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BLACKWATER RIVER STUDY

1. PROJECT DESCRIPTION
Background
Highway 23 at Blackwater River, located south of Concordia, MO and north of the city of Knob
Noster, MO and Knob Noster State Park connecting I-70 to Highway 50, is regularly overtopped
by highwaters, closing the route for a period of time to all users. Closure data has been
gathered by local Missouri Department of Transportation officials beginning in January 1973 till
present day. On average Highway 23 is closed 28-days per year with an average closure lasting
3.12 days. If the current trend continues, in 2050 the closures could average 40 days per year
or more.

Image 1. Site Location
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The regular closures create hardships on users and the local economy. The detour length is
approximately 16.88 miles, taking about 30 minutes. Missouri Department of Transportation’s
Average Daily Traffic volume is 2,015 vehicles per day in year 2019 and is projected to be 3,123
vehicles per day in year 2039. Using FEMA’s Benefit-Cost Analysis, the closures are estimated
to have an economic loss per day between $54,028 and $83,736. This equates to $1,512,784 to
$2,344,608 in cumulative economic losses in 2019 and $2,161,120 to $3,349,440 in 2050. All
dollars are in present-value.

Total Cumulative Economic Loss
$130
$120
$110

Economic Loss in Millions

$100
$90
$80
$70
$60
$50
$40
$30
$20
$10

1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2001
2003
2005
2007
2009
2011
2013
2015
2017
2019
2021
2023
2025
2027
2029
2031
2033
2035
2037
2039
2041
2043
2045
2047
2049

$-

Year

Table 1. Cumulative Economic Loss due to road closures from 1973 projected to 2050.
Highway 23 provides the easiest, quickest access to I-70 for Whiteman Air Force Base and the
City of Knob Noster. Due to the frequent flooding of Highway 23, armed forces arriving and
departing Whiteman Air Force base from I-70 could face a 30-minute detour which poses a
concern for national security. In that same light, tourists arriving from I-70 to the area could be
driven away when faced with a flooded roadway or detour.
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Table 2. Number of Days Highway 23 Closes per Year
Recognizing this major issue, Pioneer Trails Regional Planning Commission applied and was
awarded a Missouri Department of Natural Resources Section 604(b) Water Quality
Management Grant. Pioneer Trails retained Great River Engineering (GRE) to perform a
stormwater study of Blackwater River at Highway 23. The purpose of this report is to determine
the existing hydrologic and hydraulic conditions of the Blackwater River and compare them to
the historical conditions before the river was channelized in 1910. Comparing peak flood flows
and inundation levels between these two conditions will help to understand the impact and to
determine potential solutions to prevent regular road closures.

2. SITE HYDROLOGY
Hydrologic Conditions
The Blackwater River at Highway 23 consists of a prestressed concrete NU girder bridge built in
2016. The 628 square mile watershed, see Image 1, encompasses multiple different land
classifications including primarily rural pasture and forested land. The watershed also
encompasses urbanized areas such as the city of Warrensburg, the city of Knob Knoster and
Whiteman Air Force Base. Although these urbanized areas introduce large impervious areas
into the watershed, they are relatively small compared to the size of the watershed itself. Due
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to this, the Rural Regression Equations were utilized for peak flow calculations. Due to the
relatively large watershed and flat terrain, the site exhibits very low flow velocities during large
storm events.

Image 2. Blackwater River Watershed from Highway 23
The Streamstats application developed by the United States Geological Survey (USGS) was used
to determine the 2-, 5-, 10-, 25-, 100-, 200-, and 500-year storm events for existing conditions.
For historical conditions before the channelization, the 2-, 5-, 10-, 25-, 100-, 200-, and 500-year
storm event was calculated using the Regression Equations for Rural Watersheds.
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Hydrologic Analysis & Results
For the hydrologic analysis, existing conditions and historic conditions were analyzed using the
Regression Equations for Rural Watersheds. The primary difference between these conditions is
the length of the stream, measured from the most hydraulically remote point in the watershed
to the point of interest approximately 1.24 miles upstream of the Highway 23 bridge. For the
existing condition, this length is approximately 45.05 miles (237,867 feet). For the historic
condition, this length was approximately 52.97 miles (279,702 feet), a difference of 7.92 miles
(41,835 feet).

Image 3. Existing stream length versus pre-channelized stream length in the project area
This difference in length affects multiple parameters of the regression equation, including the
basin slope, 0.00165 ft/ft for existing and 0.00134 ft/ft for historic condition, and basin shape,
3.23 for existing and 5.19 for historic condition. Due to a lack of precise historical topographic
data, the elevations used for calculating the slopes were the same. A drainage area of 628
square miles and Hydrologic Region I calculations were used for both conditions.

2826 S. Ingram Mill, Springfield, MO 65804

GRE 4413

Phone: 417-886-7171

Fax: 417-886-7591

www.greatrivereng.com

5

BLACKWATER RIVER STUDY

Storm Frequency
2-year

Historic Condition
Peak Flow (cfs)
13,227

Existing Condition
Peak Flow (cfs)
14,900

% Increase in Flow since
Channelization
12.6%

5-year

21,378

23,900

11.8%

10-year

26,811

29,900

11.5%

25-year

34,032

37,700

10.8%

50-year

39,155

43,300

10.6%

100-year

44,391

49,000

10.4%

200-year

49,851

54,900

10.1%

500-year
56,424
62,000
9.9%
Table 3. Historic Conditions Peak Flows and Existing Condition Peak Flow results in cubic feet
per second (cfs).
The results of the hydrologic analysis can be seen above in table 2. Unsurprisingly, the existing
condition produces a larger peak flood than the historic condition due to the channelization.
The primary reason for this increase in peak flood is due to the reduced length that the flow
must travel to reach the point of interest. Since the channelization reduced the stream length
and straightened it out, the water has less distance to cover before reaching any given point. To
see how this affects the inundation levels of the floodplain, we performed a hydraulic analysis
using the above flows.

3. SITE HYDRAULICS
Hydraulic Conditions
Using the results from the hydrologic analysis, a hydraulic analysis of the site was performed to
determine the increase in inundation levels due to the channelization of the river for each
storm event. The HEC-RAS (River Analysis System) program developed by the Hydrologic
Engineering Center at the U.S. Army Corps of Engineers was used to build a 1D model of the
hydraulics. The boundary of the hydraulic model begins approximately 1.24 miles (6,547 feet)
upstream of the Highway 23 bridge and terminates approximately 1.41 miles (7,445 feet)
downstream of the Highway 23 bridge.
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The prestressed concrete NU girder bridge is the only hydraulic structure in the project site. The
250’, three-span bridge carries Highway 23 over the Blackwater River. While the bridge spans
more than the bank full width of the Blackwater River, the floodplain measures approximately
1.30 miles (6,878 feet) in width at the crossing. The bridge is approximately eight feet higher
than the natural ground below it and the immediate approach roadways are approximately five
feet higher, on average, than the surrounding terrain. The remainder of Highway 23 in the
floodplain is level with the surrounding terrain north of the bridge and approximately two feet
higher than the surrounding terrain south of the bridge. Although the crossing and immediate
approaches will remain dry during most flood events, the remainder of Highway 23 in the
floodplain will be overtopped whenever the flood stage overtops the streambanks causing
Highway 23 to shut down.
LIDAR terrain data was used for both models. For the existing conditions model, the channel
terrain had to be manipulated due to the LIDAR terrain representing only the water surface and
not the actual channel surface. For the historic model, the same LIDAR terrain data was used
with some modifications. The old stream alignment was added to the model and the existing
stream alignment was filled in to best represent the historic conditions of the project site.
Manning’s Roughness Coefficient
The main parameter required for the hydraulic model is the Manning’s Roughness Coefficient
(or n-value) based on land cover classification. The Manning’s n-value is critical to the hydraulic
model as it can greatly influence the results. Manning’s n-value describes the energy loss due to
friction of the bed surface, streambank, and floodplain and is heavily dependent on the depth
of flow and the type of land cover the water is flowing over. Values range widely from smooth
land cover like asphalt with an n-value of 0.013 to rough land cover like dense brush with an nvalue of 0.100.
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The National Land Cover Database does produce a land cover classification map every few years
defining the Manning’s n-values for the entire U.S. based on land cover. This tool can be quite
useful, however, it is mostly used as a reference since it can be outdated and inaccurate
depending on the project site. Since the NLCD data was not used, Manning’s n-values were
assigned manually using aerial imagery, site photos and engineering judgement. The table
below shows the land cover of the site with associated Manning’s n-values used.
Land Cover

Manning’s n-value

Dense Forest

0.1

Roadway

0.015

Stream

0.04

Dense Brush

0.07

Medium Brush Pasture 0.06
Table 4. Manning’s n-values used for both models
Manning’s n-values were gathered using multiple industry standard resources. The two primary
resources were USGS Roughness Characteristics of Natural Channels (Barnes, Jr., 1967) and
Manning’s n for Channels (Chow, 1959).
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4. DISCUSSION & RESULTS
The main objectives of the hydraulic analysis were to determine the overtopping flood events
for Highway 23 and the bridge and to determine the difference in inundation levels between
existing conditions and historic, pre-channelized conditions for the 2-,5-,10-,25-, 100-year storm
events.

Image 4. Water depth from the 2-year flood of the existing model.
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The historic model was constructed using the data discussed above and the Regression
Equation flows for each event were run through the model. The results for the inundation level
differences on Highway 23 can be seen below.
Storm Frequency
2-year

Inundation Level Difference North
of Bridge (inches)
8”

Inundation Level Difference South
of Bridge (inches)
N/A

5-year

4.6”

4”

10-year

3.1”

3.8”

25-year

1.4”

3”

50-year

0.5”

2.2”

100-year

-0.4”

0.1”

200-year

-0.1”

0.4”

500-year
-2.3”
-0.6”
Table 5. Maximum Inundation level differences (Existing minus Historic) along Highway 23
The results above indicate that the channelization had a larger effect on the inundation levels
of the smaller storm events than the bigger storm events. In the smaller storm events, a large
percentage of the flow is located within the channel compared to the bigger storm events
where a larger percentage of the flow is in the floodplain. Because more flow is located within
the channel for smaller storm events, the channelization has a more profound effect on the
difference in inundation levels. A more detailed analysis on smaller storm events would be
required to determine the results from smaller storms, but these results do indicate that
smaller storms would produce a larger inundation level difference. Please note that a negative
value in the above table represents the historic condition having a greater inundation level than
the existing condition. This could be due to differences in channel proximity.
These results have been confirmed by eyewitness accounts and data collection as discussed
earlier. Historical analysis and research support these results as well. In 1973, John W. Emerson
performed a case study on the channelization of the Blackwater River in his report
Channelization: A Case Study. Speaking about the newly dredged channel size Emerson states,
“The present channel has increased from a cross-sectional area of 38 m2 when newly dredged
to a size now ranging from 160 to 484 m2.” (Emerson, 1973) Over a sixty-year period, the newly
dredged channel cross-sectional area increased nearly thirteen times the originally designed
area. Due to the loss of channel length and meanders, flow arrived faster and with more
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volume than the channel had capacity for, causing massive erosion to the channel banks. Over
sixty years, this constant erosion caused many bridges to collapse and most bridges in Johnson
County had to be replaced or lengthened. One bridge collapsed and was replaced in 1930, and
then had to be replaced in 1942 and 1947 all due to the same bank erosion issues. The final
bridge, spanning nearly 210 feet, also collapsed because of erosion. (Emerson, 1973)
It is evident from the historical research, recent data collection, and the analysis presented in
this report that the channelization of the Blackwater River has caused economic distress to the
surrounding communities. Also, according to the data and research discussed earlier, the
problem is not going to fix itself, and is trending towards increasing economic losses in the
coming years. The issue requires a solution that will alleviate the economic stress that the
channelization of the Blackwater River has put on Johnson County, and the region.

5. POTENTIAL ALTERNATIVES
Restoring the channel to its pre-channelized state could be considered, however, acquiring the
land and performing the work would be of financial significance and time. It would not create a
water surface level low enough to substantially improve the closure rate of Highway 23,
therefore, we did not pursue additional investigation into this option.
Another solution considered is creating an overflow detention basin in the floodplain. This
would provide area to store the flood water and it to be released at a specified flow to prevent
overtopping at Highway 23. The area required to provide enough storage to have a reasonable
impact on reducing overtopping would be in the 1000s of acres. Due to the excessive land
needed, we find this option to be unviable.
A third potential solution is clearing dense vegetation from the floodplain, this would reduce
the manning’s coefficient for friction, therefore increase the velocities in the floodplain,
reducing the water surface elevation. This option would require significant easements,
permitting, and access to be possible. Increasing the velocities could have a negative impact on
the riverbank stability and ecological habitat. We do not recommend proceeding with this
solution.
A fourth solution is reviewing stormwater management policies in the cities and counties
impacting the watershed and issuing ordinances and policies to improve the stormwater
system. This watershed is relatively rural with minimal major development. We do not believe
any major changes in the water surface elevation would be achieved by increasing stormwater
regulations in the watershed, therefore we do not recommend this solution. The city of
Warrensburg has existing MS4 permit constraints, which have not slowed the erosion or
velocity increases of the Blackwater River since being imposed by the state of Missouri.
Additionally, Johnson County residents have voted twice not to accept planning and zoning in
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the county, rendering effective County stormwater regulations or policies for the Blackwater
River watershed unlikely.

6. RECOMMENDATION
Lastly, we considered raising Highway 23 approximately 5-10 feet so that the roadway is above
the water surface elevation. This option would be of significant cost, but it is our opinion to be
the best solution to prevent regular road closures due to flooding. Based on preliminary
analysis, we recommend this option due to its cost-effectiveness and feasibility.

7. PUBLIC OPINION SURVEY FINDINGS
On Tuesday, August 24, 2021, we sent out a public survey consisting of eight questions to
residents of the region. The purpose of the survey was to gather data on how often residents
use Highway 23 for travel, how much of an effect the closures have on residents, and residents’
opinion on a resolution to the problem. The survey was left open for several weeks and 520
total responses were recorded. The following were the questions asked to residents:
1. Which of the following do you rely on Highway 23 for? The choices were: Job/Business
Commute, Student Commute, Recreation (Shopping, dining, Etc.), Goods and Services
(Groceries, Healthcare, Etc.), All of the above, and Other.
2. How much do the closures affect your day-to-day life? Answer on a scale of 1 to 10.
3. How much of an inconvenience do these road closures pose for you? Answer on a scale
of 1 to 10.
4. How often do you use Highway 23 for travel? The choices were: daily, 3 to 4 times per
week, weekly, 2 to 3 times per month, monthly, and never.
5. Have the frequent closures caused you to no longer use Highway 23? Yes or no answers
only.
6. On average, how many days per year does the flooding on Highway 23 affect you? The
choices were: 0 to 15, 16 to 30, 31 to 45, 46 to 60, and 61 or more.
7. Do the closures on Highway 23 affect you in a way not discussed in this survey? If yes,
please use the space below to answer.

2826 S. Ingram Mill, Springfield, MO 65804

GRE 4413

Phone: 417-886-7171

Fax: 417-886-7591

www.greatrivereng.com

12

BLACKWATER RIVER STUDY

8. How do you see this problem being resolved? Please give us your opinion using the
space below.

Based on the results of the first question, the primary reliance on Highway 23 by residents is for
recreation at 289 responses. However, goods and services and job/business commute were also
top responses at 256 and 239 responses, respectively. 89 responders answered that they used
Highway 23 for all of the above including recreation, goods and services, recreation, and for
student commute. Other responses include 51 for Other and 25 for student commute. From
this data, it seems as though most responders use Highway 23 as a means of travel to their job,
for recreation, or for goods and services.
When asked how much the closures affect resident’s day-to-day life, responders were asked to
answer on a scale of 1 to 10 with 1 being little to no effect, 5 being somewhat of an effect, and
10 being a massive effect. The average and median responses were a 6.86 out of 10 and a 7 out
of 10, respectively. These values represent that, on average, Highway 23 closures have a
significant effect on the day-to-day life of residents. Also, the close average and median values
represent a relatively symmetric distribution with little to no skew.
For the third question, residents were asked how much of an inconvenience the Highway 23
closures were for them. Answers were scored on a scale of 1 to 10 in the same manner as the
previous question. The average and median responses were a 7.9 out of 10 and an 8 out of 10,
respectively. Based on the responses, on average, residents consider the road closures to be
quite a significant inconvenience. Again, the close average and median values represent a
relatively symmetric distribution with little to no skew.
The fourth question asked residents how frequently they used Highway 23 for travel. The vast
majority (403 out of 520, 77.5%) of residents use Highway 23 at least once per week with
approximately 30% (155 out of 520) of residents stating they use the highway every day.
The fifth question was designed to determine what portion of the residents have avoided using
Highway 23 altogether because of the frequent closures. Only 196 residents responded “Yes”
while 323 residents responded “No”. The majority of residents, approximately 62%, have not
permanently changed their driving route due to the closures and frequent flooding of Highway
23.
The sixth question asked how many days per year the flooding on Highway 23 affects residents.
The majority of responses (24.6%) stated that the flooding affects them 31 to 45 days out of the
year while another 23.7% of responses stated that it affects them 16 to 30 days out of the year.
Approximately 17.5% stated that the flooding affects them more than 61 days out of the year.
Overall, the vast majority (48.3%) stated that the flooding affects them between 16 and 45 days
per year.
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Question seven asked the responders to discuss how the closures on Highway 23 affects them
that was not mentioned in the survey. The question was optional and received 142 responses
out of 520 participants (27.3%). Many residents stated that they now avoid Highway 23
altogether to avoid any backtracking if the road is flooded. Some residents also mentioned preemptive closing of the road in anticipation of forecasted rain only for there to be no flooding on
the road at all. Several residents discussed how the closures directly affect their business and
growth. A few responses discussed the effects of the aftermath of the flooding of Highway 23,
stating that even after the road is opened silt buildup and puddles on the roadway still make it
dangerous to travel. All responses can be seen in the Excel file attached to this report.
Similar to question seven, question eight poses another open-ended discussion question. The
question asks how the respondents see the problem being resolved. Out of 520 people
surveyed, 375 responses were recorded (72.1% response rate). The vast majority included
raising the roadway as their solution to the problem while others proposed building another
bridge or a set of culverts to alleviate the flooding. Some responses suggested raising the road
as well as building another bridge. Many others even suggested building a bridge across the
entire length of the floodplain. All responses can be seen in the Excel file attached to this
report.
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APPENDIX A
Hydrologic Data and Results

2826 S. Ingram Mill, Springfield, MO 65804

GRE 4413

Phone: 417-886-7171

Fax: 417-886-7591

www.greatrivereng.com

15

BLACKWATER RIVER STUDY

Existing Conditions StreamStats Data & Results
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4/22/2021

StreamStats

StreamStats Report
Region ID:
MO
Workspace ID:
MO20210422163442992000
Clicked Point (Latitude, Longitude):
38.90326, -93.56618
Time:
2021-04-22 11:35:03 -0500

Code
BSHAPE

DRNAREA

LFPLENGTH
https://streamstats.usgs.gov/ss/

1/3

4/22/2021

StreamStats

Code
STORAGE

Peak-Flow Statistics Parameters [Peak Rural Statewide Region 1 SIR 2014 5165]

Parameter Code

Parameter Name

Value

Units

Min Limit

Max Limit

DRNAREA

Drainage Area

628

square miles

0.11

8212.38

BSHAPE

Basin Shape Factor

3.42

dimensionless

2.25

26.59

Peak-Flow Statistics Parameters [Peak Urban Statewide SIR 2010 5073]

Parameter Code Parameter Name

Value Units

DRNAREA

Drainage Area

628

square miles 0.28

189

IMPNLCD01

Percent Impervious NLCD2001

1.31

percent

46

Min Limit Max Limit

2.3

Peak-Flow Statistics Flow Report [Peak Rural Statewide Region 1 SIR 2014 5165]
PII: Prediction Interval-Lower, Plu: Prediction Interval-Upper, SEp: Standard Error of
Prediction, SE: Standard Error (other -- see report)

Statistic

Value

Unit

SEp

SO-percent AEP flood

14900

ft"3/s

38.4

20-percent AEP flood

23900

ft"3/s

30.8

1a-percent AEP flood

29900

ft"3/s

29.1

4-percent AEP flood

37700

ft"3/s

28.8

2-percent AEP flood

43300

ft"3/s

28.7

1-percent AEP flood

49000

ft"3/s

29.8

0.5-percent AEP flood

54900

ft"3/s

31

0.2-percent AEP flood

62000

ft"3/s

33.2

Peak-Flow Statistics Disclaimers [Peak Urban Statewide SIR 2010 5073]
https://streamstats.usgs.gov/ss/

2/3

4/22/2021

StreamStats

One or more of the parameters is outside the suggested range. Estimates were extrapolated with
unknown errors

https://streamstats.usgs.gov/ss/

3/3

4/22/2021

StreamStats

Statistic

Value

Unit

SO-percent AEP flood

9300

ft"3/s

20-percent AEP flood

16500

ft"3/s

1a-percent AEP flood

22900

ft"3/s

4-percent AEP flood

32600

ft"3/s

2-percent AEP flood

41400

ft"3/s

1-percent AEP flood

50900

ft"3/s

0.2-percent AEP flood

78000

ft"3/s

Peak-Flow Statistics Citations

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality
standards relative to the purpose for which the data were collected. Although these data and associated metadata have
been reviewed for accuracy and completeness and approved for release by the U.S. Geological Survey (USGS), no warranty
expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems,
nor shall the act of distribution constitute any such warranty.
USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the
software has been subjected to rigorous review, the USGS reserves the right to update the software as needed pursuant to
further analysis and review. No warranty, expressed or implied, is made by the USGS or the U.S. Government as to the
functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore,
the software is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages
resulting from its authorized or unauthorized use.
USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not
imply endorsement by the U.S. Government.

Application Version: 4.5.2
StreamStats Services Version: 1.2.22
NSS Services Version: 2.1.1

https://streamstats.usgs.gov/ss/

4/3
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Historic Conditions Regression Equation Data &
Results
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FLOOD FREQUENCY DATA
Project Description
Project Name
Blackwater River Stormwater Study
Project Number
4413
Date
July 21, 2021
Bridge No.
Over
Blackwater River
Worksheet
MoDOT's EPG Website Link
Input Data
Hydrologic Region

1

Basin Area (A)

628.00 sq. miles

Basin Slope (S)
Stream Length (L)
10% Reach
85% Reach
Basin Shape(BS)

0.0013 ft/ft
57.09 mile
Length (ft)
Elevation
100.00
30,144
400.00
256,220

=L2 / A

1.31

Imperivious Area (I)
Results
Q2 =

5.19 dimensionless

2014 Rural Equations
13,227 cfs

2010 Urban Equations
9,300 cfs

Q5 =

21,378 cfs

16,495 cfs

Q10 =

26,811 cfs

22,905 cfs

Q25 =

34,032 cfs

32,597 cfs

Q50 =

39,155 cfs

41,441 cfs

Q100 =

44,391 cfs

50,863 cfs

Q200=
Q500=

49,851 cfs
56,424 cfs

77,998 cfs

2014 Rural Equation Source: Southard and Veilleux (2014)
2010 Urban Equation Source: Southard (2010)

Z:\Shared\Projects\4413 - Highway 23 over Blackwater River Stormwater Study\5 Design\Preliminary H&H
7/22/2021
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BLACKWATER RIVER STUDY

APPENDIX B
Historical Topographic Maps Used for Historic
Conditions
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