel width 
(or 25-50’)on 
each side; or if 
less than one 
width, covers 
entire flood 

plain; human 
activities have 
impacted zone 

minimally. 

Natural vegetation 
extends half of the 

active channel 
width (or 15-25’)  

on each side; 
human activities 

have had moderate 
impacts in the 

zone. 

Natural vegetation 
extends a third of 
the active channel 

width (or 10-
15’)on each side; 

or filtering 
function 

moderately 
compromised; 

human activities 
have impacted 

zone a great deal. 

Natural vegetation 
less than a third of 
the active channel 

width on each side; 
or lack of regeneration; 

or 
filtering function 

severely compromised; 
little or no riparian 

vegetation as a result of 
human activities. 

Score RB       10 8 5 3 1 
LB        10 8 5 3 1 

Note:  Determine bank by facing upstream. 
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Invasive Species (score each bank separately) 

Description 

No nonnative 
invasive 
plants or 
noxious 
weeds 

present. 

The presence of 
nonnative invasive 

plants and/or 
noxious weeds 

comprises between 
1-25% of 

vegetation cover. 

The presence of 
nonnative invasive 

plants and/or 
noxious weeds 

comprises between 
26 -50% of 

vegetation cover. 

The presence of 
nonnative invasive 

plants and/or 
noxious weeds 

comprises between 
51-75% of 

vegetation cover. 

The presence of 
nonnative 

invasive plants 
and/ or noxious 

weeds comprises 
more than 75% 

of the vegetation 
cover. 

Score RB         10 8 5 3 1 
LB         10 8 5 3 1 

 
 

Vegetative protection (score each bank separately) 

Description 

More than 90% of the 
streambank surfaces 

and immediate 
riparian zone covered 
by native vegetation, 

including trees, 
shrubs, or herbaceous 
vegetation; vegetative 

disruption through 
mowing, etc., not 

evident; most plants 
allowed to grow 

naturally. 

70-90% of the 
streambank surfaces 

covered by native 
vegetation; disruption 

evident but not affecting 
full plant growth 

potential to a great 
extent; more than ½ of 
the plant stubble height 

remaining. 

50-70% of the 
streambank surfaces 

covered by vegetation; 
disruption obvious; 

patches of bare soil or 
closely cropped 

vegetation common; less 
than ½ of the potential 

plant stubble height 
remaining. 

Less than 50% of the 
streambank surfaces 

covered by vegetation; 
disruption of 

streambank vegetation is 
very high; vegetation 

has been removed to 2” 
or less in average 

stubble height. 

 
Score 

RB         10 7 3 1 
LB          10 7 3 1 

Note:  Determine bank by facing upstream. 
 
 

Bank stability 

Description 

Banks are stable; 
banks 

are low (at 
elevation of active 
flood plain); 33% 
or more of eroding 

surface area of 
banks in outside 

bends is protected 
by roots that 

extend to the base-
flow elevation. 

 

Moderately stable; 
banks are low (at 

elevation of active flood 
plain); less than 33% of 
eroding surface area of 
banks in outside bends 

is protected by roots that 
extend to the baseflow 

elevation. 
 

Moderately unstable; 
banks may be low, but 

typically are high 
(flooding occurs 1 year 

out of 5 or less 
frequently); outside 
bends are actively 

eroding (overhanging 
vegetation at top of 

bank, some mature trees 
falling into steam 

annually, some slope 
failures apparent). 

 

Unstable; banks may be 
low, but typically are 
high; some straight 

reaches and inside edges 
of bends are actively 

eroding as well as 
outside bends 

(overhanging vegetation 
at top of bare bank, 

numerous mature trees 
falling into stream 

annually, numerous 
slope failures apparent). 

 
Score 10 7 3 1 
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Sediment Deposition 

Description 

Little or no 
enlargement of 
islands or point 

bars and less than 
20% of the 

bottom affected 
by sediment 
deposition 

Some new increase in 
bar formation, mostly 

from gravel, sand or fine 
sediment; 20-50% of the 
bottom affected; slight 

deposition in pools. 

Moderate deposition of 
new gravel, sand or fine 
sediment in old and new 

bars; 50-80% of the 
bottom affected; 

sediment deposits at 
obstructions, 

constrictions, and bends; 
moderate deposition in 

pools prevalent. 

Heavy deposits of fine 
material, increased bar 

development; more than 
80% of the bottom 

changing frequently; 
pools almost absent due 
to substantial sediment 

deposition. 

Score 10 7 3 1 
 

Water appearance 

Description 

Very clear, or clear 
but 

tea-colored; 
objects 

visible at depth 3 
to 6 ft 

(less if slightly 
colored); no oil 

sheen on surface; 
no noticeable film 

on 
submerged objects 

or 
rocks. 

Occasionally cloudy, 
especially after storm 

event, but clears rapidly; 
objects visible at depth 
1.5 to 3 ft; may have 

slightly green color; no 
oil sheen on water 

surface. 
 

Considerable cloudiness 
most of the time; objects 

visible to depth 0.5 to 
1.5 ft; slow sections may 

appear pea-green; 
bottom rocks or 

submerged objects 
covered with heavy 
green or olive-green 

film; or moderate odor 
of ammonia or rotten 

eggs. 
 

Very turbid or muddy 
appearance most of the 
time; objects visible to 

depth < 0.5 ft; slow 
moving water may be 

bright green; other 
obvious water 

pollutants; floating 
algal mats, surface 

scum, sheen or heavy 
coat of foam on surface; 

or strong odor of 
chemicals, oil, sewage, 

other pollutants. 
Score 10 7 3 1 

 
 

Nutrient enrichment 

Description 

Clear water along 
entire 

reach; diverse 
aquatic 

plant community 
includes low 

quantities of many 
species of 

macrophytes; little 
algal growth 

present. 
 

Fairly clear or slightly 
greenish water along 

entire reach; moderate 
algal growth on stream 

substrates. 
 

Greenish water along 
entire reach; 

overabundance of lush 
green macrophytes; 

abundant algal growth, 
especially during 
warmer months. 

 

Pea green, gray, or 
brown water along 
entire reach; dense 

stands of macrophytes 
clog stream; severe algal 

blooms create thick 
algal mats in stream. 

 

Score 10 7 3 1 
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Barriers to Fish Movement 

Description No barriers 

Seasonal water 
withdrawals inhibit 
movement within 

the reach 
 

Drop structures, 
culverts, dams, or 

diversions (< 1 
foot drop) within 

the reach 
 

Drop structures, 
culverts, dams, or 

diversions (> 1 
foot drop) within 3 
miles of the reach 

Drop structures, 
culverts, dams, or 

diversions (> 1 
foot drop) within 

the reach 
 

Score 10 8 5 3 1 
 

Instream fish cover 

Description 
>7 cover 

types 
available. 

6 to 7 cover types 
available 

 

4 to 5 cover types 
available 

 

2 to 3 cover types 
available 

 

None to 1 cover 
type available 

 
Score 10 8 5 3 1 

Example Cover Types: 
Dense macrophyte beds—Beds of emergent (e.g., water willow), floating leaf (e.g., 
water lily), or submerged (e.g., riverweed) aquatic vegetation thick enough to provide 
invertebrate attachment and fish 
cover. 
Riffles—Area characterized by broken water surface, rocky or firm substrate, moderate 
or swift current, and relatively shallow depth (usually less than 18 inches). 
Isolated/backwater pools—Areas disconnected from the main channel or connected as a 
"blind" side 
channel, characterized by a lack of flow except in periods of high water. 
Logs/large woody debris—Fallen trees or parts of trees that provide structure and 
attachment for aquatic 
macroinvertebrates and hiding places for fish. 
Deep pools—Areas characterized by a smooth undisturbed surface, generally slow 
current, and deep 
enough to provide protective cover for fish (75 to 100% deeper than the prevailing stream 
depth). 
Overhanging vegetation—Trees, shrubs, vines, or perennial herbaceous vegetation that 
hangs immediately over the stream surface, providing shade and cover. 
Boulders/cobble—Boulders are rounded stones more than 10 inches in diameter or large 
slabs more than 10 inches in length; cobbles are stones between 2.5 and 10 inches in 
diameter. 
Undercut banks—Eroded areas extending horizontally beneath the surface of the bank 
forming underwater pockets used by fish for hiding and protection. 
Thick root mats—Dense mats of roots and rootlets (generally from trees) at or beneath 
the water surface 
forming structure for invertebrate attachment and fish cover. 

 
Pools 

Description 

Deep and shallow pools 
abundant; greater than 

30% of the pool bottom 
is obscure due to depth, 
or the pools are at least 

5 feet deep. 
 

Pools present, but 
not 

abundant; from 10 
to 30% of the pool 
bottom is obscure 

due to depth, or the 
pools are at least 3 

feet deep. 
 

Pools present, but 
shallow; from 5 to 10% 

of the pool bottom is 
obscure due to depth, or 
the pools are less than 3 

feet deep. 
 

Pools absent, or the 
entire bottom is 

discernible. 
 

Score 10 7 3 1 



Upper Turkey Creek Stream Health Assessment  U.S. Army Corps of Engineers, Kansas City District 
 27 April, 2006            

 
Insect/invertebrate habitat 

Description 

At least 5 types of 
habitat available. 

Habitat is at a stage to 
allow full insect 

colonization (woody 
debris and logs not 

freshly fallen) 

3 to 4 types of 
habitat. 

Some potential 
habitat 

exists, such as 
overhanging trees, 
which will provide 

habitat, but have not 
yet 

entered the stream. 
 

1 to 2 types of habitat. 
The substrate is often 
disturbed, covered, or 

removed by high stream 
velocities and scour or 

by sediment deposition. 
 

None to 1 type of 
habitat. 

 

Score 10 7 3 1 
Example cover types include:  fine woody debris, submerged logs, leaf packs, undercut banks, submerged roots, 

cobbles, boulders, coarse gravel. 
 

Canopy cover (if applicable):  Warmwater fishery 

Description 

25 to 90% of water 
surface shaded; 

mixture of 
conditions 

> 90% shaded; full 
canopy; same shading 

condition throughout the 
reach. 

 

(intentionally blank) 
< 25% water surface 

shaded in reach. 
 

Score 10 7  1 
 
 

Riffle Embeddedness 

Score 

Gravel or 
cobble 

particles 
are 

< 20% 
embedded. 

 

Gravel or cobble 
particles are 20 to 
30% embedded 

Gravel or cobble 
particles are 30 to 
40% embedded. 

 

Gravel or cobble 
particles are >40% 

embedded. 
 

Riffle is 
completely 
embedded. 

 

 10 8 5 3 1 
 
 

Macroinvertebrates Observed 

Description 

Community 
dominated by 

Group I or 
intolerant 

species with good 
species diversity. 
Examples include 

caddisflies, 
mayflies, 
stoneflies, 

hellgrammites. 
 

Community dominated 
by Group II or 

facultative species, such 
as damselflies, 

dragonflies, aquatic 
sowbugs, blackflies, 

crayfish. 
 

Community dominated 
by Group III or tolerant 
species, such as midges, 

craneflies, horseflies, 
leeches, aquatic 

earthworms, tubificid 
worms. 

 

Very reduced number of 
species or near absence 

of all  
macroinvertebrates. 

 

Score 15 6 2 -3 
 



Upper Turkey Creek Stream Health Assessment  U.S. Army Corps of Engineers, Kansas City District 
 28 April, 2006            

 
Trash 

Score 

Minimal trash 
(litter) in the 

stream, floodplain 
or adjacent riparian 

habitat; no 
evidence of 

dumping of yard 
wastes or trash. 

Trash present in stream 
or floodplain/riparian 
zone; trash appears to 

have accumulated over 
time; continuous current 
source not evident; no 

evidence of dumping of 
yard waste or trash. 

Abundant trash in 
stream or in floodplain/  

riparian zone; source 
appears to be 

continuous, but obvious 
source of trash not 

evident. 

Abundant trash in 
stream, in wrack and on 

adjacent foodplain/ 
riparian zone; evidence 

of dumping or other 
obvious sources of trash 

observed. 

Description 10 7 3 1 
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APPENDIX B BIOLOGICAL DATA SHEETS 
 

Stream Name:______________________  

Stream Segment: ___________________ 

Date:____________ Time:_______        

Observers: _________________________________________ 

Location:__________________________ Lat_____ Long_____ 

 

 

Qualitative listing of aquatic biota: 
 
Estimated abundance: 0= absent/not observed 1=Rare, 2=Common, 3=Abundant,               
4=Dominant 

Periphyton:  0  1  2  3  4  Slimes:           0  1  2  3  4 
 

Filamentous Algae: 0  1  2  3  4  Macroinvertebrates:  0  1  2  3  4 

 

Macrophytes: 0  1  2  3  4   Fish:              0  1  2  3  4  

 

 

Data Summary of pages 2-7: 
 

• Total Macroinvertebrate Metric Number:_____ Acceptable (Y/N): __ 
 

• Percentage of Sensitive Fish Species Present:____ Total # Taxa:___ 
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Macroinvertebrate Tally Sheet  
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Macroinvertebrate Individual Metrics 
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Macroinvertebrate Multimetric Index1

 

 

 
 
 
 

                                                 
1 Macroinvertebrate data sheets and individual metrics from the Virginia Save our  Streams protocol (2005)  
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Fish Tally Data Sheets 

Category Species (Common 
Name) 

Tolerance Level  

 

Previously 
Observed in 

Turkey Creek?  

Tally  Count 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sport Fish 

Back bullhead 

 

Tolerant No   

Yellow Bullhead 

 

Tolerant No   

Channel Catfish 

 

Intermediate No   

Slender Madtom 

 

Sensitive Yes   

Bluegill 

 

Intermediate No   

Green Sunfish 

 

Tolerant Yes   

Longear Sunfish 

 

Sensitive No   

Orangespotted Sunfish 

 

Tolerant No   

Largemouth Bass Intermediate Yes   
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Black Crappie 

 

Intermediate No   

 White Crappie 

 

Intermediate No   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Minnows 

 

Bluntnose  Minnow 

 

Tolerant No   

Flathead Minnow 

 

Tolerant Yes   

Suckermouth Minnow  

 

Tolerant No   

Golden Shiner 

 

Tolerant No   

Red Shiner 

 

Tolerant Yes   

Redfin Shiner 

 

Intermediate No   

Sand Shiner 

 

Tolerant No   

Central Stoneroller Intermediate No   
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Common Carp 

 

Tolerant No   

Mosquitofish 

 

Tolerant No   

Creek Chub 

 

Tolerant Yes   

Darters Johnny Darter 

 

Intermediate No   

Orangethroat Darter 

 

Intermediate No   

Others Gizzard Shad 

 

Tolerant No   

Freshwater Drum 

 

Intermediate No   

Longnose Gar 

 

Tolerant No   

River Carpsucker 

 

Tolerant No   

Total Count:   
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Fish Metrics  
 

Tolerance 
Level: 

Number of 
Individuals: 

Total Number of Fish 
observed: 

Percentage 
Present: 

Total Number 
of Taxa: 

Tolerant 
Species 

    

Intermediate 
Species 

    

Sensitive 
Species 

    

 
Comments: ____________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

 

 

 

• Fish species list derived from: HNTB Architects Engineers Planners. 2004. Upper Turkey Creek Basin 
Environmental Restoration Report Feasibility Phase: 2-6. 

 

• Majority of illustrations from: www.tpwd.state.tx.us, http://fish.dnr.cornell.edu, http://dfw.state.or.us, 
www.glerl.noaa.gov, www.dnr.state.oh.us, www.sites.state.pa.us.   

 

 

 

http://www.tpwd.state.tx.us/�
http://fish.dnr.cornell.edu/�
http://dfw.state.or.us/�
http://www.glerl.noaa.gov/�
http://www.dnr.state.oh.us/�
http://www.sites.state.pa.us/�
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1.0 Purpose and Scope 
The U.S. Army Corps of Engineers (USACE), Kansas City District, along with the local sponsor, 
Merriam, Kansas, initiated the feasibility phase of the Upper Turkey Creek watershed (Figure 1) 
to examine measures for flood risk management. Congressional authority for Upper Turkey 
Creek specifically states this project’s primary mission is flood risk management. The USACE is 
considering a watershed approach including collaborative planning, ecosystem restoration, and 
recreation in the plan formulation process where feasible opportunities are found. The purpose of 
this document is to describe areas within the basin where opportunities exist to perform 
environmental enhancement by the project sponsor.   

2.0 Problem Definition 
The Upper Turkey Creek Basin, Kansas, is a historically connected tributary to the Kansas and 
Missouri Rivers, which are important ecological resources for the region. Development in the 
watershed has degraded these natural systems. Direct development impacts have included 
floodplain filling, channel straightening, concrete lining of channels, channel enclosures, filling 
on-stream lakes, streambank armoring and fills, the loss of streamside vegetation, and 
disruptions due to numerous road and utility crossings. Indirect impacts have resulted from 
development in the watershed, increasing the rate at which water reaches the creek and 
tributaries.  
 
The Upper Turkey Creek valley is a degraded environmental resource that is still undergoing 
development. The combination of the direct and indirect impacts has increased the flood peak 
flows, flood flow volumes, channel flow velocities, and the rapid rate at which stream flows rise 
and fall after a storm. The result has been instability in the stream as noted by channel incision 
and streambank erosion. Preventative measures have included enclosing the channels in culverts 
or lining the channels with concrete in many places. These concrete and enclosed channel 
sections become generally impassable biological dead zones for most aquatic species in Turkey 
Creek.  

2.1 Goals and Objectives of Environmental Enhancement 
The goal under the environmental enhancement is to apply a systems-based approach 
that provides cost effective, multipurpose, and environmental benefits to address environmental 
degradation within an urban environmental setting. By focusing on enhancement measures in the 
upstream tributaries of the watershed, this approach will provide: 
 
A sustainable stream corridor with improved aquatic habitat and improved 
natural function; 
 

• To improve water quality by reducing factors such as increased sedimentation and 
turbidity, fecal bacteria, BOD, and temperature. 

• To increase habitat connectivity by reducing obstructions, including those limiting fish 
movements. 
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• To increase connectivity to the floodplain helping to ensure the benefits of natural 
function. 

• To assess and understand the incidental flooding impacts resulting from environmental 
enhancement measures. 

 
Enhanced recreational opportunities; and 
 

• To incorporate multi-user recreational opportunities. 
• To improve aesthetics through restoration efforts. 

 
A coordinated approach for stream corridor management: 
 

• To unify multi-agency objectives in order to take an integrated comprehensive approach 
to systems management, when possible. 

• To capitalize on coordinated efforts in preserving cultural resources and providing 
educational opportunities. 

• To take advantage of green solutions and Best Management Practices (BMPs) already 
being implemented by other entities (e.g., MARC, American Public Works KC Ch, local 
municipalities). 

2.2 Environmental Enhancement Measures 
A number of measures can be implemented to achieve improved aquatic habitat and natural 
stream function resulting in a sustainable stream corridor. The different measures are discussed 
in detail below. They are divided into several categories including bank stabilization, fish habitat 
improvement, riffle-pool complexes, instream habitat, riparian improvements, and water quality 
improvements. Recreational opportunities and stream corridor management opportunities are 
also discussed.  
 
Bank Stabilization Measures: A number of bank stabilization measures have been identified for 
potential use in achieving a sustainable stream corridor. Implementation of these measures would 
be based on site-specific information, cost, and perceived benefits. These measures include 
vegetative/structural measures including:  brush layering, brush mattressing, live fascines 
(wattling), stone riprap with joint plantings, live crib walls, cable concrete revetment with 
vegetation, and other bank stabilization techniques. 
  
Fish Habitat Improvement: There are a number of reaches where removal of obstructions is 
recommended to provide continuous lengths of main stem or tributaries where the presence of 
fish was noted in the surveys. 
 
Riffle-Pool Complexes: The creation of riffle-pool complexes has multiple purposes. It can stop 
downcutting and headcutting in a manner that provides fish and wildlife habitat and improve 
water quality. It has been noted that Upper Turkey Creek need additional pool habitat for fish. In 
addition, the development of riffles improved water quality by aerating water, increasing the 
level of dissolved oxygen and assist in reducing ammonia levels. 
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Instream Habitat:  There are several measures that could assist in developing instream habitat. 
Those being considered include the use of root wads, lunker boxes, and anchored logs. Root 
wads include the root ball of a tree plus part of the trunk. They protect the streambank by 
deflecting stream flows. They also provide habitat for fish and other aquatic animals, as 
well as a food source for aquatic insects. Similarly, anchored logs help to establish pools 
and increase available fish habitat. The creation of lunker boxes provide fish habitat in 
undercut banks and would be recommended for limited use. 
 
Riparian Habitat: There are several options available to improve riparian habitat, further 
improving the stream corridor sustainability. These include the development of riparian swales 
and buffers using native plantings. These would be recommended for use in areas where 
nonpoint source pollution or run-off was limiting water quality. In addition, as temperature is 
also considered a pollutant, the planting or removal of trees to assist in the increase in 
canopy and shading would be used in specific areas. These measures would improve 
overall water quality in the reaches where they were implemented. 
 
Water Quality Improvement:  Several measures have also been identified for potential use in 
areas outside the immediate riparian area. These include the redesign of detention basins to 
improve water quality. The improvements would result in increased detention time, allowing for 
more pollutants to settle out of the water column, improving the quality of the water discharged 
into the stream. Implementation of these measures would be based on site-specific 
information, cost, and perceived benefits. 
 
Recreational Opportunities: Recreational opportunities in the floodplain of Turkey Creek and 
tributaries would include trail development, access points, park/greenway amenities and 
educational outreach.   
 

• Trail development -Multi-use trails (biking, walking, running) with lanes or other use 
controls, access to parking and distance information. Interconnect trails to create larger 
system. 

• Access Points for Fishing and Wildlife - Parking areas and access to pools and other 
areas where fish may be prevalent, garbage disposal areas, and kiosks of local fish 
species. 

• Nature viewing areas - Could include viewing platforms and native plantings. 
• Park/greenway amenities - Could include composting restroom facilities, parking areas, 

lighting, and garbage disposal areas (to reduce trash). 
• Educational Outreach - Could include kiosks along trails and at trail heads describing the 

local biota and the stream processes. 

3.0 Modeling Methodologies Used to Evaluate Environmental Enhancement 
Overall stream health assessments rankings and scores were developed for 106 reaches on the 
Upper Turkey Creek mainstem and its tributaries. Stream assessments were completed and 
environmental restoration projects were identified. Various bank stabilization measures were 
proposed for unstable sections along the mainstem and tributaries. Of the 106 stream assessment 
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reaches, 33 reaches analyzed in further detail. These 33 stream assessments were performed 
using a combination of other stream assessment protocols and were converted to scores 
according to the guidelines and descriptions used in the Subjective Evaluation of Aquatic 
Habitats developed by the Kansas Department of Wildlife and Parks (KDWP, 2004).    

3.1 Environmental Enhancement Projects Sites  
Candidate restoration sites in the Upper Turkey Creek watershed have been evaluated for 
consideration of stream stabilization, fish habitat improvements, riparian corridor improvements, 
water quality measures and recreational opportunities. Study clusters were evaluated to 
determine applicable stream stabilization measures, habitat and water quality measures. Clusters 
in close proximity were grouped to establish a total of 11 project areas including Highland Park, 
Brown Park, Downtown Shawnee, Nieman Plaza, Chatlain Park, Turkey Creek Streamway Park, 
Thousand Oaks, Quail Creek Park, Westbrook, JC Penney Outlet, and Sapling Grove Park.   
 
Candidate Restoration Sites are depicted on Figure 1a, 1b, and 1c. Candidate Restoration Site 
locations and descriptions are described below. Candidate project areas, evaluation clusters and 
their respective reaches are shown on maps and summarized in Table 1. Fact Sheets detailing 
each project are in Appendix A.   
 
Candidate restoration sites were identified based on visual observation, an evaluation of the 
project potential to support USACE flood risk management goals, and potential habitat gains 
(increases in habitat units). Candidate restoration projects are preliminary environmental 
enhancement concepts. For alternative formulation, the project will be evaluated for a gain in 
habit units as well as cost benefit considerations. Environmental enhancement projects will likely 
be completed by the project sponsors. Hydrologic analyses, hydraulic analyses, geomorphic 
analyses, and other studies should be completed prior to the final design for each project.    

3.1.1 Highland Park 
The Highland Park Project Area is located near the intersection of 47th Street and Shawnee 
Drive. The Highland Park Project Area includes two projects. Portions of the streambank have 
been covered with asphalt to reduce streambank erosion near the Kansas City, Kansas 
maintenance facility. The channel is moderate to severe incised and several exposed manholes 
were noted during the field site visit. The proposed actions would include bank stabilization 
measure as well as channel morphology work. Environmental enhancement measures that could 
be applicable include stone riprap with joint plantings, live fascines, riffle/pool complexes, 
removal of asphalt, brush mattressing, and construction of rock riffles. A total of 3,150 linear 
feet (l.f.) of tributary would be enhanced. Benefits may include shading, a reduction in bank 
erosion, enhanced fish passage and increased habitat near the Kansas City, Kansas Maintenance 
facility. 

3.1.2 Brown Park  
The Brown Park Project Area is located near Grant Street and West 50th Terrace in Merriam, 
Kansas. Brown Park includes three projects on two unnamed tributaries. Existing conditions in 
the reaches consists of active stream downcutting and headcutting, exposed sanitary sewer 
encasements, exposed abandoned waterline, moderate bank erosion, partial fish blockages in the 
form of bedrock waterfalls, washed-out erosion mat, narrow floodplain benches, and concrete 



Draft Upper Turkey Creek Basin 
Environmental Enhancement 

 

T H E  L O U I S  B E R G E R  G R O U P  
5 

 
 

lined channel. The proposed actions would include riffle/pool complexes and bank stabilization 
measures. A total of 2,240 l.f. of tributary would be enhanced. Benefits would include reduced 
bank erosion, enhanced water quality, and enhanced fish passage. 

3.1.3 Downtown Shawnee 
The Downtown Shawnee Project Area is located near the intersection of Flint Street and West 
57th Street. A project has recently been completed. The project included placement of rock riprap 
on banks from toe to upper bank on both banks; recently planted trees and shrubs underlain with 
erosion control blanket; three BMPs/rain gardens on upper banks; and two rock riffle/grade 
control structures in stream. The adjacent church parking lot west of stream has curb cuts 
allowing runoff to flow into stream. The banks have been stabilized with large limestone blocks 
on the downstream end near Johnson Drive. No future projects are recommended 

3.1.4 Nieman Plaza 
The Nieman Plaza Project Area is located near the intersection of Shawnee Mission Parkway and 
Nieman Road in Merriam. Neiman Plaza includes two projects on two unnamed tributaries. The 
tributaries have moderately to severely incised channels, root exposure and undercut banks, 
narrow floodplain bench, poor quality riparian habitat, and exposed pipe. The proposed actions 
would include relocation of channel, riffle/pool complexes, and stabilization of the channel and 
streambanks. Channel erosion is directly behind a commercial development. The project may 
require channel relocation and possible buyout of the residential property. A total of 1,225 l.f. of 
tributary would be enhanced. 

3.1.5 Chatlain Park 
The Chatlain Park project is near the intersection of Carter Avenue and West 63rd Terrace in 
Merriam. The Chatlain Park Project Area includes two projects. The problem characteristics of 
the reaches consist of moderately to severely incised channels, narrow-to-absent forested riparian 
buffer, poor quality riparian habitat, and there has been an unstable drainageway recently 
constructed that connects to the reach. The candidate restoration project would be a riparian 
habitat enhancement. Revegetation of upper banks with native riparian tree and shrub species is 
recommended as well as an expansion of the riparian buffer in the maintained park area. In addition, a 
bank stabilization project was identified in the project area. A total of 2,060 l.f. of tributary would be 
enhanced. 

3.1.6 Turkey Creek Streamway Park 
The Turkey Creek Streamway Park Project area is located in the designated park area west of I-
35 between West 67th Street and West 75th Street. The Turkey Creek Streamway Park Project 
Area includes two projects. The Turkey Creek Streamway Park North project has been stabilized 
with large riprap for approximately 100 feet on both sides of the bridge on the left and right 
banks. Stream has been channelized with left and right banks 20 to 25 feet tall. Left bank in most 
areas contains poor to moderate quality riparian vegetation. The candidate restoration project is 
removal of existing rip rap, regarding banks and installing appropriate bank stabilization 
measures and native plantings (brush mattressing; live fascines in the outer bend areas).  
 
Turkey Creek in the Streamway Park South Project Area is eroded with exposed slopes eight to 
ten feet tall and greater than 1:1 slopes. The stream reach has an established forested riparian 
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buffer. There is an existing trail in the project area. Further study may be required to determine 
causative factors for stream bank degradation. Bank stabilization would require removal of some 
riparian forested areas and restabilization with high shear stress measures (live fascines, stone 
riprap with joint plantings, concrete revetment). If both projects are completed, a total of 2,900 
l.f. of tributary would be enhanced. 

3.1.7 Thousand Oaks 
The Thousand Oaks Project Area is located near the intersection of Switzer and West 70th 
Terrace. The Thousand Oaks Project Area includes one project. The stream reach consists of 
moderate to severe erosion, downcutting, exposed sewer lines, narrow forested riparian buffer, 
and downcutting from road culvert. The candidate restoration project is a combination of bank 
stabilization, riparian reforestation and fish blockage removal. A culvert under Switzer road 
should be lowered if Switzer is widened/improved. Riffle/pool complexes should be installed 
along with the fish blockage removal. A total of 910 l.f. of tributary would be enhanced. 

3.1.8 Quail Creek Park 
The Quail Creek Project Area extends eastward from I-35 to Antioch. The Quail Creek Park 
Streamway Park Project Area includes three projects. The problem characteristics of the reaches 
consist of concrete lining, moderate to severe erosion, undercutting, limited forested riparian 
buffer, and exposed utilities. There is an existing trail and transmission line in the park that 
would need to be relocated as well as a manhole, buried utility line, and large mature trees that 
may be affected by implementation of the project. In portions of the channel there is moderately 
eroded on the left and right banks with left bank 20 to 30 feet tall with approximately 1:1 slopes 
in most areas. Portions of the stream have recently stabilized with erosion control blanket and 
plantings. The proposed actions would include channel realignment and bank stabilization 
measures including live crib walls, and stone riprap with joint plantings. A total of 1,880 l.f. of 
tributary would be enhanced. 

3.1.9 Westbrook 
The Westbrook Streamway Park is on Turkey Creek and parallels I-35 from 75th street south to 
Neiman Road. The Westbrook Streamway Park Project Area includes three projects. The 
problem characteristics of the reaches consist of exposed utilities, downcutting, channelized 
stream, cleared riparian vegetation, and severe erosion. The proposed actions would include 
stream stabilization and revegetation of the riparian corridor with native grasses. Measures may 
include rock riffles, brush mattressing, live fascines, stone riprap with joint plantings, live crib 
walls, and cable concrete revetment with vegetation. A total of 4,010 l.f. of tributary would be 
enhanced. 

3.1.10 JC Penney Outlet 
The JC Penney Outlet Project Area is southwest of the JC Penney Outlet parking lot located at 
the intersection of Grant Circle and Lenexa Drive. The JC Penny Outlet Project Area includes 
two projects. The problem characteristics of the reaches consist of moderate erosion, narrow 
floodplain, and concrete. Bank stabilization and fish blockage removal are recommended. The 
proposed actions would include riffle/pool complexes to facilitate fish passage, stone riprap with 
joint plantings, and live crib walls. A total of 2,785 l.f. of tributary would be enhanced. 
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3.1.11 Sapling Grove Park 
The Sapling Grove Park Project Area is directly east of the intersection of West 83rd Street and Connell 
Street, Merriam, KS. The JC Penny Outlet Project Area includes one project. The problem 
characteristics of the reaches consist of moderate to severe erosion and limited forested riparian 
buffer. The proposed actions would include brush mattressing, live fascines, stone riprap with 
joint plantings, and live crib walls. A total of 750 l.f. of tributary would be enhanced. 
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Table 1:  Upper Turkey Creek Candidate Restoration Sites 

Project Area Project Name Site Location Map Book 
Location 

Project 
Type 

Approx 
Length 
(feet) 

Existing     
R-Value 

Existing 
Habitat 
Units 

R-Value 
with 

Project 

Habitat 
Units with 

Project 

Highland Park 
Cluster 1/ 
Highland Park 
South 

Northwest of the intersection 
of 47th Street and South 44th 
Street 

E8 1a,1b, 1c 2,600 3.87 3.08 4.54 3.62 

Highland Park Highland Park 
North 

620 feet southwest of the 
intersection of Shawnee Drive 
and South 47th Street on the 
east side of Shawnee Drive 

E8 1a,1b 1d 500 2.32 0.32 2.78 0.38 

Brown Park 
Cluster 2/ 
Brown Park 
North 

630 east of the intersection of 
Knox Street and West 50th 
Terrace 

D7 NA NA 2.58 0.36 2.58 0.36 

Brown Park Brown Park 
Proper 

Located directly south of the 
intersection of Grant Street 
and West 50th Terrace in 
Brown Park, Merriam, KS 

D7 1a, 1c 520 1.49 0.27 2.11 0.38 

Brown Park 
Cluster 3/ 
Brown Park 
Central 

600 feet south of the 
intersection of West 51st 
Street and Knox Street on the 
east side of Knox 

D7 1a,ab, 
1c 900 3.76 1.53 4.49 1.82 

Brown Park 
Cluster 4/ 
Brown Park 
South 

650 feet north of the 
intersection of West 53rd 
Street and Knox Street on the 
west side of Knox 

D7 1a,1b, 1c 820 1.55 0.25 2.16 0.35 

Downtown Shawnee 
Cluster 5/ 
Downtown 
Shawnee 

330 feet west of the 
intersection of Flint Street and 
West 57th Street directly east 
of Old Shawnee Town, 
Shawnee, KS 

B6 NA NA 2.22 0.39 2.22 0.39 

Nieman Plaza Nieman Plaza 
East 

200 feet west of the 
intersection of Shawnee 
Parkway and Goddard Street 
on the north side of Shawnee 
Parkway, Merriam, KS 

C6 1a 700 1.08 0.40 2.01 0.74 
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Table 1:  Upper Turkey Creek Candidate Restoration Sites 

Project Area Project Name Site Location Map Book 
Location 

Project 
Type 

Approx 
Length 
(feet) 

Existing     
R-Value 

Existing 
Habitat 
Units 

R-Value 
with 

Project 

Habitat 
Units with 

Project 

Nieman Plaza 
Cluster 6/ 
Nieman Plaza 
West 

300 feet north of the 
intersection of Shawnee 
Mission Parkway and Nieman 
Road on the west side of 
Nieman Road, Merriam, KS 

B5 1b, 1c 525 2.22 0.42 2.73 0.52 

Chatlain Park 
Cluster 7/ 
Chatlain Park 
West 

80 feet north of the 
intersection of Carter Avenue 
and West 63rd Terrace on the 
west side of Carter Avenue, 
Merriam, KS 

D5 1b 1,060 3.03 0.90 3.53 1.05 

Chatlain Park 
Cluster 8/ 
Chatlain Park 
East 

80 feet north of the 
intersection of Carter Avenue 
and West 63rd Terrace on the 
east side of Carter Avenue, 
Merriam, KS 

D5 1b 1,000 2.82 1.03 3.29 1.20 

Turkey Creek 
Streamway Park 

Turkey Creek 
Streamway 
Park North 

720 feet east of the 
intersection of Wedd Street 
and West 67th Street on the 
south side of West 67th Street, 
Merriam, KS 

D4 1b 1,200 2.84 2.11 2.94 2.19 

Turkey Creek 
Streamway Park 

Cluster 12/ 
Turkey Creek 
Streamway 
Park South 

535 feet southeast of the 
intersection of West 69th 
Street, West 70th Street, and 
Farley Street south of 
footbridge 

D4 1b 1,700 1.83 1.72 2.60 2.44 

Thousand Oaks Cluster 9/ 
Thousand Oaks 

300 feet north of the 
intersection of Switzer and 
West 70th Terrace on the west 
side of Switzer 

D4 1a,1b, 
1c, 1e 910 3.04 1.12 3.97 1.46 

Quail Creek Park Quail Creek 
Park Proper 

380 feet west of the 
intersection of Grandview 
Street and West 73rd Street 

D4 1a,1b 820 1.29 0.34 1.70 0.44 
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Table 1:  Upper Turkey Creek Candidate Restoration Sites 

Project Area Project Name Site Location Map Book 
Location 

Project 
Type 

Approx 
Length 
(feet) 

Existing     
R-Value 

Existing 
Habitat 
Units 

R-Value 
with 

Project 

Habitat 
Units with 

Project 

Quail Creek Park 
Cluster 10/ 
Quail Creek 
Park Central 

90 feet southwest of the 
intersection of Grandview 
Street and West 71st Street 

D4 1b 440 3.87 0.38 4.28 0.42 

Quail Creek Park 
Cluster 11/ 
Quail Creek 
Park South 

180 feet west of the 
intersection of Grandview 
Street and West 72nd Street on 
the west side of Grandview 
Street 

D4 1b 620 2.84 0.70 3.30 0.81 

Westbrook Westbrook 
North 

140 feet east of the 
intersection of West 75th 
Street and Kings Cove Drive, 
Merriam, KS 

D4 1a, 1c 300 2.01 0.27 2,42 0.32 

Westbrook 
Cluster 15/ 
Westbrook 
Central 

Southwest of the intersection 
of West 75th Street and 
Highway 69 

C3, D3 1b 1,990 2.50 2.71 2.81 3.05 

Westbrook 
Cluster 17/ 
Westbrook 
South 

Northeast of the intersection 
of Nieman Road and West 
81st Street 

C3 1b 1,720 2.47 1.97 2.91 2.32 

JC Penney Outlet 
Cluster 13/      
JC Penney 
Outlet West 

Southwest of the JC Penney 
Outlet parking lot located at 
the intersection of Grant 
Circle and Lenexa Drive 

D3 1b 1,215 1.83 1.62 2.91 1.95 

JC Penney Outlet 
Cluster 14/      
JC Penney 
Outlet East 

1,000 feet west of the 
intersection of Eby Lane and 
Antioch Road 

D3 1a,1b, 1c 1,570 2.47 0.48 3.35 0.65 

Sapling Grove Park 
Cluster 16/ 
Sapling Grove 
Park 

Directly east of the 
intersection of West 83rd 
Street and Connell Street, 
Merriam, KS 

D2 1b 750 2.71 1.57 3.23 1.87 

1a= Channel Morphology, 1b= In-Stream Habitat/Bank Stabilization, 1c= Fish Blockage, 1d= Water quality, 1e= Riparian Reforestation 
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APPENDIX A 
Candidate Restoration Site Fact Sheets 

 



 

 
 

 
Project Area Highland Park 

Candidate Site Location: Northwest of the intersection of 47th Street and South 44th 
Street 

Project Name: Cluster 1/Highland Park South 
Map Book Location: E8  
Approximate Length 
(feet): 2,600 

Description of Existing 
Conditions: 

Stream is moderately to severely incised on right bank with 
banks up to seven to eight feet high. Root exposure and 
undercut banks in some areas. Exposed manholes located 
along stream as high as eight feet. Left bank has floodplain 
area on the northern portion of the reach with good forested 
riparian species. Utility corridor located on adjacent to 
stream on left bank. Bed composed of bedrock, boulders, 
cobble, gravel, sand, and silt.  

Project Description: 

Bank Stabilization/In Stream Habitat:  Stone Riprap with 
Joint Plantings, Live Fascines, and Riffle/Pool Complexes 
are techniques that may be utilized.  Selective placement of 
stone riprap with joint plantings is recommended in steep 
erosion areas on toe slopes.  Live fascines could be planted 
above the toe slope. Creation of riffles and pools at base 
flow.   

  
 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
Project Area Highland Park 

Candidate Site Location: 620 feet southwest of the intersection of Shawnee Drive and 
South 47th Street on the east side of Shawnee Drive 

Project Name: Highland Park North 
Map Book Location: E8  
Approximate Length (feet): 550 

Description of Existing 
Conditions: 

Left bank heavily covered with asphalt that is eroding and 
washing into stream channel. Also noted a large concrete culvert 
setting on toe slope of left bank directly above channel. 
Maintenance facility parking lot directly to the north of the 
stream. Right bank consists of heavy forested riparian vegetation 
on small floodplain bench that slopes up into a broader 
floodplain.  

Project Description: 
Removal of Asphalt, Brush Mattressing and Construction of 
Rock Riffles - Removal of asphalt and concrete culvert on left 
bank followed by regrading and bank stabilization with brush 
mattressing. Construction of four rock riffles. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
Project Area Brown Park 

Candidate Site Location: Located directly south of the intersection of Grant Street and 
West 50th Terrace in Brown Park, Merriam, KS 

Project Name: Brown Park Proper 
Map Book Location: D7  
Approximate Length 
(feet): 520 

Description of Existing 
Conditions: 

Two unnamed tributaries flow into Brown Park and join to form a 
tributary to Turkey Creek. Active stream downcutting and 
headcutting is evident along the north and south tributaries. Two 
exposed sanitary sewer encasements and one exposed abandoned 
waterline were noted on the two tributaries. The exposure of 
utility crossings by stream downcutting is a common problem 
throughout the Turkey Creek Basin. Future downcutting will 
significantly lower the stream bottom downstream of existing 
road crossings. Culverts at these crossings may fail due to erosion 
of the foundation and may require action to repair the 
downcutting. Additionally, the culverts could become 
obstructions to fish passage.  

Project Description: 
Riffle/Pool Complex - Installation of a series of  
riffles/grade control structures  to enhance fish passage.  
Streambank plantings to increase habitat where possible. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
Project Area Brown Park 

Candidate Site Location: 600 feet south of the intersection of West 51st Street and 
Knox Street on the east side of Knox 

Project Name: Cluster 3/Brown Park Central 
Map Book Location: D7  
Approximate Length 
(feet): 900 

Description of Existing 
Conditions: 

Stream appears to be moderately stable with moderate bank 
erosion in places. The stream has bedrock channel, 
riffle/pool complexes, and good riparian buffer. Some 
partial fish blockages in the form of bedrock waterfalls 
exist. The downstream end of the reach at West 50th Terrace 
previously had erosion control mat installed, but has since 
washed out in some places.  

Project Description: 

Riffle/Pool Complex and Bank Stabilization:  
Construction of riffle/pool complex at fish blockage 
locations. Bank stabilization with measures that could 
include live fascines and/or erosion control mat with native 
vegetation.  Causative factors for active erosion should be 
identified. 

  
  



 

 
 

Project Area Brown Park 

Candidate Site Location: 650 feet north of the intersection of West 53rd Street and 
Knox Street on the west side of Knox 

Project Name: Cluster 4/Brown Park South 
Map Book Location: D7  
Approximate Length 
(feet): 820 

Description of Existing 
Conditions: 

Stream appears to be moderately stable with no severe bank 
erosion noted. Narrow floodplain benches and both banks 
and riffle/pool complexes. The upstream end of the reach at 
Farley Street and west of Farley Street is concrete lined.  

Project Description: 

Removal of Concrete in Channel and Live Fascines - 
Removal of concrete lining in channel at upstream end of 
reach of possible of west side of Farley Street. Revegetation 
and stabilization of the banks with appropriate native 
materials. . 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Downtown Shawnee 

Candidate Site Location: 
330 feet west of the intersection of Flint Street and West 
57th Street directly east of Old Shawnee Town, Shawnee, 
KS 

Project Name: Cluster 5/Downtown Shawnee 
Map Book Location: B6  
Approximate Length 
(feet): NA 

Description of Existing 
Conditions: 

Noted recent placement of rock riprap on banks from toe to 
upper bank on both banks. Vegetation is mostly herbaceous 
with recently planted trees and shrubs underlain with 
erosion control blanket. Also noted three recently 
constructed BMPs/rain gardens on upper banks. Two 
recently constructed rock riffle/grade control structures in 
stream. Church parking lot west of stream has curb cuts 
allowing runoff to flow into stream. The banks have been 
stabilized with large limestone blocks on the downstream 
end near Johnson Drive.  

Project Description: Project has recently been completed; no project 
recommended 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Nieman Plaza 
Candidate Site Location: 
 
 

200 feet west of the intersection of Shawnee Parkway and 
Goddard Street on the north side of Shawnee Parkway, Merriam, 
KS 

Project Name: Nieman Plaza East 
Map Book Location: C6  
Approximate Length (feet): 700 

Description of Existing 
Conditions: 

Stream is moderately to severely incised on left bank with banks 
up to seven feet high. Root exposure and undercut banks in some 
areas. Severe erosion noted upstream at confluence with northern 
stream. Right bank has narrow floodplain bench with poor quality 
habitat. Large exposed pipe in stream near the end of Ballentine 
Street. Businesses above left bank approximately 40 feet from top 
of bank. Open lot directly to the north of stream. 

Project Description: 

Relocation of Channel and Installation of Riffle/Pool 
Complexes, Bank Stabilization - Relocation of channel to the 
north through open lot and creation of riffles and pools at base 
flow and directing thalweg flow away from banks during high 
flow events. Restabilization of the banks with measures such as  
stone riprap and joint plantings. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Nieman Plaza 

Candidate Site Location: 
300 feet north of the intersection of Shawnee Mission Parkway 
and Nieman Road on the west side of Nieman Road, Merriam, 
KS 

Project Name: Cluster 6/Nieman Plaza West 
Map Book Location: B5  
Approximate Length (feet): 525 

Description of Existing 
Conditions: 

Stream is moderately to severely incised on right bank with banks 
up to seven feet high. Right bank is beginning to slump near 
parking lot with some evident loss of asphalt. Left bank is 
sparsely vegetated consisting of a single line of trees adjacent to 
maintained back yards. Right bank has narrow floodplain bench 
with poor quality habitat. Large exposed pipe in stream near the 
end of Ballentine Street. Businesses above left bank 
approximately 20 feet from top of bank. Open lot directly to the 
north of stream. 

Project Description: 
Bank Stabilization- Recommend leaving existing vegetation on 
right bank with restabilization of theleft  banks with measures 
such as stone riprap and joint plantings and crib walls. Space is 
very limited.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Chatlain Park 

Candidate Site Location: 80 feet north of the intersection of Carter Avenue and West 63rd 
Terrace on the west side of Carter Avenue, Merriam, KS 

Project Name: Cluster 7/Chatlain Park West 
Map Book Location: D5  
Approximate Length (feet): 1,060 

Description of Existing 
Conditions: 

Stream is moderately to severely incised on right bank with banks 
five to seven feet high. Forested riparian buffer from footbridge 
to confluence with Turkey Creek of varying widths. The buffer 
on the right bank in this portion of the stream is narrow with a 
utility road directly to the north. The left bank consist of a 20- to 
30-foot forested buffer that transitions to a grassy maintained area 
in Chatlain Park. The portion of the stream upstream of the 
footbridge is maintained and consists mostly of herbaceous 
vegetation with a few scattered trees and shrubs. This portion of 
the stream channel has heavy cattail (Typha latifolia) cover with 
minimal stream shading. 

Project Description: 

Riparian Habitat Enhancement - Recommend leaving existing 
vegetation in channel and on right bank.  Revegetation of upper 
banks with riparian tree and shrub species in the upstream 
portion. Expand riparian buffer in the maintained park area by 
installing native trees and shrubs. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Chatlain Park 

Candidate Site Location: 80 feet north of the intersection of Carter Avenue and West 63rd 
Terrace on the east side of Carter Avenue, Merriam, KS 

Project Name: Cluster 8/Chatlain Park East 
Map Book Location: D5  
Approximate Length (feet): 1,000 

Description of Existing 
Conditions: 

Stream is moderately to severely incised on right bank with heavy 
bank erosion. Maintained grassy area above right bank with two 
cellular towers. Left bank consists of good forested riparian 
buffer in wide floodplain area. Reach of stream from railroad 
bridge downstream to Carter Avenue recently disturbed and 
poorly vegetated. Newly constructed drainageway running north 
and southeast of railroad track that is unstable with woody debris 
piled along tree line above. Natural gas pipeline running east and 
west along railroad. 

Project Description: Bank Stabilization and Live Fascines - Regrade right bank and 
restabilize with live fascines or appropriate measure. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Turkey Creek Streamway Park North 

Candidate Site Location: 720 feet east of the intersection of Wedd Street and West 67th 
Street on the south side of West 67th Street, Merriam, KS 

Project Name: Turkey Creek Streamway Park North 
Map Book Location: D4  
Approximate Length (feet): 1,200 

Description of Existing 
Conditions: 

Evidence of downcutting in channel, large exposed sewer line 
near West 67th Street bridge. Reach has been stabilized with large 
riprap for approximately 100 feet on both sides of the bridge on 
the left and right banks. Stream has been channelized with left 
and right banks 20 to 25 feet tall. Left bank in most areas contains 
poor to moderate quality riparian vegetation consisting of small 
trees and shrubs with some larger willows (Salix spp.) on the 
upstream portion. Right bank consists of mostly herbaceous 
vegetation. Power line easement above left bank with wide grassy 
area transitioning in Sante Fe Glass parking lot to the west. 
Existing trail runs along right bank that appears to have heavy 
bike and pedestrian usage. 

Project Description: 
Bank Stabilization-Remove existing rip rap and replace with 
appropriate bank stabilization measures (brush mattressing; live 
fascines in the outer bend areas). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Turkey Creek Streamway Park 

Candidate Site Location: 535 feet southeast of the intersection of West 69th Street, 
West 70th Street, and Farley Street south of footbridge 

Project Name: Cluster 12/Turkey Creek Streamway Park South 
Map Book Location: D4  
Approximate Length 
(feet): 1,700 

Description of Existing 
Conditions: 

Stream is severely eroded on right bank with banks eight to 
tenfeet tall with greater than 1:1 slopes. Established forested 
riparian buffer above left bank greater than 50 feet wide 
with existing trail. Left banks are moderately to severely 
eroded with some steep streambank. Railroad approximately 
250 feet east of stream. 

Project Description: 

Bank Stabilization-  Determine causative factors for stream 
bank degradation.  Bank stabilization would require removal 
of some riparian forested areas and restabilization with high 
shear stress measures (i.e.  live fascines and stone riprap 
with joint plantings). Riprap with joint plantings and/or 
concrete revetment may be required in outer bend areas. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Thousand Oaks 

Candidate Site Location: 300 feet north of the intersection of Switzer and West 70th 
Terrace on the west side of Switzer 

Project Name: Cluster 9/Thousand Oaks 
Map Book Location: D4  
Approximate Length (feet): 910 

Description of Existing 
Conditions: 

Stream is moderately to severely eroded on the left and right 
banks. Evidence of downcutting in channel, two exposed sewer 
lines nearby, and culvert on upstream end of reach has an 
approximately four-foot drop into channel. Forested riparian 
buffer is limited averaging 10 to 30 feet. Open maintained grassy 
area on south side of stream. Banks become steeper on upstream 
end of reach. Channel east of Switzer Road is concrete lined.  

Project Description: 

Stream Stabilization/ Riparian Restoration - Regrade right 
bank and restabilize with hard structure/native vegetation (live 
fascines and stone riprap with joint plantings). The road culvert is 
a fish blockage.  If Switzer is widened or improved in the future, 
recommend lowering the culvert below the stream bottom and 
construction of riffle/pool complex downstream of culvert. 
Riparian forested species plantings on south side of stream in 
open grassy area. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Quail Creek Park 

Candidate Site Location: 380 feet west of the intersection of Grandview Street and 
West 73rd Street 

Project Name: Quail Creek Park Proper 
Map Book Location: D4  
Approximate Length 
(feet): 820 

Description of Existing 
Conditions: 

Concrete-lined channel located within park area. There is an 
existing trail and transmission line in the park that would 
need to be relocated as well as a manhole, buried utility line, 
and large mature trees that may be affected by 
implementation of the project. Drainageway flows into the 
stream from the northeast. 

Project Description: 
Bank Stabilization-Recommend realignment of concrete-
lined channel into a natural meandering stream and bank 
stabilization (Joint planting in stone riprap).   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Quail Creek Park 

Candidate Site Location: 90 feet southwest of the intersection of Grandview Street and 
West 71st Street 

Project Name: Cluster 10/Quail Creek Park Central 
Map Book Location: D4  
Approximate Length (feet): 440 

Description of Existing 
Conditions: 

Stream is moderately eroded on the left and right banks with left 
bank 20 to 30 feet tall with approximately 1:1 slopes in most 
areas. Top of left bank goes directly into back yard areas. Good 
forested riparian buffer on both banks but limited on the right 
bank. Reach of stream has been recently stabilized with netting 
and plantings. Manhole on right bank and concrete outfall 
approximately two feet in diameter coming out of left bank. 

Project Description: 
Bank Stabilization - Recommend bank stabilization measures; 
may include live crib walls on toe slope with stone riprap and 
joint plantings on lower slopes. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Quail Creek Park 

Candidate Site Location: 180 feet west of the intersection of Grandview Street and West 
72nd Street on the west side of Grandview Street 

Project Name: Cluster 11/Quail Creek Park South 
Map Book Location: D4  
Approximate Length (feet): 620 

Description of Existing 
Conditions: 

Left bank severely eroded with some undercutting, approximately 
ten feet tall. Backyards at the top of left bank are eroding due to 
severe bank erosion. Left bank contains flat floodplain area that 
appears to have been recently excavated to include a low 
depressional area that has been planted with willows (Salix sp.) 
and cottonwoods (Populus deltoides) underlain with erosion 
control blanket. Silt fence and large riprap has been placed on 
edge of excavated area and planting on the west side. This newly 
constructed area seems to be relieving the some of the left bank 
erosion. 

Project Description: 
Bank Stabilization-Recommend Live Crib Walls and Stone 
Riprap with Joint Plantings - Live cribs walls on toe slope and 
stone riprap with joint plantings on the slopes above for bank 
stabilization.   

  
 
 

 
 



 

 
 

Project Area Westbrook 

Candidate Site Location: 140 feet east of the intersection of West 75th Street and 
Kings Cove Drive, Merriam, KS 

Project Name: Westbrook North 
Map Book Location: D4  
Approximate Length 
(feet): 300 

Description of Existing 
Conditions: 

The site contained entirely exposed utility crossings in the 
channel that are assumed buried below the stream bottom 
when initially constructed. The exposed utility crossings 
include sanitary sewer encasements, abandoned waterline, 
and other abandoned lines within the banks of the creek. 
Downcutting was also apparent at the bridge abutment 
foundations of the 75th Street bridge. Previous 
improvements to the channel include large rocks secured 
under a geogrid on the channel bottom and side slopes for 
stabilization from the railroad bridge to approximately 270 
feet downstream. At this location, the channel degradation 
downstream has been halted, resulting in a three-foot drop 
in the channel bottom. 

Project Description: 

Rock Riffles - The installation of a series of rock riffles that 
would provide fish and wildlife habitat and water quality 
benefits. The riffles are currently designed as fish passable 
grade control structures and are designed to cover the 
exposed sewer crossings. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Westbrook 
Candidate Site Location: Southwest of the intersection of West 75th Street and Highway 69 
Project Name: Cluster 15/Westbrook Central 
Map Book Location: C3, D3  
Approximate Length (feet): 1,990 

Description of Existing 
Conditions: 

Vegetation appears to have been recently cleared with streambank 
vegetation consisting mostly of herbaceous species with some 
scattered willows (Salix spp.). Left bank steep with 1:1 slopes, 
approximately five to six feet tall. Stream is channelized along 
the railroad tracks and Interstate 35 with limited space for 
improvements.  

Project Description: 

Bank Stabilization-Methods may include brush mattressing, live 
fascines, and stone riprap with joint plantings, alternate brush 
mattressing with live fascines throughout reach and selectively 
placed stone riprap with joint plantings in excessively eroded 
areas.  Revegetation of the riparian shelf with native grasses. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Westbrook 
Candidate Site Location: Northeast of the intersection of Nieman Road and West 81st Street 
Project Name: Cluster 17/Westbrook South 
Map Book Location: C3  
Approximate Length (feet): 1,720 

Description of Existing 
Conditions: 

Some areas of heavy bank erosion on both banks with banks as 
high as 15 feet. Most of the reach is located within 20 feet from 
the edge of an existing railroad bed. Vegetation consists of low- 
to moderate-quality forested riparian buffer on the right bank with 
a grassy floodplain area above adjacent to a parking lot for a 
commercial area. The left bank has very limited riparian 
vegetation due to proximity to railroad tracks, but some large 
trees are on top of bank. The west end of the reach has severe 
undercutting and bank erosion with several large trees lodged in 
the right bank. There is a concrete drainageway coming off 
parking lot on west end of reach with evidence of recent 
disturbance. Severe erosion noted upstream at confluence with 
north tributary.  

Project Description: 

Bank Stabilization- Regrading of right bank to create a more 
gradual transition into the floodplain area above, allowing for a 
reduction in velocity and thereby reducing undercutting and bank 
erosion. Placement of live crib walls and cable concrete 
revetment along let banks to stabilize banks. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area JC Penney Outlet 

Candidate Site Location: Southwest of the JC Penney Outlet parking lot located at the 
intersection of Grant Circle and Lenexa Drive 

Project Name: Cluster 13/JC Penney Outlet West 
Map Book Location: D3  
Approximate Length 
(feet): 1,215 

Description of Existing 
Conditions: 

Moderate bank erosion with steep side slopes above. Left 
bank has narrow floodplain area and right bank is directly 
adjacent to the JC Penney Outlet parking lot. Mature 
forested riparian buffer on both banks but limited on the 
right bank. 

Project Description: Bank Stabilization-Placement of live crib walls and stone 
riprap on toe slopes to provide bank stabilization. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area JC Penney Outlet 

Candidate Site Location: 1,000 feet west of the intersection of Eby Lane and Antioch 
Road 

Project Name: Cluster 14/JC Penney Outlet East 
Map Book Location: D3  
Approximate Length 
(feet): 1,570 

Description of Existing 
Conditions: 

Moderate bank erosion with banks four feet tall in some 
areas. Left bank has a mature forested riparian buffer on 
steep slopes with houses above. The right bank vegetation 
consists of a narrow line of trees with maintained grass 
above and is directly adjacent to residential backyards with 
houses within 100 feet in some areas. Evidence of 
backyards eroding into stream. Upstream end of reach 
transitions from a natural channel to concrete-lined channel 
with a two-foot dropoff of concrete into natural channel. 

Project Description: 

Bank Stabilization/Fish Blockage Removal:  Live crib 
walls and stone riprap with joint plantings on the toe slopes 
for bank stabilization and installation of riffle/pool complex 
downstream of concrete channel to reduce downcutting of 
stream and facilitate fish passage. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Project Area Sapling Grove Park 

Candidate Site Location: Directly east of the intersection of West 83rd Street and Connell 
Street, Merriam, KS 

Project Name: Cluster 16/Sapling Grove Park 
Map Book Location: D2  
Approximate Length (feet): 750 

Description of Existing 
Conditions: 

Moderate to severe bank erosion with banks as high as 35 feet tall 
in some areas. One extremely eroded bank area at outer bend of 
stream on western portion of reach near Knox Street. Mature 
forested riparian buffer on both banks but limited on right bank. 
Reach appears to be creating a floodplain on the right bank. 
Stream appears stable on northwest end of reach with a good 
forested riparian buffer and wide floodplain established.  

Project Description: 

Banks Stabilization - Selective placement of live crib walls with 
stone riprap with joint plantings on the toe slope with live 
fascines on the banks above on the left bank. Regrading of right 
bank followed by brush mattressing and selective placement of 
live crib walls with stone riprap with joint plantings. 
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Appendix K 
Cultural Resources 
 



DEPARTMENT OF THE ARMY 
KANSAS CITY DISTRICT, CORPS OF ENGINEERS 

635 FEDERAL BUILDING 
KANSAS CITY, MISSOURI 64106-2896 

 
May 9, 2012 

REPLY TO 
       ATTENTION OF 
 
Environmental Resources Section 
Planning Branch 
 
Ms. Jennie A. Chinn 
Executive Director, State Historic Preservation Officer 
Kansas State Historical Society 
6425 S. W. 6th Avenue 
Topeka, Kansas 66615-1099  
 
Dear Ms. Chinn: 
 
     The attached report Archeological Survey of Upper Turkey Creek Basin Flood Risk 
Management Project Johnson County, Kansas details the results of an archeological survey 
conducted by the Kansas City District, Corps of Engineers (Corps). This correspondence initiates 
Section 106 consultation for the proposed project. 
 
     The archeological survey was conducted by David Cain, an archeological intern. Mr. Cain 
meets the Secretary of Interiors standards for conducting archeological investigations. In sum, the 
survey found no archeological sites or artifacts during the survey. The former Ft. Leavenworth- 
Ft. Scott military road is mapped bisecting the project area. The former road is marked by a sign 
in the project area, but no trace of the road remains due to the severe urban development in the 
area. I have reviewed the report and concur with his recommendations that no historic properties 
will be effected by the proposed undertaking. At this time, I request your review and concurrence 
as well.  
      
     Thank you for your consideration in this matter.  If you have any questions or have need of 
further information please contact me at timothy.m.meade@usace.army.mil or at (816) 389-3138.                
 

Sincerely, 
 
 
 
 

Timothy Meade 
District Archeologist 

 
 
Enclosure 
 
 
 
 
 



CENWK-PM-PR     Mr. Meade/3138/January 17, 2012 
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Management Summary 
 
On December 2, 2011, The Kansas City District of the United States Army Corps of Engineers 
(Corps) conducted a cultural resources survey of a portion of the Upper Turkey Creek drainage 
basin in Johnson County, Kansas. No previously recorded archeological sites are located on or 
boarding this proposed project area in the Kansas State Historic Preservation Office (SHPO) 
database. No historic properties listed eligible for the National Register of Historic Places were 
found within one mile of the survey area. This survey recorded no new sites or NRHP eligible 
historic properties. Based on the results of this survey, no additional investigations are 
recommended to proceed with this project.  
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Project Description 
 

The project area begins 468 meters northwest of the intersection of Shawnee Mission Parkway 
and I-35 and extends along Upper Turkey Creek from Shawnee Mission Parkway north 1,944 
meters to Merriam Drive (Figure 1). The proposed project will consist of levees and flood walls 
and is designed to update and improve a system of preexisting flood control structures that 
currently exist between Merriam Drive and Shawnee Mission Parkway. The proposed 
construction activities are expected to intermittently disturb both banks of this portion of the 
creek to replace existing flood control measures and bank stabilization with larger ones designed 
to handle periods of heavier flooding. The legal description of the proposed project area is 
Township 12 south, Range 24 east, Section 12.  
 
Project Area 
Upper Turkey Creek reaches through an urban environment surrounded by commercial and 
residential properties. The banks of this creek have been heavily modified and are currently lines 
with large limestone blocks (Photograph 1). Evidence of previous disturbance is present 
throughout the proposed project area. A series of trails and recreation areas border the west bank 
of this stretch of the creek.   
 
Project Area Geology 
Within the project area Upper Turkey Creek is a perennial stream that flows from the southwest 
to northeast. The areas surrounding this creek are the primary flood plain of the Upper Turkey 
Creek. Soils mapped within the project area include Kinnebec Silt loam, Oska-Martin complex 
and Vinland-Rock outcrop (USDA 2010). The Kennebec soils consist of very deep, moderately 
well drained soils formed in alluvium. These soils are on flood plains in river valleys and on 
drainage ways on uplands. Oska-Martin complex soils form residuum and colluviums derived 
from limestone and shale. Vinland-Rock outcrop are found on hill slopes in the uplands. It 
should be noted here that soils observed during the current fieldwork appeared to be fill, 
intermittently mixed with limestone gravel.  
 

Cultural Context 

Prehistoric Contexts 
North American archeologists generally assign one of four major periods to prehistoric sites. 
These four periods are further divided into three subdivisions differentiating between early, 
middle and late occupations in that period. Paleoindian, the oldest of these periods, refers to 
occupations between 11,500-9,800 years before present.  This period is often characterized by 
fluted projectile point types and other lithic technologies specific to the cultures of this time. 
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Following the Paleoindian period, the Archaic period defines cultures living between 9,800-
2,700 years before present. This period is associated with the first domesticated plants and the 
first known use of North American pottery. After the Archaic period, the woodland period is 
associated with occupations between 2,700-1,000 years before present. Ceramics, lithic heat 
treatment, mound building and agriculture are wide-spread practices, common during this time 
period. The Mississippian period, 1,000-650 years before present, is associated with groups of 
much higher social complexity. It was during this period that the bow and arrow completely 
replaced the atlatl and shell became the predominant temper in pottery (Ray et. al. 2011).  

Historic Contexts 
Historic context in North America occupies a relatively short scope of time. The Historic period 
in North America includes all time where a written account of events was kept. This includes the 
terminal prehistoric (650-350 years before present), The Protohistoric (350-280 years before 
present), the pre-antebellum (before 1861) and post antebellum (after 1865-50 years before 
present) periods.  

Archeological Investigations 
 

Background Review Results  
The background review of the project area consisted of search of the Kansas State Historical 
Society’s Archeological Inventory Map Viewer on-line, the National Register of Historic Places 
on-line and Corps records for cultural resource sites and potential historical properties in the 
project area. The review found no archeological sites mapped in or near the project area. 
However, a former military road is depicted on the map viewer crossing the proposed project 
area. The road connected Ft. Leavenworth and Ft. Scott and is depicted crossing Turkey Creek 
just north of Shawnee Mission Parkway (Figure 2). The trail is also noted in the project area with 
a marker sign (Photograph 2).  

Field Methodology 
USACE intern archeologist David I. Cain served as the project archeologist for the field 
investigations. Pedestrian survey was conducted along the entire length of the west bank of the 
creek. Exposed ground surfaces including cut banks were observed for artifacts.The east bank 
was not surveyed because of severe disturbance from commercial structures and parking lots. 

Fieldwork Results 
Fieldwork was conducted by archeological intern David I. Cain on December 2, 2011. No 
archeological sites or artifacts were observed during the survey. Survey conditions found patchy 
ground vegetation along the upper bank of the creek and areas of bank visibility provided many 
areas of 90-100% ground surface visibility. Average ground surface visibility along the 
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immediate terrace is between 60-85% on the west side. Areas of higher visibility are present 
nearer the stream bank. As mentioned, the east side of the stream is largely obstructed by 
commercial development and parking lots. A disturbed and highly mixed layer of fill was observed 
throughout the proposed project area. No natural soil layers were observed in the banks of the creek 
within the project area. 

No trace of the military trail remains within the project area. As noted a sign marks its former location. A 
modern pedestrian bridge appears to be at or very near the crossing point. The area around the trail 
crossing is currently a small public recreation area that has been landscaped for public use. It is 
likely that the surrounding urban development has destroyed any trace of the former trail. 

Discussion 
As can be seen in Photograph 2, the banks of this waterway have been heavily modified in the past. The 
proposed project would cut back these previously modified stream banks to facilitate the construction of 
the proposed flood control measures. Based on the apparent disturbances observed in the project area, 
Recommendations 

Recommendations 
Because of the disturbed nature of the project area, the lack of sites found during the survey, and 
because no trace of the former military trail remain; the proposed construction impacts have little 
likelihood of impacting historic properties. However, if project plans change to include areas not 
considered in this survey, those changes would need to be reviewed by the District Archeologist 
to determine if additional investigations are required. In the unlikely event that unanticipated 
archeological deposits are encountered during construction, work in the area of the discovery 
would cease and the District Archeologist notified. 

 

 

 

 
 
  



6 
 

References Cited 
 

 
Ray, Jack H. et. al.  

2011 American Recovery and Reinvestment Act 2009 Section 110 Compliance Report 
for the U.S. Army Corps of Engineers, Kansas City District: NHPA, Cultural 
Resource Investigations Technical Report. No. 21, Vol2. Center for 
Archaeological Research, Missouri State University, Springfield, Missouri. 

United States Department of Agriculture 
2010 National Cooperative Soil Survey, Web Soil Survey, Web based GIS, 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm, Accessed March3, 2012. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm�


7 
 

 
Figure 1: Project Area on 1:24K USGS Topo 
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Figure 2: Project Area on Kansas SHPO Viewer Output 
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Photograph 1: Current Condition of Stream Banks 
 
 

 

Photograph 2: Historic Military Road Marker 
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Section 1 
Total Project Cost Summary 



**** TOTAL PROJECT COST SUMMARY **** Printed:12/15/2014
Page 1 of 4

PROJECT: DISTRICT: Kansas City PREPARED: 10/28/2014
LOCATION: Merriam, KS POC:   CHIEF, COST ENGINEERING, Dillon

This Estimate reflects the scope and schedule in report; Feasibility Study
                    

Program Year (Budget EC): 2015
Effective Price Level Date: 1  OCT 14

 Spent Thru:
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-14 COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)  
A B C D E F G H I J K L M N O

02 RELOCATIONS $4,214 $1,054 25% $5,268 0.0% $4,214 $1,054 $5,268 $0 $4,860 $1,215 $6,075
06 FISH & WILDLIFE FACILITIES $12 $3 25% $15 0.0% $12 $3 $15 $0 $13 $3 $17
09 CHANNELS & CANALS $0 $0 - $0 - $0 $0 $0 $0 $0 $0 $0
11 LEVEES & FLOODWALLS $18,052 $4,513 25% $22,565 0.0% $18,052 $4,513 $22,565 $0 $20,810 $5,203 $26,013

$0 $0 - $0 - $0 $0 $0 $0 $0 $0 $0
__________________________ __________                   __________ _________ _________ __________  _________ _________ ____________

CONSTRUCTION ESTIMATE TOTALS: $22,278 $5,570 $27,848 0.0% $22,278 $5,570 $27,848 $0 $25,684 $6,421 $32,105

01 LANDS AND DAMAGES $4,096 $758 19% $4,854 0.0% $4,096 $758 $4,854 $0 $4,557 $843 $5,400

30 PLANNING, ENGINEERING & DESIGN $2,453 $613 25% $3,066 0.0% $2,453 $613 $3,066 $0 $3,042 $761 $3,803
 

31 CONSTRUCTION MANAGEMENT $1,449 $362 25% $1,811 0.0% $1,449 $362 $1,811 $0 $1,911 $478 $2,389

PROJECT COST TOTALS: $30,276 $7,303 24% $37,579  $30,276 $7,303 $37,579 $0 $35,195 $8,502 $43,697

  CHIEF, COST ENGINEERING, Dillon
ESTIMATED FEDERAL COST: 65% $28,403

  PROJECT MANAGER, Rast  ESTIMATED NON-FEDERAL COST: 35% $15,294
 

  CHIEF, REAL ESTATE, Wilson  ESTIMATED TOTAL PROJECT COST: $43,697
 

 

 

Upper Turkey Creek - P2 Number 105941

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

Filename: Non-CAP UTC_TPCS_CAP NED Dec 2014r7.xlsx
TPCS



**** TOTAL PROJECT COST SUMMARY **** Printed:12/15/2014
Page 2 of 4

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: Kansas City PREPARED: 10/28/2014
LOCATION: Merriam, KS POC:   CHIEF, COST ENGINEERING, Dillon
This Estimate reflects the scope and schedule in report; Feasibility Study

10/28/2014 2015
 10/1/2014 1  OCT 14

RISK BASED 
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J P L M N O

PHASE 1 or CONTRACT 1
02 RELOCATIONS $1,516 $379 25% $1,895 0.0% $1,516 $379 $1,895 2020Q4 11.9% $1,696 $424 $2,120

06 FISH & WILDLIFE FACILITIES $12 $3 25% $15 0.0% $12 $3 $15 2020Q4 11.9% $13 $3 $17

09 CHANNELS & CANALS $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

11 LEVEES & FLOODWALLS $6,269 $1,567 25% $7,836 0.0% $6,269 $1,567 $7,836 2020Q4 11.9% $7,014 $1,754 $8,768

#N/A $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
 $0

__________________________ __________ _________ __________ _________ _________ __________ _________ _________ ____________
CONSTRUCTION ESTIMATE TOTALS: $7,797 $1,949 25% $9,746 $7,797 $1,949 $9,746 $8,724 $2,181 $10,905

01 LANDS AND DAMAGES $2,414 $447 19% $2,861 0.0% $2,414 $447 $2,861 2019Q3 9.2% $2,635 $488 $3,123

30 PLANNING, ENGINEERING & DESIGN
2.0%     Project Management $156 $39 25% $195 0.0% $156 $39 $195 2018Q1 11.6% $174 $44 $218

1.0%     Planning & Environmental Compliance $78 $20 25% $98 0.0% $78 $20 $98 2018Q1 11.6% $87 $22 $109
4.5%     Engineering & Design $351 $88 25% $439 0.0% $351 $88 $439 2018Q1 11.6% $392 $98 $490
1.0%     Reviews, ATRs, IEPRs, VE $78 $20 25% $98 0.0% $78 $20 $98 2018Q1 11.6% $87 $22 $109
0.5%     Life Cycle Updates (cost, schedule, risks) $39 $10 25% $49 0.0% $39 $10 $49 2018Q1 11.6% $44 $11 $54
1.0%     Contracting & Reprographics $78 $20 25% $98 0.0% $78 $20 $98 2018Q1 11.6% $87 $22 $109
1.0%     Engineering During Construction $78 $20 25% $98 0.0% $78 $20 $98 2020Q4 24.2% $97 $24 $121

0.0%     Planning During Construction $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.0%     Project Operations $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

31 CONSTRUCTION MANAGEMENT
6.5%     Construction Management $507 $127 25% $634 0.0% $507 $127 $634 2020Q4 24.2% $630 $157 $787

0.0%     Project Operation: $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.0%     Project Management $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

CONTRACT COST TOTALS: $11,576 $2,737 $14,313 $11,576 $2,737 $14,313 $12,957 $3,068 $16,024

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)Civil Works Work Breakdown Structure

Estimate Prepared:
Effective Price Level:

Program Year (Budget EC):
Effective Price Level Date:

Upper Turkey Creek - P2 Number 105941

Filename: Non-CAP UTC_TPCS_CAP NED Dec 2014r7.xlsx
TPCS



**** TOTAL PROJECT COST SUMMARY **** Printed:12/15/2014
Page 3 of 4

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: Kansas City PREPARED: 10/28/2014
LOCATION: Merriam, KS POC:   CHIEF, COST ENGINEERING, Dillon
This Estimate reflects the scope and schedule in report; Feasibility Study

41940 2015
 41913 1  OCT 14

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J P L M N O

PHASE 2 or CONTRACT 2
02 RELOCATIONS $1,153 $288 25% $1,441 0.0% $1,153 $288 $1,441 2022Q2 15.3% $1,329 $332 $1,661

06 FISH & WILDLIFE FACILITIES $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

09 CHANNELS & CANALS $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

11 LEVEES & FLOODWALLS $5,597 $1,399 25% $6,997 0.0% $5,597 $1,399 $6,997 2022Q2 15.3% $6,451 $1,613 $8,064

#N/A $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
 $0

__________________________ __________ _________ __________ _________ _________ __________ _________ _________ ____________
CONSTRUCTION ESTIMATE TOTALS: $6,750 $1,688 25% $8,438 $6,750 $1,688 $8,438 $7,780 $1,945 $9,725

01 LANDS AND DAMAGES $654 $121 19% $775 0.0% $654 $121 $775 2020Q4 11.9% $732 $135 $867

30 PLANNING, ENGINEERING & DESIGN
2.0%     Project Management $135 $34 25% $169 0.0% $135 $34 $169 2021Q1 25.4% $169 $42 $212

1.0%     Planning & Environmental Compliance $68 $17 25% $85 0.0% $68 $17 $85 2021Q1 25.4% $85 $21 $107
4.5%     Engineering & Design $304 $76 25% $380 0.0% $304 $76 $380 2021Q1 25.4% $381 $95 $477
1.0%     Reviews, ATRs, IEPRs, VE $68 $17 25% $85 0.0% $68 $17 $85 2021Q1 25.4% $85 $21 $107
0.5%     Life Cycle Updates (cost, schedule, risks) $34 $9 25% $43 0.0% $34 $9 $43 2021Q1 25.4% $43 $11 $53
1.0%     Contracting & Reprographics $68 $17 25% $85 0.0% $68 $17 $85 2021Q1 25.4% $85 $21 $107
1.0%     Engineering During Construction $68 $17 25% $85 0.0% $68 $17 $85 2022Q2 31.7% $90 $22 $112

0.0%     Planning During Construction $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.0%     Project Operations $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

31 CONSTRUCTION MANAGEMENT
6.5%     Construction Management $439 $110 25% $549 0.0% $439 $110 $549 2022Q2 31.7% $578 $145 $723

0.0%     Project Operation: $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.0%     Project Management $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

CONTRACT COST TOTALS: $8,588 $2,105 $10,693 $8,588 $2,105 $10,693 $10,029 $2,460 $12,488

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)Civil Works Work Breakdown Structure

Estimate Prepared: Program Year (Budget EC):
Effective Price Level: Effective Price Level Date:

Upper Turkey Creek - P2 Number 105941

Filename: Non-CAP UTC_TPCS_CAP NED Dec 2014r7.xlsx
TPCS



**** TOTAL PROJECT COST SUMMARY **** Printed:12/15/2014
Page 4 of 4

**** CONTRACT COST SUMMARY ****

PROJECT: DISTRICT: Kansas City PREPARED: 10/28/2014
LOCATION: Merriam, KS POC:   CHIEF, COST ENGINEERING, Dillon
This Estimate reflects the scope and schedule in report; Feasibility Study

41940 2015
 41913 1  OCT 14

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL

NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  
A B C D E F G H I J P L M N O

PHASE 3 or CONTRACT 3
02 RELOCATIONS $1,545 $386 25% $1,931 0.0% $1,545 $386 $1,931 2023Q4 18.7% $1,835 $459 $2,293

06 FISH & WILDLIFE FACILITIES $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

09 CHANNELS & CANALS $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

11 LEVEES & FLOODWALLS $6,186 $1,547 25% $7,733 0.0% $6,186 $1,547 $7,733 2023Q4 18.7% $7,345 $1,836 $9,181

#N/A $0 $0 0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
 $0

__________________________ __________ _________ __________ _________ _________ __________ _________ _________ ____________
CONSTRUCTION ESTIMATE TOTALS: $7,731 $1,933 25% $9,664 $7,731 $1,933 $9,664 $9,180 $2,295 $11,475

01 LANDS AND DAMAGES $1,028 $190 19% $1,218 0.0% $1,028 $190 $1,218 2022Q3 15.8% $1,190 $220 $1,410

30 PLANNING, ENGINEERING & DESIGN
2.0%     Project Management $155 $39 25% $194 0.0% $155 $39 $194 2022Q3 33.0% $206 $52 $258

1.0%     Planning & Environmental Compliance $77 $19 25% $96 0.0% $77 $19 $96 2022Q3 33.0% $102 $26 $128
4.5%     Engineering & Design $348 $87 25% $435 0.0% $348 $87 $435 2022Q3 33.0% $463 $116 $579
1.0%     Reviews, ATRs, IEPRs, VE $77 $19 25% $96 0.0% $77 $19 $96 2022Q3 33.0% $102 $26 $128
0.5%     Life Cycle Updates (cost, schedule, risks) $39 $10 25% $49 0.0% $39 $10 $49 2022Q3 33.0% $52 $13 $65
1.0%     Contracting & Reprographics $77 $19 25% $96 0.0% $77 $19 $96 2022Q3 33.0% $102 $26 $128
1.0%     Engineering During Construction $77 $19 25% $96 0.0% $77 $19 $96 2023Q4 39.8% $108 $27 $135

0.0%     Planning During Construction $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.0%     Project Operations $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

31 CONSTRUCTION MANAGEMENT
6.5%     Construction Management $503 $126 25% $629 0.0% $503 $126 $629 2023Q4 39.8% $703 $176 $879

0.0%     Project Operation: $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
0.0%     Project Management $0 $0 25% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0

CONTRACT COST TOTALS: $10,112 $2,461 $12,573 $10,112 $2,461 $12,573 $12,210 $2,975 $15,185

Estimate Prepared: Program Year (Budget EC):
Effective Price Level: Effective Price Level Date:

ESTIMATED COST PROJECT FIRST COST
(Constant Dollar Basis) TOTAL PROJECT COST (FULLY FUNDED)

Upper Turkey Creek - P2 Number 105941

Civil Works Work Breakdown Structure

Filename: Non-CAP UTC_TPCS_CAP NED Dec 2014r7.xlsx
TPCS
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EXECUTIVE SUMMARY 

The US Army Corps of Engineers (USACE), Kansas City District, presents this cost and 
schedule risk analysis (CSRA) report regarding the risk findings and recommended 
contingencies for the Upper Turkey Creek.  In compliance with Engineer Regulation 
(ER) 1110-2-1302 CIVIL WORKS COST ENGINEERING, dated September 15, 2008, a 
Monte-Carlo based risk analysis was conducted by the Project Development Team 
(PDT) on remaining costs.  The purpose of this risk analysis study is to present the cost 
and schedule risks considered, those determined and respective project contingencies 
at a recommended 80% confidence level of successful execution to project completion.   

The Recommended Plan is a levee and floodwall plan in the City of Merriam, KS. These 
features would extend approximately from Shawnee Mission Parkway to Merriam Drive, 
which is a 1.5-mile stretch that includes Merriam’s main downtown reach. Most of the 
protected area is on the right bank of Turkey Creek while much of the left bank remains 
as an unoccupied floodplain. The features are designed for a small urban watershed 
with levees no more than 6 feet high. The Recommended Plan includes 6,810 feet of 
floodwall up to 6 feet high, 3,384 feet of levees up to 6 feet high, storm drainage work, 
approximately 12,427 augercast piles, and a detention area. 

An overview of major construction features is included below: 

• Levees and floodwalls 

• Drainage system modifications 

• Bridge modifications/headwalls 

• Storm sewer modifications 

• Environmental mitigation  

Of these major construction features, a majority of the costs are in the construction of 
the levees, floodwalls, augercast piles, and drainage structures. 

Specific to the Upper Turkey Creek Project, the current fully funded estimate 
approximates $42.9M. The current year estimate with contingency approximates 
$37.6M.  Based on the results of the analysis, the Cost Engineering Mandatory Center 
of Expertise for Civil Works (MCX located in Walla Walla District) recommends a 
contingency value of approximately $7.3M or approximately 24% of base project cost 
($30.3M) at an 80% confidence level of successful execution.  This contingency 
includes a separate $0.8M for Real Estate, another $5.5M for the construction costs, 
and $1.0M for design and construction management.  It should be noted that the 
contingency from the cost risk model is 25% but when the costs are inputted into the 
TPCS, the overall contingency drops to 24% due to using the 19% contingency on Real 
Estate costs in the TPCS. This contingency percentage was provided by the Real 
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Estate Section. This brings the overall contingency down from 25% in the risk model to 
24% when the costs are inputted in the TPCS. 

Cost estimates fluctuate over time.  During this period of study, minor cost fluctuations 
can and have occurred.  For this reason, contingency reporting is based in cost and per 
cent values.  Should cost vary to a slight degree with similar scope and risks, 
contingency per cent values will be reported, cost values rounded.  

Table ES-1.  Construction Contingency Results 

Base Case 
Construction Cost Estimate $30,276,000 

Confidence Level Construction Value ($$) Contingency (%) 
5% $32,086,200  

 

6% 

 
50% $35,718,600 

 

18% 

 
80% $37,837,500 

 

25% 

 
90% $38,745,600 

 

28% 

 
 

KEY FINDINGS/OBSERVATIONS RECOMMENDATIONS 

The PDT worked through the risk register on one occasion: 3 November 2014.  That 
period of time allowed improved project scope definition, investigations, design and cost 
information, and resulted in reduced risks in certain project areas.  The key risk drivers 
identified through sensitivity analysis suggest a cost contingency of $7.3M and schedule 
risks adding a potential of 64 months to the project schedule, which corresponds to  
$0.6 M in cost impacts, both at an 80% confidence level.   
 
Cost Risks: From the CSRA, the key or greater Cost Risk items of include: 
 

• PR-5: Market Conditions – While competitive at this time, out-year contracts face 
greater uncertainty relative to market and inflation conditions.  

• CO-5: Site Access Restrictions – Tight corridor to work within. Could reduce 
production rates by 20%. 

 
Moderate risks, when combined, can also become a cost impact.    
 

• PPM-1: Project Purpose – Pump Plants. The USACE Value Engineering review 
determined that internal drainage could be accommodated with a detention basin 
and gravity drain. During design, it could be determined that a pump station 
would be needed to remove internal drainage.  

• CO-4: Modifications– All major projects will have modifications. Assuming these 
will add 10% to the construction costs.  
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• ET-3: Prime/Sub Structure– Additional layers of markups may be removed if less 
of the work is subcontracted.  Assume relief wells & earthwork to be performed 
by sub. 

• TR-1: Ground Improvement – AGP (Augercast Grouted Piles) Lengths - Length 
may increase by 20% and may decrease by 10% due to variations in the depth of 
bedrock since the piles will be driven down to bedrock. 

• TR-5: Floodwall Lengths– River mileage versus lengths of wall not consistent. 
Assume increase/decrease 5% floodwall/levee length based on natural 
progression into PED. 

 
Schedule Risks: The high value of schedule risk indicates a significant uncertainty of 
key risk items, time duration growth that can translate into added costs.  Over time, risks 
increase on those out-year contracts where there is greater potential for change in new 
scope requirements, uncertain market conditions, and unexpected high inflation.  The 
greatest risk is:  
 

• PPM-1: Project Purpose – Prot Height – Design based on Atlas 14 flows with the 
removal of free board; Results in a lower reliability. May have to re-design if new 
design guidance is issued. 

• PPM-2: Project Purpose – Pump Plants – The USACE Value Engineering review 
determined that internal drainage could be accommodated with a detention basin 
and gravity drain. During design, it could be determined that a pump station 
would be needed to remove internal drainage. 

• CO-5: Site Access Restrictions – Tight corridor to work within. Could reduce 
production rates by 20%. 

• CA-2: Numerous Separate Contracts - Estimate assumes three contracts. One 
contract per Reach. There is a possibility 1 additional contract would be added.   

 
Moderate risks, when combined, can also become a time and resulting cost impact.    
 

• PR-1: Adequacy of Project Funding – Most likely will receive incremental funding 
and extend the number of contracts beyond the 3 currently assumed. 

• LD-4: Objections to right of way taking- May need to go into condemnation 
process 

• LD-3: Real Estate Plan Defined – Parcels - Baseline estimate currently does not 
include approx 5 parcels. These parcels are assumed to be added to the 
baseline estimate.  Assume 1 additional parcel will be required. 

 
Recommendations:  Timely coordination and risk resolution between the Sponsor and 
USACE is needed in areas of ROW, site access and staging, and funding needs and 
updates as applicable.  The PDT must include the recommended cost and schedule 
contingencies and incorporate risk monitoring and mitigation on those identified risks.  
Further iterative study and update of the risk analysis throughout the project life-cycle is 
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important in support of the remaining project work within an approved budget and 
appropriation.   
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MAIN REPORT 
 

1.0 PURPOSE 

 
Within the authority of the US Army Corps of Engineers (USACE), Kansas City District, 
this report presents the efforts and results of the cost and schedule risk analysis for 
Upper Turkey Creek.  The report includes risk methodology, discussions, findings and 
recommendations regarding the identified risks and the necessary contingencies to 
confidently administer the project, presenting a cost and schedule contingency value 
with an 80% confidence level of successful execution.   
 
 
2.0 BACKGROUND 

The Recommended Plan is a levee and floodwall plan in the City of Merriam, KS. These 
features would extend approximately from Shawnee Mission Parkway to Merriam Drive, 
which is a 1.5-mile stretch that includes Merriam’s main downtown reach. Most of the 
protected area is on the right bank of Turkey Creek while much of the left bank remains 
as an unoccupied floodplain. The features are designed for a small urban watershed 
with levees no more than 6 feet high. The Recommended Plan includes 6,810 feet of 
floodwall up to 6 feet high, 3,384 feet of levees up to 6 feet high, storm drainage work, 
approximately 12,427 augercast piles, and a detention area. 

An overview of major construction features is included below: 

• Levees and floodwalls 

• Drainage system modifications 

• Bridge modifications/headwalls 

• Storm sewer modifications 

• Environmental mitigation  

Of these major construction features, a majority of the costs are in the construction of 
the levees, floodwalls, augercast piles, and drainage structures. 

 
3.0 REPORT SCOPE 

The scope of the risk analysis report is to identify cost and schedule risks with a 
resulting recommendation for contingencies at the 80 percent confidence level using the 
risk analysis processes, as mandated by U.S. Army Corps of Engineers (USACE) 
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Engineer Regulation (ER) 1110-2-1150, Engineering and Design for Civil Works, ER 
1110-2-1302, Civil Works Cost Engineering, and Engineer Technical Letter 1110-2-573, 
Construction Cost Estimating Guide for Civil Works.  The report presents the 
contingency results for cost risks for construction features.  The CSRA excludes Real 
Estate costs and does not include consideration for life cycle costs. 
 
3.1 Project Scope 
 
The formal process included extensive involvement of the PDT for risk identification and 
the development of the risk register.  The analysis process evaluated the Micro 
Computer Aided Cost Estimating System (MCACES) cost estimate, project schedule, 
and funding profiles using Crystal Ball software to conduct a Monte Carlo simulation and 
statistical sensitivity analysis, per the guidance in Engineer Technical Letter (ETL) 
CONSTRUCTION COST ESTIMATING GUIDE FOR CIVIL WORKS, dated September 
30, 2008.   

The project technical scope, estimates and schedules were developed and presented 
by the Kansas City District.  Consequently, these documents serve as the basis for the 
risk analysis.   

The scope of this study addresses the identification of concerns, needs, opportunities 
and potential solutions that are viable from an economic, environmental, and 
engineering viewpoint. 

 
3.2 USACE Risk Analysis Process 
 
The risk analysis process for this study follows the USACE Headquarters requirements 
as well as the guidance provided by the Cost Engineering MCX.  The risk analysis 
process reflected within this report uses probabilistic cost and schedule risk analysis 
methods within the framework of the Crystal Ball software.  Furthermore, the scope of 
the report includes the identification and communication of important steps, logic, key 
assumptions, limitations, and decisions to help ensure that risk analysis results can be 
appropriately interpreted. 
 
Risk analysis results are also intended to provide project leadership with contingency 
information for scheduling, budgeting, and project control purposes, as well as to 
provide tools to support decision making and risk management as the project 
progresses through planning and implementation.  To fully recognize its benefits, cost 
and schedule risk analysis should be considered as an ongoing process conducted 
concurrent to, and iteratively with, other important project processes such as scope and 
execution plan development, resource planning, procurement planning, cost estimating, 
budgeting and scheduling. 
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In addition to broadly defined risk analysis standards and recommended practices, this 
risk analysis was performed to meet the requirements and recommendations of the 
following documents and sources: 
 

• Cost and Schedule Risk Analysis Process guidance prepared by the USACE 
Cost Engineering MCX. 

 
• Engineer Regulation (ER) 1110-2-1302 CIVIL WORKS COST ENGINEERING, 

dated September 15, 2008. 
 

• Engineer Technical Letter (ETL) CONSTRUCTION COST ESTIMATING GUIDE 
FOR CIVIL WORKS, dated September 30, 2008. 
 

4.0 METHODOLOGY / PROCESS 

The Cost Engineering Section of the Kansas City District performed the Cost and 
Schedule Risk Analysis, relying on the Project Delivery Team (PDT) to provide 
expertise and information gathering.  The Upper Turkey Creek PDT conducted initial 
risk identification on November 3, 2014.  The initial risk identification meeting also 
included qualitative analysis to produce a risk register that served as the draft 
framework for the risk analysis.   
 

Name Office  Representing 
Brian Rast NWK Plan Formulation 
John Grothaus NWK Plan Formulation 
Thomas Topi  NWK Plan Formulation 
Meredith Harmon 

 

NWK Real Estate 
Jim Mehnert 

 

NWK Geotechnical Engineering 
Curtis Hoagland NWK Environmental Resources  
Jared Mewmaw NWK Civil Engineering 
Patrick Miramontez NWK Cost Engineering 
Matt Wilson NWK Contracting 
Brian Shay NWK Construction 
William Otero NWK Hydraulic Engineering 
Eddie Fernandez NWK Structural Engineering 
 
The draft CSRA model was completed November 6, 2014.   
 
The risk analysis process for this study is intended to determine the probability of 
various cost outcomes and quantify the required contingency needed in the cost 
estimate to achieve the desired level of cost confidence.  Per regulation and guidance, 
the P80 confidence level (80% confidence level) is the normal and accepted cost 
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confidence level.  District Management has the prerogative to select different 
confidence levels, pending approval from Headquarters, USACE. 
  
In simple terms, contingency is an amount added to an estimate to allow for items, 
conditions or events for which the occurrence or impact is uncertain and that experience 
suggests will likely result in additional costs being incurred or additional time being 
required.  The amount of contingency included in project control plans depends, at least 
in part, on the project leadership’s willingness to accept risk of project overruns.  The 
less risk that project leadership is willing to accept the more contingency should be 
applied in the project control plans.  The risk of overrun is expressed, in a probabilistic 
context, using confidence levels. 
 
The Cost MCX guidance for cost and schedule risk analysis generally focuses on the 
80-percent level of confidence (P80) for cost contingency calculation.  It should be 
noted that use of P80 as a decision criteria is a risk averse approach (whereas the use 
of P50 would be a risk neutral approach, and use of levels less than 50 percent would 
be risk seeking).  Thus, a P80 confidence level results in greater contingency as 
compared to a P50 confidence level.  The selection of contingency at a particular 
confidence level is ultimately the decision and responsibility of the project’s District 
and/or Division management. 
 
The risk analysis process uses Monte Carlo techniques to determine probabilities and 
contingency.  The Monte Carlo techniques are facilitated computationally by a 
commercially available risk analysis software package (Crystal Ball) that is an add-in to 
Microsoft Excel.  Cost estimates are packaged into an Excel format and used directly for 
cost risk analysis purposes.  The level of detail recreated in the Excel-format schedule 
is sufficient for risk analysis purposes that reflect the established risk register, but 
generally less than that of the native format.   
 
The primary steps, in functional terms, of the risk analysis process are described in the 
following subsections.  Risk analysis results are provided in Section 6. 
 
4.1 Identify and Assess Risk Factors 

Identifying the risk factors via the PDT is considered a qualitative process that results in 
establishing a risk register that serves as the document for the quantitative study using 
the Crystal Ball risk software.  Risk factors are events and conditions that may influence 
or drive uncertainty in project performance.  They may be inherent characteristics or 
conditions of the project or external influences, events, or conditions such as weather or 
economic conditions.  Risk factors may have either favorable or unfavorable impacts on 
project cost and schedule. 

A formal PDT meeting was held with the Upper Turkey Creek PDT for the purposes of 
identifying and assessing risk factors.  The meeting (conducted November 3, 2014) 
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included capable and qualified representatives from multiple project team disciplines 
and functions, including project management, cost engineering, design, environmental 
compliance, and real estate. 

The meeting focused primarily on risk factor identification using brainstorming 
techniques, but also included some facilitated discussions based on risk factors 
common to projects of similar scope and geographic location. 
 
4.2 Quantify Risk Factor Impacts 
 
The quantitative impacts (putting it to numbers of cost and time) of risk factors on 
project plans were analyzed using a combination of professional judgment, empirical 
data and analytical techniques.  Risk factor impacts were quantified using probability 
distributions (density functions) because risk factors are entered into the Crystal Ball 
software in the form of probability density functions.  
 
Similar to the identification and assessment process, risk factor quantification involved 
multiple project team disciplines and functions.  However, the quantification process 
relied more extensively on collaboration between cost engineering and risk analysis 
team members with lesser inputs from other functions and disciplines.  This process 
used an iterative approach to estimate the following elements of each risk factor: 
 

• Maximum possible value for the risk factor 
• Minimum possible value for the risk factor 
• Most likely value (the statistical mode), if applicable 
• Nature of the probability density function used to approximate risk factor 

uncertainty 
• Mathematical correlations between risk factors 
• Affected cost estimate and schedule elements 

 
The resulting product from the PDT discussions is captured within a risk register as 
presented in section 6 for both cost and schedule risk concerns.  Note that the risk 
register records the PDT’s risk concerns, discussions related to those concerns, and 
potential impacts to the current cost and schedule estimates.  The concerns and 
discussions support the team’s decisions related to event likelihood, impact, and the 
resulting risk levels for each risk event. 

4.3 Analyze Cost Estimate and Schedule Contingency 

Contingency is analyzed using the Crystal Ball software, an add-in to the Microsoft 
Excel format of the cost estimate and schedule.  Monte Carlo simulations are performed 
by applying the risk factors (quantified as probability density functions) to the 
appropriate estimated cost and schedule elements identified by the PDT.  
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Contingencies are calculated by applying only the moderate and high level risks 
identified for each option (i.e., low-level risks are typically not considered, but remain 
within the risk register to serve historical purposes as well as support follow-on risk 
studies as the project and risks evolve). 

For the cost estimate, the contingency is calculated as the difference between the P80 
cost forecast and the baseline cost estimate.  Each option-specific contingency is then 
allocated on a civil works feature level based on the dollar-weighted relative risk of each 
feature as quantified by Monte Carlo simulation.  Standard deviation is used as the 
feature-specific measure of risk for contingency allocation purposes.  This approach 
results in a relatively larger portion of all the project feature cost contingency being 
allocated to features with relatively higher estimated cost uncertainty.   
 

5.0 PROJECT ASSUMPTIONS 

The following data sources and assumptions were used in quantifying the costs 
associated with the Upper Turkey Creek project. 

a. The Kansas City District provided MII MCACES (Micro-Computer Aided Cost 
Estimating Software) files electronically to the Cost MCX in Walla Walla.  The MII and 
CWE files transmitted and downloaded on November 10, 2014 was the basis for the 
initial cost and schedule risk analyses. The MII and CWE files dated December 1, 2014 
(post ATR) served as the basis for the final CSRA. 

b.  The cost comparisons and risk analyses performed and reflected within this report 
are based on design scope and estimates that are at the preconstruction engineering 
and design (PED) level, most approximating a 15% design stage. 

c.  Schedules are analyzed for impact to the project cost in terms of delayed funding,  
uncaptured escalation (variance from OMB factors and the local market) and 
unavoidable fixed contract costs and/or languishing federal administration costs 
incurred throughout delay.   

d.  Per the CWCCIS Historical State Adjustment Factors in EM 1110-2-1304, State 
Adjustment Factor for the State of Kansas is 0.94, meaning that the average inflation for 
the project area is assumed to be 6% lower than the national average for inflation.  
Therefore, it is assumed that the project inflations experienced are similar (or better) to 
OMB inflation factors for future construction.  Thus, the risk analyses accounted for no 
escalation over and above the national average; however, recent experience in the past 
five years does indicate construction inflation above the standard OMB rates published.  
This risk was considered with the delay impacts.  
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e.  Per the data in the estimate, the Job Office Overhead (JOOH) percentage for the 
Prime Contractor is 15% and 10% for home office overhead (HOOH).  

f.  The Cost Engineering MCX guidance generally focuses on the eighty-percent level of 
confidence (P80) for cost contingency calculation.  For this risk analysis, the eighty-
percent level of confidence (P80) was used.  It should be noted that the use of P80 as a 
decision criteria is a moderately risk averse approach, generally resulting in higher cost 
contingencies.  However, the P80 level of confidence also assumes a small degree of 
risk that the recommended contingencies may be inadequate to capture actual project 
costs. 

h.  All risk level impacts (high, moderate, and low), as identified in the risk register, were 
considered for the purposes of calculating cost contingency.  Probabilities were used to 
account for the likelihood of occurrence. 

i.  Three separate smaller contracts are assumed to mitigate the risk of not receiving 
funding for the whole project at once. 

j.  Subcontractors are assumed for a majori ty of the earthwork, augercast pile work, 
paving work, bridge work, and uti lity relocation work. 

k.  Site access restrictions could be difficult for the contractor. The cost risk analysis 
includes a risk assuming that production rates could be reduced by 20%. 
 

6.0 RESULTS 

The cost and schedule risk analysis results are provided in the following sections.  In 
addition to contingency calculation results, sensitivity analyses are presented to provide 
decision makers with an understanding of variability and the key contributors to the 
cause of this variability. 
 
6.1 Risk Register 

A risk register is a tool commonly used in project planning and risk analysis.  The actual 
risk register is provided in Appendix A.  The complete risk register includes low level 
risks, as well as additional information regarding the nature and impacts of each risk. 

It is important to note that a risk register can be an effective tool for managing identified 
risks throughout the project life cycle.  As such, it is generally recommended that risk 
registers be updated as the designs, cost estimates, and schedule are further refined, 
especially on large projects with extended schedules.  Recommended uses of the risk 
register going forward include: 

• Documenting risk mitigation strategies being pursued in response to the 
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identified risks and their assessment in terms of probability and impact. 
• Providing project sponsors, stakeholders, and leadership/management with a 

documented framework from which risk status can be reported in the context 
of project controls.  

• Communicating risk management issues. 
• Providing a mechanism for eliciting feedback and project control input. 
• Identifying risk transfer, elimination, or mitigation actions required for 

implementation of risk management plans. 
 

 
6.2 Cost Contingency and Sensitivity Analysis 

The result of risk or uncertainty analysis is quantification of the cumulative impact of all 
analyzed risks or uncertainties as compared to probability of occurrence.  These results, 
as applied to the analysis herein, depict the overall project cost at intervals of 
confidence (probability).   

Table 1 provides the construction cost contingencies calculated for the P80 confidence 
level and rounded to the nearest thousand.  The construction cost contingencies for the 
P5, P50 and P90 confidence levels are also provided for illustrative purposes only.   

Cost contingency for the Construction risks (including schedule impacts converted to 
dollars) was quantified as approximately $7.3 Million at the P80 confidence level (24% 
of the baseline construction cost estimate. A 19% contingency was provided by the Real 
Estate Section and this contingency has been used for the Real Estate costs in the 
TPCS. This brings the overall contingency down from 25% in the risk model to 24% 
when the costs are inputted in the TPCS.).   
 
 
 
Table 1.  Construction Cost Contingency Summary 
 

Base Case 
Construction Cost Estimate $30,276,000 

Confidence Level Construction Value ($$) Contingency (%) 
5% $32,086,200  

 

6% 

 
50% $35,718,600 

 

18% 

 
80% $37,837,500 

 

25% 

 
90% $38,745,600 

 

28% 
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6.2.1 Sensitivity Analysis 
 
Sensitivity analysis generally ranks the relative impact of each risk/opportunity as a 
percentage of total cost uncertainty.  The Crystal Ball software uses a statistical 
measure (contribution to variance) that approximates the impact of each risk/opportunity 
contributing to variability of cost outcomes during Monte Carlo simulation. 
 
Key cost drivers identified in the sensitivity analysis can be used to support 
development of a risk management plan that will facilitate control of risk factors and 
their potential impacts throughout the project lifecycle.  Together with the risk register, 
sensitivity analysis results can also be used to support development of strategies to 
eliminate, mitigate, accept or transfer key risks. 
 
6.2.2 Sensitivity Analysis Results 
 
The risks/opportunities considered as key or primary cost drivers and the respective 
value variance are ranked in order of importance in contribution to variance bar charts.  
Opportunities that have a potential to reduce project cost and are shown with a negative 
sign; risks are shown with a positive sign to reflect the potential to increase project cost.  
A longer bar in the sensitivity analysis chart represents a greater potential impact to 
project cost. 
 
Figure 1 presents a sensitivity analysis for cost growth risk from the high level cost risks 
identified in the risk register.  Likewise, Figure 2 presents a sensitivity analysis for 
schedule growth risk from the high level schedule risks identified in the risk register. 
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Figure 1.  Cost Sensitivity Analysis 

 
 
 
 
6.3 Schedule and Contingency Risk Analysis 
 
The result of risk or uncertainty analysis is quantification of the cumulative impact of all 
analyzed risks or uncertainties as compared to probability of occurrence.  These results, 
as applied to the analysis herein, depict the overall project duration at intervals of 
confidence (probability). 
 
Table 2 provides the schedule duration contingencies calculated for the P80 confidence 
level.  The schedule duration contingencies for the P50 and P90 confidence levels are 
also provided for illustrative purposes.   
 
Schedule duration contingency was quantified as 64 months based on the P80 level of 
confidence.  These contingencies were used to calculate the projected residual fixed 
cost impact of project delays that are included in the Table 1 presentation of total cost 
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contingency.  The schedule contingencies were calculated by applying the high level 
schedule risks identified in the risk register for each option to the durations of critical 
path and near critical path tasks. 
 
The schedule was not resource loaded and contained open-ended tasks and non-zero 
lags (gaps in the logic between tasks) that limit the overall utility of the schedule risk 
analysis.  These issues should be considered as limitations in the uti lity of the schedule 
contingency data presented.  Schedule contingency impacts presented in this analysis 
are based solely on projected residual fixed costs.   
 
Table 2. Schedule Duration Contingency Summary  
 

Risk Analysis Forecast 
(Base Schedule = 60 months) 

Schedule 
Duration 
(months) 

Contingency1 
(months) 

50% Confidence Level 
Project Duration 111 51 

80% Confidence Level 
Project Duration 124 64 

90% Confidence Level 
Project Duration 130 70 
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Figure 2.  Schedule Sensitivity Analysis 

 
 
 

7.0 MAJOR FINDINGS/OBSERVATIONS/RECOMMENDATIONS 

This section provides a summary of significant risk analysis results that are identified in 
the preceding sections of the report.  Risk analysis results are intended to provide 
project leadership with contingency information for scheduling, budgeting, and project 
control purposes, as well as to provide tools to support decision making and risk 
management as projects progress through planning and implementation.  Because of 
the potential for use of risk analysis results for such diverse purposes, this section also 
reiterates and highlights important steps, logic, key assumptions, limitations, and 
decisions to help ensure that the risk analysis results are appropriately interpreted. 
 
 



 

17 

 

 

7.1 Major Findings/Observations 
 
Project cost and schedule comparison summaries are provided in Table 3 and Table 4 
respectively.  Additional major findings and observations of the risk analysis are listed 
below. 
 
The PDT worked through the risk register on one occasion: 3 November 2014.  That 
period of time allowed improved project scope definition, investigations, design and cost 
information, and resulted in reduced risks in certain project areas.  The key risk drivers 
identified through sensitivity analysis suggest a cost contingency of $7.3M and schedule 
risks adding a potential of 64 months to the project schedule, which corresponds to  
$0.6 M in cost impacts, both at an 80% confidence level.   
 
Cost Risks: From the CSRA, the key or greater Cost Risk items of include: 
 

• PR-5: Market Conditions – While competitive at this time, out-year contracts face 
greater uncertainty relative to market and inflation conditions.  

• CO-5: Site Access Restrictions – Tight corridor to work within. Could reduce 
production rates by 20%. 

 
Moderate risks, when combined, can also become a cost impact.    
 

• PPM-1: Project Purpose – Pump Plants. The USACE Value Engineering review 
determined that internal drainage could be accommodated with a detention basin 
and gravity drain. During design, it could be determined that a pump station 
would be needed to remove internal drainage.  

• CO-4: Modifications– All major projects will have modifications. Assuming these 
will add 10% to the construction costs.  

• ET-3: Prime/Sub Structure– Additional layers of markups may be removed if less 
of the work is subcontracted.  Assume relief wells & earthwork to be performed 
by sub. 

• TR-1: Ground Improvement – AGP (Augercast Grouted Piles) Lengths - Length 
may increase by 20% and may decrease by 10% due to variations in the depth of 
bedrock since the piles will be driven down to bedrock. 

• TR-5: Floodwall Lengths– River mileage versus lengths of wall not consistent. 
Assume increase/decrease 5% floodwall/levee length based on natural 
progression into PED. 
 

 
Schedule Risks: The high value of schedule risk indicates a significant uncertainty of 
key risk items, time duration growth that can translate into added costs.  Over time, risks 
increase on those out-year contracts where there is greater potential for change in new 
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scope requirements, uncertain market conditions, and unexpected high inflation.  The 
greatest risk is:  
 

• PPM-1: Project Purpose – Prot Height – Design based on Atlas 14 flows with the 
removal of free board; Results in a lower reliability. May have to re-design if new 
design guidance is issued. 

• PPM-2: Project Purpose – Pump Plants – The USACE Value Engineering review 
determined that internal drainage could be accommodated with a detention basin 
and gravity drain. During design, it could be determined that a pump station 
would be needed to remove internal drainage. 

• CO-5: Site Access Restrictions – Tight corridor to work within. Could reduce 
production rates by 20%. 

• CA-2: Numerous Separate Contracts - Estimate assumes three contracts. One 
contract per Reach. There is a possibility 1 additional contract would be added.   

 
Moderate risks, when combined, can also become a time and resulting cost impact.    
 

• PR-1: Adequacy of Project Funding – Most likely will receive incremental funding 
and extend the number of contracts beyond the 3 currently assumed. 

• LD-4: Objections to right of way taking- May need to go into condemnation 
process 

• LD-3: Real Estate Plan Defined – Parcels - Baseline estimate currently does not 
include approx 5 parcels. These parcels are assumed to be added to the 
baseline estimate.  Assume 1 additional parcel will be required. 
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Table 3.  Construction Cost Comparison Summary (Uncertainty Analysis) 
 

Most Likely 
Cost Estimate $30,276,000 

        
Confidence Level Project Cost Contingency Contingency % 

5% $32,086,200 $1,816,200 6.00% 

10% $32,691,600 $2,421,600 8.00% 

15% $33,297,000 $3,027,000 10.00% 

20% $33,599,700 $3,329,700 11.00% 

25% $34,205,100 $3,935,100 13.00% 

30% $34,507,800 $4,237,800 14.00% 

35% $34,810,500 $4,540,500 15.00% 

40% $35,113,200 $4,843,200 16.00% 

45% $35,415,900 $5,145,900 17.00% 

50% $35,718,600 $5,448,600 18.00% 

55% $36,021,300 $5,751,300 19.00% 

60% $36,324,000 $6,054,000 20.00% 

65% $36,626,700 $6,356,700 21.00% 

70% $36,929,400 $6,659,400 22.00% 

75% $37,232,100 $6,962,100 23.00% 

80% $37,837,500 $7,567,500 25.00% 

85% $38,140,200 $7,870,200 26.00% 

90% $38,745,600 $8,475,600 28.00% 

95% $39,956,400 $9,686,400 32.00% 
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Table 4.  Construction Schedule Comparison Summary (Uncertainty Analysis) 
 

 
 
 
 
 
 
 
 
 
 
 
 

Most Likely 
Schedule 
Duration 

60 Months 

        
Confidence Level Project Duration Contingency Contingency % 

5% 90.0 Months 30.0 Months 50.00% 

10% 94.2 Months 34.2 Months 57.00% 

15% 97.2 Months 37.2 Months 62.00% 

20% 99.6 Months 39.6 Months 66.00% 

25% 102.0 Months 42.0 Months 70.00% 

30% 103.8 Months 43.8 Months 73.00% 

35% 105.6 Months 45.6 Months 76.00% 

40% 107.4 Months 47.4 Months 79.00% 

45% 109.2 Months 49.2 Months 82.00% 

50% 111.0 Months 51.0 Months 85.00% 

55% 112.8 Months 52.8 Months 88.00% 

60% 114.6 Months 54.6 Months 91.00% 

65% 116.4 Months 56.4 Months 94.00% 

70% 118.8 Months 58.8 Months 98.00% 

75% 121.2 Months 61.2 Months 102.00% 

80% 123.6 Months 63.6 Months 106.00% 

85% 126.6 Months 66.6 Months 111.00% 

90% 130.2 Months 70.2 Months 117.00% 

95% 136.2 Months 76.2 Months 127.00% 
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7.2 Recommendations 
 
Risk Management is an all-encompassing, iterative, and life-cycle process of project 
management.  The Project Management Institute’s (PMI) A Guide to the Project 
Management Body of Knowledge (PMBOK® Guide), 4th edition, states that “project risk 
management includes the processes concerned with conducting risk management 
planning, identification, analysis, responses, and monitoring and control on a project.”  
Risk identification and analysis are processes within the knowledge area of risk 
management.  Its outputs pertinent to this effort include the risk register, risk 
quantification (risk analysis model), contingency report, and the sensitivity analysis.   
 
The intended use of these outputs is implementation by the project leadership with 
respect to risk responses (such as mitigation) and risk monitoring and control.  In short, 
the effectiveness of the project risk management effort requires that the proactive 
management of risks not conclude with the study completed in this report.   
 
The Cost and Schedule Risk Analysis (CSRA) produced by the PDT identifies issues 
that require the development of subsequent risk response and mitigation plans.  This 
section provides a list of recommendations for continued management of the risks 
identified and analyzed in this study.  Note that this list is not all inclusive and should not 
substitute a formal risk management and response plan.  
 
The CSRA study serves as a “road map” towards project improvements and reduced 
risks over time.  Timely coordination and risk resolution between the Sponsor, Railroad, 
and USACE is needed in areas of ROW, mobile home relocations, site access and 
staging, and funding needs and updates as applicable.  The PDT must include the 
recommended cost and schedule contingencies and incorporate risk monitoring and 
mitigation on those identified risks.  Further iterative study and update of the risk 
analysis throughout the project life-cycle is important in support of remaining within an 
approved budget and appropriation.   
  
Risk Management:  Project leadership should use of the outputs created during the risk 
analysis effort as tools in future risk management processes.  The risk register should 
be updated at each major project milestone.  The results of the sensitivity analysis may 
also be used for response planning strategy and development.  These tools should be 
used in conjunction with regular risk review meetings.   
 
Risk Analysis Updates:  Project leadership should review risk items identified in the 
original risk register and add others, as required, throughout the project life-cycle.  Risks 
should be reviewed for status and reevaluation (using qualitative measure, at a 
minimum) and placed on risk management watch lists if any risk’s likelihood or impact 
significantly increases.  Project leadership should also be mindful of the potential for 
secondary (new risks created specifically by the response to an original risk) and 
residual risks (risks that remain and have unintended impact following response).   
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Site Access Restrictions: Communication with the sponsor will be important in order to 
ensure as much access for the contractor is provided as possible. This communication 
should also include discussing securing optimal locations for the staging areas to help 
reduce any loss in production rates due to the tight access conditions present at the 
site. 
 
Levees and Floodwalls: Adequate borings should be completed ahead of time so that 
project designers can have sufficiently and confidently size the floodwalls and augercast 
grouted piles. This will help to lower the uncertainty in the sizing of those structures that 
is currently accounted for in the cost risk analysis. 
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APPENDIX A 
 

 
Risk/Opportunity Event Concerns 

  Project Cost Project Schedule 

PDT Risk Conclusions, 
Justi fication Likelihood* Impact* Risk Level* Likelihood* Impact* Risk Level* 

Rough 
Order 

Impact 
(mo) 

 

  PROJECT & PROGRAM MGMT         
  

    
  

PPM-
1 

Project Purpose - Prot Height Design based on Atlas 14 f lows with the removal of free 
board; Results in a lower reliability. 

It is unlikely that changes in the design guidance will 
occur which will change the levee design parameters. 

Impact w ould be signif icant if  height had to be 
increased as the total length of protection is approx 

10,000 lf.  The result would be Atlas 14 dollar 
increase. This would result in an additional 1.7 lf  of 

FW height x 7205 lf x 1.5 lf /27 = 680 cy x $1000;cy = 
$680,000. Unlikely Signif icant 

MODERATE 

Unlikely Crisis 

HIGH 

PPM-
2  

Project Purpose - Pump Plants 
Pump Plants  

The USACE Value Engineering review determined 
that internal drainage could be accommodated w ith a 

detention basin and gravity drain. If  during design, 
pump stations are needed to remove internal 

drainage, this would be a crisis (>$2M) impact to the 
cost of the project. Additionally, should the design 

parameters for the internal drainage change, such as 
a requirement for detention of a larger storm event or 
quantity, it could require a second detention basin, 
more land acquisition, and additional infrastructure.  

Overall a crisis impact (>$2M). Unlikely Critical 

MODERATE 

Unlikely Crisis 

HIGH 

PPM-
3 Staff Priorities  

No control over staff priorities; Competing w ith other 
projects, funding, resources. The Project Manager 
currently does not have control over staff priorities. 

There is a possibility that other priority projects will 
require staff to be pulled from this project and put on 

the priority project. Likely Negligible 

LOW 

Likely Marginal 

MODERATE 

PPM-
4 Losing Critical Staff at Crucial Point  

Critical Staff members leave at crucial points in the 
project. Turnover could happen during PED Phase. Likely Negligible 

LOW 

Likely Marginal 

MODERATE 

PPM-
5 Timely Decisions to changing policies  

Policy implementation to clarify the decision that has 
been made on current ongoing projects Waiting for decisions on how to implement decisions. Likely Marginal 

MODERATE 

Likely Negligible 

LOW 

PPM-
6 

Pressure to Deliver Project on accelerated 
Schedule 

Increased resources w ill result in more cost.  Schedule 
will be reduced. 

An allowance of $100k was used to account for 
learning curve to bring personnel onboard, additional 

overtime, and possible duplication of work. Likely Negligible 

LOW 

Likely Marginal 

MODERATE 

PPM-
7 Unanticipated PM Workload 

PMs current workload would require more delegation of 
Work. 

Additional time effort will be required resulting in 
higher durations to accomplish work Very Unlikely Negligible 

LOW Very 
Unlikely Marginal 

LOW 

  CONTRACT ACQUISITION RISKS                 

CA-1 Undefined Acquisition Strategy 

Concern that construction contracts will go to 8a 
setaside.  Contracts for levees and f loodwall most likely 
will go to small business competitive. Due to complexity 

of the contracts required. 

Production rate decrease (90%), higher HOOH (add'l 
5%), more subcontracting (assuming all earthwork is 
subcontracted). Total increase = $3.5M. Schedule 

increase = 60 months / 0.9 = 66 months = 6 months Very Unlikely Crisis 

HIGH Very 
Unlikely Critical 

LOW 
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addl time. 

CA-2 Numerous Separate Contracts 
Estimate assumes three contracts. One contract per 

Reach 

There is a possibility 1 additional contract would be 
added.  Assumes an additional contract @ $125k 

each Unlikely Negligible 

LOW 

Unlikely Critical 

MODERATE 

CA-3 Acquisition strategy decreasing competition IFB solicitation is assumed 

If source Selection for Best Value is required assume 
$200k in level of Effort for COE plus assume $250k in 

construction cost increase for best value  Very Likely Marginal 

MODERATE 
Very 
Likely Marginal 

MODERATE 

  TECHNICAL RISKS                 

TR-1 Ground Improvement - AGP Length Length of FW treated with AGP 

Length may increase by 20% and may decrease by 
10%.  Range from -$680k to +$1.4M. Total duration of 

AGP w ork is 311 days / 21 days/mo = 15 months. 
Increase = 15 x 0.2 = 3 months. Decrease = 15 x 0.1 

= 1.5 months. Likely Marginal 

MODERATE 

Likely Marginal 

MODERATE 

TR-2 Ground Improvement - AGP Width Width of AGP 

 Width of 15 lf  may decrease 10%. Decrease of 
$680k.  Total duration of AGP w ork is 311 days / 21 
days/mo = 15 months. Decrease = 15 x 0.1 = 1.5 

months. Likely Signif icant 

HIGH 

Likely Negligible 

LOW 

TR-3 Ground Improvement - AGP Depth Depth of AGP 

  Depth includes 15 lf  deep with only two borings.  
Assume 2 lf  plus/minus. Range from -$840k to 

+$840k. Total duration of AGP work is 311 days / 21 
days/mo = 15 months. Increase = 15 x (2/15) = 2 

months. Decrease = 15 x (2/15) = 2 months. Likely Signif icant 

HIGH 

Unlikely Negligible 

LOW 

TR-4 Height of Protection 

Changes in existing grade to determine the new 
levee/FW height. Existing surveys are based on 2' 

Contours. 

May need to add/decrease 1 lf  of levee and f loodwall. 
Assume 30% of existing length will require 1 lf  

raise/decrease. Assume this will be split out as 15% 
levee height change of 1' and 15% will be f loodwall 

height change of 1'. Levee: 1' raise = add'l 1000 cy of 
levee f ill x $34.07/ecy = +$34,000 so assume -
$34,000 for 1 ft decrease over 15% of levee. 

Floodw all: -$106k to +$106k. Total for levee plus 
f loodwall = -$140k to +$140k. Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

TR-5 Floodwall Lengths  River mileage versus lengths of wall not consistent 

Assume increase/decrease 5% floodwall/levee length 
based on natural progression into PED. Total cost for 
levees & f loodwalls = $18.1M x 0.05 = -$905,000 to 

+$905,000. Very Likely Marginal 

MODERATE Very 
Likely Marginal 

MODERATE 

TR-6 Transitions From FW to Lev Iw all transition instead of FW transition. 
No concerns noted in this risk area for the risk 

element. Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

TR-7 Transitions From FW to Lev Transition length may increase; add additional 5lf 
No concerns noted in this risk area for the risk 

element. Likely Negligible 

LOW 

Unlikely Negligible 

LOW 

TR-8 Storm Sewer Pipe Crossing Conduit Size 

24"/36"/42" dia pipe size used.  Criteria requires 48" 
pipe size.  24" dia pipe size used based on Geotech 

input 

Impact w ill be pipe size increase to 48" dia. Assume 
20% chance of occurring. Pipe size and Flap gate size 

increase = say $320k Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

TR-9 Storm Sewer Ponding Area Size of Detention Ponding area may change 

Size of the Ponding area may be reduced. Assume 
15% reduction in quantity.  Assume 60% chance of 

decreasing in size.  Say 700 cy x $40/cy + 700 x 40% 
unsuitable x 1.5 tons/cy x $50/ton = $49k Likely Marginal 

MODERATE 

Likely Negligible 

LOW 
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TR-
10 Gasline on Merriam 

May Need to remove Gasline from bridge and place 
underground 

Relocate gas line during parapet wall.  Place in creek 
as a crossing. 60% likely to occur. Assume $500/lf x 

100 lf Likely Negligible 

LOW 

Likely Negligible 

LOW 

TR-
11 Pedestrian Bridge  May Need to relocate downstream pedestrian bridge Assume the full relocation of existing bridge Unlikely Marginal 

LOW 

Unlikely Negligible 

LOW 

  LANDS AND DAMAGES RISKS                 

LD-1 Real Estate Plan Defined - Staging Area Staging area is still not defined. 

This area has not been included. Assume 2 acres 
required per contract.  Assume 6 acres total. These 
acres are included in the base estimate.  Assume 1 

additional acre required. Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

LD-2 Real Estate Plan Defined - Utilities Utility Temporary easement changing footprint. Incomplete data for Utilities  Very Likely Negligible 

LOW Very 
Likely Negligible 

LOW 

LD-3 Real Estate Plan Defined - Parcels 
Baseline estimate currently does not include approx 5 

parcels 

These parcels are assumed to be added to the 
baseline estimate.  Assume 1 additional parcel will be 

required. Likely Negligible 

LOW 

Likely Marginal 

MODERATE 

LD-4 Objections to right of way taking May need to go into condemnation process Additional legal fees, increase of valuation of land, ;  Likely Negligible 

LOW 

Likely Marginal 

MODERATE 

  
REGULATORY AND ENVIRONMENTAL 
RISKS                 

RE-1 Mitigation Plantings  
The mitigation area and number of plantings is not 

adequate for the project impacts 

Should the mit igation area or number of plantings 
increase, this would result in a negligible impact to the 

project (<$100k). Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

RE-2 New Bat Regulations  Limited construction Bat Survey;$10k ;  Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

  CONSTRUCTION RISKS                 

CO1 Levee 
Availability of offsite f ill.  Current estimate assume fill 

from project site is not reusable. 

No concerns noted in this risk area for the risk 
element. Material quote may increase by $5/bcy x 

33,711 bcy = $168,555 say $170k. Very Unlikely Negligible 

LOW 
Very 

Unlikely Negligible 

LOW 

CO2 Unsuitable Fill  
Detailed site investigation or geotechnical investigations 
have not been performed along the entire alignments. 

Assumes unsuitable f ill quantity could double for both 
levee/Floodw all. Delay w ill be based on additional cy 

time. Assume 10% to 50%...9,089 bcy currently 
estimated to be unsuitable = 9089cy x 1.5 tons/cy x 
$50/ton = High Range 680k; 3636 cy x 1.5 tons/cy x 

$50/ton = $275k Unlikely Negligible 

LOW 

Unlikely Negligible 

LOW 

CO3 Construction during flood events May need to clean up the site in response. 
Assume 2 site cleanups per contract at 40 hrs per site 

cleanup. Total increase = $100k. Likely Negligible 

LOW 

Likely Negligible 

LOW 
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CO4 Modifications  Assume 10% Assume 10% x $22.2M construction costs = $2.2M Very Likely Marginal 

Moderate Very 
Unlikely Signif icant 

LOW 

CO5 Site Access Restrictions Tight corridor to work within. 

Assume production rates to be reduced by 20%. 
Increase of $2.8M & delay of up 12 months based on 

60 months x 0.2 = 12 months. Likely Crisis 

HIGH 

Likely Critical 

HIGH 

CO6 Adequate Staging Area No area available for Staging 
May require $50k per contract in add'l mobs x 3 

contracts = $150k. Likely Negligible 

LOW 

Likely Negligible 

LOW 

  ESTIMATE AND SCHEDULE RISKS                 

ET1 Cost of Fuel 

Fuel costs appear to be rising more than inflation.  
Current pricing used in the estimate.  Fuel may 

increase up to 25% more per gallon and may decrease 
10% per gallon. ($437k) to $1.2M 

Fuel costs appear to be rising more than inflation.  
Current pricing used in the estimate.  Fuel may 
increase up to 25% more per gallon and may 
decrease 10% per gallon. ($105k) to $300k Unlikely Marginal 

LOW 

Unlikely Negligible 

LOW 

ET2 Cost of Steel 
Steel pricing is f luctuating.  Current steel pricing used.  

Steel may increase by 10% more per pound. 

Steel pricing is f luctuating.  Current steel pricing used.  
Steel may increase by 10% more per pound. Increase 

= $85k. Likely Negligible 

LOW 

Unlikely Negligible 

LOW 

ET3 Prime/Sub structure 

Additional layers of markups may be if  more of the work 
is subcontracted.  Assume relief wells to be performed 

by sub.  say $500k.  

Additional layers of markups may be added if more of 
the work is subcontracted.  Assume earthwork to be 

performed by sub = $1.1M add'l costs. Unlikely Signif icant 

MODERATE 

Unlikely Negligible 

LOW 

ET4 Relocations  

Utility relocations may have to be relocated in a 
different configuration.  Historically this item could 

double in cost.  Pavement/Retaining wall, trail 
alignments have not been completely located. 

Utility relocations may have to be relocated in a 
different configuration.  Historically this item requires a 

higher contingency.  Pavement/Retaining w all, trail 
alignments have not been completely located.  

Assume $4M x 25% contingency = $1M Likely Critical 

HIGH 

Likely Negligible 

LOW 

ET5 Mob/Demob Mobilization costs appear too low. 
Mob/Demob may need to include site staging setup, 

mult iple mob/demobs w ithin the project. Very Likely Marginal 

MODERATE 

Very 
Unlikely Negligible 

LOW 

  Programmatic Risks 
(External Risk Items are those that are generated, caused, or controlled exclusively outside the PDT's sphere of 
influence.)         

PR1 Adequacy of Project Funding Most likely w ill receive incremental funding 

Currently assume 3 contracts.   Assume 1.5% for 5 
years for schedule contingency = 5 years x 

1.5%compounded = 7.7% x $7.7M  (third contract) = 
say $0.6M Very Likely Signif icant 

HIGH 
Likely Marginal 

MODERATE 

PR2 Stake holders request late changes.  Adjust alignment of trail Design delay Likely Negligible 

LOW 

Likely Negligible 

LOW 

PR3 Market Conditions  
Assume number of bidders affect overall construction 

prices. 

Assume -10% plus 15% depending on the number of 
bidders. $25M x 15% = $3.75M; $25M x -10% = 

_$2.5M Likely Crisis 

HIGH 

Unlikely Negligible 

LOW 
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This report is not copyrighted, but the information contained herein is For Official Use Only.

Estimated Construction Time 730 Days
Effective Date of Pricing 10/1/2014

Preparation Date 10/16/2014

Prepared by

Estimated by .
Designed by

UTC Alternative 2d_12-5-14 incl Pre-Atlas 14 with Soil Mix
This estimate is for the feasibility study's recommended alternative to construct a flood risk management project in the City of Merriam in Johnson County, Kansas along Turkey Creek. The  

recommended plan is a levee and floodwall plan in the City of Merriam.  These features extend approximately from Shawnee Mission Parkway to Merriam Drive, which is a stretch that includes  
Merriam’s main downtown reach, as well as a commercial and industrial area just south of Johnson Drive.  Most of the protected area is on the right bank of Turkey Creek.  The features are  

designed for a small urban watershed with levees not exceeding six feet in height.  The current National Economic Development (NED) Plan is Alternative 2d with Soil Mix.



Print Date Wed 4 March 2015 U.S. Army Corps of Engineers Time 14:02:11
Eff. Date 10/1/2014 Project : UTC Alternative 2d_12-5-14 incl Pre-Atlas 14 with Soil Mix

COE Standard Report Selections Project Cost Summary Report Page 1

Description Quantity UOM ContractCost Escalation Contingency MiscOwner SIOH OwnerMarkup ProjectCost

Project Cost Summary Report 30,276,073 0 0 0 0 0 30,276,073
11,576,157.32 11,576,157.32

Contract 1 - Reach 1 1.00 EA 11,576,157 0 0 0 0 0 11,576,157

01 Lands and Damages 1.00 LS 2,414,395 0 0 0 0 0 2,414,395
2,414,395.00 2,414,395.00

0123 Construction Contract(s) Documnts 1.00 EA 2,414,395 0 0 0 0 0 2,414,395

02 Relocations 1.00 LS 1,515,909 0 0 0 0 0 1,515,909
77,315.15 77,315.15

0201 Roads, Construction Activities 1.00 EA 77,315 0 0 0 0 0 77,315

0203 Cemetery, Utilities, & Structure 1.00 LS 1,438,593 0 0 0 0 0 1,438,593

06 Fish and Wildlife Facilities 1.00 LS 12,061 0 0 0 0 0 12,061

0603 Wildlife Facilities & Sanctuary 1.00 LS 12,061 0 0 0 0 0 12,061

11 Levees and Floodwalls 1.00 LS 6,268,793 0 0 0 0 0 6,268,793

1101 Levees 1.00 LS 1,410,780 0 0 0 0 0 1,410,780

1102 Floodwalls 1.00 LS 4,858,013 0 0 0 0 0 4,858,013

30 Planning, Engineering and Design 1.00 LS 858,000 0 0 0 0 0 858,000

31 Construction Management 1.00 LS 507,000 0 0 0 0 0 507,000

3123 Construction Contracts 1.00 LS 507,000 0 0 0 0 0 507,000
8,588,276.01 8,588,276.01

Contract 2 - Reach 2 1.00 EA 8,588,276 0 0 0 0 0 8,588,276

01 Lands and Damages 1.00 LS 653,961 0 0 0 0 0 653,961
653,961.00 653,961.00

0123 Construction Contract(s) Documnts 1.00 EA 653,961 0 0 0 0 0 653,961

02 Relocations 1.00 LS 1,153,113 0 0 0 0 0 1,153,113
330,907.13 330,907.13

0201 Roads, Construction Activities 1.00 EA 330,907 0 0 0 0 0 330,907

0203 Cemetery, Utilities, & Structure 1.00 LS 822,205 0 0 0 0 0 822,205

11 Levees and Floodwalls 1.00 LS 5,597,202 0 0 0 0 0 5,597,202

1101 Levees 1.00 LS 674,864 0 0 0 0 0 674,864

Labor ID: JOHN/WYAN EQ ID: EP14R05 Currency in US dollars TRACES MII Version 4.2
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Description Quantity UOM ContractCost Escalation Contingency MiscOwner SIOH OwnerMarkup ProjectCost

1102 Floodwalls 1.00 LS 4,922,339 0 0 0 0 0 4,922,339

30 Planning, Engineering and Design 1.00 LS 745,000 0 0 0 0 0 745,000

31 Construction Management 1.00 LS 439,000 0 0 0 0 0 439,000

3123 Construction Contracts 1.00 LS 439,000 0 0 0 0 0 439,000
10,111,639.32 10,111,639.32

Contract 3 - Reach 3 1.00 EA 10,111,639 0 0 0 0 0 10,111,639

01 Lands and Damages 1.00 LS 1,027,574 0 0 0 0 0 1,027,574
1,027,574.00 1,027,574.00

0123 Construction Contract(s) Documnts 1.00 EA 1,027,574 0 0 0 0 0 1,027,574

02 Relocations 1.00 LS 1,545,040 0 0 0 0 0 1,545,040
551,487.92 551,487.92

0201 Roads, Construction Activities 1.00 EA 551,488 0 0 0 0 0 551,488

0203 Cemetery, Utilities, & Structure 1.00 LS 993,553 0 0 0 0 0 993,553

11 Levees and Floodwalls 1.00 LS 6,186,025 0 0 0 0 0 6,186,025

1101 Levees 1.00 LS 1,195,513 0 0 0 0 0 1,195,513

1102 Floodwalls 1.00 LS 4,990,511 0 0 0 0 0 4,990,511

30 Planning, Engineering and Design 1.00 LS 850,000 0 0 0 0 0 850,000

31 Construction Management 1.00 LS 503,000 0 0 0 0 0 503,000

3123 Construction Contracts 1.00 LS 503,000 0 0 0 0 0 503,000

Labor ID: JOHN/WYAN EQ ID: EP14R05 Currency in US dollars TRACES MII Version 4.2



Print Date Wed 4 March 2015 U.S. Army Corps of Engineers Time 14:02:11
Eff. Date 10/1/2014 Project : UTC Alternative 2d_12-5-14 incl Pre-Atlas 14 with Soil Mix

COE Standard Report Selections Contract Cost Summary Report Page 3

Description Quantity UOM DirectCost SubCMU CostToPrime JOOH_PRM HOOH_PRM Profit_PRM Bond_PRM PrimeCMU ContractCost

Contract Cost  
Summary Report

22,544,916 1,645,430 16,192,416 2,428,862 1,862,128 1,638,672 156,064 6,085,727 30,276,073

8,863,937.03 5,666,918.49 11,576,157.32

Contract 1 -  
Reach 1

1.00 EA 8,863,937 582,376 5,666,918 850,038 651,696 573,492 54,618 2,129,844 11,576,157

01 Lands and  
Damages

1.00 LS 2,414,395 0 0 0 0 0 0 0 2,414,395

2,414,395.00 0.00 2,414,395.00

0123 
Construction  
Contract(s)  
Documnts

1.00 EA 2,414,395 0 0 0 0 0 0 0 2,414,395

02 Relocations 1.00 LS 920,078 181,730 1,101,807 165,271 126,708 111,503 10,619 414,101 1,515,909
44,422.88 56,194.95 77,315.15

0201 Roads,  
Construction  
Activities

1.00 EA 44,423 11,772 56,195 8,429 6,462 5,687 542 21,120 77,315

0203 
Cemetery,  
Utilities, &  
Structure

1.00 LS 875,655 169,958 1,045,612 156,842 120,245 105,816 10,078 392,981 1,438,593

06 Fish and  
Wildlife  
Facilities

1.00 LS 6,930 1,836 8,766 1,315 1,008 887 84 3,295 12,061

0603 Wildlife  
Facilities &  
Sanctuary

1.00 LS 6,930 1,836 8,766 1,315 1,008 887 84 3,295 12,061

11 Levees and  
Floodwalls

1.00 LS 4,157,534 398,810 4,556,345 683,452 523,980 461,102 43,914 1,712,448 6,268,793

1101 Levees 1.00 LS 1,021,315 4,082 1,025,397 153,810 117,921 103,770 9,883 385,383 1,410,780

1102 
Floodwalls

1.00 LS 3,136,220 394,728 3,530,948 529,642 406,059 357,332 34,032 1,327,065 4,858,013

Labor ID: JOHN/WYAN EQ ID: EP14R05 Currency in US dollars TRACES MII Version 4.2
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Description Quantity UOM DirectCost SubCMU CostToPrime JOOH_PRM HOOH_PRM Profit_PRM Bond_PRM PrimeCMU ContractCost

30 Planning,  
Engineering  
and Design

1.00 LS 858,000 0 0 0 0 0 0 0 858,000

31 
Construction  
Management

1.00 LS 507,000 0 0 0 0 0 0 0 507,000

3123 
Construction  
Contracts

1.00 LS 507,000 0 0 0 0 0 0 0 507,000

6,252,158.16 4,906,329.50 8,588,276.01

Contract 2 -  
Reach 2

1.00 EA 6,252,158 492,132 4,906,330 735,949 564,228 496,521 47,288 1,843,986 8,588,276

01 Lands and  
Damages

1.00 LS 653,961 0 0 0 0 0 0 0 653,961

653,961.00 0.00 653,961.00

0123 
Construction  
Contract(s)  
Documnts

1.00 EA 653,961 0 0 0 0 0 0 0 653,961

02 Relocations 1.00 LS 676,345 161,772 838,117 125,717 96,383 84,817 8,078 314,996 1,153,113
190,128.96 240,513.13 330,907.13

0201 Roads,  
Construction  
Activities

1.00 EA 190,129 50,384 240,513 36,077 27,659 24,340 2,318 90,394 330,907

0203 
Cemetery,  
Utilities, &  
Structure

1.00 LS 486,216 111,387 597,603 89,641 68,724 60,477 5,760 224,602 822,205

11 Levees and  
Floodwalls

1.00 LS 3,737,852 330,361 4,068,213 610,232 467,844 411,703 39,210 1,528,989 5,597,202

1101 Levees 1.00 LS 489,057 1,454 490,511 73,577 56,409 49,640 4,728 184,353 674,864

1102 
Floodwalls

1.00 LS 3,248,796 328,907 3,577,702 536,655 411,436 362,063 34,482 1,344,637 4,922,339

Labor ID: JOHN/WYAN EQ ID: EP14R05 Currency in US dollars TRACES MII Version 4.2
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Description Quantity UOM DirectCost SubCMU CostToPrime JOOH_PRM HOOH_PRM Profit_PRM Bond_PRM PrimeCMU ContractCost

30 Planning,  
Engineering  
and Design

1.00 LS 745,000 0 0 0 0 0 0 0 745,000

31 
Construction  
Management

1.00 LS 439,000 0 0 0 0 0 0 0 439,000

3123 
Construction  
Contracts

1.00 LS 439,000 0 0 0 0 0 0 0 439,000

7,428,820.83 5,619,167.96 10,111,639.32

Contract 3 -  
Reach 3

1.00 EA 7,428,821 570,921 5,619,168 842,875 646,204 568,660 54,158 2,111,897 10,111,639

01 Lands and  
Damages

1.00 LS 1,027,574 0 0 0 0 0 0 0 1,027,574

1,027,574.00 0.00 1,027,574.00

0123 
Construction  
Contract(s)  
Documnts

1.00 EA 1,027,574 0 0 0 0 0 0 0 1,027,574

02 Relocations 1.00 LS 901,342 221,639 1,122,981 168,447 129,143 113,646 10,823 422,059 1,545,040
316,867.83 400,837.80 551,487.92

0201 Roads,  
Construction  
Activities

1.00 EA 316,868 83,970 400,838 60,126 46,096 40,565 3,863 150,650 551,488

0203 
Cemetery,  
Utilities, &  
Structure

1.00 LS 584,474 137,669 722,143 108,322 83,046 73,081 6,960 271,409 993,553

11 Levees and  
Floodwalls

1.00 LS 4,146,905 349,282 4,496,187 674,428 517,061 455,014 43,335 1,689,838 6,186,025

1101 Levees 1.00 LS 868,935 0 868,935 130,340 99,927 87,936 8,375 326,579 1,195,513

1102 
Floodwalls

1.00 LS 3,277,970 349,282 3,627,252 544,088 417,134 367,078 34,960 1,363,259 4,990,511

Labor ID: JOHN/WYAN EQ ID: EP14R05 Currency in US dollars TRACES MII Version 4.2
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Description Quantity UOM DirectCost SubCMU CostToPrime JOOH_PRM HOOH_PRM Profit_PRM Bond_PRM PrimeCMU ContractCost

30 Planning,  
Engineering  
and Design

1.00 LS 850,000 0 0 0 0 0 0 0 850,000

31 
Construction  
Management

1.00 LS 503,000 0 0 0 0 0 0 0 503,000

3123 
Construction  
Contracts

1.00 LS 503,000 0 0 0 0 0 0 0 503,000

Labor ID: JOHN/WYAN EQ ID: EP14R05 Currency in US dollars TRACES MII Version 4.2
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ID Task Name Duration Start Finish Predecessors Resource Names

1
2 UTC 952 days Tue 1/1/19 Wed 8/24/22
3 Contract 1 254 days Tue 1/1/19 Fri 12/20/19
4 Levees 118.5 days Tue 1/1/19 Fri 6/14/19
5 Mob 5 days Tue 1/1/19 Mon 1/7/19
6 Drainage Detent 57.25 days Tue 1/8/19 Thu 3/28/19
7 Site Prep 10 days Tue 1/8/19 Mon 1/21/19 5
8 Excavation 5 days Tue 1/22/19 Mon 1/28/19 7
9 Grading 0.25 days Tue 1/29/19 Tue 1/29/19 8

10 Bldg Demo 5 days Tue 1/29/19 Tue 2/5/19 9
11 Storm Sewe 5 days Tue 2/5/19 Tue 2/12/19 10
12 Cleanup 2 days Tue 2/12/19 Thu 2/14/19 11
13 Outlet Struct 30 days Thu 2/14/19 Thu 3/28/19 12
14 Inlet Structu 30 days Thu 2/14/19 Thu 3/28/19 12
15 Street Grate 10 days Thu 2/14/19 Thu 2/28/19 12
16 Inspection Trench 10 days Mon 3/4/19 Fri 3/15/19 40
17 Lev Right Bank 64.5 days Mon 3/18/19 Fri 6/14/19
18 Site Prep 30 days Mon 3/18/19 Fri 4/26/19 16
19 Stripping 1 day Mon 4/29/19 Mon 4/29/19 18
20 Foundation E 6 days Tue 4/30/19 Tue 5/7/19 19
21 Fill Stripped 3 days Wed 5/8/19 Fri 5/10/19 20
22 Fill for Levee 10 days Mon 5/13/19 Fri 5/24/19 21
23 Topsoil 5 days Mon 5/27/19 Fri 5/31/19 22
24 Seeding 5 days Fri 6/7/19 Fri 6/14/19 31
25 Lev Left Bank 4.5 days Mon 6/3/19 Fri 6/7/19
26 Stripping 0.25 days Mon 6/3/19 Mon 6/3/19 23
27 Foundation E 1 day Mon 6/3/19 Tue 6/4/19 26
28 Fill Stripped 0.25 days Tue 6/4/19 Tue 6/4/19 27
29 Fill for Levee 1 day Tue 6/4/19 Wed 6/5/19 28
30 Topsoil 1 day Wed 6/5/19 Thu 6/6/19 29
31 Seeding 1 day Thu 6/6/19 Fri 6/7/19 30
32 Floodwall 254 days Tue 1/1/19 Fri 12/20/19
33 Mob 5 days Tue 1/1/19 Mon 1/7/19 5SS
34 Site Work 126.5 days Tue 1/8/19 Wed 7/3/19
35 Clearing 1 day Tue 1/8/19 Tue 1/8/19 33
36 Bldg Demo 20 days Wed 1/9/19 Tue 2/5/19 35
37 Site Prep - R 10 days Wed 2/6/19 Tue 2/19/19 36
38 Site Prep - L 5 days Wed 2/20/19 Tue 2/26/19 37
39 Site Restora 3 days Fri 6/28/19 Wed 7/3/19 50
40 Inspection Trench 3 days Wed 2/27/19 Fri 3/1/19 38
41 Foundation Earth 1 day Mon 3/4/19 Mon 3/4/19 40
42 Drainage Structu 105 days Tue 3/5/19 Mon 7/29/19 41
43 Augercast Piles 91 days Tue 3/5/19 Tue 7/9/19 41
44 Earthwork 8 days Tue 3/5/19 Thu 3/14/19 43SS
45 Floodwall 201 days Fri 3/15/19 Fri 12/20/19
46 FW 85 days Fri 3/15/19 Thu 7/11/19 44
47 4 lf high para 58 days Fri 7/12/19 Tue 10/1/19 46
48 4 lf high para 58 days Wed 10/2/19 Fri 12/20/19 47
49 Floodgate 10 days Fri 7/12/19 Thu 7/25/19 46
50 Seeding 10 days Fri 6/14/19 Fri 6/28/19 24
51 Contract 2 220 days Wed 1/1/20 Tue 11/3/20
80 Contract 3 168 days Mon 1/3/22 Wed 8/24/22
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Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline
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Project Summary
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Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone
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Progress
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Project Summary
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Compensatory Mitigation Determination 
 
 

I. OVERVIEW 

During the development of feasibility reports, the environmental impacts of each 
alternative evaluated in detail by the U.S. Army Corps of Engineers must be captured 
and quantified to better compare the alternatives, and if necessary, determine any 
compensatory mitigation that may be required for Clean Water Act Section 404 
authorization.  One method to evaluate the environmental impacts of alternatives is the 
Habitat Evaluation Procedure (HEP).  HEP was developed by the U.S. Fish and Wildlife 
Service (USFWS) (1980) and evaluates the quality and quantity of available habitat for 
selected wildlife species or groups of species.  HEP provides information for two 
general types of wildlife habitat comparisons.  One, the relative value of different areas 
at the same point in time, and two, the relative value of the same area at future points in 
time.  By combining these two types of comparisons, the impact of proposed land and 
water use changes on wildlife habitat can be quantified.  HEP describes relative habitat 
value for selected wildlife species as a Habitat Suitability Index (HSI) with a value 
ranging from 0.0 (unsuitable) to 1.0 (optimal).  This value is multiplied by the area of 
available habitat to obtain Habitat Units (HUs).  To calculate habitat value over a period 
of time, such as 50-year period of analysis, Habitat Units are averaged on a yearly basis 
to provide Average Annual Habitat Units (AAHU).   

II. BACKGROUND 

The purpose of the Upper Turkey Creek feasibility study is to identify, evaluate and 
recommend to decision makers a solution for flood risk management within the Upper 
Turkey Creek watershed.  A flood risk management project is needed to reduce the risk 
from flooding that could result in loss of life and/or property damage in the Upper Turkey 
Creek basin.  Flooding along Turkey Creek led to presidential disaster declarations in 
1993 and 1998.  Sadly, the 1998 flood event resulted in the loss of two lives. 

Turkey Creek is a right bank tributary of the lower Kansas River located in Johnson and 
Wyandotte Counties, Kansas.  The Turkey Creek watershed is approximately 23 square 
miles in size.  Turkey Creek is approximately 15 miles long and runs parallel to 
Interstate 35 (I-35) nearly its entire length.  The watershed contains the some of the 
most intensely developed urban locations in Johnson and Wyandotte Counties, Kansas.  
Approximately 75% of Turkey Creek consists of residential, commercial, and industrial 
land use (Lee et al, 2005).  Additionally, nearly 30% of the watershed consists of 
impervious surfaces.  Construction of the I-35 embankment reduced the width of the 
Turkey Creek floodplain from approximately 1,000 feet to about 50 to 400 feet, 
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depending on the location.  Other development has highly altered much of the floodplain 
and creek channel. 
 
Most of Turkey Creek and its tributaries have been channelized, with numerous reaches 
in which the banks, or in some locations the entire channel, have been lined with rock or 
concrete.  At least four lakes exist on tributaries to Turkey Creek, and the upper reach in 
Lenexa has several small (1- to 2-foot high) dams.  Several waterfalls, approximately 5 
feet or less in height also exist on the creek and tributaries.  Some of the smaller (3-foot 
or less) waterfalls, for example those between Lamar and Metcalf Avenues and 63rd 
and 67th Streets, are due to concrete-covered utility crossings.   
 
Within the City of Merriam in Johnson County, the Merriam Drainage District has 
modified the Turkey Creek Channel from 63rd Street downstream to 51st Street.  Most 
of this work occurred between 1967 and 1972, but the District has since accomplished 
an extensive streambank protection effort relying primarily on large cut limestone blocks 
to armor the channel slope.  The last segments of armoring were placed in the early 
1980s, but large floods occasionally displace the stone blocks, requiring continual 
maintenance of the project.  The Drainage District’s efforts have produced a channel of 
nearly uniform width deepened to bedrock through the project area with very little 
riparian corridor. 

III. SELECTED INDICATOR SPECIES AND HABITAT SUITABILITY INDICES 

Three factors were considered when selecting Habitat Suitability Index models for the 
Upper Turkey Creek Flood Risk Management Project.  First, it was important to select 
species that would utilize the existing habitat types that would be impacted by the 
proposed project.  This included riverine and riparian habitat types in the Midwestern 
United States.  Second, species were selected in which their preferred habitat 
conditions would seem likely to also benefit other species that may also utilize that 
habitat type.  Last, only available species for which there was a certified or approved 
HSI model, in accordance with EC 1105-2-412 Assuring Quality of Planning Models, 
were considered.  Using these criteria, specific Habitat Suitability Index (HSI) models 
used for the Upper Turkey Creek Flood Risk Management Project were the green 
sunfish (Lepomis cyanellus) and the fox squirrel (Sciurus niger).  These models are 
available online at 
http://el.erdc.usace.army.mil/emrrp/emris/EMRIS_PDF/GreenSunfish.pdf and 
http://el.erdc.usace.army.mil/emrrp/emris/EMRIS_PDF/FoxSquirrel.pdf.   
 
Green sunfish (Lepomis cyanellus): The riverine cover type for the green sunfish HSI 
model was selected to evaluate in-stream aquatic habitat (Stuber et al, 1982).  Green 
sunfish are known to inhabit a wide range of riverine conditions and are one of only four 



3 
 

fish species that are known to occur in Turkey Creek.  This HSI model is applicable 
throughout North America.  The green sunfish model is composed of food and cover, 
water quality, and other reproduction life requisites.  Specific variables for the riverine 
sunfish model, including assumptions, are shown in Table 1.  
 
The formula for calculating the HSI of the green sunfish is as follows: 
 
Food & Cover CF/C = (V1 * V2)^(1/2) 
  
Water Quality CWQ = (2V4 + V5 + V6 + (2(V7 + V8)/2))/6 

If V4, V7, or V8  ≤0.4, CWQ equals the lowest of the 
following: V4, V7, or above equation 
 

Reproduction CR = (V9 * V10 * V12)^(1/3) 
 
Other COT = (V3 + ((V11 + V13)/2) + 0.5V14)/2.5 
 
HSI (CF/C * CWQ * CR * COT)^(1/4) 
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Table 1: Variables included in the green sunfish HSI model for the riverine cover 
type.  Assumptions for each of the variables are also included.  Table modified 
from Stuber et al, 1982. 

Variable Description Assumptions of Model 
V1  Percent of the bottom of pools 

covered with vegetation, rocks, of 
debris during summer 

Vegetation, rocks, and debris have similar 
value as cover objects.  The average percent 
(35%) bottom covered by vegetation in areas 
where green sunfish were collected in stream is 
optimal. 

V2 Percent pool area during average 
summer flow 

Green sunfish typically inhabit pool areas of 
stream, and optimal habitat consists of at least 
50% pool area. 

V3 Stream gradient within 
representative reach 

Species abundance is greatest in lower  
(≤ 2 m/km) gradient streams. 

V4 Minimum dissolved oxygen levels 
during summer 

Dissolved oxygen requirements are 
presumably similar to those of the bluegill.  
Dissolved oxygen levels that are near lethal are 
unsuitable, and levels that result in avoidance 
are suboptimal. 

V5 Maximum monthly average turbidity 
within pools during summer 

Moderate (25 – 100 JTU) turbidities correlated 
with high species abundance are optimum. 

V6 pH range during summer growing 
season 

Optimal pH range is presumably the same as 
that for all freshwater fish.  Levels that impair 
growth or reproduction are suboptimal, and 
levels that lead to death are unsuitable. 

V7 Maximum midsummer temperature 
with pools (Adult, Juvenile) 

Optimal temperature for adults and juveniles 
are those where growth and food conversion 
efficiency are maximal. 

V8 Maximum midsummer temperature 
with pools (Fry) 

The same assumption as for V7 applies to 
green sunfish fry. 

V9 Maximum temperature within pools 
during spawning (June – July) 
(Embryo) 

Optimal temperature for embryonic 
development is those at which survival is 
highest.  Temperatures that result in little or no 
survival are unsuitable. 

V10 Substrate composition within pools 
for spawning (Embryo) 

The substrate within which the greatest survival 
of eggs takes place is considered optimum. 

V11 Average current velocity within 
pools during average summer flow 
(Adult, Juvenile) 

Velocities that are commonly inhabited by 
green sunfish are optimal. 

V12 Average current velocity within 
pools during spawning (June – July) 
(Embryo) 

Low velocities during spawning increase the 
survival of eggs.  Higher velocities (> 15 
cm/sec) are unsuitable because survival is very 
low. 

V13 Average current velocity within 
pools during average summer flow 
(Fry) 

The same assumption as for V11 applies to fry 
and juvenile green sunfish 

V14 Average stream width within 
representative reach 

The size of the stream commonly inhabited by 
green sunfish is the optimum. 
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Fox squirrel (Sciurus niger): The fox squirrel HSI model was selected to evaluate 
riparian habitat (Allen, 1982).  Fox squirrels are most abundant in open deciduous forest 
stands with very little understory vegetation.  This habitat type is prevalent along the 
banks of Turkey Creek.  This HSI model is applicable throughout the range of fox 
squirrel, except for subspecies inhabiting the Outer Coastal Plain Forest and 
Southeastern Mixed Forests.  The green sunfish model is composed of winter food and 
cover/reproduction life requisites.  A HSI value is based on the limiting factor concept 
and equals the lowest life requisite value.  Several of the field techniques were modified 
to utilize GIS capabilities including the ability to measure the area of individual tree 
stands remotely.  For each alternative, measurements were taken for 38 to 44 individual 
stands of trees, depending on the size of the project area, and the results were 
combined into single outputs.  Specific variables, and modified techniques, for the fox 
squirrel model are shown in Table 2.  
 
The formula for calculating the HSI of the fox squirrel is as follows: 
 
Winter Food  = (3V1 + V2)/3 
 
Cover/Reproduction  = (V3 * V4* V5)^(1/3) 
 

 HSI  = lowest value of either Winter Food or 
Cover/Reproduction  
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Table 2: Variables included in the fox squirrel HSI model.  Several of the 
suggested techniques were modified to make better use of GIS capabilities 
including the ability to measure the area of individual tree stands remotely. 
 
Variable Description Suggested 

Technique  
Utilized  
Technique 

V1  Percent canopy closure of trees that 
produce hard mast (e.g. oak, 
hickory, walnut, pecan, beech) ≥ 10 
inches diameter at breast height 
(dbh). 

Calculated area of 
plant using crown 
diameter on strip 
quadrat. 

Estimated percent 
canopy cover of 
each stand in field, 
and then calculated 
total percentage for 
all stands 
combined. 

V2 Distance to available grain On site inspection, 
remote sensing 

On site inspection, 
remote sensing 

V3 Average  dbh of overstory trees of 
those trees which are ≥ 80 percent 
of the height of the tallest trees in 
the stand 

Cruise for tallest 
tree in stand.  
Sample with  
optical range finder 
and Biltmore stick 
on strip quadrat. 

Cruise for tallest 20 
percent of trees in 
stand and 
measured dbh 
using calibrated 
diameter tape (D-
tape). 

V4 Percent tree canopy closure of all 
woody vegetation greater than 16.5 
feet in height. 

Line intercept, 
remote sensing 

Estimated percent 
canopy cover of 
each stand in field, 
then calculated 
total percentage for 
all stands 
combined. 

V5 Percent shrub crown cover of 
woody vegetation less than 16.5 
feet in height. 

Line intercept Estimated percent 
canopy cover of 
each stand in field, 
then calculated 
total percentage for 
all stands 
combined. 

 
 

IV. ALTERNATIVES 

A No-Action alternative, three structural alternatives, and one non-structural alternative 
(property buy-out) are being evaluated in detail in the Turkey Creek feasibility report.  
However, the No-Action alternative and the Property Buy-Out alternative were not 
evaluated using HEP.  It is assumed that the existing habitat conditions for each of 
these alternatives would not change over a 50 year period of analysis. 
 
Alternative 1 – Channel Widening: Within the project area, the Upper Turkey Creek 
channel bottom would be widened to a width of 90 – 110 feet and the channel top 
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widths would be widened to 160 – 175 feet depending on location.  Side slopes would 
vary from 2H:1V to 3H:1V.  At the Shawnee Mission Parkway and Merriam Drive 
Bridges, the channel bottom would be widened to approximately 200 feet to 
accommodate new bridges with wider openings at each of these locations.  Also, two 
sewer lines and two waterlines that cross under Turkey Creek would be replaced. 
   
Alternative 2 – Levees and Floodwalls (NED Plan):  In total, 6,822 linear feet of 
floodwalls, 3 – 6 feet in height, and 3,383 linear feet of levees, 3 – 5 feet in height, 
would be constructed within the project area.  Additionally, two sewer lines and two 
waterlines that cross under Turkey Creek would be replaced.  A grass detention basin 
approximately 2 acres in size would be constructed on property that is immediately 
downstream of the Merriam Marketplace.  About 4,000 linear feet of replacement and 
new stormwater drainage lines would be associated with the detention basin.   
 
Alternative 3 – Channel Widening with Levees and Floodwalls: With this alternative, the 
channel bottom would be widened to a width of 90 – 110 feet and the channel top 
widths would be widened to 160 – 175 feet depending on location.  Side slopes would 
vary from 2H:1V to 3H:1V.  Two sewer lines and two water lines that cross under 
Turkey Creek would be replaced.  In total, 3,810 linear feet of floodwalls, 1 – 4 feet in 
height, and 1,350 linear feet of levees, 2 – 5 feet in height, would be constructed.  A 
grass detention basin approximately 2 acres in size would be constructed on property 
that is part of the Merriam Marketplace.  About 4,000 linear feet of replacement and new 
stormwater drainage lines would be associated with the detention basin. 

V. DATA INPUTS & ASSUMPTIONS 

To the extent possible, existing data was utilized for determining HSI scores for the 
existing conditions.  Other data was obtained from GIS and from field measurements.  
The future without project conditions was assumed to be the same as the existing 
conditions because there were not any known reasons to speculate otherwise.  Variable 
input for the future with project conditions was determined by evaluating how each 
alternative would impact the existing condition.  In some cases, background information 
could be obtained or calculations could be conducted to determine the future with 
project conditions, but in most cases it was dependant on professional judgment.  
Details on data input and assumptions are further explained for each of the models as 
follows. 

Green sunfish:  The green sunfish HSI model was used to determine the existing 
condition, the future with project, and the future without project conditions for each of 
the proposed flood risk management alternatives.  Because changes from the existing 
conditions would be the result of geomorphic changes to the creek channel, it was 
assumed that there would not be any incremental changes in habitat quality over the 50 
year period of analysis for any of the structural alternatives.  For this reason, the 
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average annual habitat units (AAHUs) determined for 50 year period of analysis would 
be the same as the habitat units (HUs) determined for the future with project condition. 
 
For the existing condition, and future without project condition, it was estimated that 
approximately 10% of the bottom of pools were covered with vegetation, rocks, and 
debris during the summer (V1).  This is an estimated value based on visual observations 
of the creek within the project area.  Turkey Creek contains very little emergent 
vegetation. During certain periods of the summer, filamentous algae blooms can occur 
and cover most of the substrate within the channel.  Otherwise substrate within the 
pools typically consists of bedrock and cobble sized rocks.  For Alternatives 1 and 3, 
which consist of channel widening, it was estimated the amount of cover in the bottom 
of pools would be half of what currently exists.  It was assumed that the existing cover 
would remain in place after the channel was widened to be about two times its existing 
width.  It was also assumed that no new cover would exist in locations that would 
consist of new aquatic habitat as a result of the channel widening.  Because there would 
not be any changes to the geomorphology of the creek channel with Alternative 2, it was 
assumed that the amount of cover in the bottom of pools would be the same as the 
existing condition. 
 
For the percentage of pool area (V2), it was estimated based on visual observations that 
approximately 15% of Turkey Creek within the project area currently contains shallow 
pools.  Most of these pools are generally less than two feet in depth.  For Alternatives 1 
and 3, which consist of channel widening, it was estimated that at least 11% of the 
channel would contain pools.  This value was selected as the most conservative value, 
meaning the worst case scenario, which could be input into the model without causing 
this portion of the suitability index to be zero.  In reality, any number of shallow pools 
could be excavated into the bedrock during the channel widening process increasing 
the score for this component of the model.  Because there would not be any changes to 
the geomorphology of the creek channel with Alternative 2, it was assumed that the 
amount of cover in the bottom of pools would be the same as the existing condition. 
 
The stream gradient (V3) was calculated by determining the elevation of the creek at the 
upstream and downstream most portions of the project area.  It is assumed that none of 
the alternatives would result in any changes to the gradient of the creek. 
 
Minimum dissolved oxygen levels in summer (V4) were assumed to generally be greater 
than 5 mg/L for the existing conditions and all of the future with project conditions.  
Monthly data has been collected by the USEPA at two locations upstream of the project 
area on Turkey Creek. Data indicated that dissolved oxygen concentrations range from 
5 mg/L to 11 mg/L during the summer months for years 2007 through 2010.  This data 
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is available online at www.kcwaters.org.  It was assumed that none of the alternatives 
would result in any long-term changes to dissolved oxygen concentrations in Turkey 
Creek. 
 
The maximum monthly average turbidity in pools during the summer (V5) for the existing 
conditions and all of the future with project conditions was also estimated using data 
collected by the USEPA at two locations upstream of the project area. This data is 
available online at www.kcwaters.org.  The monthly average turbidity value between the 
years 2007 through 2010 was 4.1 NTU, which is equivalent to 4.1 JTU.  It was assumed 
that none of the alternatives would result in any long-term changes to turbidity 
concentrations in Turkey Creek. Although, it is recognized that there may be minor 
reductions in turbidity for Alternatives 2 and 3 due to the grass detention basin.  
However, it is not possible to quantify the extent of these benefits. Any reductions in 
minor long-term reductions in turbidity would not result in the need for compensatory 
mitigation.  A conservative assumption is being made with regard to any potential minor 
changes in turbidity.  
  
The pH range during the summer (V6) for the existing conditions and all of the future 
with project conditions was estimated from data collected by the USEPA at two 
locations sampled monthly upstream of the project area. This data is available online at 
www.kcwaters.org.  The pH generally was is the 7.0 to 8.0 range which is typical for 
most water bodies in the region due to high concentrations of calcium carbonate derived 
from limestone that is common in the area.  However, there was one record of a pH 3.5.  
It was assumed that this data point was an anomaly.  It was assumed that none of the 
alternatives would result in any long-term changes to the pH of Turkey Creek. 
 
The maximum temperature within pools for all life stages of green sunfish (V7, V8, and 
V9) was assumed to be equal to the highest temperature, 28.0 degrees Celsius, 
recorded by the USEPA from two locations sampled monthly upstream of the project 
area during the summer months. 
 
The substrate composition within pools (V10) for the existing and all of the future with 
project conditions was determined to be predominantly composed of bedrock.  This is a 
result of the extensive modifications that have already occurred to the Turkey Creek 
channel within the project area.   
 
No existing data was available to determine the average water velocity within pools for 
the various life stages of green sunfish (V11, V12, and V13).  The value for these variables 
was estimated by dividing the baseflow volume of 1 cfs for Turkey Creek (Lee et al, 



10 
 

2005) by an assumed cross sectional area of 50 ft2.  This resulted in a velocity of 0.02 
ft/sec, which is equal to 0.6 cm/sec. 
  
Average steam width (V14) was determined for the existing conditions using Google 
Earth Pro. This distance, 15 meters, was also used for Alternative 2 because this 
alternative would not result in any changes to the average stream width when compared 
to the existing conditions.  A stream width of 28 meters was input for Alternatives 1 and 
3, as this would be the new designed width of the channel for each of these alternatives.  
Values input into the green sunfish model are shown in Table 3. 
 
Table 3: Values input into the green sunfish HSI model for the existing condition 
& future without project condition, and future with project condition for 
Alternatives 1 through 3. 
 

Variables Input 
Existing Condition & 

Future Without 
Project

Alternative 1 Alternative 2 Alternative 3 

V1 (%) 10 5 10 5

V2 (%) 15 11 15 11

V3 (m/km, 0-10) 5.26 5.26 5.26 5.26

V4 (A, B, C, or D) A A A A

V5 (JTU, 0-200) 4.1 4.1 4.1 4.1

V6 (A, B, C, or D) A A A A

V7 (10-40) 28.0 28.0 28.0 28.0

V8 (10-40) 28.0 28.0 28.0 28.0

V9 (10-40) 28.0 28.0 28.0 28.0

V10 (A, B, C, or D) A A A A

V11 (cm/sec, 0-40) 0.6 0.6 0.6 0.6

V12 (cm/sec, 0-20) 0.6 0.6 0.6 0.6

V13 (cm/sec, 0-10) 0.6 0.6 0.6 0.6

V14 (m, 0-40) 15 28 15 28

  

Fox Squirrel:  The fox squirrel HSI model was used to determine the existing 
conditions within the project footprint for each of the alternatives.  It is assumed that any 
habitat would be entirely lost with each of the alternatives and not replaced over the 50 
year project life.  This is a reasonable assumption because woody vegetation is typically 
not permitted to grow on or near levees because they may compromise the integrity of 
the structures.  The difference in size of the project areas resulted in different variable 
inputs for each of the alternatives.  Alternative1 has an estimated project area of 32.4 
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acres, Alternative 2 has an estimated project area of 26.5 acres, and Alternative 3 has 
an estimated project footprint of 36.7 acres.  The size of the project area was estimated 
by expanding out 50 feet from any project features from each of the alternatives to allow 
space for construction.   
 
The percentage of the canopy closure from trees that produce hard mast (V1) was 
determined by estimating the percent canopy cover of hard mast producing trees in the 
field for each stand, then calculating the total percentage for all stands combined. The 
exact distance to available grain (V2) was not determined. However, it was assumed to 
be at least 1000 meters from the project area due to the urban nature of the project 
area.  The model assigns an output value of 0.1 for this specific variable for all 
distances greater than 600 meters. The average diameter at breast height (DBH) of the 
overstory (V3) was determined with field measurements of the tallest 20% of trees in 
each stand, as described in the model. The percentage of total tree canopy cover (V4) 
was determined by estimating the percent of canopy cover in the field for each stand, 
then calculation of the total percentage for all stands combined. The percentage of 
shrub crown cover (V5) was calculated in a manner analogous to the percentage of total 
tree canopy cover.  Values input into the fox squirrel model are shown in Table 4. 
 
Table 4: Values input into the fox squirrel HSI model for the existing conditions 
and future without project for Alternatives 1 through 3. 
 

Variables Input Alternative 1 Alternative 2 Alternative 3

V1 (% Canopy of Mast) 3.5 2.8 3.3

V2 (Distance to Available Grain) 1000 1000 1000

V3 (Average DBH of Overstory) 13.3 12.0 12.8

V4 (% Tree Canopy Closure) 15.4 10.5 13.8

V5 (% Shrub Crown Cover) 2.1 2.9 4.9

 

VI. RESULTS 

Green Sunfish: The results for the calculations of the life requisites, the HSI score, and 
the Habitat Units for the existing condition, the future without project, and the future with 
project for each of the alternatives are shown in Table 5.  It was assumed that the future 
without project condition of the in-stream habitat would remain constant over the 50 
year period of analysis.  This assumption was made because the creek is already highly 
disturbed and has been channelized. Therefore, the average annual habitat units 
(AAHUs) determined for 50 year period of analysis would be the same as the existing 
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habitat units (HUs) for the future without project condition. As stated previously, any 
changes from the existing conditions would be the result of geomorphic changes to the 
creek channel and it was assumed that there would not be any incremental changes in 
habitat quality over the 50 year period of analysis for any of the structural alternatives.  
For this reason, the average annual habitat units (AAHUs) determined for the 50 year 
period of analysis would be the same as the habitat units (HUs) determined for the 
future with project condition.  None of the alternatives evaluated for the Upper Turkey 
Creek Flood Risk Management Project would result in any long-term negative impacts 
to the in-stream aquatic habitat as determined by the green sunfish HSI model.    

Table 5: Green sunfish life requisite values, HSI scores, Habitat Units, and 
Average Annual Habitat Units for the existing condition (EC), future without 
project (FWOP), and future with project (FW) for each of the alternatives. 

Alternative 1 Alternative 2 Alternative 3 
Life Requisite EC FWOP FW EC FWOP FW EC FWOP FW

Food & Cover 0.23 0.23 0.09 0.23 0.23 0.23 0.23 0.23 0.09

Water Quality 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

Reproduction 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58

Other 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

HSI  0.54 0.54 0.42 0.54 0.54 0.54 0.54 0.54 0.42

Project Area (acres) 7 7 20 7 7 7 7 7 20

Habitat Units 3.67 3.67 8.26 3.67 3.67 3.67 3.67 3.67 8.26

AAHU  3.67 3.67 8.26 3.67 3.67 3.67 3.67 3.67 8.26

 
Fox Squirrel: The results for the calculations the life requisites, the HSI score, Habitat 
Units, and the Average Annual Habitat Units (AAHUs) for the future with and future 
without project condition for each of the alternatives are shown in Table 6. It was 
assumed that the existing condition of the riparian corridor would remain constant over 
the 50 year period of analysis for the without project condition.  This assumption was 
made because the lands within riparian corridor are essentially developed with 
manicured lawns or parklands with mostly mature trees. Therefore, the average annual 
habitat units (AAHUs) determined for the 50 year period of analysis would be the same 
as the habitat units (HUs) for the future without project condition. For the with project 
condition, it is assumed that any riparian habitat within the project footprint would be 
entirely lost for each of the alternatives and would not be replaced over the life of the 
project, 50 years.  This is a reasonable assumption because woody vegetation is 
typically not permitted to grow on or near levees or floodwalls because they 
compromise the integrity of the structures.  Therefore, the average annual habitat units 
for the with project condition would be 0 for each of the alternatives.  As shown in Table 
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6, the with project condition would result in a loss ranging between 2.74 and 4.23 
AAHUs depending on the alternative.  
 
Table 6: Fox squirrel life requisite values, HSI scores, Habitat Units, and Average 
Annual Habitat Units (AAHU) for the existing condition (EC), future without 
project (FWOP) and future with project (FWP) for each of the alternatives. 

Alternative 1 Alternative 2 Alternative 3 
Life Requisite EC FWOP FWP EC FWOP FWP EC FWOP FWP

Winter Food 0.12 0.12 0 0.10 0.10 
0

0.12 0.12 0

Cover/Reproduction 0.84 0.84 0 0.68 0.68 
0

0.79 0.79 0

HSI  0.12 0.12 0 0.10 0.10 
0

0.12 0.12 0

Project Area (acres)  32.40 32.40 32.4 26.47 
26.47 26.47

36.69 36.69 36.69

Habitat Units  3.94 3.94 0 2.74 2.74 
0

4.23 4.23 0

AAHU  3.94 3.94 0 2.74 2.74 
0

4.23 4.23 0

 

VII. COMPENSATORY MITIGATION 

Compensatory mitigation was determined for Alternative 2 – Levees and Floodwalls 
(NED plan). Utilizing the green sunfish HSI model, no compensatory mitigation would be 
required for any of the alternatives for in-stream impacts.  Utilizing the fox squirrel HSI 
model, compensatory mitigation for impacts to the riparian habitat would be needed to 
offset 2.74 Average Annual Habitat Units (AAHU). 

Twenty four mitigation options were developed to compensate for riparian habitat that 
would be lost as a result of implementing Alternative 2 (Table 7). Each of these 
mitigation options would require planting hard mast producing trees, such as oak, 
walnut, and/or pecan. Variables that were manipulated to develop various mitigation 
options included the initial size of the tree that would be planted, the density of the tree 
plantings, and the size of the planting area. The initial size of the trees at time of 
planting consisted of either 5/8 inch diameter or 1 inch diameter trees.  Tree densities 
evaluated included planting trees with 35, 40, or 45 feet on center. The size of the areas 
evaluated consisted of 5, 7, 9, and 11 acres. It is assumed that all of the mitigation 
options would be implemented in open locations that currently consist of manicured 
lawns and would have a HSI value of 0.0.  The City of Merriam has identified several 
locations within parks that they own that could be utilized for tree plantings.   
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The future with project condition for variables in the fox squirrel HSI mode was predicted 
for each of the mitigation options at years 0, 5, 15, 25, and 50.  A 50 year period of 
analysis was used to evaluate the mitigation options. Because the HSI scores would be 
identical for mitigation options having the same size tree at planting and the same 
density, these were grouped together (Tables 8 – 13). The percent of canopy closure 
from mast producing trees for input into the HSI model was estimated by assuming the 
crown dimensions shown in Tables 14 – 19. In order to calculate the net Average 
Annual Habitat Units (AAHU) for each of the mitigation options, the cumulative habitat 
units were calculated for each of the mitigation options following procedures from the 
U.S. Fish and Wildlife Service Ecological Service Manual 102 (USFWS, 1980) at year 0 
(Table 20), year 0 – 5 (Table 21), year 5 – 15 (Table 22), year 15 – 25 (Table 23), and 
year 25 – 50 (Table 24). Using these cumulative habitat units, net Average Annual 
Habitat Units were determined for each of the mitigation options (Table 25). Any 
selected mitigation option must have at least a net AAHU of 0 to be considered. 

Table 7: Mitigation Options Formulated to Compensate for Impacts to the 
Riparian Habitat as a Result of Implementing a Structural Alternative. 

Mitigation Option Caliper of Tree 
When Planted 

Density of Trees Number of Acres 
Planted 

Mitigation Option 1 5/8 inch 35 foot x 35 foot 5 

Mitigation Option 2 5/8 inch 40 foot x 40 foot 5 

Mitigation Option 3 5/8 inch 45 foot x 45 foot 5 

Mitigation Option 4 1 inch 35 foot x 35 foot 5 

Mitigation Option 5 1 inch 40 foot x 40 foot 5 

Mitigation Option 6 1 inch 45 foot x 45 foot 5 

Mitigation Option 7 5/8 inch 35 foot x 35 foot 7 

Mitigation Option 8 5/8 inch 40 foot x 40 foot 7 

Mitigation Option 9 5/8 inch 45 foot x 45 foot 7 

Mitigation Option 10 1 inch 35 foot x 35 foot 7 

Mitigation Option 11 1 inch 40 foot x40 foot 7 

Mitigation Option 12 1 inch 45 foot x45 foot 7 

Mitigation Option 13 5/8 inch 35 foot x 35 foot 9 

Mitigation Option 14 5/8 inch 40 foot x 40 foot 9 

Mitigation Option 15 5/8 inch 45 foot x 45 foot 9 

Mitigation Option 16 1 inch 35 foot x 35 foot 9 

Mitigation Option 17 1 inch 40 foot x 40 foot 9 

Mitigation Option 18 1 inch 45 foot x 45 foot 9 

Mitigation Option 19 5/8 inch 35 foot x 35 foot 11 

Mitigation Option 20 5/8 inch 40 foot x 40 foot 11 

Mitigation Option 21 5/8 inch 45 foot x 45 foot 11 
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Mitigation Option 22 1 inch 35 foot x 35 foot 11 

Mitigation Option 23 1 inch 40 foot x 40 foot 11 

Mitigation Option 24 1 inch 45 foot x 45 foot 11 

 

Table 8: Fox squirrel HSI calculations if 5/8 inch diameter trees were planted with 
35 x 35 foot spacing. 

Mitigation Options 1, 7, 13, 19: 5/8 Inch Diameter, 35x35 Spacing 
 
Variables Input Year 0 Year 5 Year 15 Year 25 Year 50
V1 (% Canopy Closure of Mast) 0.08 0.74 8.26 33.06 100
V2 (Distance to Available Grain, m, 0-
800) 

1000 1000 1000 1000 1000

V3 (Average DBH of Overstory, inches, 
0-20) 

0 0 6 12 25

V4 (% Tree Canopy Closure) 0 0 8.26 33.06 100

V5 (% Shrub Crown Cover) 0.08 0.74 0 0 0

Winter Food 0.03 0.03 0.24 0.86 0.63

Cover/Reproduction 0.00 0.00 0.00 0.84 0.79

HSI  0.00 0.00 0.00 0.84 0.63

 

Table 9: Fox squirrel HSI calculations if 5/8 inch diameter trees were planted with 
40 x 40 foot spacing. 

Mitigation Options 2,8,14,20: 5/8 Inch Diameter, 40x40 Spacing  
  
Variables Input Year 0 Year 5 Year 15 Year 25 Year 50
V1 (% Canopy Closure of Mast) 0.06 0.56 6.2 24.79 75.93
V2 (Distance to Available Grain, m, 0-
800) 

1000 1000 1000 1000 1000

V3 (Average DBH of Overstory, inches, 
0-20) 

0 0 6 12 25

V4 (% Tree Canopy Closure) 0 0 6.2 24.79 75.93

V5 (% Shrub Crown Cover) 0.06 0.56 0 0 0

Winter Food  0.03 0.03 0.19 0.65 0.87

Cover/Reproduction 0.00 0.00 0.00 0.84 0.93

HSI  0.00 0.00 0.00 0.65 0.87
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Table 10: Fox squirrel HSI calculations if 5/8 inch diameter trees were planted 
with 45 x 45 foot spacing. 

Mitigation Options 3,9,15,21: 5/8 Inch Diameter, 45x45 Spacing 
  

Variables Input Year 0 Year 5 Year 15 Year 25 Year 50
V1 (% Canopy Closure of Mast) 0.05 0.45 5.05 20.2 61.87
V2 (Distance to Available Grain, m, 0-
800) 

1000 1000 1000 1000 1000

V3 (Average DBH of Overstory, 
inches, 0-20) 

0 0 6 12 25

V4 (% Tree Canopy Closure) 0 0 6.2 20.2 61.87

V5 (% Shrub Crown Cover) 0.05 0.56 0 0 0

Winter Food 0.03 0.03 0.19 0.54 1.01

Cover/Reproduction 0.00 0.00 0.00 0.84 0.99

HSI  0.00 0.00 0.00 0.54 0.99

 

Table 11: Fox squirrel HSI calculations if 1 inch diameter trees were planted with 
35 x 35 foot spacing. 

Mitigation Options 4, 10, 16, 22: 1 Inch Diameter, 35x35 Spacing 
  
Variables Input Year 0 Year 5 Year 15 Year 25 Year 50
V1 (% Canopy Closure of Mast) 0.17 2.07 11.9 40 100
V2 (Distance to Available Grain, m, 0-
800) 

1000 1000 1000 1000 1000

V3 (Average DBH of Overstory, 
inches, 0-20) 

0 0 8 14 25

V4 (% Tree Canopy Closure) 0 0 11.9 40 100

V5 (% Shrub Crown Cover) 0.17 2.07 0 0 0

Winter Food 0.03 0.03 0.33 1.03 0.63

Cover/Reproduction 0.00 0.00 0.34 0.95 0.79

HSI  0.00 0.00 0.33 0.95 0.63
 

Table 12: Fox squirrel HSI calculations if 1 inch diameter trees were planted with 
40 x 40 foot spacing. 

Mitigation Options 5, 11, 17, 23: 1 Inch Diameter, 40x40 Spacing 
Variables Input Year 0 Year 5 Year 15 Year 25 Year 50
V1 (% Canopy Closure of Mast) 0.25 1.55 8.93 30 75.93
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V2 (Distance to Available Grain, m, 0-
800) 

1000 1000 1000 1000 1000

V3 (Average DBH of Overstory, 
inches, 0-20) 

0 0 8 14 25

V4 (% Tree Canopy Closure) 0 8.93 30 75.93

V5 (% Shrub Crown Cover) 0.25 1.55 0 0 0

Winter Food 0.03 0.03 0.26 0.78 0.87

Cover/Reproduction 0.00 0.00 0.31 0.95 0.93

HSI  0.00 0.00 0.26 0.78 0.87
 

Table 13: Fox squirrel HSI calculations if 1 inch diameter trees were planted with 
45 x 45 foot spacing. 

Mitigation Options 6, 12, 18, 24: 1 Inch Diameter, 45x45 Spacing 
Variables Input Year 0 Year 5 Year 15 Year 25 Year 50
V1 (% Canopy Closure of Mast) 0.20 1.26 7.27 24.44 61.87
V2 (Distance to Available Grain, m, 0-
800) 

1000 1000 1000 1000 1000

V3 (Average DBH of Overstory, 
inches, 0-20) 

0 0 8 14 25

V4 (% Tree Canopy Closure) 0 0 7.27 24.44 61.87

V5 (% Shrub Crown Cover) 0.2 1.26 0 0 0

Winter Food 0.03 0.03 0.22 0.64 1.01

Cover/Reproduction 0.00 0.00 0.29 0.95 0.99

HSI  0.00 0.00 0.22 0.64 0.99
 

Table 14: Values used to estimate the percent of cover from mast producing trees 
for 5/8 inch diameter trees planted with 35 x 35 foot spacing.  Estimates were 
used for input into the fox squirrel HSI model. 

 Spacing Trees/Acre Crown 
Dimensions

Cover/Tree 
(sf)

Total Cover 
(sf)/Acre 

% Cover 
Mast/Acre

YR-0 35x35 36 1x1 1 36 0.08

YR-5 35x35 36 3x3 9 324 0.74
YR-15 35x35 36 10x10 100 3600 8.26
YR-25 35x35 36 20x20 400 14400 33.06

YR-50 35x35 36 35x35 1225 44100 101.24
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Table 15: Values used to estimate the percent of cover from mast producing trees 
for 5/8 inch diameter trees planted with 40 x 40 foot spacing.  Estimates were 
used for input into the fox squirrel HSI model. 

 Spacing Trees/Acre Crown 
Dimensions

Cover/Tree 
(sf)

Total Cover 
(sf)/Acre 

% Cover 
Mast/Acre

YR-0 40x40 27 1x1 1 27 0.06
YR-5 40x40 27 3x3 9 243 0.56
YR-15 40x40 27 10x10 100 2700 6.20

YR-25 40x40 27 20x20 400 10800 24.79
YR-50 40x40 27 35x35 1225 33075 75.93

 

Table 16: Values used to estimate the percent of cover from mast producing trees 
for 5/8 inch diameter trees planted with 45 x 45 foot spacing.  Estimates were 
used for input into the fox squirrel HSI model. 

 Spacing Trees/Acre Crown 
Dimensions

Cover/Tree 
(sf)

Total Cover 
(sf)/Acre 

% Cover 
Mast/Acre

YR-0 45x45 22 1x1 1 22 0.05

YR-5 45x45 22 3x3 9 198 0.45
YR-15 45x45 22 10x10 100 2200 5.05

YR-25 45x45 22 20x20 400 8800 20.20

YR-50 45x45 22 35x35 1225 26950 61.87

 

Table 17: Values used to estimate the percent of cover from mast producing trees 
for 1 inch diameter trees planted with 35 x 35 foot spacing.  Estimates were used 
for input into the fox squirrel HSI model. 

 Spacing Trees/Acre Crown 
Dimensions

Cover/Tree 
(sf)

Total Cover 
(sf)/Acre 

% Cover 
Mast/Acre

YR-0 35x35 36 2x2 4 144 0.17

YR-5 35x35 36 5x5 25 900 2.07

YR-15 35x35 36 12x12 144 5184 11.90

YR-25 35x35 36 22x22 484 17424 40

YR-50 35x35 36 35x35 1225 44100 101.24

 

Table 18: Values used to estimate the percent of cover from mast producing trees 
for 1 inch diameter trees planted with 40 x 40 foot spacing.  Estimates were used 
for input into the fox squirrel HSI model. 

 Spacing Trees/Acre Crown 
Dimensions

Cover/Tree 
(sf)

Total Cover 
(sf)/Acre 

% Cover 
Mast/Acre
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YR-0 40x40 27 2x2 4 108 0.25

YR-5 40x40 27 5x5 25 675 1.55

YR-15 40x40 27 12x12 144 3888 8.93

YR-25 40x40 27 22x22 484 13068 30

YR-50 40x40 27 35x35 1225 33075 75.93

 

Table 19: Values used to estimate the percent of cover from mast producing trees 
for 1 inch diameter trees planted with 45 x 45 foot spacing.  Estimates were used 
for input into the fox squirrel HSI model. 

 Spacing Trees/Acre Crown 
Dimensions

Cover/Tree 
(sf)

Total Cover 
(sf)/Acre 

% Cover 
Mast/Acre

YR-0 45x45 22 2x2 4 88 0.20

YR-5 45x45 22 5x5 25 550 1.26

YR-15 45x45 22 12x12 144 3168 7.27

YR-25 45x45 22 22x22 484 10648 24.44

YR-50 45x45 22 35x35 1225 26950 75.93

 

Table 20: Baseline conditions calculated for the No Action & Future Without 
Project and each of the mitigation options following procedures in the U.S. Fish 
and Wildlife Service Ecological Service Manual 102 (USFWS, 1980). 

Mitigation Option Year Project Area 
(Acres) HSI Cumulative HU Gross AAHU

No Action & Future 
Without Project 

0 26.47 0.12 NA NA

Mitigation Option 1 0 5 0.00 NA NA
Mitigation Option 2 0 5 0.00 NA NA
Mitigation Option 3 0 5 0.00 NA NA
Mitigation Option 4 0 5 0.00 NA NA
Mitigation Option 5 0 5 0.00 NA NA
Mitigation Option 6 0 5 0.00 NA NA
Mitigation Option 7 0 7 0.00 NA NA
Mitigation Option 8 0 7 0.00 NA NA
Mitigation Option 9 0 7 0.00 NA NA
Mitigation Option 10 0 7 0.00 NA NA
Mitigation Option 11 0 7 0.00 NA NA
Mitigation Option 12 0 7 0.00 NA NA
Mitigation Option 13 0 9 0.00 NA NA
Mitigation Option 14 0 9 0.00 NA NA
Mitigation Option 15 0 9 0.00 NA NA
Mitigation Option 16 0 9 0.00 NA NA
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Mitigation Option 17 0 9 0.00 NA NA
Mitigation Option 18 0 9 0.00 NA NA
Mitigation Option 19 0 11 0.00 NA NA
Mitigation Option 20 0 11 0.00 NA NA
Mitigation Option 21 0 11 0.00 NA NA
Mitigation Option 22 0 11 0.00 NA NA
Mitigation Option 23 0 11 0.00 NA NA
Mitigation Option 24 0 11 0.00 NA NA

 

Table 21: Cumulative Habitat Units (HU) and Gross Average Annual Habitat Units 
(AAHU) for target years 0 – 5 calculated for the No Action/Future Without Project 
and each of the mitigation options following procedures in the U.S. Fish and 
Wildlife Service Ecological Service Manual 102 (USFWS, 1980). 

Mitigation Option Year Project Area 
(Acres) HSI Cumulative HU Gross AAHU

No Action & Future 
Without Project 

5 26.47 0.12 16 0.3

Mitigation Option 1 5 5 0.00 0 0.0
Mitigation Option 2 5 5 0.00 0 0.0
Mitigation Option 3 5 5 0.00 0 0.0
Mitigation Option 4 5 5 0.00 0 0.0
Mitigation Option 5 5 5 0.00 0 0.0
Mitigation Option 6 5 5 0.00 0 0.0
Mitigation Option 7 5 7 0.00 0 0.0
Mitigation Option 8 5 7 0.00 0 0.0
Mitigation Option 9 5 7 0.00 0 0.0
Mitigation Option 10 5 7 0.00 0 0.0
Mitigation Option 11 5 7 0.00 0 0.0
Mitigation Option 12 5 7 0.00 0 0.0
Mitigation Option 13 5 9 0.00 0 0.0
Mitigation Option 14 5 9 0.00 0 0.0
Mitigation Option 15 5 9 0.00 0 0.0
Mitigation Option 16 5 9 0.00 0 0.0
Mitigation Option 17 5 9 0.00 0 0.0
Mitigation Option 18 5 9 0.00 0 0.0
Mitigation Option 19 5 11 0.00 0 0.0
Mitigation Option 20 5 11 0.00 0 0.0
Mitigation Option 21 5 11 0.00 0 0.0
Mitigation Option 22 5 11 0.00 0 0.0
Mitigation Option 23 5 11 0.00 0 0.0
Mitigation Option 24 5 11 0.00 0 0.0
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Table 22: Cumulative Habitat Units (HU) and Gross Average Annual Habitat Units 
(AAHU) for target years 5 – 15 calculated for the No Action/Future Without Project 
and each of the mitigation options following procedures in the U.S. Fish and 
Wildlife Service Ecological Service Manual 102 (USFWS, 1980). 

Mitigation Option Year Project Area 
(Acres) HSI Cumulative HU Gross AAHU

No Action & Future 
Without Project 

15 26.47 0.12 32 0.6

Mitigation Option 1 15 5 0.00 0 0.0

Mitigation Option 2 15 5 0.00 0 0.0

Mitigation Option 3 15 5 0.00 0 0.0

Mitigation Option 4 15 5 0.33 8 0.2

Mitigation Option 5 15 5 0.26 7 0.1

Mitigation Option 6 15 5 0.22 6 0.1

Mitigation Option 7 15 7 0.00 0 0.0

Mitigation Option 8 15 7 0.00 0 0.0

Mitigation Option 9 15 7 0.00 0 0.0

Mitigation Option 10 15 7 0.33 12 0.2

Mitigation Option 11 15 7 0.26 9 0.2

Mitigation Option 12 15 7 0.22 8 0.2

Mitigation Option 13 15 9 0.00 0 0.0

Mitigation Option 14 15 9 0.00 0 0.0

Mitigation Option 15 15 9 0.00 0 0.0

Mitigation Option 16 15 9 0.33 15 0.3

Mitigation Option 17 15 9 0.26 12 0.2

Mitigation Option 18 15 9 0.22 10 0.2

Mitigation Option 19 15 11 0.00 0 0.0

Mitigation Option 20 15 11 0.00 0 0.0

Mitigation Option 21 15 11 0.00 0 0.0

Mitigation Option 22 15 11 0.33 18 0.4

Mitigation Option 23 15 11 0.26 14 0.3

Mitigation Option 24 15 11 0.22 12 0.2

 

Table 23: Cumulative Habitat Units (HU) and Gross Average Annual Habitat Units 
(AAHU) for target years 15 – 25 calculated for the No Action & Future Without 
Project and each of the mitigation options following procedures in the U.S. Fish 
and Wildlife Service Ecological Service Manual 102 (USFWS, 1980). 
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Mitigation Option Year Project Area 
(Acres) HSI Cumulative HU Gross AAHU

No Action & Future 
Without Project 

25 26.47 0.12 32 0.6

Mitigation Option 1 25 5 0.84 21 0.4

Mitigation Option 2 25 5 0.65 16 0.3

Mitigation Option 3 25 5 0.54 14 0.3

Mitigation Option 4 25 5 0.95 32 0.6

Mitigation Option 5 25 5 0.78 26 0.5

Mitigation Option 6 25 5 0.64 22 0.4

Mitigation Option 7 25 7 0.84 29 0.6

Mitigation Option 8 25 7 0.65 23 0.5

Mitigation Option 9 25 7 0.54 19 0.4

Mitigation Option 10 25 7 0.95 45 0.9

Mitigation Option 11 25 7 0.78 36 0.7

Mitigation Option 12 25 7 0.64 30 0.6

Mitigation Option 13 25 9 0.84 38 0.8

Mitigation Option 14 25 9 0.65 29 0.6

Mitigation Option 15 25 9 0.54 24 0.5

Mitigation Option 16 25 9 0.95 58 1.2

Mitigation Option 17 25 9 0.78 47 0.9

Mitigation Option 18 25 9 0.64 39 0.8

Mitigation Option 19 25 11 0.84 46 0.9

Mitigation Option 20 25 11 0.65 36 0.7

Mitigation Option 21 25 11 0.54 30 0.6

Mitigation Option 22 25 11 0.95 70 1.4

Mitigation Option 23 25 11 0.78 57 1.1

Mitigation Option 24 25 11 0.64 47 0.9

 

Table 24: Cumulative Habitat Units (HU) and Gross Average Annual Habitat Units 
(AAHU) for target years 25 – 50 calculated for the No Action & Future Without 
Project and each of the mitigation options following procedures in the U.S. Fish 
and Wildlife Service Ecological Service Manual 102 (USFWS, 1980). 

Mitigation Option Year Project Area 
(Acres) HSI Cumulative HU Gross AAHU

No Action & Future 
Without Project 

50 26.47 0.12 79 1.6

Mitigation Option 1 50 5 0.63 92 1.8

Mitigation Option 2 50 5 0.87 95 1.9
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Mitigation Option 3 50 5 0.99 96 1.9

Mitigation Option 4 50 5 0.63 99 2.0

Mitigation Option 5 50 5 0.87 103 2.1

Mitigation Option 6 50 5 0.99 102 2.0

Mitigation Option 7 50 7 0.63 129 2.6

Mitigation Option 8 50 7 0.87 133 2.7

Mitigation Option 9 50 7 0.99 134 2.7

Mitigation Option 10 50 7 0.63 138 2.8

Mitigation Option 11 50 7 0.87 144 2.9

Mitigation Option 12 50 7 0.99 143 2.9

Mitigation Option 13 50 9 0.63 165 3.3

Mitigation Option 14 50 9 0.87 171 3.4

Mitigation Option 15 50 9 0.99 172 3.4

Mitigation Option 16 50 9 0.63 178 3.6

Mitigation Option 17 50 9 0.87 186 3.7

Mitigation Option 18 50 9 0.99 183 3.7

Mitigation Option 19 50 11 0.63 202 4.0

Mitigation Option 20 50 11 0.87 209 4.2

Mitigation Option 21 50 11 0.99 210 4.2

Mitigation Option 22 50 11 0.63 217 4.3

Mitigation Option 23 50 11 0.87 227 4.5

Mitigation Option 24 50 11 0.99 224 4.5

 

Table 25: Net Average Annual Habitat Units (AAHUs) were calculated for the 
Future Without Project and each of the mitigation options following procedures in 
the U.S. Fish and Wildlife Service Ecological Service Manual 102 (USFWS, 1980). 

Mitigation Option Gross Year 0 to Year 50 HU Gross AAHU Net AAHU
No Action/Future Without 159 2.65 

Mitigation Option 1 113 2.26          (0.39)

Mitigation Option 2 111 2.23          (0.43)

Mitigation Option 3 109 2.18          (0.47)

Mitigation Option 4 139 2.78            0.13 

Mitigation Option 5 136 2.71            0.06 

Mitigation Option 6 129 2.58          (0.07)

Mitigation Option 7 158 3.16            0.51 

Mitigation Option 8 156 3.12            0.47 

Mitigation Option 9 153 3.06            0.41 
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Mitigation Option 10 195 3.89            1.24 

Mitigation Option 11 190 3.80            1.15 

Mitigation Option 12 180 3.61            0.96 

Mitigation Option 13 203 4.06            1.41 

Mitigation Option 14 200 4.01            1.36 

Mitigation Option 15 196 3.93            1.28 

Mitigation Option 16 250 5.00            2.35 

Mitigation Option 17 244 4.88            2.23 

Mitigation Option 18 232 4.64            1.99 

Mitigation Option 19 248 4.97            2.32 

Mitigation Option 20 245 4.90            2.25 

Mitigation Option 21 240 4.80            2.15 

Mitigation Option 22 306 6.12            3.47 

Mitigation Option 23 298 5.97            3.32 

Mitigation Option 24 284 5.67            3.02 

 

Selection of the most appropriate mitigation option was then determined through the 
CE/ICA process using IWR-Planning Suite. An additional criterion for selecting a 
mitigation option is that it must provide enough AAHUs to meet or exceed the number of 
AAHUs that would be lost as a result of implementing a particular alternative.  

Each of the mitigation options was mutually exclusive from the others. Therefore, no 
additional permutations or combinations of options were evaluated under CE/ICA. IWR 
Planning Suite was used to determine which of the options were “cost effective” and 
which options were “best buys.”  Cost effective options are those options for which there 
is no other option that achieves greater output at a lesser cost (identified in Table 26). 
Best buy options are the array of cost effective options for which the average cost for 
the incremental output is strictly increasing (identified in Table 27). The output used for 
CE/ICA was the Fox Squirrel AAHU. The cost used for CE/ICA was average annual 
cost, including the cost of purchasing trees, installation, Preconstruction Engineering 
and Design (PED), and real estate. In addition to Tables 26 and 27, the results of 
CE/ICA are also displayed graphically in Figures 1 and 2. 

 

Table 26: Results of IWR Planning Suite cost effective analysis. 

Mitigation Option Total Cost Average 
Annual Costa

Fox Squirrel 
AAHU Gain 

Cost 
Effective?

No Mitigation $0 $0 0.00 Yes

Mitigation Option 1 $14,802 $689 2.26 Yes
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Mitigation Option 2 $13,851 $645 2.23 Yes

Mitigation Option 3 $13,323 $620 2.18 Yes

Mitigation Option 4 $30,483 $1,419 2.78 No

Mitigation Option 5 $25,612 $1,192 2.71 No

Mitigation Option 6 $22,906 $1,066 2.58 No

Mitigation Option 7 $20,722 $965 3.16 Yes

Mitigation Option 8 $19,392 $903 3.12 Yes

Mitigation Option 9 $18,652 $868 3.06 Yes

Mitigation Option 10 $42,676 $1,987 3.89 No

Mitigation Option 11 $35,857 $1,669 3.80 No

Mitigation Option 12 $32,069 $1,493 3.61 No

Mitigation Option 13 $26,643 $1,240 4.06 Yes

Mitigation Option 14 $24,932 $1,161 4.01 Yes

Mitigation Option 15 $23,982 $1,116 3.93 Yes

Mitigation Option 16 $54,870 $2,554 5.00 No

Mitigation Option 17 $46,102 $2,146 4.88 No

Mitigation Option 18 $41,232 $1,919 4.64 No

Mitigation Option 19 $32,564 $1,516 4.97 Yes

Mitigation Option 20 $30,473 $1,419 4.90 Yes

Mitigation Option 21 $29,311 $1,364 4.80 Yes

Mitigation Option 22 $67,063 $3,122 6.12 Yes

Mitigation Option 23 $56,347 $2,623 5.97 Yes

Mitigation Option 24 $50,394 $2,346 5.67 No
Note: IWR – Institute of Water Resources 
a 

The average annual cost was determined using an October 2011 price level and the FY 2012 federal interest rate of 4.000% over 
a 50-year period of analysis.  

 
 

Table 27: Results of IWR Planning Suite incremental cost analysis. 

Mitigation Option Average Annual 
Cost

Fox Squirrel AAHU 
Gain Best Buy?

No Mitigation $0 0.00 Yes

Mitigation Option 1 $689 2.26 No

Mitigation Option 2 $645 2.23 No

Mitigation Option 3 $620 2.18 No

Mitigation Option 7 $965 3.16 Yes

Mitigation Option 8 $903 3.12 No

Mitigation Option 9 $868 3.06 Yes

Mitigation Option 13 $1,240 4.06 No
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Mitigation Option 14 $1,161 4.01 No

Mitigation Option 15 $1,116 3.93 Yes

Mitigation Option 19 $1,516 4.97 No

Mitigation Option 20 $1,419 4.90 Yes

Mitigation Option 21 $1,364 4.80 Yes

Mitigation Option 22 $3,122 6.12 Yes

Mitigation Option 23 $2,623 5.97 Yes

Mitigation Option 24 $2,346 5.67 No
Note: IWR – Institute of Water Resources 

 
 

 
Figure 1: Planning Set “CE/ICA Analysis 2” Cost and Output 
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Figure 2: Planning Set “CE/ICA Analysis 2” Incremental Cost and Output 

*output is in Average Annual Habitat Units (AAHUs), **each color bar represents a mitigation option 
alternative 

 
The criteria for determining which mitigation option(s) would be used in the economic 
screening were that the option: 

1. Is a best buy option as determined by CE/ICA 

2. Meets the minimum mitigation requirement for a given alternative 

3. Is the lowest-cost option of the options that meet criteria 1 and 2 

The best buy options are evaluated for criteria 2 in Table 28. The final results of all 
criteria are shown in Table 29. 

 

Table 28: Evaluation of Best Buy Options against Minimum Mitigation 
Requirement 

Mitigation Option 
(Re-ordered by 
ascending cost and 
output) 

Fox 
Squirrel 
AAHU Gain 

Meets 
Minimum 
Mitigation 
Requirement 
for Alt 1 
(3.94) 

Meets 
Minimum 
Mitigation 
Requirement 
for Alt 2 
(2.74) 

Meets 
Minimum 
Mitigation 
Requirement 
for Alt 3 
(4.23) 

No Mitigation 0.00 No No No 

Mitigation Option 9 3.06 No No No 

Mitigation Option 15 3.93 No Yes No 

Mitigation Option 21 4.80 Yes Yes Yes 
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Mitigation Option 20 4.90 Yes Yes Yes 

Mitigation Option 23 5.97 Yes Yes Yes 

Mitigation Option 22 6.12 Yes Yes Yes 

 

Table 29: Mitigation Options and Mitigation Costs Used in Economic Screening 

Alternative Mitigation Option Used in 
Economic Screening Total Cost 

Alternative 1d: Channel Widening Mitigation Option 21 $29,311 

Alternative 2d: Levees and Floodwalls Mitigation Option 9 $18,652 

Alternative 3d: Combination Widening 
and Levees and Floodwalls 

Mitigation Option 21 $29,311 

 
Based on this analysis, mitigation option 9 would be the selected as an appropriate 
method to mitigate for impact to the riparian corridor if Alternative 2 is selected. This 
option would result in planting 5/8 inch diameter trees with 45 x 45 foot spacing over a 
seven acre area. If Alternative 1 or Alternative 3 is selected, mitigation option 21 would 
be appropriate.  Areas identified for mitigation by the project sponsor are depicted in 
Figures 3 and 4.  
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Figure 3: Map Depicting Potential Mitigation Planting Sites.   
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Figure 4. Map Depicting Potential Mitigation Planting Sites South of the Project 
Area. 
 

VIII. MITIGATION MONITORING AND SUCCESS CRITERIA 

The first year following planting the mitigation areas will be monitored under the 
warranty of the contractor.  Following the first year, the project sponsor will be 
responsible for monitoring the mitigation plantings annually to determine survival and 
overall health of the plantings.  Specific measures will be placed in the O&M plan and 
given to the sponsor.  To be considered successful the survival rate of the planting shall 
be at least 80% after the end of three years.  If the survival rate falls below 80% then 
either the contractor, if still in the warranty period, or the project sponsor will be required 
to re-plant the needed number of trees. After 3 years the trees would be considered 
established. At that point they shouldn’t require as much care except in extreme 
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situations such as drought or disease. If that should occur then the sponsor shall notify 
the Corps and consult a certified arborist to determine needed treatment. An annual 
report shall be submitted to the Corps identifying the overall health of the plantings, any 
issues that need addressed, and actions that have been taken during the year. 
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Summary 
 
The U.S. Army Corps of Engineers, Kansas City District (USACE), in cooperation with 
the City of Merriam (local sponsor), conducted a feasibility study to determine the 
Federal interest in constructing a flood risk management project in the City of Merriam 
in Johnson County Kansas along Turkey Creek.  This feasibility study was conducted 
under the authority of the Resolution of the Committee on Transportation and 
Infrastructure, U.S. House of Representatives, Docket 2616, adopted February 16, 
2000.  The Recommended Plan is a system of levees and floodwalls in the City of 
Merriam.  These features extend approximately from Shawnee Mission Parkway to 
Merriam Drive, which is a stretch of the creek that flows through downtown Merriam, as 
well as a commercial and industrial area just south of Johnson Drive.  The 
Recommended Plan includes approximately 6,800 feet of floodwall up to 6.5 feet in 
height, 3,400 feet of levees up to 6 feet in height, a total of 4,000 feet of storm drainage 
work, and a 2.14-acre-foot volume detention area.    
 
Alternatives 
 
A total of five alternatives, including the “No-Action” alternative, were evaluated in terms 
of individual and cumulative effects for the proposed project, which are addressed 
below. 
 
“No-Action” Alternative:  Under the “No-Action” Alternative, no additional flood 
protection along Turkey Creek in the City of Merriam would be constructed.  The areas 
along Turkey Creek would continue to be susceptible to flooding during large rainfall 
events.   
 



U.S. Army Corps of Engineers – Kansas City District 

Alternative 1d – Channel Widening:  Channel widening was considered as a flood 
abatement measure in areas where overbank expansion was available.  This alternative 
would consist of widening the channel to meet the 1-percent annual chance flood event 
(100-year return interval).  Channels would be lined with biostabilization, rip-rap or 
concrete block measures.  Areas that require steeper slopes in excess of 1H:1V would 
be treated with hardened revetments, such as pre-cast block retaining wall or the local 
limestone blocking currently used by Merriam Drainage District in the Merriam 
downtown stream reaches.  Bridge modifications were also considered in channel 
widening alternatives. 
 
Alternative 2d – Levees and Floodwalls (NED/Recommended Plan):  This 
alternative would construct a system of levees and floodwalls along Turkey Creek in the 
City of Merriam approximately from Shawnee Mission Parkway to Merriam Drive.  This 
alternative would also include modification of storm sewer line, installation of flap gates 
on drainage structures discharging to the creek, expansion of a pedestrian bridge 
across the creek, replacement of sewer and water lines crossing Turkey Creek, and a 
2.14-acre-foot volume grass detention basin. 
 
Alternative 3d – Combination of Channel Widening and Levees/Floodwalls:  This 
alternative would construct a system of levees and floodwalls along with channel 
widening and flap gates, modification of storm sewer, and expansion of a pedestrian 
bridge as discussed under Alternative 2d.  Levee and floodwall heights would be 
considerably lower than those proposed under Alternative 2d as a result of reductions in 
water surface elevations that would occur due to the channel widening. Rip-rap would 
be used for stabilization under this alternative.  
 
Alternative 4 – Non-structural Buyout:  This alternative would consist of buying at-
risk structures and removing them from the floodplain and relocating occupants to 
another location outside of the floodplain.  Once the structures are removed the area 
would be considered for restoration. 
 
Summary of Environmental Impacts 
 
The Recommended Plan would help reduce flood risk to structures along Turkey Creek 
in the City of Merriam, Kansas.  The Recommended Plan would not adversely impact 
any Federally-listed threatened or endangered species or their habitats.  Approximately 
1,000 cubic yards of clean rip-rap would be placed below the ordinary high water mark 
along several reaches of Turkey Creek.  The limestone revetment blocks currently in 
these locations would be removed and replaced by the rip-rap for a net balance of fill 
below the ordinary high water mark following construction.  No wetlands would be 
impacted by the proposed project.  Approximately 3.6 acres of trees would be removed 
for construction of the levees/floodwalls.  These trees, located along the riparian 
corridor, are mostly in manicured turf grass, park-like settings that are immediately 
adjacent to the creek.  This would create a minor long-term impact to wildlife. Mitigation 
for these impacts is described below.  There would be a positive impact to safety and 
economics from decreasing the flood risk adjacent to the channel.  There would be 
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temporary construction-related impacts including noise, soils, and water quality, which 
would subside after construction is complete.  There would likely be no impact to 
cultural or historic resources. 
 
Mitigation Measures 
 
The Recommended Plan would result in 3.6 acres of riparian floodplain trees being 
removed during construction.  To compensate for the loss, 185 hard mast producing 
trees would be planted over a 7-acre area within the Upper Turkey Creek watershed.  
Habitat Evaluation Procedures (HEP) with the Fox Squirrel habitat suitability index (HSI) 
model was utilized to determine needed mitigation for the riparian floodplain trees.  The 
Green Sunfish HSI was utilized to determine the effect on aquatic habitat.  No long-term 
adverse impacts to aquatic habitat were projected for the Recommended Plan; 
therefore, no mitigation is warranted or suggested for aquatic habitat. 
 
Public Involvement 
 
A public workshop was held on July 25, 2001, at the Merriam City Hall to explain to the 
public the scope of the Reconnaissance Study.  On July 17, 2003, a Turkey Creek 
Awareness Workshop was held at the Antioch Public Library in Shawnee Mission, 
Kansas, to explain the ongoing activities of local, state and Federal organizations and 
discuss future management of Turkey Creek.  A Concepts Workshop was held on 
September 16, 2004, to present and discuss preliminary concepts for flood risk 
management.  The final project alternatives were presented to the public at an October 
19, 2011 meeting at the Community Center in the City of Merriam.  USACE circulated a 
Notice of Availability (Notice) on June 27, 2013 for the Feasibility Report with Integrated 
Environmental Assessment (EA) and Draft Finding of No Significant Impact (FONSI). 
The thirty-day comment period was extended for the public and resource agencies to 
have a closing date of August 21, 2013.  The Notice was e-mailed to individuals, 
agencies, and businesses listed on the USACE Regulatory mailing list.  The Feasibility 
Report/EA and Draft FONSI were also made available on the USACE webpage and 
hard copies were provided on request.  A public meeting was held in conjunction with 
the open comment period on August 14, 2013, at the Merriam City Hall to detail the 
Recommended Plan and take comments on the draft Feasibility Report with Integrated 
Environmental Assessment.  All comments received during the public review period 
were addressed.  Comments were received during the public review period from the 
following entities: Kansas State Historic Preservation Officer, Kansas Department of 
Wildlife, Parks, and Tourism, U.S. Environmental Protection Agency, U.S. Fish & 
Wildlife Service, and a letter signed by two private citizens.  There were no comments 
that required reevaluation of the alternatives, identification of a new Recommended 
Plan, or a critical change to the impact analysis.  Copies of the substantial comments 
from the letters and USACE responses can be found in Chapter 8 of the Main Feasibility 
Report.  The actual letters can be found in Appendix H. 
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Conclusion 
 
After evaluating the anticipated environmental, economic, and social effects of the 
proposed activity, it is my determination that construction of the proposed project does 
not constitute a major Federal action that would significantly affect the quality of the 
human environment; therefore, preparation of an Environmental Impact Statement is not 
required. 
 
 
 
Date: ____________________     __________________________________________ 
                                                               Andrew D. Sexton 
                                                               Colonel, Corps of Engineers 
                                   District Commander 
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Mitigation Plan 

Upper Turkey Creek 

Johnson and Wyandotte Counties, Kansas 

Flood Risk Management Project 

 

Description of the Mitigation 

The proposed project would result in a loss of 3.6 acres of tree canopy cover.  These 
trees are mostly mast producing trees with a manicured grass understory.  The model 
that best met this habitat type was the Habitat Evaluation Procedures (HEP) Fox 
Squirrel Habitat Suitability Index (HSI) model.  Applying the Fox Squirrel model to the 
preferred alternative resulted in a loss of 2.7 Average Annual Habitat Units (AAHU) over 
the life of the project.  The mitigation that most closely matched the habitat loss is the 
planting of hard mast trees such as oaks, walnut, and pecans in open areas within the 
watershed. 

Twenty-four mitigation options were developed for evaluation utilizing the IWR-Planning 
Suite, Cost Effectiveness (CE)/Incremental Cost Analysis (ICA) process.  Variables in 
the options included the size of tree to be planted, the density of the planting, and the 
number of acres to be planted.  The CE/ICA indicated that the option that best met the 
number of AAHU’s needed for the most cost effective value was the planting of 185 
hard mast producing 5/8th inch caliper seedlings over a 7 acre area. 

Type, Amount, and Characteristics of the Habitat being Restored 

The project is in a highly urbanized area containing mostly commercial/industrial 
buildings very near the creek, along with several park areas.  Due to the highly 
developed nature of the area, most of the remaining trees are located in areas with little 
underbrush and a manicured grass understory.  The canopy is relatively open.  The 
proposed project would remove approximately 3.6 acres of tree canopy cover from 
mostly mast producing trees, resulting in a net loss of 2.7 AAHUs. 

To mitigate for this lost habitat, 185 hard mast producing trees (oaks, walnut, pecan, 
etc,) with an initial size of 5/8-inch caliper diameter will be planted within the watershed.  
Trees will be planted over a 7 acre area that is currently open and devoid of trees.  The 
seedlings will be on approximately 45 foot centers creating a semi-open canopy when 
matured.  The city owns several park areas located near Upper Turkey Creek that could 
be used for this mitigation. 
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Ecological Success Criteria 

To be considered successful the survival rate of the plantings should be at least 80% 
after 3 years following planting.  If, at any time within the first 3 years the survival rate 
falls below 80%, then the trees must be replaced with like trees.  After 3 years the trees 
will be considered significantly established enough to ensure long-term survival.  The 
habitat being created is designed to provide habitat for fox squirrel, however, all animals 
within the area should benefit by the plantings.   

Monitoring 

The first year following planting the mitigation areas will be monitored under the 
warranty of the contractor.  Following the first year, the project sponsor and USACE will 
be responsible for monitoring and documenting success of the trees until the success 
criteria have been met. If the survival rate falls below 80%, then the trees must be 
replaced with like trees using project funds.  After 3 years the trees will be considered 
established to ensure long-term survival.  Specific measures detailing the monitoring 
procedures and timing will be placed in the O&M plan and given to the sponsor.  A 
report should be prepared  annually until ecological success has been determined that 
that details when the survey was done, and who did the survey (including their 
expertise), overall survival rate of the plantings, overall health of the trees, and 
recommendations, if any, to improve the health and survivability of the plants.  If the 
survival rate has fallen below 80%, then a brief outline of the number and species of 
trees to be replanted, and the schedule for when the replanting will occur. 

Contingency Plan (Adaptive Management) 

The trees will be overplanted by approximately 20% with the expectation that not all of 
the trees will survive.  This percentage is based on experience from other similar 
projects within the District. If during the first year following planting the survival rate falls 
below the 80% survival rate, the contractor shall replant like trees..  The contractor will 
not be released from the warranty until such action is accomplished.  Until the 
ecological success criteria have been met, the project sponsor and USACE will be 
responsible for replacing trees that have not survived.  During periods of prolonged 
drought, the trees may be watered to improve survival rates. Any problems with insects 
or disease will be dealt with on a case by case basis with input from appropriate 
experts/agencies as needed. 

Lands 

A total of 7 acres of land within the Upper Turkey Creek watershed that are currently 
lacking trees are required to establish the mitigation planting area.  The city currently 
owns several park areas on or near the project area that contains potential planting 
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sites.  A map depicting the potential sites can be found in Figures 3 and 4 of the 
Compensatory Mitigation Determination, Appendix M. A total of 18 park areas 
consisting of approximately 10 acres of suitable area is currently available for mitigation 
plantings. 
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