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1.0 BACKGROUND 

The City of Fairway, Kansas is located near the bottom of the Rock Creek watershed in northeast Johnson 

County, Kansas. Several major infrastructure projects have been constructed in the Rock Creek channel in 

recent years including: the Mission Road Bridge and Windsor Box Culvert.  The perception is that 

urbanization in the upstream watershed has increased the frequency of “flash flooding.”  Therefore the 

bridges and channel have a lower level of service than originally designed.  

1.1 Purpose 
The City of Fairway, Kansas has contracted Burns & McDonnell and Benton & Associates, Inc. to 

identify the level of service currently provided under “flash flooding” conditions at the following 

locations: 

• Windsor Box Culvert  

• Mission Road Bridge  

• Sheridan Drive Crossing  

• Residential properties along Rock Creek that were within the 1% floodplain as indicated by the 

2009 LOMA list, in comparison to the provided Low Adjacent Grade of the property 

The following locations within the Rock Creek Channel and Tributaries were also analyzed to determine 

the water surface elevations (WSEL’s) for the two different rainfall distribution methods: 

• Rock Creek Main Channel, near the confluence with Rock Creek Tributaries that includes 

infrastructure improvements project RC 12-013-02, Northwest of 55th Street and Shawnee 

Mission Parkway 

• Rock Creek Main Channel that includes the East Gateway Stormwater Improvements  

• Rock Creek Tributary that includes infrastructure improvements project RC 12-014, 55th Street 

and Granada Stormwater Improvements  

Refer to Figure 1-1, Vicinity Map for the location of the structures and location within the Rock Creek 

Channel and Tributaries. Refer to Figure 4-7 for the properties that were within the 1% floodplain as 

indicated by the 2009 LOMA list. 
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Figure 1-1 Vicinity Map 

For this study, level of service is defined as the annual chance of exceedance design storm at which the 

water surface elevation overtops the bridge/structure or causes damage to structures.  This report 

summarizes the level of service of the existing system against currently accepted standards to determine if 

these standards are being met. The currently adopted standard for the City is the American Public Works 

Association (APWA) – Kansas City Metropolitan Section 5600 (APWA 5600)1. 

APWA 5600 identifies the recommended minimum level of service for street crossings.  Table 1-1 

provides the annual exceedance probability that should be passed under various classifications of streets 

without overtopping. For example, the probability for a 50-year reoccurrence interval is 1 in 50. Therefore 

the percent chance of occurrence in any given year is 2%.  

                                                      
1 Kansas City Metro Chapter American Public Works Administration. (2011, February 16). Standard Specifications 

& Design Critera Section 5600 Storm Drainage Systems & Facilities. Retrieved February 16, 2015, from 
Kansas City Metropolitan Chapter American Public Works Administration Specifications:  
http://kcmetro.apwa.net/content/chapters/kcmetro.apwa.net/file/Specifications/APWA5600.pdf 
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Table 1-1: Level of Service for Street Crossings 

Street Classification Min. Design Storm Capacity 
Arterial 2% 
Collector 4% 
Residential 10% 
Residential with open channel 
downstream 

4% 

The following table summarizes the reoccurrence intervals with the annual exceedance probabilities 

studied. 

Table 1-2: Storm Return Period vs Annual Exceedance Probability  

Storm 
Return 
Period  

Annual 
Exceedance 
Probability 

1yr 100% 
2yr 50% 
5yr 20% 
10yr 10% 
25yr 4% 
50yr 2% 

100yr 1% 
 

The APWA 5600 uses the National Resources Conservation Service (NRCS) – Soil Conversion Service 

(SCS)’s Type II, 24-hour rainfall distribution.  SCS storms are developed on a theory approach, with 

more intensity in the center of the storm hyetograph (the 12-hour mark).  Type II corresponds to the local 

climatic region within the United States.  As part of this analysis, this methodology was compared with a 

different rainfall distribution, the Huff’s Method.  Huff’s Method was selected since distribution in the 

center of the storm is very infrequent and can lead to a higher peak flow.  The 1st Quartile of Huff’s 

Method rainfall time distribution uses actual measurements of rainfall events with short durations of 6 

hours or less.  The perception is that urbanization in the upstream watershed has increased the frequency 

of “flash flooding.”  The 10%, 1st Quartile of Huff’s Method is typical of “flash flooding” events in 

which rainfall is concentrated in an unusually short period of a storm.         
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1.2 Data 
The following hydrology, hydraulics, and geographic data were provided by the City to assist in 

analyzing the existing conditions. 

• Rock Creek Watershed Planning Final Feasibility Report dated 2007 

• Northeast Johnson County Watershed Study dated 2006 (with survey data tied to Johnson 

County’s Vertical and Horizontal Control Network) 

• Preliminary Design for Rock Creek Drainage Plan dated 1999 

• City of Fairway, Kansas Preliminary Drainage Plan dated 1968 

• FEMA Letter of Map Revision (LOMR) for Rock Creek & Cooper Creek (Gateway) dated 2011 

• Gateway Hydraulic (HEC-RAS) model and Geographical Information System (GIS) files 

Burns & McDonnell furthermore obtained the following from FEMA on September 16, 2014. 

• FEMA Letter of Map Revision (LOMR)  

o Mission Road Bridge Over Rock Creek and Windsor Lane Culvert Improvements 

o Rock Creek Tributary A – Confluence with Rock Creek to approximately 940 feet 

upstream of its confluence 

o Rock Creek Tributary A – From approximately 430 feet upstream of Shawnee Mission 

Parkway to approximately 1,350 feet upstream of West 52nd Place 

o Rock Creek Tributary D – Just upstream of West 55th Street to approximately 90 feet 

downstream of Juniper Street 

• Revised Floodplain Maps, Drainage Area Maps, and Hydrology 

o Tributary A from 51st Street/50th Terrace to 53rd Street and Mission Road, Roeland Park, 

Kansas 

o Tributary D from Juniper Street and Rosewood Drive to 55th Street and Granada Street, 

Roeland Park, Kansas 

• Hydraulic (HEC-RAS) Models  

o Rock Creek Main Channel (RC130 Reach) Stormwater Improvements 

 Pre-Project (Effective) Floodplain 

 Post-Project Floodplain 

 Post-Project Floodway 

o Gateway Stormwater Improvements (RC130,134, 150 Reaches) 

 Post-Project Floodplain  
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 Post-Project Floodway 

o Rock Creek Tributary A (Trib110 Reach) Stormwater Improvements 

 Pre-Project (Effective) Floodplain 

 Post-Project Floodplain 

 Post-Project Floodway 

o Rock Creek Tributary A (Trib 110, 110a, 111, 112 Reaches) Stormwater Improvements 

 Pre-Project (Duplicate Effective) Floodplain 

 Pre-Project (Corrected Effective) Floodplain 

 Post-Project Floodplain 

 Post-Project Floodway 

o Rock Creek Tributary D Stormwater Improvements 

 Pre-Project (Corrective Effective) Floodplain 

 Post-Project Floodplain 

 Post-Project Floodway 

o Rock Creek Main Channel (2006 Model part of the Northeast Johnson County Watershed 

Study) 

o Rock Creek Tributary A (2006 Model part of the Northeast Johnson County Watershed 

Study) 

o Rock Creek Tributary D (2006 Model part of the Northeast Johnson County Watershed 

Study) 

The vertical datum for all the models was North American Vertical Datum of 1988 (NAVD88) with units 

in feet.
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2.0 HUFF’S METHOD 

2.1 Rainfall Distribution 
In Huff’s Method, the time distribution of rainfall is expressed as cumulative percentages of storm rainfall 

and storm duration.  In developing this method, rainfall distributions were grouped according to whether 

the heaviest rainfall occurred in the first, second, third, or fourth quarter of a storm.  Figure 2-1 shows 

how the Huff’s Rainfall Distribution relates to the historical storm distributions recorded by gages within 

the Rock Creek area and how it compares to the SCS Type II, 6-hour rainfall distribution.   

 

Figure 2-1 Huff’s 1st Quartile Analysis 

2.1.1 50% Probability 
The 50% curve reflects the rainfall distribution with time for the average of the 1st Quartile storm. For a 

probability of 50%, 50% of storms in the 1st Quartile are on either side of the curve. For this study, 

probability levels from 10% to 50% were developed with the 50% median level, which is most 

SCS 6 hour 

     Gage 5700 –  
     7/11/2010 
     Gage 5010 –    
      7/11/2010 
     SCS– 6 hour 
     Gage 5700 –  
     10/4/1998 
      Huff’s Method 
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representative of the average 1st Quartile storm.  The 50% curve, has 63% and 86% of the rainfall at 25% 

and 50% duration of the storm.    

2.1.2 10% Probability 
The 10%, 1st Quartile is typical of “flash flooding” events in which rainfall is concentrated in an 

unusually short period of a storm; 10% indicates that on the average of 1st Quartile events, one out of 

every 10 will have at least 89% rainfall in the first quarter of the storm duration and 97% of it will occur 

in the first half of this storm. The difference between the 50% and the 10% curve shows the time 

distribution rainfall for those 1st Quartile events. Statistically, 1st Quartile distributions were more 

prevalent for storms having duration of six hours or less. 

2.1.3  “Flash Flood” Events 
Flash floods have high rainfall intensities.  Flash flooding occurs when precipitation falls rapidly on 

saturated soil or dry soil that has poor absorption ability.  Within the Rock Creek Watershed, there were 

three “flash flood” events recorded by StormWatch Website and Flood System (StormWatch.com)2 that 

appeared to be “flash flood” events with contiguous gages having similar values.  These “flash flood” 

events are: Gage-5700, Martway at Rock Creek on 7/11/2010, Gage-5100, Mission at Rock Creek on 

7/11/2010, and Gage-5700, Martway at Rock Creek on 10/4/1998.  As shown in Figure 2-1, all of these 

“flash flood” events seemed to follow the Huff’s 10%, 1st Quartile temporal distribution of rainfall.  

2.1.4 Huff’s Data 
Figure 2-1 shows results by Huff’s methodology are based on a combination of Midwestern data 

collected over an extensive portion of the country.  Time distribution relationships will vary between 

regions of the country having different precipitation climate regimes. Thus for example, these derived 

relationships should closely approximate time distribution characteristics in St. Louis, Kansas City and 

Indianapolis, but not in Miami, Denver, and Seattle or other areas that experience substantially different 

climatic regions than the Midwestern United States. 

2.1.5 Comparison with NRCS-SCS Type II  
A comparison of Huff’s Method of generating the time distribution of rainfall to the NRCS-SCS Type II 

Temporal Distribution of rainfall is shown in Figure 2-1.  The methods are different in that Huff’s is 

based on measured data and SCS is a roughly based synthesis of different storm durations with the 

corresponding temporal distribution of rainfall.   
                                                      
2 Stormwatch Johnson County Kansas Regional Weather. Johnson County Stormwater Management, December 

2014. Web. Decemeber 2014. <http://www.stormwatch.com/> 
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2.2 Hydrologic Modeling 
The Northeast Johnson County Watershed Study hydrologic component was developed using the U.S. 

Corps of Engineers Hydrologic Engineering Center software HEC-1 (Version 4.1).  Since this 2006 

model was developed, the U.S. Corps of Engineers has replaced HEC-1 with HEC-HMS.  Therefore for 

this study, the hydrologic component was run with HEC-HMS. 

2.2.1 Differences between HEC-1 and HEC-HMS Modeling 
HEC-HMS incorporated improvements in the quality of the simulation results. This process resulted in 

some changes in how computations are performed. The two main areas that are different between HEC-1 

and HEC-HMS are the kinematic wave routing and the way data is input for storage areas.  The difference 

in the kinematic wave routing algorithms varied the routing of peak flow. It had been observed that this 

difference could be up to 5% of the observed flow.  The reservoir data for HEC-1 is entered as storage 

verses elevation and discharge verses elevation. Whereas, the reservoir data for HEC-HMS is entered as 

storage verses discharge. 

Table 2-1 illustrates the estimated difference between HEC-1 and HEC-HMS Flows. 

Table 2-1: Estimated Difference between HEC-1 and HEC-HMS 1%-Annual Exceedance 
Probability Flows 

HEC-RAS 
Reach River Station 

HEC-1 / HEC-
HMS Node 

HEC-1 1% 
Flows (cfs) 

HEC-HMS 1% 
Flows (cfs) % Diff 

TRIB110 0.735 RC-C58 1506 1585 5% 
RC130 1.164 RC-C55 7386 7208 2% 
RC130 1.335 RC-C54 7194 6983 3% 
RC130 1.614 RC-C52 6237 6184 1% 
RC146 2.189 RC-C47 4231 4381 4% 

TRIB126 1.688 RC-C53 861 888 3% 
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3.0 HYDROLOGIC MODELING 

3.1 SCS Method Flows 
The APWA method is based on the National Resources Conservation Service (NRCS) – Soil Conversion 

Service (SCS)’s Type II, 24-hour rainfall distribution.  The HEC-RAS regulatory models obtained from 

FEMA contained SCS Method flows for the 10, 50, 100, and 500-year frequencies. The lower return 

events, 1, 2, 5, and 25-year frequencies were estimated by plotting the flow rate versus the return event to 

develop a treadline. For example, Table 3-1 shows the FEMA flows for the Rock Creek Main Channel 

RC130 for River Station (RS) 1.164. 

Table 3-1: FEMA SCS Type II, 24-Hour Distribution Flows for RC 130 RS 1.164 

Return Event Flow (cfs) 
10 4495 
50 6883 
100 7360 
500 9286 

 

Figure 3-1 displays the corresponding Flow vs. Return Event graph. 

 

Figure 3-1 SCS Flow vs Return for RC 130 RS 1.164 

 

Table 3-2 shows the lower return events, 1, 2, 5, and 25-year frequencies estimated from the 

corresponding treadline. 
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Table 3-2: Lower Return SCS Type II, 24-Hour Distribution Flow Estimates for RC 130 RS 1.164 

Return Event Flow (cfs) 
1 1860 
2 2698 
5 3805 

25 5750 
 

Figure 3-2 shows the approximate location of the upstream flows for the identified locations. 

 

Figure 3-2 Upstream Flow Locations at where SCS Type II, 24-Hour Distribution was compared 
with Huff’s Rainfall Distribution WSEL’s 
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Table 3-3 exhibits the estimated SCS flows at the upstream cross section at the identified locations. 

Table 3-3: SCS Type II, 24-Hour Distribution Flow Estimates at Upstream Cross Sections  

Annual 
Exceedance 
Probability 

Rock Creek 
Tributary A 
TRIB110 RS 

0.735  
(cfs) 

Rock Creek 
Main 

Channel 
RC146 RS 

2.189 
(cfs) 

Rock Creek 
Main 

Channel 
RC130 RS 

1.614 
(cfs) 

Rock Creek 
Main 

Channel 
RC130 RS 

1.164 
(cfs) 

Rock Creek 
Main 

Channel 
RC130 RS 

1.335 
(cfs) 

Rock 
Creek 

Tributary 
D TRIB126 
RS 1.688 

(cfs) 
100% 322 1350 1755 1871 1938 146 
50% 506 1823 2437 2711 2736 242 
20% 748 2449 3337 3821 3792 369 
10% 916 2814 3871 4515 4422 467 
4% 1174 3548 4920 5772 5646 591 
2% 1409 4220 5884 6906 6766 685 
1% 1506 4475 6237 7386 7194 781 

 

3.2 Huff’s Method Flows 
Huff’s Method flows were obtained from the HEC-HMS Model described in Section 2.0. The rainfall 

time distribution used actual measurements of rainfall events for short duration of 6 hours or less. The 

following tables provide estimates at the upstream cross section at the identified locations (as shown in 

Figure 3-2).  

Table 3-4: Rock Creek Tributary A TRIB110 RS 0.735 

Hyetograph 

  Annual Exceedance Probability 

Duration 100% 50% 20% 10% 4% 2% 1% 
  30 min 219 281 386 471 598 705 817 

Temporal Distribution 1 hr 217 283 405 501 649 772 896 
Huff's 1st Quartile 2 hr 198 258 363 445 572 676 784 

50% of Storms in 1st  3 hr 157 206 308 385 504 601 701 
 Quartile  6 hr 113 147 217 274 361 434 510 

  30 min 265 342 471 574 729 858 993 
Temporal Distribution 1 hr 319 427 611 751 965 1142 1319 

Huff's 1st Quartile 2 hr 364 486 684 835 1065 1250 1442 
10% of Storms in 1st  3 hr 278 387 576 714 923 1091 1264 

 Quartile  6 hr 210 297 441 549 709 837 967 
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Table 3-5: Rock Creek Main Channel RC130 RS 1.164 

Hyetograph 

  Annual Exceedance Probability 

Duration 100% 50% 20% 10% 4% 2% 1% 
  30 min 764 1035 1487 1904 2485 3031 3552 

Temporal Distribution 1 hr 990 1359 2003 2494 3254 3887 4497 
Huff's 1st Quartile 2 hr 1108 1470 2088 2566 3269 3858 4460 

50% of Storms in 1st  3 hr 969 1328 1960 2414 3124 3704 4295 
 Quartile 6 hr 775 1046 1515 1872 2403 2836 3289 

  30 min 780 1036 1481 1891 2539 3086 3648 
Temporal Distribution 1 hr 1081 1505 2268 2899 3849 4640 5452 

Huff's 1st Quartile 2 hr 1527 2117 3097 3799 4897 5758 6607 
10% of Storms in 1st  3 hr 1448 2038 3036 3792 4895 5754 6643 

 Quartile  6 hr 1325 1867 2731 3388 4352 5111 5877 

 

Table 3-6: Rock Creek Main Channel RC130 RS 1.335 

Hyetograph 

  Annual Exceedance Probability 

Duration 100% 50% 20% 10% 4% 2% 1% 
  30 min 775 1049 1505 1894 2497 2982 3540 

Temporal Distribution 1 hr 976 1319 1933 2413 3128 3741 4348 
Huff's 1st Quartile 2 hr 1068 1422 2010 2447 3127 3677 4239 

50% of Storms in 1st  3 hr 928 1262 1856 2292 2958 3498 4062 
 Quartile 6 hr 728 980 1421 1753 2252 2653 3072 

  30 min 795 1050 1492 1877 2545 3046 3646 
Temporal Distribution 1 hr 1088 1506 2276 2870 3851 4579 5348 

Huff's 1st Quartile 2 hr 1524 2098 3027 3769 4809 5591 6470 
10% of Storms in 1st  3 hr 1412 1989 2961 3671 4708 5563 6410 

 Quartile 6 hr 1267 1777 2597 3211 4112 4842 5578 
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Table 3-7: Rock Creek Main Channel RC130 RS 1.614  

Hyetograph 

  Annual Exceedance Probability 

Duration 100% 50% 20% 10% 4% 2% 1% 

  30 min 715 976 1389 1751 2274 2697 3166 
Temporal Distribution 1 hr 891 1213 1746 2165 2788 3311 3848 

Huff's 1st Quartile 2 hr 968 1280 1790 2174 2762 3244 3741 
50% of Storms in 1st  3 hr 831 1135 1648 2029 2615 3091 3578 

Quartile 6 hr 648 876 1259 1550 1989 2343 2709 
  30 min 737 970 1414 1741 2335 2779 3257 

Temporal Distribution 1 hr 1027 1403 2096 2592 3463 4144 4831 
Huff's 1st Quartile 2 hr 1396 1915 2709 3357 4295 5048 5761 

10% of Storms in 1st  3 hr 1289 1783 2633 3252 4179 4919 5650 
 Quartile  6 hr 1145 1577 2294 2834 3632 4261 4913 

 
Table 3-8: Rock Creek Main Channel RC146 RS 2.189  

Hyetograph 

  Annual Exceedance Probability 

Duration 100% 50% 20% 10% 4% 2% 1% 

  30 min 630 834 1134 1373 1748 2051 2363 
Temporal Distribution 1 hr 694 916 1284 1568 2009 2372 2738 

Huff's 1st Quartile 2 hr 706 923 1277 1545 1948 2283 2628 
50% of Storms in 1st  3 hr 601 813 1173 1436 1841 2171 2509 

Quartile 6 hr 458 613 877 1077 1380 1625 1879 
  30 min 682 900 1230 1474 1924 2259 2595 

Temporal Distribution 1 hr 893 1190 1701 2062 2633 3134 3600 
Huff's 1st Quartile 2 hr 1116 1465 2040 2467 3121 3624 4106 

10% of Storms in 1st  3 hr 957 1298 1885 2311 2952 3481 3989 
 Quartile  6 hr 823 1126 1619 1989 2544 2984 3440 
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Table 3-9: Rock Creek Tributary D TRIB126 RS 1.688  

Hyetograph 

  Annual Exceedance Probability 

Duration 100% 50% 20% 10% 4% 2% 1% 
  30 min 137 174 236 285 357 416 479 

Temporal Distribution 1 hr 139 180 250 303 386 455 524 
Huff's 1st Quartile 2 hr 128 164 226 273 345 404 465 

50% of Storms in 1st  3 hr 103 134 192 236 303 358 416 
 Quartile  6 hr 75 97 138 171 221 262 305 

  30 min 164 210 283 341 427 498 572 
Temporal Distribution 1 hr 197 259 362 440 560 658 757 

Huff's 1st Quartile 2 hr 225 295 407 491 617 719 823 
10% of Storms in 1st  3 hr 175 237 343 421 538 634 732 

Quartile  6 hr 132 182 265 326 416 487 560 
 

Analyzing the five storm durations of the 50% curve for storms in 1st Quartile and five storm durations of 

the 10% curve for storms in 1st Quartile for each exceedance probability, the 10% of Storms in the 1st 

Quartile with a 2-hour duration produced the greatest flows.  Therefore, this is assumed to be the critical 

duration. 

These flows were then input into HEC-RAS to estimate the flood elevations. 
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4.0 HYDRAULIC MODELING 

The HEC-RAS regulatory models were utilized to summarize the level of service (LOS) and estimated 

water surface elevations (WSEL’s) at various locations within the Rock Creek Channel and Tributaries.  

The LOS for identified structures was compared against currently accepted standards; while WSEL’s at 

identified locations were evaluated to determine the impact between the SCS Type II, 24-Hour 

Distribution, and the Huff’s Method, with short durations of 6 hours or less.  

The following figures and tables shows the estimated water surface elevations (WSEL) for the seven 

storm  annual exceedance probabilities (100%, 50%, 20%, 10%, 4%, 2%, and 1%) for both the SCS and 

Huff’s Rainfall Distribution Methods for each identified location. 

4.1 Level of Service 

4.1.1 Windsor Box Culvert 
The Windsor Box Culvert spans 24 feet with an approximate height of 7 feet.  The road deck is 

approximately 9 feet in height.  The low point of the roadway is elevation 890.35. 

The Shawnee Mission Parkway Crossing is classified as an arterial; therefore the minimum APWA 

design standard for the Windsor Box Culvert was the 2-percent-annual-chance flood event probability.  

APWA also specifies that overflow depths at low points in the roadways during the 1% storm be limited 

to 7 inches.  For funding, Windsor Box Culvert was designed to more stringent standards identified in 

KDOT Road Section Design Manual.  KDOT identifies a 2-foot of clearance between the 1% storm and 

the bottom of the bridge deck for debris clearance.  The Windsor Box Culvert was designed to 

accommodate stormwater from the 1-percent-annual-chance flood without overtopping the road surface 

with adequate freeboard clearance.  

The water surface elevations at this location are shown Figures 4-1 and 4-2 and Table 4-1. 
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Figure 4-1 Windsor Box Crossing (RS 0.700 US & DS) SCS Method 
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Figure 4-2 Windsor Box Crossing (RS 0.700 US & DS) Huff’s Method 
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Table 4-1: Windsor Box Crossing (RS 0.700) Flows and WSEL 

Annual 
Exceedance 
Probability 

SCS Method Huff’s Method 
Flow 

Upstream 
@ RS 0.735 

(cfs) 

WSEL @ 
US 

Crossing 
(feet) 

WSEL @ 
DS 

Crossing 
(feet) 

Flow 
Upstream 

@ RS 0.735 
(cfs) 

WSEL @ 
US 

Crossing 
(feet) 

WSEL @ 
DS 

Crossing 
(feet) 

100% 322 880.77 878.88 364 880.93 879.11 
50% 506 881.40 879.82 486 881.33 879.72 
20% 748 882.11 880.70 684 881.93 880.50 
10% 916 882.54 881.12 835 882.34 880.93 
4% 1174 883.16 881.17 1065 882.91 881.17 
2% 1409 883.66 881.17 1250 883.32 881.17 
1% 1506 883.84 881.17 1442 883.72 881.17 

* Rock Creek Main Channel - Post-Project Floodplain Mission Road Bridge Improvements HEC-RAS 
Model 
 
Modeling suggests that both the SCS and Huff’s Method meet the necessary APWA LOS with a 2-

percent-annual-chance flood event WSEL of 883.66 and 883.32 below the low point of the roadway 

elevation of 890.35. Therefore, the performance of this structure appears to be adequate and have 

addressed public safety hazards posed from stormwater overtopping the bridge.  
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4.1.2 Mission Road Bridge 

The Mission Road Bridge spans approximately 125 feet near Suwanee Road. The bridge consists of 2 

piers at approximately 11 feet in height and a road deck of approximately 5 feet in height.  The low point 

of the roadway section is elevation 889.62.  

The Mission Road Crossing is classified as a minor arterial; therefore the minimum design standard for 

the Mission Road Bridge was the 2-percent-annual-chance flood event.  APWA also specifies that 

overflow depths at low points in the roadways during the 1% storm be limited to 7 inches. For funding, 

Mission Road Bridge was designed to more stringent standards identified in KDOT Road Section Design 

Manual.  KDOT identifies a 2-foot of clearance between the 1% storm and the bottom of the bridge deck 

for debris clearance.  The Mission Road Bridge was designed to accommodate stormwater from the 1-

percent-annual-chance flood event without overtopping the road surface with adequate freeboard 

clearance.  

The water surface elevations at this location are shown Figures 4-3 and 4-4 and Table 4-2. 
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Figure 4-3 Mission Road Bridge (RS 0.667 US & DS) SCS Method 
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Figure 4-4 Mission Road Bridge (RS 0.667 US & DS) Huff’s Method 
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Table 4-2: Mission Road Bridge (RS 0.667) Flows and WSEL 

Annual 
Exceedance 
Probability 

SCS Method Huff’s Method 
Flow 

Upstream 
@ RS 1.164 

(cfs) 

WSEL @ 
US 

Crossing 
(feet) 

WSEL @ 
DS 

Crossing 
(feet) 

Flow 
Upstream 

@ RS 1.164 
(cfs) 

WSEL @ 
US 

Crossing 
(feet) 

WSEL @ 
DS 

Crossing 
(feet) 

100% 1871 884.26 883.82 1527 884.23 883.80 
50% 2711 885.76 885.31 2117 885.42 884.98 
20% 3821 886.93 886.47 3097 886.29 885.84 
10% 4515 887.59 887.13 3799 886.99 886.54 
4% 5772 888.69 888.22 4897 887.94 887.47 
2% 6906 889.13 889.09 5758 888.63 888.16 
1% 7386 889.45 889.39 6607 888.85 888.81 

* Rock Creek Main Channel - Post-Project Floodplain Mission Road Bridge Improvements HEC-RAS 
Model 

Modeling suggests that both the SCS and Huff’s Method meet the required APWA criteria.  The 2-

percent-annual-chance flood event WSEL of 889.13 and 888.63 are below the low point of the roadway 

elevation of 889.62. Therefore, the performance of this structure appears to be adequate and have 

addressed public safety hazards posed from stormwater previously overtopping the bridge. 
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4.1.3 Sheridan Drive Crossing  
Sheridan Drive Road spans approximately 39 feet. The crossing consists of 3 arches, one with a span 10.5 

feet and height of 7 feet, one with a span of 10.5 feet and height of 7.5 feet, and the middle arch with a 

span of 15 feet and height of 7.5 feet. The road deck is approximately 4 feet in height. The low point of 

the roadway section is elevation 905.04.  

The Sheridan Drive Crossing is classified as residential; therefore the minimum design standard for 

Sheridan Drive was the 10-percent-annual-chance flood event.  APWA also specifies that overflow depths 

at low points in the roadways during the 1% storm be limited to 7 inches.  

The water surface elevations at this location are shown Figures 4-5 and 4-6 and Table 4-3. 
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Figure 4-5 Sheridan Drive Crossing (RS 1.454 US & DS) SCS Method 
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Figure 4-6 Sheridan Drive Crossing (RS 1.454 US & DS) Huff’s Method 
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Table 4-3: Sheridan Drive Crossing (RS 1.454) Flows and WSEL 

Annual 
Exceedance 
Probability 

SCS Method Huff’s Method 
Flow 

Upstream 
@ RS 1.614 

(cfs) 

WSEL @ 
US 

Crossing 
(feet) 

WSEL @ 
DS 

Crossing 
(feet) 

Flow 
Upstream 

@ RS 1.614 
(cfs) 

WSEL @ 
US 

Crossing 
(feet) 

WSEL @ 
DS 

Crossing 
(feet) 

100% 1755 904.31 904.17 1396 901.85 901.64 
50% 2437 905.04 904.97 1915 904.37 904.37 
20% 3337 905.80 905.60 2709 905.28 905.24 
10% 3871 906.17 905.83 3357 905.81 905.60 
4% 4920 906.69 906.22 4295 906.37 905.98 
2% 5884 907.18 906.54 5048 906.75 906.24 
1% 6237 907.35 906.65 5761 907.11 906.50 

* Rock Creek Main Channel - Post-Project Floodplain Mission Road Bridge Improvements HEC-RAS 
Model 

Modeling suggests that both the SCS and Huff’s Method 10-percent-annual-chance flood event WSEL of 

906.17 and 905.81 are above the low point of the roadway elevation of 905.04.  Also, the structure does 

not meet the required APWA criteria of limiting the 100-year overflow depths to 7 inches.  Therefore, the 

performance of this structure does not appear to be adequate and pose several public safety hazards from 

stormwater previously overtopping the bridge.  
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4.1.4 Properties Identified in 2009 LOMA List 
The City provided a list of residential properties along Rock Creek that were selected for the 2009 LOMA 

effort. The properties were identified with the following status codes: 

Table 4-4: Status Codes 

Abbreviation Term/Phrase/Name 
OAS Out as Shown (25 feet or greater 

from mapped Zone AE) 
OBS Out by Survey (need both a 

certified LAG and BFE) 
NS New Survey of LAG and BFE 

needed to make determination 
IN Diff<=0 

 

The residential properties identified as “In”, indicated the difference in the Low Adjacent Grade (LAG) 

and Base Flood Elevation (BFE) is less than or equal to zero.  Therefore, they are within the 1% 

floodplain boundary.  Figure 4-7 and Table 4-5 identify the residential properties that are within the 1% 

floodplain as indicated by the 2009 LOMA list.  The City provided additional information that shows 

which properties were removed from the floodplain as a result of the Windsor Box Culvert, Mission Road 

Bridge, RC 12-012 projects.  The information also included a list of properties that were purchased by the 

City subsequent to 2009 for which structures were demolished.   

Table 4-6 lists the residential properties at risk from flooding, the estimated flood elevation for each of 

the seven storm events considered, and a comparison to flood elevation to the LAG.  The location where 

the LAG for the house was identified is unknown. Therefore, the table further lists the estimated upstream 

edge of the house location in miles along the Rock Creek Main Channel from upstream to downstream. 

The upstream edge of the house provides a conservative LAG to be compared against the BFEs for the 

analysis.  

The residential properties shown in Table 4-6 are ordered from lowest level of service to the highest level 

of service provided by the conveyance system.  As such, order of properties can been considered as the 

highest risk of flooding to the lowest risk of flooding.  
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Figure 4-7 Habitable Building Flooding for 1% Storm Identified in 2009 Fairway LOMA  
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Table 4-5: 2009 LOMA Low Adjacent Grade, Base Flood Elevation, and Estimated Location 

Property  

 

2009 LOMA List 
LAG (ft) BFE (ft) Diff (ft) 

5850 Fontana Dr 911.88 912.50 -0.62 
4323 Brookridge Dr 907.51 909.59 -2.08 
4319 Brookridge Dr 907.88 908.90 -1.02 
4311 Brookridge Dr 904.86 908.25 -3.39 
4301 Brookridge Dr 903.92 907.40 -3.48 
4231 Brookridge Dr 904.81 906.30 -1.49 
4223 Brookridge Dr 903.65 906.20 -2.55 
4217 Brookridge Dr 902.67 905.95 -3.28 
4232 Brookridge Dr 904.91 905.95 -1.04 
4222 Brookridge Dr 904.10 905.37 -1.27 
4216 Brookridge Dr 902.58 904.95 -2.37 
4208 Brookridge Dr 901.42 904.50 -3.08 
4132 Brookridge Dr 903.87 904.43 -0.56 
4117 Brookridge Dr 899.37 902.80 -3.43 
4109 Brookridge Dr 901.08 901.75 -0.67 
4101 Brookridge Dr 898.65 901.00 -2.35 
4045 Brookridge Dr 895.08 899.40 -4.32 
4037 Brookridge Dr 897.97 898.74 -0.77 
5524 Neosho Ln 896.53 898.00 -1.47 
5531 Neosho Ln 894.64 895.85 -1.21 
5525 Neosho Ln 894.16 896.10 -1.94 
3705 Shawnee Mission Pkwy 894.30 895.81 -1.51 
5524 Mission Rd Out per Mission Rd Bridge* 
5525 Mission Rd Out per Mission Rd Bridge* 
5523 Mission Rd Purchased & Demolished* 
5515 Mission Rd Purchased & Demolished* 
5517 Mission Rd Purchased & Demolished* 
5521 Suwanee Rd Purchased & Demolished* 
5529 Suwanee Rd Purchased & Demolished* 
5528 Falmouth Rd 885.15 885.59 -0.44 
5555 State Park Rd 880.61 884.80 -4.19 
5600 Canterbury Rd 882.32 884.50 -2.18 
5645 State Park Rd 876.64 876.96 -0.32 
5333 Mission Rd Out per RC 12-012* 
5433 Mission Rd Out per Windsor Box* 
5436 Windsor Ln Out per Windsor Box* 
5435 Mission Rd Out per Windsor Box* 
5440 Windsor Ln Out per Windsor Box* 

*Removed from Floodplain
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Table 4-6: Residential Properties at Risk from Flooding 

Property 

 
LAG 
(feet) 

Estimated 
Location 

(River Miles)1 

Estimated Flood Elevations2 Est. Annual 
Exceedance 
Probability 

Annual Exceedance Probability 
100% 50% 20% 10% 4% 2% 1% 

4045 Brookridge  895.08 1.214 895.95 896.87 897.86 898.32 898.90 899.36 899.54 <100% 
4301 Brookridge  903.92 1.503 903.92 904.72 905.04 905.79 906.97 907.49 907.65 100% 
4311 Brookridge  904.86 1.523 904.67 905.57 906.31 906.92 907.81 908.31 908.47 > 100%, < 50% 
4117 Brookridge  899.37 1.315 898.89 899.94 901.05 901.64 902.69 903.64 903.93 > 100%, < 50% 
5555 State Park  880.61 0.500 879.41 881.49 882.97 883.27 884.02 884.58 884.81 > 100%, < 50% 
4323 Brookridge  907.51 1.560 905.93 906.88 908.25 908.72 909.29 909.80 909.97 > 50%, < 20% 
4223 Brookridge  903.65 1.427 901.74 902.71 903.82 904.38 905.24 906.06 906.36 > 50%, < 20% 
4217 Brookridge  902.67 1.406 901.20 902.34 903.52 904.04 905.05 905.87 906.17 > 50%, < 20% 
4216 Brookridge  902.58 1.373 900.53 901.60 902.77 903.33 904.45 905.30 905.60 > 50%, < 20% 
4208 Brookridge  901.42 1.346 900.03 900.99 902.13 902.74 903.94 904.80 905.11 > 50%, < 20% 
4101 Brookridge  898.65 1.259 896.43 897.48 898.73 899.22 900.06 900.90 901.12 > 50%, < 20% 
5600 Canterbury  882.32 0.477 879.08 881.22 882.85 883.09 883.84 884.39 884.61 > 50%, < 20% 
5525 Neosho  894.16 1.073 892.46 893.23 894.05 894.44 895.07 895.62 895.87 > 20%, < 10% 
5850 Fontana 911.88 1.634 908.36 909.34 910.65 911.22 911.93 912.45 912.65 > 10%, < 4% 
4319 Brookridge  907.88 1.537 905.17 906.14 907.18 907.69 908.39 908.87 909.03 > 10%, < 4% 
4231 Brookridge  904.81 1.448 902.27 903.08 904.12 904.71 905.44 906.25 906.54 > 10%, < 4% 
4232 Brookridge  904.91 1.406 901.20 902.34 903.52 904.04 905.05 905.87 906.17 > 10%, < 4% 
4222 Brookridge  904.10 1.394 900.94 902.10 903.29 903.81 904.88 905.71 906.01 > 10%, < 4% 
4037 Brookridge  897.97 1.173 895.64 896.51 897.44 897.88 898.31 898.71 898.86 > 10%, < 4% 
5524 Neosho 896.53 1.139 894.36 895.11 895.85 896.36 897.16 897.54 897.69 > 10%, < 4% 
5531 Neosho  894.64 1.076 892.56 893.32 894.14 894.54 895.18 895.72 895.96 > 10%, < 4% 
5645 State Park  876.64 0.236 871.68 873.91 875.57 876.11 876.96 877.56 877.82 > 10%, < 4% 
4132 Brookridge  903.87 1.338 899.86 900.80 901.93 902.55 903.78 904.63 904.94 > 4%, < 2% 
4109 Brookridge  901.08 1.272 896.93 898.27 899.32 899.84 900.50 901.64 901.89 > 4%, < 2% 
5528 Falmouth  885.15 0.552 880.55 882.55 883.69 884.11 884.83 885.38 885.59 > 4%, < 2% 
3705 Shawnee Mission 894.30 0.837 887.60 888.85 890.14 890.83 891.94 892.78 893.14 <1% 
NOTES:  

1. The location on where the Low Adjacent Grade (LAG) for the house was identified is unknown. To be conservative, the 
estimated location (miles) was assumed to be the upstream edge of the house. 

2. Flood elevations presented in this table are based on the modeling results from the FEMA models.  While this study examined the 
impact of an alternative rainfall distribution (see paragraph 3.2), the flood elevations estimated by the alternative method are not 
presented in the table. 

3. Shaded cells indicate the estimate annual exceedance flood event for which each structure is at risk from flooding. 
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4.2 Water Surface Elevations 

4.2.1 Rock Creek Main Channel that includes Infrastructure Improvements 
Project RC 12-013-02, Northwest of 55th Street and Shawnee Mission Parkway 
Project RC 12-013-02 is located in Roeland Park, Kansas.  The Infrastructure Improvements were made 

from 51st Street/50th Terrace to 53rd Street and Mission Road. Improvements included upsizing the 

enclosed system at the 5200 block of Reinhardt from a 4-foot diameter pipe to an 8-foot x 5-foot box.  As 

a result of this project, 22 houses were removed from the floodplain.  

The water surface elevations at this location include these improvements and are shown Figures 4-8 and 

4-9 and Table 4-7. 

  



Fairway Stormwater Level of Service Study       Hydraulic Modeling 

City of Fairway 4-18 Burns & McDonnell 

 
Figure 4-8 RC Channel – Includes RC 12-013-02 (RS 1.210) SCS Method 

 
Figure 4-9 RC Channel – Includes RC 12-013-02 (RS 1.210) Huff’s Method 
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Table 4-7: RC Channel – Includes RC 12-013-02 Stormwater Improvements (RS 1.210) Flows and 
WSEL 

Annual Exceedance 
Probability 

SCS Method Huff’s Method 

Difference 
(feet) 

Flow Upstream 
@ RS 1.335 

(cfs) 

WSEL  
@ RS 1.210 

(feet) 

Flow Upstream  
@ RS 1.335 

(cfs) 

WSEL  
@ RS 1.210 

(feet) 
100% 1938 895.94 1524 895.58 0.36 
50% 2736 896.88 2098 896.26 0.62 
20% 3792 897.81 3027 897.24 0.57 
10% 4422 898.27 3769 897.81 0.46 
4% 5646 898.80 4809 898.41 0.39 
2% 6766 899.25 5591 898.81 0.44 
1% 7194 899.43 6470 899.15 0.28 

* Rock Creek Main Channel - Post-Project Floodplain Mission Road Bridge Improvements HEC-RAS 
Model 
 
Without a structure at this location, a level of service could not be determined; however, water surface 

elevations were analyzed between the SCS Method and the Huff’s Method.  Table 4-7 illustrates that 

results between the SCS Method and the Huff’s Method show less than 0.62-feet difference between the 

various storm events.   
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4.2.2 Rock Creek Main Channel that includes the East Gateway Stormwater 
Improvements  
The East Gateway Project is located in Mission, Kansas.  The East Gateway Stormwater Improvements 

consisted of four culverts, at a length of approximately 765 feet, a span of 12 feet and 7 feet in height.   

The water surface elevations at this location include these improvements and are shown Figures 4-10 and 

4-11 and Table 4-8. 
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Figure 4-10 RC Channel – Includes East Gateway (RS 1.614) SCS Method 

 
Figure 4-11 RC Channel – Includes East Gateway (RS 1.614) Huff’s Method 
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Table 4-8: RC Channel – Includes East Gateway Stormwater Improvements (RS 1.614) Flows and 
WSEL 

Annual Exceedance 
Probability 

SCS Method Huff’s Method 

Difference 
(feet) 

Flow  
@ RS 1.614 

(cfs) 

WSEL  
@ RS 1.614 

(feet) 

Flow  
@ RS 1.614 

(cfs) 

WSEL  
@ RS 1.614 

(feet) 
100% 1755 907.30 1396 906.69 0.61 
50% 2437 908.27 1915 907.55 0.72 
20% 3337 909.30 2709 908.61 0.69 
10% 3871 909.82 3357 909.32 0.50 
4% 4920 911.36 4295 910.96 0.40 
2% 5884 911.99 5048 911.45 0.54 
1% 6237 912.09 5761 911.93 0.16 

* Post-Project Floodplain Gateway Stormwater Improvements HEC-RAS Model 

A comparison between the SCS Method and the Huff’s Method was conducted for this channel location.  

HEC-RAS modeling indicated that water surface elevations based on the SCS flows were slightly higher 

than those based on the Huff’s Method. 
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4.2.3 Rock Creek Tributary that includes Infrastructure Improvements Project 
RC 12-014, 55th Street and Granada Stormwater Improvements  
 
Project RC 12-014 is located in Roeland Park, Kansas.  The Infrastructure Improvements were made from 

Juniper Street and Rosewood Drive to 55th Street and Granada Street. Improvements included upsizing 

the 3-foot diameter pipe to an 8-foot by 4-foot box culvert at Sherwood Drive. The project consisted of 

removing 19 houses from the floodplain.  

The water surface elevations at this location include these improvements and are shown Figures 4-12 and 

4-13 and Table 4-9. 
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Figure 4-12 RC Channel – Includes RC 12-014 Improvements (RS 1.688) SCS Method 

 
Figure 4-13 RC Channel – Includes RC 12-014 Improvements (RS 1.688) Huff’s Method 
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Table 4-9: RC Trib D – Includes RC 12-014 Improvements (RS 1.688) Flows and WSEL 

Annual 
Exceedance 
Probability 

SCS Method Huff’s Method 

Difference 
(feet) 

Flow  
@ RS 1.688 

(cfs) 

WSEL  
@ RS 1.68 

(feet) 

Flow  
@ RS 1.688 

(cfs) 

WSEL  
@ RS 1.688 

(feet) 
100% 146 925.28 225 925.75 0.47 
50% 242 925.88 295 926.82 0.94 
20% 369 927.86 407 928.36 0.50 
10% 467 929.92 491 929.93 0.01 
4% 591 929.83 617 930.36 0.53 
2% 685 930.32 719 930.41 0.09 
1% 781 930.59 823 930.59 0.00 

 
As summarized in the table, the Huff’s method yielded higher water surface elevations than the SCS 

method for the annual exceedance probability events.    
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5.0 CONCLUSION 

5.1 Level of Service at Structure Locations 
Burns & McDonnell and Benton & Associates, Inc. studied the level of service currently provided under 

“flash flooding” conditions against currently accepted standards at three structures within the Rock Creek 

Channel.  Huff’s Method modeling efforts did not include the effects of urbanization within the watershed 

since the 2006 Northeast Johnson County Watershed Study.  The level of service was defined as the 

annual chance of exceedance design storm at which the water surface elevation overtops the 

bridge/structure or causes damage to structures.  Table 5-1 summarizes the APWA minimum design 

storm capacity and level of service for both the SCS and Huff’s Rainfall Distribution Methods for the 

street crossings.   

Table 5-1: APWA Level of Service for Street Crossings Summary 

Area of Interest 
Street 

Classification 

Min. Design 
Storm 

Capacity 

LOS SCS 
(24-hour 
duration) 

LOS Huff’s (10% 
of Storms w/ 2-
hour duration) 

Meets Min. 
Storm 

Capacity 
Windsor Box 
Culvert 

Arterial 2% 1% 1% X 

Mission Road 
Bridge 

Minor Arterial 2% 1% 1% X 

Sheridan Drive 
Crossing 

Residential 10% All Exceeded 100%  

As shown in the table, both the Windsor Box Culvert and the Mission Road Bridge meet minimum design 

storm capacity.  APWA also specifies that overflow depths at low points in the roadways during the 1% 

storm be limited to 7 inches. Modeling suggested that both the SCS and Huff’s Method 2-percent-annual-

chance flood event Water Surface Elevations (WSEL’s) are below the low point of the roadway, thus 

meeting APWA requirements. 

For funding, both structures were designed to more stringent standards identified in KDOT Road Section 

Design Manual.  KDOT identifies a 2-foot of clearance between the 1% storm and the bottom of the 

bridge deck for debris clearance.  The Windsor Box Culvert meets this 2-foot freeboard criterion, but the 

Mission Road Bridge does not.  However, through an agreement with KDOT, the City was able to reduce 

the 2-foot of clearance.  

Furthermore, FEMA standards were also adhered to which identifies a No-Rise in Base 1% Storm Flood 

Elevations within the channel.  
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Results from this study indicate the performances of these structures appear to be adequate and have 

addressed public safety hazards posed from stormwater previously overtopping the bridge.  

However, modeling did indicate that the Sheridan Drive Crossing was not meeting minimum APWA 

criteria.  WSEL’s based on both the SCS and Huff’s Method 10-percent-annual-chance flood event 

showed overtopping at the low point of Sheridan Drive and greater than 7 inches for the 1% storm. 

Therefore, the performance of this structure does not appear to be adequate and may pose several public 

safety hazards from stormwater overtopping the bridge.  

Additionally, the City provided a list of residential properties along Rock Creek that were selected for the 

2009 LOMA effort. The properties identified as “In”, indicated the difference in the LAG and BFE is less 

than or equal to zero; therefore, are within the 1% floodplain. Table 5-2 presents an estimated level of 

risk from flooding for each of the properties identified. 

Table 5-2: Estimate Flooding Risks for 
Properties 

Property 

Est. Annual 
Exceedance 
Probability 

4045 Brookridge  <100% 
4301 Brookridge  100% 
4311 Brookridge  > 100%, < 50% 
4117 Brookridge  > 100%, < 50% 
5555 State Park  > 100%, < 50% 
4323 Brookridge  > 50%, < 20% 
4223 Brookridge  > 50%, < 20% 
4217 Brookridge  > 50%, < 20% 
4216 Brookridge  > 50%, < 20% 
4208 Brookridge  > 50%, < 20% 
4101 Brookridge  > 50%, < 20% 
5600 Canterbury  > 50%, < 20% 
5525 Neosho  > 20%, < 10% 
5850 Fontana > 10%, < 4% 
4319 Brookridge  > 10%, < 4% 
4231 Brookridge  > 10%, < 4% 
4232 Brookridge  > 10%, < 4% 
4222 Brookridge  > 10%, < 4% 
4037 Brookridge  > 10%, < 4% 
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Table 5-2: Estimate Flooding Risks for 
Properties 

Property 

Est. Annual 
Exceedance 
Probability 

5524 Neosho > 10%, < 4% 
5531 Neosho  > 10%, < 4% 
5645 State Park  > 10%, < 4% 
4132 Brookridge  > 4%, < 2% 
4109 Brookridge  > 4%, < 2% 
5528 Falmouth  > 4%, < 2% 
3705 Shawnee Mission <1% 

 

5.2 Methodology Comparison at Channel Locations 
Three channel locations within Rock Creek and Rock Creek tributaries were also analyzed to determine 

the water surface elevations (WSEL’s) for the SCS Type II, 24-Hour Distribution, and the Huff’s Method, 

with short durations of 6 hours or less rainfall distribution: 

• Rock Creek Main Channel, near the confluence with Rock Creek Tributaries that includes 

infrastructure improvements project RC 12-013-02, Northwest of 55th Street and Shawnee 

Mission Parkway 

• Rock Creek Main Channel that includes the East Gateway Stormwater Improvements  

• Rock Creek Tributary that includes infrastructure improvements project RC 12-014, 55th Street 

and Granada Stormwater Improvements  

This evaluation was completed to determine the impacts on water surface elevations between the two 

methodologies.  Modeling results indicated that water surface elevations based on SCS flows were 

generally higher than those based on the Huff’s Method for all return events.  When specifically 

considering the residential 10-percent-annual-chance flood event (as shown in Table 5-3), water surface 

elevations showed approximately a 0.5-feet increase at two of the channel locations and a marginal 

difference at the Rock Creek Tributary location.       
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Table 5-3:     Water Surface Elevations Summary 

Area of Interest WSEL SCS (24-
hour duration) 

WSEL Huff’s (10% 
of Storms w/ 2-hour 

duration) 

Difference (feet) 

RC Channel – Includes 
RC 12-013-02 Improv. 

898.27 897.81 0.46 

RC Channel –  
Includes East Gateway 
Stormwater Improv. 

909.82 909.32 0.50 

Rock Creek Tributary – 
Includes RC 12-014 
Improv. 

929.92 929.93 0.01 

 

Although it cannot be concluded that one methodology is more accurate than the other, the overall 

analysis showed that generally the SCS method produces more conservative peak flow rates compared to 

the Huff’s methods, and as a result more conservative water surface elevations.   

Additionally, SMAC funding further specifies “infrastructure or the buildings identified as being flooded 

or threatened by flooding that receive points on the Flood Problem Rating Table must be protected 

according to the current Program-adopted standards and specifications or more stringent standards.” 3   

The currently adopted standard for the Kansas City Metropolitan Area is APWA 5600.  APWA 

recognizes SCS (Type II, 24-hour rainfall distribution) Technical Release No. 55 “Urban Hydrology for 

Small Watershed”, 2nd Edition, June 1986 as the standard method for all watersheds.  FEMA further 

acknowledges Technical Release 55 by the U.S. Natural Resources Conservation Service as one of the 

standard methods to estimate flood discharges for approximating 1-percent-annual-chance floodplain 

boundaries.4  

Therefore, it is suggested that these higher flow rates be utilized during design of future structures. 

                                                      
3 Johnson County, Kansas Administrative Procedures for the Stormwater Management Program. Stormwater 

Management Advisory Council, 13 December 2004. Web. May 2015. 
<http://www.jocogov.org/sites/default/files/documents/PWK/20041213SMPAdminProcedures.pdf> 

4 Chapter 4 Flood Risk Assessment. FEMA, 2015. Web. May 2015. 
<https://www.training.fema.gov/hiedu/docs/fmc/chapter%204%20-%20flood%20risk%20assessment.pdf> 
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Preferred Methodology for “Flash Flood” Events 

By Benton and Associates, Inc. 
 
Introduction 
The City of Fairway, Kansas is located just upstream of the confluence of Rock Creek 
and Brush Creek.  The Rock Creek watershed is in northeast Johnson County, Kansas.  
Several major infrastructure projects have been constructed in recent years including; 
Mission Road Bridge, Windsor Box Culvert and East Gateway Stormwater improvements.  
A perception exists which is based on recent, observed flooding events that these and 
other projects may have resulted in increased “flash flooding” along Rock Creek through 
Fairway, Kansas.    
 
The Fairway Stormwater Level Of Service (LOS) Study by Burns and McDonnell with 
contributions from Benton and Associates, will identify the level of service currently 
provided under “flash flood” conditions for key locations. The estimated flows used in the 
LOS Study from the HEC-HMS model used watershed data for conditions that existed in 
2005-2006.  Benton and Associates contributions involves the time distribution, duration 
and frequency of “flash flood” rainfall events using Huff’s Method. Huff’s Method (Huff’s) 
as applied in this report is compared to the Soil Conversation Service’s (SCS) 24 hour, 
time distribution of rainfall. The SCS Method is a synthetic, temporal distribution of rainfall 
and the duration may be too long to examine the effects of flash flooding events.  Huff’s 
Method of the time distribution of rainfall was developed using actual measurements of 
rainfall events of short duration of six hours or less. Therefore, Huff’s Method was also 
used to determine the level of service for “flash flood” events.  Another contribution was 
the conversion of HEC-1 to HEC-HMS. The use of the converted HEC-HMS model limits 
results since it does not reflect conditions after 2005-2006.  Several of the major 
infrastructure projects are not included in the watershed data in the HEC-HMS model.   
 
Rainfall distributions for “flash flood” events 
In Huff’s Method the time distribution of rainfall is expressed as cumulative percentages 
of storm rainfall and storm duration.  In developing this method rainfall distributions were 
grouped according to whether the heaviest rainfall occurred in the first, second, third, or 
fourth quarter of a storm.  Within the first quartile, the distinction in time distribution of 
rainfall for different probabilities is shown in Figure 1.  For the 50% curve, 50% of storms 
in the 1st Quartile were on either side of that curve resulting in the 50% curve being the 
mean statistical model. This averaged, smoothed curve reflects the rainfall distribution 
with time for the average of the first quartile storms, and therefore the burst of rainfall 
characteristics of the mass rainfall is not delineated as clearly as the 10% probability 
curve. Probability levels of 10% and 50% were developed and used with the 50% median 
level, which is most representative of the average first quartile storm.  The 10% curve, 
first quartile is typical of “flash flood” storms (Figure 1) in which rainfall is concentrated in 
an unusually short period of a storm; 10% of all storms indicates that on the average of 
first quartile storms, one out of every 10 will have at least 89% of the rainfall in the first 
quarter of the storm duration and 97% of it will occur in the first half of this storm. The 
50% curve, median curve, has 63% and 86% of the rainfall at 25% and 50% duration of 
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the storm. The difference between the median curve 50% and the 10% curve shows the 
time distribution rainfall for those first quartile storms. Statistically, first quartile 
distributions were more prevalent for storms having duration of six hours or less. 
 
Point values of rainfall can be used for areas up to 10 square miles.  Point values of the 
time distribution of rainfall show close agreement with values on areas of 10 square miles.  
For each quartile grouping a family of curves was derived to provide a quantitative 
measure of the inner storm variability expected to occur within that group. In the end, 
storm variability was expressed in probability terms. 
 

 
 
Figure 1 
 
The time distribution of rainfall expressed as cumulative percentages of storm rainfall and 
storm duration enable valid comparisons of storms which simplify analysis and 
presentation. There were three “flash flood” events recorded by StormWatch Website and 
Flood System (StormWatch.com) that appeared to be “flash flood” events with contiguous 
gages having similar values in the Rock Creek Watershed.  These “flash flood” events 
that are plotted in Figure 1 are: Gage-5700, Martway at Rock Creek on 7/11/2010, Gage-
5100, Mission at Rock Creek on 7/11/2010, and Gage-5700, Martway at Rock Creek on 
10/4/1998.  All of these “flash flood” events seemed to follow the Huff’s 10%, 1st Quartile 
temporal distribution of rainfall. Figure 1 shows how the Huff’s Rainfall Distribution relates 
to the recorded, historical storm distributions recorded for the Rock Creek area. 
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The Figure 1 results by Huff are based on a combination of Midwestern data collected 
over an extensive portion of the country.  Time distribution relationships will vary between 
regions of the country having different precipitation climate regimes. Thus for example, 
these derived relationships should closely approximate time distribution characteristics in 
St. Louis, Kansas City and Indianapolis, but not in Miami, Denver, and Seattle or other 
areas that experience substantially different climatic regions than the Midwestern United 
States. 
 
A logical question is, do variations in time distribution of rainfall models have substantial 
effect on runoff computation?  Yes, they do; because the runoff is affected by many 
factors including rainfall intensity and duration, and other climatic conditions.  Another 
aspect is that Huff’s time distribution is strictly based on real measured data. No 
assumptions are made concerning the characteristic of the distribution. Data determines 
the relationships.  Furthermore, the data used were examined to ensure accuracy, and 
careful attention was given to gauge exposure, network operations, and data processing.  
These methodologies were also used in Texas and Ohio, and found to have similar 
application to temporal distribution of rainfall indicating potentially widespread, practical 
use.   
 
Approaches that overly smooth or aggregate the temporal rainfall patterns are not well 
suited for determining flood risk. The relative variability of intensities is the factor that has 
a great effect on the runoff hydrograph. The variability of intensities decreased with 
decreasing exceedance probability.  Flash floods have high rainfall intensities.   Flash 
flooding is more severe when precipitation falls rapidly on saturated soil, dry soil that has 
poor absorption ability, or impervious areas. A comparison of Huff’s Method of generating 
the time distribution of rainfall to the SCS Type II Temporal Distribution of rainfall is shown 
in Figure 1.  The methods are different in that Huff’s is based on measured rainfall data 
and the SCS is a loosely based synthesis of different storm durations with the 
corresponding averaged, temporal distribution of rainfall.  If the SCS Method is used to 
generate a synthetic storm hyetograph it will be different than the one generated from 
measured data (Huff’s), but the one based on measured data will more likely generate 
the variation in intensity and frequency that occurs in an actual “flash flood” event.  
  
Hydrologic Models 
The Northeast Johnson County Watershed Study Hydrologic Component was developed 
using the U.S. Corps of Engineers, Hydrologic Engineering Center software HEC-1 
(Version 4.1).  The data in HEC-1 model reflect conditions in the watershed that existed 
in 2005-2006.  The conditions of the watershed in the HEC-1 model was imported and 
then converted into the HEC-HMS model which was also developed by the U.S. Corps of 
Engineers, Hydrologic Engineering Center. HEC-HMS software (Version 4) also reflects 
conditions in the watershed that existed in 2005-2006.  The Burns and McDonnell Level 
Of Service study used the HEC-HMS output with data reflecting conditions in the 
watershed that existed in 2005-2006. 
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HEC-HMS is the newer version of the HEC-1 modeling software.  Improvements to the 
hydrologic modeling were made by using the (HEC-HMS) program instead of the HEC-1 
program which still contained data reflecting conditions in 2005-2006. Using the HEC-
HMS model incorporated improvements in quality of the simulation results. This process 
resulted in some changes in how computations are performed. There are two main areas 
that are different between HEC-1 and HEC-HMS and they are the kinematic wave routing 
and the way data is input for storage areas. 
 
The kinematic wave method in the HEC-1 program was incorrectly computed according 
to the U.S. Corps of Engineers, Hydrologic Engineering Center. This was confirmed by 
the USACE for each time step because the cross-sectional flow must be calculated at 
each node in each reach, this was done incorrectly in HEC-1.  This difference in the 
routing algorithms can lead to differences in the routing peak flow. It has been observed 
that this difference can be up to 5% of the observed flow. 
 
The HEC-1 program requires reservoir data to be input using the storage versus 
elevation, and the discharge versus elevation be input on SV versus SE, and SQ versus 
SE cards or data input lines.  The HEC-HMS program requires the use of the storage, 
discharge relationship which was determined from the HEC-1 data by selecting a given 
storage, elevation value in HEC-1 data and determining the corresponding discharge for 
the elevation.  Values of the storage versus discharge relationships were developed for 
input to the HEC-HMS program.   
 
Variance between HEC-1 and HEC-HMS output can be explained as follows: The 
difference between HEC-1 and HEC-HMS is less than or equal to the documented 
difference due to the changes in the routing algorithms. Extensive testing of the kinematic 
wave routing method determined that an error exists in the method as implemented in 
HEC-1 whereas the calculations are performed correctly in HMS.  Differences of up to 
5% have been observed as stated in the HEC-HMS User’s Manual.  The following table 
shows the resulting difference between HEC-1 and HEC-HMS for the same SCS-24 hour, 
100 year peak flows. 

           

 

          
 
Kinematic wave routing is used in the Rock Creek models, since all the differences 
between HEC-1 and HEC-HMS are 5% or less, the differences were attributed to the 
routing routine.  Therefore, the results of the HEC-HMS model are assumed to be more 
correct than the results from the HEC-1 model. 
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Differences in results from both the SCS and Huff’s Methods 
When storm hyetographs for both the SCS Type II, 24-Hour, 100 year at RC 130 RS 
1.164 and Huff’s Methods, 3-Hour, 100 year at RC 130 RS 1.164 are input into the HEC-
HMS models of Rock Creek, the following flows were generated: SCS - 7208 C.F.S. and 
Huff’s - 6643 C.F.S.  These flows can then be input to HEC-RAS to analyze and compare 
results of the Huff’s Method model to the same model using the SCS Type II Distribution 
to determine the difference in the flood elevations. 
 
The HEC-RAS regulatory models obtained from FEMA contained a flow for the 100 year 
of 7360 C.F.S. at RC 130 RS 1.164 as compared with HEC-HMS, SCS Type II, 24-Hour, 
100 year at RC 130 RS 1.164 of 7208 C.F.S. and the Huff’s Methods, 3-Hour, 100 year 
at RC 130 RS 1.164 of 6643 C.F.S.  The FEMA model contained flows for the 10, 50, 100 
and 500-year frequencies with the lower frequency of 1, 2, 5, and 25-year frequencies 
were estimated by using a regression equation in the LOS study.  By changing the amount 
of precipitation for these frequencies not included in the FEMA model for these lower 
frequencies of 1, 2, 5, and 25-years can be determined by the HEC-HMS model.  This 
will give actual values instead of estimates.  It was further assumed in the LOS study that 
the HEC_RAS regulatory models obtained from FEMA contained SCS Type II, 24-Hour 
distributed rainfall generated flows, but the storm hyetographs were developed from 
hypothetical storm event based on Eastern Kansas rainfall data as stated in the Flood 
Insurance Study, 2009. 
 
The regression equation generated a flow for the 100-year, 24 hour storm of 7386 C.F.S. 
when the value HEC_RAS regulatory models obtained from FEMA was 7360 C.F.S. as 
shown below in the table for RC 130 RS 1.164. 
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Using five storm durations of the 50% curve for storms in 1st Quartile and five storm 
durations of the 10% curve for storms in 1st Quartile for each exceedance probability and 
duration, the duration that produces the greatest flow will determine the critical duration 
for that exceedance probability and location. The critical duration of 3 hours is the duration 
that generates the maximum discharge for the 1% Annual Exceedance Probability. 
  

 
  
 
An updated HEC-HMS model with current data for Rock Creek should be rerun using the 
SCS temporal distribution of rainfall to determine values for comparison to the values 
using the Huff’s distribution in the LOS study.  The level of service study should also use 
the updated HEC-HMS model of Rock Creek to estimate and compare the results of both 
methods.  The level of service was determined by using the annual exceedance 
probability of each method.  For the SCS method there is only one value, but for Huff’s 
method the largest discharge generated for all five durations using the 10% Huff curves 
for storms in 1st Quartile with the same annual exceedance probability are needed to 
determine the level of service at each location.    
 
HEC-HMS model of Rock Creek contained watershed data form 2005-2006.  The Huff’s 
rainfall distribution did produce higher flow and flood elevations as shown in the following 
Table 4-1.  This shows that the annual flow is greater using Huff’s Method. 
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This Table 4-6 shows that for Huff’s Method produces greater flows and flood elevations 
for all frequencies.  The annual storm flow is approximately 50% greater with Huff’s 
Method. 
 

  
 
 
 
 
In conclusion, the HEC-HMS model of Rock Creek needs to be updated.  The perception 
which is based on recent, observed flooding events will only be observed in the modeling 
effort when the HEC-HMS model of Rock Creek is updated because past projects of Rock 
Creek Main Channel Stormwater Improvements (RC 130 Reach), Gateway Stormwater 
Improvements (RC 130, 134, and 150 Reaches), Rock Creek Tributary A (Trib. 110, 110a, 
111, and 112 Reaches) Stormwater Improvements, and   Rock Creek Tributary D 
Stormwater Improvements, are not now included in the HEC-HMS model. The updated 
models may result in increased “flash flooding” along Rock Creek through Fairway, 
Kansas. These updates are not included in HEC-HMS model of Rock Creek or the 
discharges used in the HEC-RAS modeling of Rock Creek.  Therefore, the Level Of 
Service study may not show the differences between the SCS and Huff rainfall 
distributions on “flash flood” events.  A continually updated model will allow evaluation of 
future upstream project effects on “Flash Flooding” in Fairway.  
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