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Chapter A-14 
CID-KS Structural Features 

 

A-14.1 Overview 
This chapter addresses the structural features (floodwalls, gatewells, and closure 

structures) for the Kansas Central Industrial District (CID-KS) unit which includes both 
existing conditions and future with project conditions.  The existing conditions of the 
structural features are addressed first, followed by a separate evaluation of future 
alternatives for raising the current level of protection (N500, N500+3’, and N500+5’).  
The existing condition evaluation includes assigning reliability to the structures.  The 
future conditions section addresses the approach taken to meet the impacts due to each 
raise option.  For general structural methodology refer to the general structural chapter. 

 
Note: Elevations reference the NGVD29 datum as information was obtained from 

record drawings 

A-14.2 Assumptions 
See the General Structural chapter for general KC Levees Structural Feasibility 

Assumptions.  The following assumptions are in addition to those general assumptions, 
applying specifically to the CID Kansas Unit.  

1. Due to smaller geotechnical strengths, only the long-term load case of the 
seemingly critical closure or floodwall was analyzed with consideration of pile 
strengths. 

2. The footer’s heel and toe maximum moments occur at the stem. 
3. For a consistent risk and economic comparison with other units’ T-wall results, 

axial tension in the heel of T-walls was not analyzed. 
4. Heels of T-walls were analyzed without contribution of key forces producing a 

pure moment into the heel.  This moment is usually small in comparison with 
heel forces.  Also, the heel was analyzed for net vertical pressures only. 

5. Material properties could not be determined from existing documentation for a 
majority of the structures on the CID-KS unit.  The floodwalls from Sta. 27+84 
to 36+62 and from 102+74.60 to Sta. 180+00 were constructed in the mid 1930s.  
Material properties could not be determined for these structures.  As a result, 
estimated steel strengths, concrete strengths, and standard deviations were used 
for all strength analysis and risk computations for these structures on the CID-KS 
unit as noted in the previous section on Structural Analysis Methodology.  For 
the floodwall from Sta. 74+36 to 77+28, the material properties as designated in 
the “CID Kansas Section; Analysis of Design to accompany Construction Plans” 
was used for analysis.  The floodwalls from 26+72 to 27+84 and from 36+62 to 
40+31 would have also been designated by this documentation, but the older 
floodwall from Sta. 27+84 to 36+62 controlled the analysis for this section of 
floodwall. 

6. The following checks were not performed on the floodwalls because they were 
assumed likely not control:  tension pile embedment, punching shear of pile 
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through cap, vertical and horizontal bearing of pile and cap, and horizontal shear 
in cap (at sheetpile) and in all piles.   

7. During initial floodwall calculations using the CASE CPGA software, default 
values for C33, the axial stiffness modifier for embedded portion of the pile, 
were used based on the User’s Guide for CPGA.  These default values used were 
1 and 2 for full tip bearing and full skin friction respectively.  Upon further 
investigation during other project design phases, it was found that variations 
from these scenarios results in redistribution of loads in the analysis.  Additional 
steps were taken to calculate some site specific C33 values for different pile 
types and the calculated C33 values were used for all of the existing conditions 
evaluations and the most critical future condition evaluation.  It was determined 
that smaller calculated values of C33 were appropriate based on site specific 
data.  The smaller C33 values typically resulted in a more even distribution of 
load and therefore a larger factor of safety for most of the piles than when using 
the default C33 values.  Any calculations with a value of 2.0 or 1.0 for C33 
should be reviewed during design phase and site specific information should be 
used for the calculation of C33 in lieu of the default values.        

 

A-14.3 Soil Material Properties 
The soil properties used for the CID-KS calculations are located in Table A14-1.  

These values were used for general blanket properties in the structural calculations. Soil 
to structure friction and cohesion interaction was typically neglected for stability and 
strength calculations.  However, where necessary, this behavior was considered under 
geotechnical guidance.  

 Foundation Blanket Fill (cinders/rubble) 

Friction Angle (drained shear strength) 24o 21o 

Cohesion - - 

Moist unit wt. 110pcf 110pcf 

Saturated unit wt. 115pcf 115pcf 

Wall to soil friction coefficient 
(used in gatwell uplift) 

0.25 0.25 

Table A14-1 
CID-KS Soil Properties 

 

A-14.4 CID-KS Existing Conditions 

A-14.4.1 Existing CID-KS Floodwalls 
Floodwalls on the CID-KS unit consist of two separate floodwalls on timber piles 

and one concrete pile founded floodwall.  For each of these walls the existing condition 
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was evaluated. The evaluation entailed analysis of existing reliability and recommending 
solutions for any existing condition deficiencies.  See the structural analysis appendix 
chapter for further information on reliability analysis.   
 
The existing CID-KS floodwalls are as follows: 

• Sta. 27+84 to 36+62 timber pile founded floodwall constructed in 1937 and raised 
approximately 3-feet in 1950. 

• Sta. 26+72 to 27+84 and 36+62 to 40+31 timber pile founded floodwall constructed 
in 1950. 

• Sta. 74+36 to 77+28 concrete pile founded floodwall constructed in 1950 and raised 
approximately 1.8-feet as part of the 1962 Modification (62 Mod) in 1979. 

• Sta. 102+74.60 to 180+00 timber pile founded floodwall constructed in 1937 and 
raised up to approximately 2-feet in 1950 

• Sta. 102+74.60 to 166+25 timber pile founded floodwall raised approximately 3-
feet as part of the 1962 Modification (62 Mod) in 1979.  Wall from 166+25 to 
180+00 was not raised. 

This does not include walls that are part of a closure structure (see closure structures 
section) 

A-14.4.1.1 26+72 to 40+31 Floodwall:  
The original floodwall on timber piles from Sta. 27+86.16 to Sta. 36+64.17 was 

constructed around 1937.  The wall was originally constructed on 12” diameter timber 
piles with provisions for a future raise (Type “C” floodwall). 

In 1950, the original wall was raised, the heel was extended, and a precast 
concrete sheet pile cutoff wall was added to the heel.  Also in 1950, additional walls 
upstream and downstream of this wall were constructed from Sta. 26+72.66 to 27+86.16 
(Type “D” floodwall) and from Sta. 36+64.17 to Sta. 40+31.25 (Type “D” floodwall). 
These walls were also constructed on timber piles and included a 12” precast concrete 
sheet pile cutoff wall.  Information from “Analysis of Design to accompany Construction 
Plans” Feb 1946, which accompanied the drawings, provided design assumptions for the 
piles.  See CID-KS Structural Exhibit 1 for details of this wall. 

The result is a uniform wall from Sta. 27+86.16 to 40+31.25 for which most 
construction information is known.   The designs of the two different eras are very similar 
and we assumed the only significant difference from the original and more recent 
construction was possibly greater material strengths.  Assumed material strengths used 
for analysis were based on historical data for the original construction in 1937. 

A portion of floodwall from Station 39+66 to 40+06 was modified in October 
2000 “Central Industrial District Flood Wall Rehabilitation PL 84-99”.  Deformation 
noted at the stem was the reason for the modification.  The modification involved 
exposing the landside toe, adding a new repair stem, and repairing the waterstop.  During 
the rehab work, the tops of the piles were exposed.  The exterior of the piles were noted 
not to have any deficiencies, but no pile testing was done. 

The controlling section of wall for analysis was the section from Sta. 40+06 to 
40+31 because it has the greatest pile spacing. 
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For existing conditions, with water to top of wall, the monolith analyzed for this 
floodwall reach met the screening factors of safety.  The factors of safety are provided in 
Table A14-2.   

A-14.4.1.2 74+36 to 77+28 Floodwall:  
The original wall was constructed in 1950 and was raised in 1979 as part of the 

62 Mod.  See CID-KS Structural Exhibit 2 for details.  The wall is essentially a tie back 
wall for two railroad bridges; the Missouri Pacific Railroad and the Union Pacific 
Railroad with levees at either end of the floodwall.  This wall actually consists of three 
walls and are broken up as follows:   

• From Sta. 74+35.94 to the MoPac Railroad Bridge abutment wall at 
approximately Sta. 75+25 (Type “A” floodwall) 

• From Sta. 75+76 to 75+92  
• From the Union Pacific Railroad bridge abutment wall at approximately Sta. 

76+42 to Sta. 77+27.75 (Type “A” floodwall) 
The record drawings from the 1950 construction and the record drawings from 

the 62 Mod do not show the details of the floodwall.  The 62 Mod record drawings shows 
a very rough sketch of that wall, but no details were found.  These walls are acting more 
as retaining walls than floodwalls.  There is very little exposed stem on the land side.  

There was also a retaining wall inland of the Mo. Pac. Railroad bridge that was 
detailed and constructed in 1950.  This wall retained fill for the railroad slot that 
paralleled the floodwall and went under the MoPac Railroad and toward the stockyards 
upstream of this location.  This retaining wall was buried during the 62 Mod and was not 
analyzed for this feasibility study.  

The controlling section of wall for analysis was the Type “A” floodwall.  The 
Type “A” floodwall is founded on 18”x18” precast concrete piles with a 12” precast 
concrete sheet pile cutoff wall at the heel.  As shown in the results the capacity of the 
floodwall far exceeds what is required.  It is likely that the walls were designed more as 
retaining walls with large railroad live loads than as floodwalls.  This floodwall with 
water to top of wall met the screening factors of safety.  The factors of safety are 
provided in Table A14-2.  

A-14.4.1.3 102+74 to 179+81 Floodwall:  
This floodwall was originally constructed in 1937, it was raised in 1950 and a 

portion of it was raised again in 1979 (62 Mod).  The original wall starts at Sta. 
102+73.38 and ends at 179+81.15 and was raised in 1950 for that whole length.  For the 
62 Mod raise, it was raised from Sta. 102+73.38 to Sta.166+25 and a stop log gap was 
constructed perpendicular to the channel at Sta. 166+25.  The remainder of the wall from 
Sta. 166+25 to 179+81.15 was not raised with the 62 Mod.  See CID-KS Structural 
Exhibit 3 for details. 

The original construction from 1937 consisted of two types of floodwalls on 
timber piles with provisions for a future raise and are detailed as follows: 

• Sta. 102+73.38 to 120+01.12  Type “C” floodwall 
• Sta. 120+01.12 to 162+90.66  Type “B” floodwall 
• Sta. 162+90.66 to 175+66.22  Type “C” floodwall 
• Sta. 175+66.22 to 179+81.15  Type “B” floodwall 
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In 1950 the stem was raised varying from approximately 0.6-feet to 2-feet.   
In 1979 with the 62 Mod, the following modifications were made from Sta. 

102+73.38 to Sta.166+25: 
• stem was raised up to 4.5-feet, 
• counterforts and buttresses were added 
• riverside base was extended 
• steel sheet pile cutoff wall was constructed at the heel 
 

The floodwall upstream of the stop log gap at Sta. 166+25 that was not modified 
with the 62 Mod, was not analyzed for this feasibility study because it does not provide 
the existing required level of protection.  The floodwall sections from 102+74 to 166+25 
are very similar with very minor soil elevation variations.  Total heights range from 13-
feet to 15-feet and exposed stem heights range from 5-feet to 13-feet’.  Information from 
“Analysis of Design to accompany Construction Plans” Feb 1946, which accompanied 
the drawings, provided design assumptions for the piles.   

The monolith between Sta. 162+39.20 and Sta. 162+91.20 (Type “B” 
floodwall)was the controlling monolith for analysis because of the smaller footing 
thickness, wider counterfort spacing, smaller stem width at the base, and the tallest Type 
“B” floodwall monolith.   

For existing conditions, with water to top of wall, this monolith did not meet the 
screening factors of safety and a reliability was calculated as shown in as shown in Table 
A14-2. 

A-14.4.1.4 Floodwall Existing Conditions Summary 
A pile investigation contract was awarded in 2010 to determine the capacity and 
condition of the floodwall’s existing timber piles.  The contract scope was to determine 
the overall timber piles condition through visual inspection and geophysical testing.   The 
piles were exposed in 2 locations and the following information was collected:  integrity 
of the pile cap/soil interface along the base of the floodwall, lengths of the partially 
exposed piles, overall condition of the partially exposed piles utilizing sonic 
echo/impulse response (SE/IR) methods, pile core samples for laboratory testing.  The 
piles were found to be in good condition.  SE/IR test methods provided pile length and 
condition information.  The 20ft pile length shown on the Record Drawings was verified 
by the SE/IR test to be the minimum pile length.  The sonic impulse velocity 
(longitudinal and across the diameter) indicated the condition of most of the piles were 
sound.  Some piles were noted as cracked or split, but are described as surficial cracking 
and assumed to have been in that condition since construction.  The timber species was 
determined to be southern pine and the creosote penetration depth was determined to be 
acceptable for the majority of the piles through laboratory testing of core samples.  Low 
levels of fungal colonization were also noted from the core samples.  It was concluded 
that in general, the investigation results indicate the piles are in excellent physical 
condition with sufficient preservative retention levels to produce satisfactory service for 
(fill in the blank amount of time?).  At most locations along the floodwall investigation 
locations the pile cap/soil interface was intact and in other locations up to 3/4” of roofing 
was observed.  The roofing extended riverward to the floodwall key.  Refer to the 
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“Investigation and Testing of Existing Flood Wall Piles, Pile Assessment Report”, March 
2011 by HNTB for more detailed information. 
   
  

Timber Pile

1.5 Req'd 
for strength

Meets 
allowable Axial 
Compression 
and Tension 

loads 
(geotech)?

1.5 Req'd 
for strength

Meets 
allowable Axial 
Compression 
and Tension 

loads 
(geotech)?

Axial (ALF<1), 
Combined 

Compression and 
Bending (CBF<1), 

Shear meet 
allowables?

26+72 to 40+31 40+06 to 40+31 1.9 7.2 YES NA NA ALF=0.60  CBF=0.33     
SHEAR OK

Wall flexural steel 
riverside 

controlling 
mechanism

74+36 to 77+28 NA 3.5 23.8 YES 30.5 YES NA
acts more as a 

retaining wall than 
a floodwall

102+73 to 179+81 138+95 to 162+91 2.2 NA NA NA NA
ALF=0.65            
CBF=0.93   

Vallow/Vu=0.8 - NG

Timber Pile shear 
POF analysis

99.8% 
calculated

ReliabilityWall/ Pile Cap
(1.5 Req'd)

Concrete Sheet Piling Concrete Pile

CID-KS FLOODWALLS - Pile Foundation Floodwalls -                                                                                                            
Existing Conditions with Water to Top of Wall

Station Controlling Wall 
Cross Section

Factors of Safety

Comments

 
Table A14-2 

CID-KS Existing Floodwall Conditions 
 

A-14.4.2 Drainage Structures Existing Conditions 
The results for the complete analysis of the CID-KS gatewells existing conditions 

are presented in Table A14-3.  Most information (wall thicknesses and reinforcement size 
and spacing) was available for the gatewells.   

All of the gatewells, with the exception of the gatewell at Sta. 67+65 and 106+49, 
met the screening factors of safety.  A reliability analysis was done for the gatewells at 
Sta. 67+65 and 106+49 and the results are as shown in Table A14-3. 

The gatewell at Sta. 124+83 is located at the Turkey Creek Sewer and is used to 
operate the emergency gates for the Turkey Creek Sewer.  The gatewell was constructed 
on top of, and is integral with, the existing sewer culvert. The gates are at the upstream 
end of the sewer, therefore when the Kansas River level rises the water rises in the 
gatewell and around the gatewell.  So the water is equalized on both sides of the gatewell 
walls.  Therefore the gatewell structure was not analyzed for uplift or strength. 

To address the existing conditions reliability issue for the gatewell at Station 
67+65, a concrete collar with a mass of approximately 15 kips, or 100 cubic feet of 
concrete, would need to be added to the top of the gatewell to add additional weight to 
the structure to improve the uplift factor of safety to the 1.1 required.  No modifications 
to the gatewell at Station 106+49 are recommended for existing conditions. 

For further information regarding the typical gatewell analysis approach and 
examples see the general structural methodology chapter of this appendix. 
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Station

Uplift Factor 
of Safety 

(> 1.1 Req'd)

Strength Factor of 
Safety

(> 1.5 Req'd)
Controlling Structural 

Mechanism Reliability
83+52 CID-MO STA. 2.5 1.6 Wall Shear
87+60 CID-MO STA. 1.8 1.7 Wall Shear

10+81 1.7 1.9 Wall Bending
19+90 2.5 1.8 Base Slab Moment
50+98 1.6 5.4 Base Slab Moment
52+07 1.5 8.2 Base Slab Moment

56+91.5 2.1 4.8 Base Slab Moment
58+12 2.6 2.8 Wall Flexural Steel
62+78 1.4 5.1 Base Slab Moment
67+65 0.9 2.6 Base Slab Moment 10% calculated
71+70 1.3 3.3 Base Slab Moment
77+80 1.2 1.8 Base Slab Moment
80+90 3.7 2.1 Base Slab Moment
84+90 3.9 1.9 Base Slab Moment
88+19 3.8 2 Base Slab Moment
94+32 3.6 2.6 Base Slab Moment
98+05 3.4 2 Base Slab Moment
102+52 3.1 3.4 Base Slab Moment
106+49 2.2 1.3 Wall Bending 99.8% calculated
124+83 * * *
138+29 2.5 2.5 Base Slab Moment
152+28 1.8 2.5 Base Slab Moment
159+70 1.2 3.7 Base Slab Moment
167+95 NA 5.6 Wall Bending

*Gatewell at Station 124+83 is located at the Turkey Creek Sewer and is used to operate the emergency 
gates for the Turkey Creek Sewer.  The gatewell was constructed on top of and integral with the existing 
 sewer culvert. The gates are at the upstream end of the sewer, therefore when the Kansas River level rises
 the water rises in the gatewell as well so the water is equalized on both sides of the gatewell walls.  
Therefore the gatewell structure does not need to be checked for uplift or strength.  

CID KANSAS LEVEE UNIT - GATEWELLS                                   
Existing Conditions with Water to Top of Protection

  
Table A14-3 

CID-KS Existing Gatewell Conditions 
 
 

A-14.4.3 Closure Structures Existing Conditions 
The reliability for the CID-KS closure structures are given in Table A14-4.  Some brief 
points and conclusions follow.  
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Station Crossing

Overturning 
% Base in 

Compression
(25% Req'd)

Bearing,
Factor of Safety

(2.0 Req'd)

Sliding
Factor of Safety             

(1.1 Req'd)

Wall Strength
 Factor of Safety (1.5 

Req'd)

104+51.50 CRI&PRR bridge 100% 1.78 144.8 3.0
132+20 KC Terminal Bridge --- --- --- 0.7
166+31 Upper End Gap 89% 1.41 1.6 1.6

Stoplog Post        
(1.5 Req'd)

Stoplog Guide       
(1.5 Req'd)

Stoplog          
(1.5 Req'd)

Post Well              
(1.5 Req'd)

104+51.50 CRI&PRR bridge --- 2.9 NOI* ---
132+20 KC Terminal Bridge 1.82 2.22 meets criteria 3.65#

166+31 Upper End Gap 1.87 4.6 2.0 1.7
Note:   NOI=not enough information

**Not Enough Information (NOI) to determine post well capacity.  Assume ok b/c integral to bridge abutment.

104+51.50 CRI&PRR bridge 94% calculated

132+20 KC Terminal Bridge 0.6% calculated

166+31 Upper End Gap 80% calculated

CIDKS Stoplog Gaps: Spread Footing (Existing Condition with Water to Top)

Factors of Safety 
CrossingStation

CIDKS Stoplog Gap, Continued (Existing Condition with Water to Top)

Complete Drawings and specifications available

CIDKS Stoplog Gaps Reliability  (Existing Condition with Water to Top)

*stoplog gap was filled in with concrete - therefore no stoplogs to analyze.  No plans have been found that details the reinforcing put 
into that concrete in-fill.  Calculated that the reinf required to meet the 1.5 FS would be #8 @ 8". 

Comments

Details of the concrete placed to fill in the stoplog gap are 
unknown.  
Calculated Reliability.  12" backwall is not substantial enough 
to take water to the top of the wall.

Station Crossing Reliability

# The post well is integral with the bridge abutment, so the well is assumed to be stout for bending and shear, but the post well was 
checked for bearing and shear due to loads from post

 
Table A14-4 

CID-KS Existing Closure Structure Conditions 

A-14.4.3.1 104+51.50 CRI&P RR Bridge 
This bridge and the tracks at this stoplog gap have been abandoned.  In 

conjunction with the abandonment of the bridge, the gap was filled in with concrete.  The 
details for that concrete fill were not found.  The concern that the concrete fill may not be 
adequate was discussed with the sponsor who verified that the plans were submitted to 
the Corps of Engineers and accepted.  All other information for this crossing was 
available.  For existing conditions with water to top of wall, this stoplog gap did not meet 
the screening factor of safety for bearing and reliability was calculated.  The factors of 
safety and reliability values are provided in Table A14-4.   

A-14.4.3.2 132+20 KC Terminal Bridge 
The details of this closure structure were included in the KC Terminal Bridge and 

Approach Alteration Plans which are separate from the O&M drawings.  The As-built 
plans date to May 1964.  The plans show the construction of the stoplog gap is integral to 
the bridge abutment.  Therefore this closure structure was not analyzed for bearing, 
overturning or sliding.  For existing conditions with water to top of wall, this stoplog gap 
did not meet the screening factors of safety and a reliability was calculated.  The factors 
of safety and reliability values are provided in Table A14-4. 
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To address the existing conditions reliability issue for this stoplog gap, the 
backwall would need to be thickened by 18” and a layer of reinforcing would need to be 
added to the thickened portion of the backwall.  The wall would need to be thickened 
from approximately Elev. 753.17 to approximately 4.75-feet from the top of the wall for 
a total height of 8-feet. 

A-14.4.3.3 166+31 Upper End Stoplog Gap 
This stoplog gap is perpendicular to the floodwall at this station and ties into the 

bluff on the landside.  Plans for this structure were available in the O&M drawings for 
the ’62 Mod.  For existing conditions with water to top of wall, this stoplog gap did not 
meet the screening factor of safety for bearing and reliability was calculated.  The factors 
of safety and reliability values are provided in Table A14-4.   

 

A-14.5 Future With Project Conditions  
Future conditions include the alternatives and recommendations for raising the 

unit elevation to the river stage of the nominal 500 year flood (N500), the nominal 500 
plus 3 ft (N500+3), and the nominal 500 plus 5 ft (N500+5).  The primary emphasis for 
the evaluation was on the N500+3 with abbreviated approach to the N500 and N500+5.  
This was achieved by using the results from the N500+3 and the existing conditions to 
estimate the N500 and N500+5. 

A-14.5.1 Floodwall Future Conditions at Existing Floodwall Stations 
The following discussion and results are for stations where walls currently exist. 

The following alternatives are a summary of the thought process that was used to develop 
the final recommendation for the nominal 500 event plus 3ft (along with a brief 
discussion of the N500 and N500+5) where walls currently exist.   

Based on the 2010 pile investigation it was assumed that the existing timber piles 
are in good condition and are still structurally adequate to handle a floodwall raise.  The 
pile investigation was limited in nature and does not eliminate uncertainty of the 
condition of the remaining existing timber piles.  It is assumed that for all options with 
timber piles a more complete sampling and testing measure will need to be implemented 
during design or construction. 

In addition to timber pile testing, a representative sampling of concrete should be 
performed during design or construction to validate the material strength used in 
calculations.   

Refer to the structural methodology for more information on formulation of the 
general floodwall alternatives.  Also, for background information on existing walls, refer 
to the existing conditions section of this chapter.  

A-14.5.1.1 Station 26+72 to 40+31: 

A-14.5.1.1.1 Nominal 500+3ft, 1 ft raise 
• Alternative 1:  Floodwall raise  
• A floodwall raise for this portion of floodwall is feasible from an existing 

structural capacity standpoint.  The analysis shows that for the stem to be 
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extended, the stem would be need to be widened by 12 inches near the base on the 
riverside face of the wall.  Widening the stem to the landside face increases axial 
load on that pile under it and then the axial load exceeds the capacity.  The pile 
capacity, for a proposed raise, changes very little in this reach because the raise is 
very small.  Based on the CPGA analysis, the existing piles meet allowable loads.  
Based on the Group analysis, the deflections for a floodwall raise on existing piles 
are less than an inch. 

• Alternative 2:  Levee with floodwall acting as retaining wall (DEEMED NOT 
APPLICABLE) 
This existing floodwall was investigated to determine if it could act as a retaining 
wall for the additional landside soil (landside levee construction).  The controlling 
typical section was investigated (refer to existing conditions for more 
information), and it was found that the wall cannot retain enough soil to construct 
a landside levee. 

• Alternative 3:  Replace floodwall with new levee (DEEMED NOT 
APPLICABLE) 
Real estate is not available for this option. 

• Alternative 4: Replace floodwall with new floodwall (staged construction) 
A new floodwall will be constructed in-line with the existing floodwall by way of 
staged construction.  This method of construction will require temporary 
protection, sequenced construction and building around existing piles.  Special 
considerations may need to be made where the Mistletoe Pump Station is located 
on this wall. 

• Alternative 5: Replace floodwall with new floodwall (offset construction) 
A new floodwall will be constructed offset landward of the existing floodwall.  
This method of construction will require additional right-of-way and possibly 
utility relocations.  Special wall transitions will be needed at the Mistletoe Pump 
Station and at each end of the floodwall where it ties into the James Street bridge 
abutment and the KCS bridge abutment.   

 
• Recommendation: 

o Alternative 1-because the existing timber piles appear to be in satisfactory 
condition, raising the existing floodwall should be most cost effective.  
See Section A in the Mapbook 

A-14.5.1.1.2 N500 and N500+5’ Events 
• N500: For the nominal 500 event the wall would not need to be raised and the 

existing structure is adequate for this event. 
• N500+5’:  For this 3 ft raise, raising the existing floodwall would require 

thickening the stem at the base, extending the toe and adding a row of auger cast 
piles.  Another alternative would be to replace the wall, but may be less cost 
effective.  
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A-14.5.1.2 Station 74+36 to 77+28  

A-14.5.1.2.1 Nominal 500+3ft, 3 ft raise 
• Alternative 1:  Floodwall raise 

A floodwall raise for this portion of floodwall is feasible from an existing 
structural capacity standpoint.  The analysis shows that for the stem to be 
extended, the stem would be need to be widened by 20 inches near the base, a 24” 
auger cast pile would be added on the landside and the toe would be extended 
landward.  New buttresses would be required at 8ft centers to transfer forces at 
the toe extension. 

• Alternative 2 : Floodwall raise and replacement 
A floodwall raise is feasible as described in Alternative 1, however from a 
constructability standpoint it may be best to raise a portion of the floodwall and 
replace other portions.  There are Missouri Pacific and Union Pacific railroad 
bridges that intersect this section of floodwall.  This alternative specifies raising 
the floodwall from Sta. 74+35.94 to 75+25 and modifying that section of 
floodwall as described in Alternative 1 and replacing the floodwall from Sta. 
75+76 to 77+27.75 with a T-wall type floodwall on auger cast piles.  This will 
better facilitate the new construction of the stoplog gap at the Union Pacific 
railroad bridge by constructing new wall upstream of the new stoplog gap rather 
than trying to tie the old wall into the new gap structure.  A special wall will need 
to be constructed between the bridges to allow for a sand bag gap on the current 
wall alignment at the Missouri Pacific railroad bridge and an stoplog gap 
landward of the existing sandbag gap at the Union Pacific railroad bridge. 

• Alternative 3:  Floodwall replacement 
Although the existing floodwall is structurally adequate to be raised for this 
project, it may be a cleaner solution to construct all new T-wall type floodwall on 
auger cast piles on alignment landward of the existing floodwall for this short 
portion of wall.  There are two railroad bridges to construct around and the new 
stoplog gap would need to be offset from the original alignment.  To tie into the 
new stoplog gap and to construct a wall between the two bridges to transition 
from the new stoplog gap on offset alignment to the sand bag gap on existing 
alignment, may cause more constructability concerns rather than just replacing the 
whole length of wall along an offset alignment. 

• Alternative 4:  Replace floodwall with new levee landward of existing wall 
 

• Recommendation:  
o Alternative 2-This alternative minimizes cost by raising as much existing 

floodwall as possible and constructing new floodwall in locations where 
modifications would be less desirable.  See Section B and C in the 
Mapbook for location and sketch of typical floodwall sections 

A-14.5.1.2.2 N500+0 and N500+5’ Events 
• N500: For the nominal 500 event the wall would not need to be raised.  The 

existing floodwall would not need to be modified or replaced. 
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• N500+5’:  For this 5 ft raise, new floodwall construction with auger cast piles 
was determined to be the most effective solution.  The approach is similar to that 
detailed in the mapbook for new wall for the N500+3  

 

A-14.5.1.3 Station 102+73 to 179+81   

A-14.5.1.3.1 Nominal 500 + 3ft, up to 4 ft. raise 
Alternative 1: Raise floodwall from 102+73 to 131+00 and construct tieback 
wall to bluff  (Section D and E respectively in the Mapbook) 
Significant modifications to this floodwall have occurred in the past.  A floodwall 
raise is feasible, but additional substantial modifications would be required.  The 
following would be required: 

o stem would be raised between 2.7-feet and 3.9-feet  
o stem would be widened by 12-inches from Sta. 120+01.12 to Sta. 131+00 

(Original Type B wall needs stem widening, but Type C does not) 
o the floodwall toe would need to be extended landward by 9 feet  
o 2 new rows of 24-inch round auger cast piles spaced at 5 foot centers 

would need to be added to the new floodwall toe 
o New counterforts on the land side and backing beams on the river side 

would be required and would be spaced centered between the existing 
riverside counterforts.     

o New relief wells will be required for underseepage control.  New relief 
wells ensure that pile capacity is as good as, if not better than, the existing 
pile capacity.   Based on the Group analysis, the deflections for a 
floodwall raise on existing piles with two rows of new piles are less than 
an inch. 

The tieback wall would be new construction of a T-wall type floodwall on auger 
cast piles approximately 1100 feet in length, would begin at Sta. 131+00 and tie 
into the bluffs as shown in the mapbook, and would include 4 stoplog gaps.  This 
tieback wall will eliminate the need to replace approximately 2500-feet of 
floodwall upstream of this station, the need for a new stoplog gap at the KC 
Terminal Railroad Bridge and at the Upper End.  At this time it is anticipated that 
the railroads may have concerns with this alternative since the new floodwall and 
gaps could impose a sight distance problem at the railroad/floodwall junctions. 

 
Alternative 2:  Raise floodwall from 102+73 to 166+25  (Section D in the 
Mapbook) 
Significant modifications to this floodwall have occurred in the past.  A floodwall 
raise is feasible, but additional substantial modifications would be required.  The 
following would be required: 

o stem would be raised between 2.7-feet and 3.9-feet  
o stem would be widened by 12-inches from Sta. 120+01.12 to Sta. 

162+90.66 (Original Type B wall needs stem widening, but Type C does 
not) 

o the floodwall toe would need to be extended landward by 9 feet  



Kansas Citys Levees  Engineering Appendix 
Final Feasibility Report  Chapter A-14 

 

              13 

o 2 new rows of 24-inch round auger cast piles spaced at 5 foot centers 
would need to be added to the new floodwall toe 

o New counterforts on the land side and backing beams on the river side 
would be required and would be spaced centered between the existing 
riverside counterforts.    

o New relief wells will be required for underseepage control.  New relief 
wells ensure that pile capacity is as good as, if not better than, the existing 
pile capacity. Based on the Group analysis, the deflections for a floodwall 
raise on existing piles with two rows of new piles are less than an inch.     

 
Alternative 3:  Raise floodwall from 102+73 to 138+00 and construct tieback 
wall to bluff  (Section D and E respectively in the Mapbook) 
Significant modifications to this floodwall have occurred in the past.  A floodwall 
raise is feasible, but additional substantial modifications would be required.  The 
following would be required: 

o stem would be raised between 2.7-feet and 3.9-feet  
o stem would be widened by 12-inches from Sta. 120+01.12 to Sta. 138+00 

(Original Type B wall needs stem widening, but Type C does not) 
o the floodwall toe would need to be extended landward by 9 feet  
o 2 new rows of 24-inch round auger cast piles spaced at 5 foot centers 

would need to be added to the new floodwall toe 
o New counterforts on the land side and backing beams on the river side 

would be required and would be spaced centered between the existing 
riverside counterforts.     

o New relief wells will be required for underseepage control.  New relief 
wells ensure that pile capacity is as good as, if not better than, the existing 
pile capacity. Based on the Group analysis, the deflections for a floodwall 
raise on existing piles with two rows of new piles are less than an inch.    

The tieback wall would be new construction of a T-wall type floodwall on auger 
cast piles approximately 520 feet in length and would include 1 stoplog gap.  This 
tieback wall will eliminate the need to replace approximately 2300-feet of 
floodwall upstream of this station and would thereby eliminate substantial cost to 
the project. A disadvantage to this alternative is the impacts to the building and 
the railroad storage area as indicated on the mapbook. 
 

• Alternative 4:  Replace floodwall from 102+73 to 166+25 (offset construction) 
– (Section F and G in the Mapbook) 
A new T-wall floodwall on auger cast piles to be constructed on an offset 
alignment approximately 6-feet from the existing floodwall is recommended for 
this alternative.  The existing floodwall would need to be removed and the new 
construction would overlap the area where the existing floodwall exists.  The 
advantage of this alternative would be that little or no additional real estate would 
be required to construct this floodwall.  However, one disadvantage would be that 
the new piles would need to be located during construction to clear existing piles.  
Existing piles are spaced longitudinally at 4-foot centers and transversely at 4.5-
foot centers and the piles are 12-inches in diameter. The existing pile spacing is 
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very tight and will make new pile spacing difficult.  Offsetting the new wall from 
the existing wall slightly will allow for better new pile arrangements.  New relief 
wells will be required for underseepage control.  This alternative would be 
additive to other alternative options (Alternative 1,2 or 3) to replace the raise 
existing floodwall construction method. 
 

• Alternative 5:  Floodwall acting as retaining wall with levee behind 
(DEEMED NOT APPLICABLE)  
This existing floodwall was investigated to determine if it could act as a retaining 
wall for the additional landside soil (landside levee construction).  The controlling 
typical section was investigated (refer to existing conditions for more 
information), and it was found that the wall cannot retain enough soil to construct 
a landside levee. 
 

• Alternative 6:  Replace floodwall with new floodwall (offset clear 
construction) (Section F and G in the Mapbook) 
A new T-wall floodwall on auger cast piles on an offset alignment is 
recommended for this alternative.  The advantage of this alternative would be that 
the new construction would be completely offset from the existing alignment and 
would be clear of the existing floodwall so new pile arrangement is independent 
of the existing pile arrangement.  One disadvantage would be additional real 
estate will be required to construct and to maintain the new floodwall.  Another 
disadvantage would be the additional costs associated with accessing or replacing 
existing gatewells.  The gatewell at Station 106+49 is constructed inline with the 
existing wall and would need to be replaced inline with the new floodwall.  A 
new method to access the existing gatewell for the Turkey Creek sewer at Station 
124+83 would be required.  The gatewell at Station 138+29 would need to be 
replaced so that it would be landward of the newly aligned floodwall.   This 
alternative would be additive to other alternative options (Alternative 1,2 or 3) to 
replace the existing alignment construction method. 
 

• Alternative 7:  Replace floodwall with levee (DEEMED NOT APPLICABLE) 
Real estate is not available to make this a viable alternative. 
 

• Recommendation: Note for both of these alternatives no improvements will be 
made past the stoplog gap at Sta. 166+25. 

o Alternative 6 is the best structural alterative due to ease of construction, 
however likely to be very costly, so not the best overall project alternative.  

o Alternative 3 appears to be the next best alternative.  Because the existing 
timber piles appear to be in satisfactory condition, raising the existing 
floodwall on existing alignment should be more cost effective than 
replacing the wall.  This alternative minimizes the length of existing wall 
raise/modifications and is likely the most cost effective alternative. 
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A-14.5.1.3.2 N500 and N500+5’ Events 
• N500: For the nominal 500 event the wall would need to be raised approximately 

one foot.  The recommendation would be to raise the floodwall.  It is likely a stem 
widening would not be required for this design event, but toe extension and new 
piles are required, however, the number of new piles may be able to be reduced. 

• N500+5’:  For this up to 6 ft raise, new floodwall construction with auger cast 
piles was determined to be the most effective solution.  The approach is similar to 
that detailed in the mapbook for new wall for the N500+3.  

 

A-14.5.2 N500+3’ Floodwall Summary 
For the locations of proposed N500+3’ floodwalls refer to the mapbook accompanying 
the main body of this report.  

 

A-14.5.3 Drainage Structures Future Conditions 
The results for the complete analysis of the CID-KS gatewells N500+3’ future 

conditions are presented in Table A-14-5.  Those found to meet criteria need only a raise.  
For further information regarding the analysis approach and examples see the general 
structural methodology chapter of this appendix.  It is possible for factors of safety to 
increase for future conditions if a refined analysis was warranted.   

A-14.5.3.1 Recommended actions for future conditions 
The gatewells requiring raises are as presented in Table A-14-7.  Flotation was 

checked based on the extreme FS from EM 110-2-2100.  Strength was checked in a 
manner similar to that for existing conditions for simplicity and to provide comparable 
results.  Rather than providing a typical LRFD check, a factor of safety for each gatewell 
was compared to an equivalent required minimum FS based on LRFD factors.  The 
factors of safety were calculated as follows: 

 
FS > HF*LF/ φ = 1.3*1.7/0.9 = 2.45 (Bending)    
FS > HF*LF/ φ = 1.3*1.7/0.85 = 2.6 (Shear)    

 
where 
 
HF = hydraulic factor,  
LF = single load factor,  
φ = resistance factor (lower value for shear assumed). 
 
Some gatewells will need to be raised due to raise in protection, others need to be 

raised due to landside fill required.  The gatewell at Station 67+65 does not need any of 
the modifications it did for existing conditions.  There are 8 gatewells that will not meet 
design criteria if the flood protection is raised.  However, because material strengths were 
assumed since they were not indicated on the drawings, reinforcing strength could be 
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verified by testing during design to determine if the structure can remain in service for 
future conditions. 

For future conditions, 14 gatewells will need to be raised and 8 will require 
modification.  Fiber Reinforced Polymer (FRP) overlay to increase strength is a 
recommendation for modification for these gatewells.  For construction cost estimating 
purposes, the average gatewell height raise is 4-feet and average size is 9-foot by 7-foot 
exterior dimensions.   

The gatewell at Station 124+83, the Turkey Creek sewer will also need to be 
raised.  The raise for this gatewell will be a more substantial cost than the other average 
gatewell raises because of the nature of the machinery on the platform.   

It is assumed that the gatewell at Station 167+95 is necessary and will need to be 
relocated for Alternative 2 because the existing stoplog gap will be replaced upstream of 
the existing location.  The cost to replace this gatewell could be eliminated if it is 
determined that the gatewell is no longer used or is of insignificant use. 
 

Station Proposed
Raise (ft)

Uplift Factor 
of Safety 

(>1.1 Req'd)

Strength Factor 
of Safety

(> 2.46 Moment, 
>2.6 Shear 

Req'd)

Controlling 
Structural 

Mechanism
Notes 

83+52 CID-MO STA.R 0 2.5 1.6 Wall Bending Assume no raise required (no protection raise)
87+60 CID-MO STA.R 0 1.8 1.7 wall shear Assume no raise required 

10+81R 0 1.7 1.9 Wall Bending no raise required - top of riverside gatewell at EL 
760.99 (N500+3=EL760.9)

19+90R 0 2.5 1.8 Base Slab Moment no raise required - top of riverside gatewell at EL 
768.0 (N500+3=EL761.0)

50+98* 0 1.6 5.4 Base Slab Moment no raise required-GATE VALVE
52+07* 0 1.5 8.2 Base Slab Moment no raise required-GATE VALVE

56+91.5* 3 2.4 4.1 Base Slab Moment FILL REQUIRED (GATE VALVE)

58+12R 7 3.2 2.5 Wall Bending 7' raise required so that pressurized pipe can be 
replaced for pump station over the levee 

62+78* 5 1.9 4.0 Base Slab Moment FILL REQUIRED (GATE VALVE)
67+65* 6 1.4 2.5 Base Slab Moment FILL REQUIRED (GATE VALVE)
71+70* 6 1.6 2.5 Base Slab Moment FILL REQUIRED (GATE VALVE)

77+80R
3 1.1 1.6 Base Slab Moment

Raise required -  top of riverside gatewell at EL 
763.25 (N500+3=EL 765.6).  Modification required 
(FRP).

80+90 4 3.6 1.9 Base Slab Moment Raise required - landside. Modification required 
(FRP).

84+90 4 3.6 1.7 Base Slab Moment Raise required - landside. Modification required 
(FRP).

88+19 4 3.7 1.8 Base Slab Moment Raise required - landside. Modification required 
(FRP).

94+32 4 3.3 2.3 Base Slab Moment Raise required - landside

98+05 3 3.4 1.8 Base Slab Moment Raise required - landside. Modification required 
(FRP).

102+52 3 3.2 3.0 Base Slab Moment Raise required - landside

106+49 3 2.2 1.3 Wall Bending Raise required - landside. Modification required 
(FRP).

124+83 (TC sewer) 4 ** ** Raise required
138+29 4 2.6 2.1 Base Slab Moment Raise required
152+28* 0 1.8 2.5 Base Slab Moment no raise required-secondary gate downstream
159+70* 0 1.1 3.6 Base Slab Moment no raise required-secondary gate downstream

167+95

NEW 
GATEWELL

NEW 
GATEWELL NEW GATEWELL

Replacement b/c it is attached to stoplog gap that 
will be replaced/relocated - OR elimination if not 
important 

*top below level of protection on landside (no raise required)
R indicates gatewell is on the riverside of the protection

CID KANSAS LEVEE UNIT - GATEWELLS (N500+3' with Water to Top of Protection)

these gatewells were previously raised with the 1962 Mod
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Table A-14-5 
N500+3ft. Gatewells Results 

 
 
 

A-14.5.4 RCBs and Pipes Associated with Gatewells – Future Conditions 
 
The results for the conduits associated with gatewells can be found in Table A-14-6 with 
additional information for the box culverts (factors of safety) given in  
Table A-14-7.  In addition, the following paragraph discusses the approach to cast iron 
pipes and estimating the associated work for future conditions.  For more information on 
analysis of RCBs and pipes refer to the structural methodology chapter and to the 
structural exhibits for examples.   

 
Cast Iron Pipe, CIP: Two main concerns exist for the existing CIPs.  First, they 

may see additional load with a raise in levee elevation (not in the case of some floodwalls 
as described below).  Secondly, CIPs are susceptible to corrosion.  For this study, 
assumptions were made based on available data, but during formulation of plans and 
specs these pipes will require a detailed inspection and may require wall thickness 
measurements. 

Without wall thickness, an analysis could not be performed to verify the ability of 
each pipe to withstand additional loading invoked by a levee raise.  However, in locations 
where new floodwalls replaced existing levees, it was assumed that enough soil would be 
removed to offset the increase in water loading.  In those cases, if a detailed inspection 
reveals an adequate condition, no additional work will be required.  

In addition to strength issues, determining the pipe’s condition is of utmost 
importance.  CIPs are no longer used in levee projects because they are vulnerable to 
corrosion, and the CIPs under consideration were constructed during use of leadite joints 
which have had severe corrosion problems.  Unless completely replaced, these pipes will 
require a detailed, high quality inspection. 

Due to the lack of pipe conditions and wall thicknesses, cost for this study was a 
rough estimation.  The estimation included: 

• Inspection of all pipes. 
• Measurement of thickness for all CIP pipes  
• Replacement of 25% of the CIP pipes  
• Slip liner for 25% of the CIP pipes  
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Station Conduit Size & Type Levee raise 
(ft) Action*

83+52 CID-MO STA. 42" RCP refer to pump station analysis
87+60 CID-MO STA. 48" CIP 0 see CIP paragraph

10+81 60" PCCP & 48" DIP 0 no action - no raise here
19+90 66" RCP 0.2 no action - minimal raise here
50+98 10" CIP 0.9 see CIP paragraph
52+07 10" CIP 1.3 see CIP paragraph

56+91.5 10" CIP 1.5 see CIP paragraph
58+12 84" RCP Class IV & 3-30" pipes refer to pump station analysis
62+78 12" CIP 2.1 see CIP paragraph
67+65 18" CIP 2.7 see CIP paragraph
71+70 18" CIP 2.8 see CIP paragraph

77+80 42" RCP 3.3
None - based on assumptions adequate 
for raise

80+90 24" CIP 3.6 see CIP paragraph
84+90 18" CIP 3.6 see CIP paragraph
88+19 24" CIP 3.4 see CIP paragraph
94+32 18" CIP 3.4 see CIP paragraph
98+05 24" CIP 3.2 see CIP paragraph
102+52 12" CIP 2.9 see CIP paragraph
106+49 6'X6' RCB 2.9

124+83 (TC sewer) DOUBLE 17'X18' RCB 3.3
138+29 36" CIP 3.8 see CIP paragraph
152+28 24" CIP 3.7 see CIP paragraph
159+70 42" CIP 3.8 see CIP paragraph

167+95 10" VCP 3.9 None - floodwall raise - no additional fill

*Complete inspection required for all pipes

CID KANSAS LEVEE UNIT - Conduits Associated with Gatewells

 
Table A-14-6 

N500+3’ Gatewell Conduits 
 
 
 
 

Reliability

FS Load 
Case Member Location FS Load 

Case Member Location

106+49 6'X6' RCB
124+83 (TC sewer) DOUBLE 17'X18' RCB 3.5 2 11, 13 Centerline 1.1 2 11, 13 Left End 92%

*The factor of safety calculated by CORTCUL is divided by the strength reduction factor. 
Phi (Φ) 21

Load Case CV CH
1 1 0.47
2 1 0.64
3 1.5 0.50

CID KANSAS LEVEE UNIT - RCB N500+3' 
Shear

refer to pump station analysis

SizeStation
Bending

 
Table A-14-7 

N500+3’ RCB Analysis Results 
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A-14.5.5 Closure Structures Future Conditions 
A summary of the closure structures required for the N500+3’ event is given in 

Table A-14-8.  
 

Station Crossing Existing Type raise height Future Type Description

19+00 Lewis and Clark 
Viaduct (I-70) none less than 1' none no modifications necessary

26+30 James Street Bridge none 1' none
was a sandbag gap and then the 
bridge was raised - now there is no 
gap - no modifications necessary

40+75
KCS RR bridge 

(abandoned)
none 1' none

probably nothing required.  Levee 
about 3 feet higher than floodwall 
protection; construct levee raise thru 
here if needed

57+25 Central Avenue Bridge none ~1.5' new sand bag gap grated deck so a sandbag gap is 
required - will need new construction

75+46 MoPAC RR bridges none         ~3' new sand bag gap will need new construction

76+16  UP RR bridge Sand Bag ~3' new stop log gap will need new construction

104+51.50 CRI&P RR bridge
closed stop log 

gap ~3' new floodwall eliminate closed stoplog gap

132+20 KC Terminal Bridge stop log gap ~4' will probably need new 
stop log gap

4' raise is substantial and would 
probably want to replace this gap with 
a new one, but it may be possible to 
modify existing - thicker backwalls, 
new stoplog post, new stoplogs

166+31 Upper End (RR tracks) stop log gap ~4'
new stop log gap 

upstream of existing 
gap structure

will need new construction

CID KANSAS LEVEE UNIT - Closure Structures (N500+3 )

  
Table A-14-8 

N500+3’ Closure Structures 
 

 
All closure structures were assumed to be sand bag or stoplog gaps.  Should the 

sponsor request a rolling gate in lieu of the assumed gap configuration, it is assumed they 
will fund that difference in cost.  The following are additional notes regard the future 
condition consideration for closure structures:  

• Union Pacific Railroad bridge gap (76+16): 
o This gap is currently a sand bag gap approximately 3-feet in height.  

The raise in this vicinity is approximately 3-feet, pushing this gap out 
of the range of a viable sand bag gap.  Therefore a new stoplog gap 
structure is proposed and is proposed to be offset to the east of the 
existing sand bag gap for ease of construction. 

• CRI&P Railroad bridge (104+51.50): 
o This closure structure was filled in with concrete.  Therefore it is 

recommended that this be replaced with the new floodwall without any 
accommodations for a gap.   

• KC Terminal Bridge (132+20): 
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o The existing closure structure is integral to the bridge abutment, 
however there are existing conditions reliability issues.  Therefore in 
lieu of rehabilitating the existing closure structure for a raise on the 
order of 4-feet it is recommended to construct a new stoplog gap offset 
landward of the existing closure structure. 

• Upper End (railroad tracks – 166+31): 
o The existing stop log gap structure would require extensive 

modifications for the raise, which is evident from the existing condition 
assessment.  In addition, because disruption to rail traffic would be the 
same regardless of a rehab or a replacement, the recommendation for 
this closure structure is to replace the existing stoplog gap just upstream 
of the existing structure.  To replace the closure structure to the 
upstream side of existing, additional floodwall past Sta. 166+25 will 
need to be constructed.  It is also feasible to replace this closure 
structure to the downstream side of existing, but the tracks start to 
spread in the downstream direction which could result in gaps of 
excessive widths. 

A-14.6 References: 
1. Record Drawings; Volume One; Operations and Maintenance Manual; Central 

Industrial District Unit – Kansas Section; Sheets dated Oct. 1950 
2. Record Drawings; Volume Two; Operations and Maintenance Manual; Central 

Industrial District Unit – Kansas Section; Sheets dated Dec. 1979 
3. CID Kansas Section; Analysis of Design to accompany Construction Plans; 

February 1946, Section 6 
4. Investigation and Testing of Existing Flood Wall Piles, Pile Assessment Report, 

March 2011 by HNTB 
5. 1954 Clarkson Construction shop drawings of Gatewell 83+52 (MO stationing). 
6. May 1963 Treatment Plant Outfall, KC, KS plans of Gatewell (87+60 MO 

stationing). 
7. City of KCK, Municipal Wastewater Treatment Plant #1 - Emergency Flow 

Diversion, 2/13/1990, plans detailing Gatewell at Sta. 10+81 
8. City of KCK, Sewerage Improvements KS River Crossing Sewage Force Main, 

July 1965, plans detailing Gatewell at Sta. 19+90 
9. Black and Veatch Contract 1 Storm Water Pumping Station Plans 1986, plans 

detailing Gatewell at Sta. 58+12 
10. HNTB I-670 bridge deck drainage underground system plans, plans detailing 

Gatewell at Sta. 77+80 
11. American Royal Arena Storm Sewer System plans by Shafer, Kline and Warren, 

September 1973, plans detailing Gatewell at Sta. 106+49 
 



 
Type “C” Wall 

 
 

Exhibit 1 (1 of 4): CID-KS Sta. 27+86.16 to Sta. 36+64.17 Floodwall (1937)  



 
 

Exhibit 1 (2 of 4): CID-KS Sta. 27+86.16 to 36+64.17 Floodwall (1950) 



 
                                            TYPE “D” FLOODWALL   

 
 

 Exhibit 1 (3 of 4): CID-KS Sta. 26+72.66 to 27+86.16 and  
Sta. 36+64.17 to Sta. 40+31.25 Floodwall (1950) 



 
 

Exhibit 1 (4 of 4): CID-KS 26+72 to 40+31 Floodwall (2007)  
Looking Upstream 



 
 

 Exhibit 2 (1 of 3): CID-KS 74+36 to 77+28 Floodwall (1950) 



  
Exhibit 2 (2 of 3): CID-KS 74+36 to 77+28 Floodwall (1979) 



 
Exhibit 2 (3 of 3): CID-KS 74+36 to 77+28 Floodwall (2007) 

Looking Upstream 
 



    
 

Exhibit 3 (1 of 4): CID-KS 102+74 to 179+81 Floodwall (1950) 



  
 

Exhibit 3 (2 of 4): CID-KS 102+74 to 179+81 Floodwall (1950) 



  
 

Exhibit 3 (3 of 4): CID-KS 102+74 to 166+25 Floodwall (1979) 



 
Exhibit 3 (4 of 4): CID-KS 102+74 to 166+25 Floodwall (2007) 

Looking Upstream 
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