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Executive Summary

Introduction

The City of Hutchinson retained Camp Dresser & McKee Inc. (CDM) to prepare a Stormwater

Master Plan (SWMP) encompassing the area within the City boundaries. The goals of the SWMP
are to:

Control flooding and erosion;

Control pollution from runoff to protect water quality;
Identify operation and maintenance needs;

Protect aquifer recharge where possible;

Identify environmental benefits;

Consider long term financing options; and

Establish community acceptance.

The SWMP identifies improvements to the City’s stormwater management system that meet the
above goals. The improvements address both stormwater quantity and quality issues for present
and future land use. The improvements solve both current problems and potential problems
related to new development.

The City currently experiences frequent street ponding and overbank flooding in many areas in the
central and west portion of the City due to an inadequately sized stormwater system. In addition,
the Environmental Protection Agency (EPA) recently prepared National Pollutant Discharge
Elimination System (NPDES) regulations that will require the City of Hutchinson to comply in the
near future with non point source water quality standards established by the EPA. This SWMP
identifies improvements that control the existing frequent ponding problems and provide best

management practice (BMP) options that will improve water quality and help the City comply with
the future NPDES regulations.

Figure ES-1 shows the City’s study area and Primary Stormwater Management System (PSWMS)
which consists of major creeks, ditches, culverts, storm drains, and roadways. CDM identified
reported problem areas, evaluated the City’s PSWMS, identified and quantified system capacities
and deficiencies, evaluated five conceptual improvement alternatives, prepared cost estimates for
the five alternatives, and ranked the improvements according to priority needs. CDM worked with
BG consultants, a local engineering firm, to complete the tasks.

Levels of Service

Stormwater management has become a complex national issue in the last decade. In the past,
ditching and draining to convey stormwater away from development, coupled with filling of
floodplains and wetlands, was the accepted practice. Over the years, flood damages along with
adverse impacts to water quality, fisheries, scenic areas, recharge areas, and wildlife habitats have
forced a change in the accepted approaches to manage stormwater.

Hutchinson is similar in characteristics to other communities regarding stormwater service. Many
of the City’s older stormwater management systems provide inadequate flood protection for streets
and provide little or no treatment of the runoff prior to release. This is due mainly to the

“piecemeal approach” to stormwater management and the aging condition of the existing
infrastructure.

CDM Camp Dresser & McKee ES-1
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Executive Summary

Level of Service (LOS) is a measure of benefit or protection provided by stormwater systems. Proper
LOS decisions for water quantity (flooding) and water quality protection are essential for the City.
LOS decisions set the goals for a Capital Improvement Program (CIP) that establishes the intent of
public involvement. LOS recommendations in this plan have been based on CDM’s evaluations of
Hutchinson and experience with similar programs. They have been formulated to protect or
enhance public safety and to provide benefits for the goals of the program.

Water Quantity LOS

The LOS for water quantity (flood control) retrofit is an essential decision for the City because it will
directly affect the size and cost of facilities. Stated simply, the improvements are developed to
protect public safety by keeping major roads passable and protecting buildings from flooding.
Figure ES-2 shows examples of various water quantity LOS. For example, Class D provides for
flood protection of first-floor elevations (FFE), and arterial roads, while Class C provides control of
flood waters to less than 0.5 feet over the arterial road crowns. Table ES-1 provides a list of water
quantity LOS goals used in the alternatives evaluations.

Table ES-1
Water Quantity Levels of Service
Flood Protection Goals and Classes ("
10-Year 25-Year 100-Year
Structure/
Facility 10-Year Class 25-Year Class 100-Year | Class

Houses/ <FFE® E <FFE E <FFE E
Buildings

Arterial Roads® e W B Crown C <0.5 ft o]
Other Roads"™ <051t D <0.75 ft E <1 ft NA

M All storm durations are 24 hours.

@ Peak flood stages less than the FFE based on available data.

@ Roads with four or more travel lanes, or roads that are the only access to a respective
area/development.

Flood inundation limited to each side of the road such that half of the roadway width (W) or one
travel land width is not flooded.

Other roads that are not critical for evacuation, but that will be used to estimate encroachment
of FFEs.

(4

)

As defined by the scope of services, CDM evaluated five alternative solutions, including a “no
action” alternative. For urban areas, a diminishing return for public expenditures occurs sooner
than for new developments due to severe space constraints, and low-lying first-floor and road

elevations. It is also important to note that some storm events greater than the 100-year may exceed
LOS goals.

CDM Camp Dresser & McKee ES-2
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Executive Summary

Water Quality LOS

Water quality LOS are generally based on a “first flush” abatement of pollutants for new
developments (see Figure ES-3). Retrofit water quality LOS are often limited due to technical and
financial constraints. In general, water quality retrofits are considered if flooding solutions are
implemented or if a clear cause-and-effect relationship of water quality degradation or impaired use
can be attributed to a source. Potential federal NPDES regulations may require water quality
treatment within a framework of basin-specific goals or rules. For these SWMP solution
evaluations, technical and financial constraints were considered in the recommendations for water
quality retrofit LOS. CDM recommends that the City consider water quality benefits in design
features for new developments and in retrofit projects.

Physical Description

The City of Hutchinson has five PSWMSs; Arkansas River (Ark), Cow Creek (COW), Sand Hill
Drain (SHD), East Side Drain (ESD), and the Grandview Industrial Drain (GVI). The total
watershed area served by these PSWMSs is 39.3 square miles, as shown in Table ES-2. The City of
Hutchinson comprises 21.1 square miles of the watershed, or 54%. The remaining 46% of the
watershed is unincorporated Reno County north of the City. Therefore, cooperation with Reno
County on future development will be important for the success of this program.

Table ES-2
PSWMS Characteristics

PSWMS Watershed Portion of Portion of Channel Number of

Area (mi?) Watershed Watershed | Length™ Crossings

within City Developed (feet)
Arkansas River (Ark) 3.5 100% 80% 15,400 4
Sand Hill Drain (SHD) 9.5 6% 4% 4,800 1
Cow Creek (COW) 5.5 100% 89% 31,300 20
East Side Drain (ESD) 46 100% 88% 38,200 36
Grandview Industrial Drain 16.2¢@ 36% 21% 59,900 32
(GVI)
Total 39.3 54% 40% 149,600 a3
@ AtU.S. 50.

@ At G Avenue.

@ Includes bridges, culverts, and tributary lengths. Arkansas River length from City boundaries.
SHD length from Harsha Diversion to 43rd Avenue. Cow Creek length from City Boundary
near U.S. 50 to 43rd Avenue. GVIlength from G Avenue to 43rd Avenue.

Approximately 3.5 square miles of the southwest portion of the City flows directly to the Arkansas
River (Ark). The Cow Creek PSWMS serves the west central portion of the City comprising 5.5
square miles. The Sand Hill Drain is located on the west edge of Hutchinson and diverts a total of
9.5 square miles to the Harsha Channel, with 8.9 square miles in unincorporated Reno County. The
East Side Drain (ESD) is located in the north and central portions of the City and serves 4.6 square
miles. The GVI channel serves the east portion of the City draining a 16.2 square mile watershed,
with 10.4 square miles in unincorporated Reno County.

CDM Camp Dresser & McKee ES-3
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Executive Summary

The soils in the watersheds are comprised of loamy sand (hydrologic soil group A) to fine sandy
loam with a clay subsoil (hydrologic soil group D). About 75% of the soils are within the hydrologic
soil groups A and B, and the remaining 25% are in group D.

Land uses range from agriculture north of 43rd Avenue to industrial within the City of Hutchinson.
Approximately 60% of the watershed is undeveloped. The development in the watershed is about
2% industrial, 2% commercial, 2% institutional, 2% open space, and 32% residential. The average
imperviousness is 14%.

Public Involvement

CDM prepared a questionnaire asking the residents and businesses in the City of Hutchinson to
identify historical stormwater problems they may have observed. 2,012 responses (1,940 residences,
68 businesses, and 4 churches) were received by the City identifying 155 problem areas. The
reported problems were evaluated and the location and severity summarized on the base map as
shown in Figure ES-4 and listed in Table ES-3. Reported problems typically are frequent and /or
excessive ponding in low, flat areas with poor surface drainage and served by storm sewers with
inadequate capacity, or lack storm sewers all together. Several areas have adequate storm sewer
capacity, but lack sufficient inlet capacity to allow water to enter the system with minimal ponding
on the streets. As shown below, Cow Creek has by far the most reported problem areas, followed
by the ESD. Together, these two systems account for 94% of the problems.

Table ES-3
Reported Problem Areas by PSWMS

PSWMS No. of Reported Problem Areas
Arkansas River 0]

Sand Hill Drain 2

Cow Creek 96

East Side Drain 49

GVI Canal 8

Total 155

Existing Stormwater System

The PSWMSs were evaluated using the EPAs Stormwater Management Model (SWMM). The
RUNOFF block of SWMM was used to evaluate the hydrologic components, and the EXTRAN
block of SWMM was used to evaluate the hydraulics. The watersheds were subdivided into 125
hydrologic units. The hydraulic system was modeled as 499 conduits, including 94 bridge and
culvert crossings, over 130,000 feet of open channel, and 87,900 feet of storm sewers. The models
were used to estimate the existing system capacities and to size and site improvements. Verification
of the model was performed by comparing predicted flooding with reported flooding problems.

The capacity of the Cow Creek PSWMS ranges from less than a 5-year event (more than 3-inches of
ponding occurs for the 5-year design rainfall storm event) to more than a 100-year event, depending
on the location. Cow Creek has less than a 5-year level of protection downstream of Severance and

CDM Camp Dresser & McKee ES-4
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Figure No. ES-4
PROBLEM AREAS

STORMWATER MASTER PLAN
HUTCHINSON, KANSAS
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Executive Summary

at Plum Street, and has a 100-year level of protection at Main Street and upstream of 2nd Avenue as
shown on Figure ES-5. Approximately 80% of the storm sewers in the Cow Creek PSWMS have far
less than a 5-year level of protection, confirming the reported problem areas. Also, there is up to
two feet of sediment in the channel upstream of 2nd Avenue; therefore, potentially reducing the
capacity of storm sewers that outfall to the area. This would be expected because of larger flows
diverted by the Harsha Channel eliminating high velocities in the channel through this reach.

The Sand Hill Drain PSWMS has a 100-year capacity. This is based on the modeling assumption
that water does not overtop 43rd Avenue and ponds in the area north of 43rd Avenue for the 100-
year event. Hydraulic improvements upstream of 43rd Avenue will significantly reduce the level of
protection provided by the diversion channel and culvert. There are two reported localized
stormwater problems, but the problems are not associated with the PSWMS.

The East Side Drain ranges in capacity from a 5-year event at O’Daniels Street, the Kennedy
Freeway, and the Fair Grounds, to a 100-year event at G Avenue and Elm Street. The primary
storm sewers serving the ESD PSWMS have less than a 5-year level of protection, confirming the
reported problems in the area.

The GVI canal has a minimum of a 25-year capacity near the AT & SF Railroad, and increases to a
100-year capacity from 30th to 43rd Avenue. Flows from the unincorporated area north of the 43rd
Avenue are limited to the GVI channel by several 30-inch storm sewers underneath 43rd Avenue.
The area north of 43rd Avenue functions as a large detention area regulated by the 30-inch pipes.
Hydraulically improving the stormwater system upstream of, and at 43rd Avenue could reduce the
LOS of the GVI canal system in Hutchinson by more efficiently delivering flows to the City portion
of the system. Coordination with the County on this issue is very important.

The City has insufficient capacity in its Cow Creek and ESD PSWMSs. The problems can be
attributed to undersized storm sewers, lack of storm sewers to localized areas, and limited outlets
for the storm sewers. A combination of relief sewers and detention facilities mitigate the City’s
storm water quantity problems and allow incorporation of BMPs to help meet the anticipated new
NPDES permit requirements. Measures should be taken to mitigate increased flows from

development north of 43rd Avenue to maintain existing channel capacities on the SHD and GVI
PSWMSs.

Alternative Improvements

CDM evaluated five improvement alternatives to meet the established ponding depth design
criteria for existing development. They are:

1. No action.

2. Replacing the existing primary storm sewers and channels with larger capacity storm sewers
and channels.

3. Adding parallel storm sewers along those with insufficient capacities.

4. Local detention basins throughout the system.

5. Relief storm sewers and regional detention basins.

Alternative 1 involves maintaining the current stormwater system with no capital improvements.
This Alternative was considered in the ultimate decision on implementation to fully understand the
problems, the solutions, and the true benefits. The 155 reported problem areas will continue to exist
and new problems will arise as runoff from new development increases flows and volumes to the
existing system.

CDM Camp Dresser & McKee ES-5
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Executive Summary

Alternative 2 requires 55,750 feet of new storm sewers ranging in size from 10-feet wide by 4-feet
high concrete box culverts (CBCs) to 24-inches in diameter. A total of 24,600 feet of open channel
needs to be improved, with 7,000 feet of Cow Creek channel from Plum Ave to the City limits at US
50, and 12,800 feet of the ESD channel at various locations, as shown on Figure ES-6. The estimated
construction cost is $40 million to improve the PSWMSs, as shown in Table ES-4. This alternative
replaces the existing storm sewer and channel system and would provide a longer service life.
Little opportunity exists to incorporate BMPs. The new storm sewers increase flows to the ESD and
Cow Creek, further increasing the required channel improvements. The components of the
improvements are summarized in Table ES-4.

Alternative 3 requires 55,750 feet of new storm sewers ranging in size from 10 feet wide by 4 feet
high CBCs to 24-inch diameter storm sewers, as shown on Figure ES-7. A total of 24,600 feet of
open channel needs to be improved, with 7,000 feet of Cow Creek channel from Plum Ave to the
City limits at US 50, and 12,800 feet of the ESD channel at various locations, as shown on Figure ES-
7. The estimated construction cost is $34 million. This alternative takes advantage of the existing
system conveyance capacity reducing the required size of the parallel sewers. Little opportunity
exists to incorporate BMPs. The new storm sewers increase flows to the ESD and Cow Creek,
further increasing the required channel improvements.

Alternative 4 includes up to 26 local detention facilities located on the Cow Creek, ESD, and GVI
PSWMS, as shown on Figure ES-8. The facilities would range in volume from 5 to 25 acre-feet with
a surface area of 2 to 8 acres (0.5 to 2 city blocks). The basins would be approximately 4 feet deep,
have 4:1 side slopes, and drain by gravity. The cost is estimated at $44 million. These detention
ponds would function both as flood storage and as BMPs for water quality with this alternative.

Alternative 5 incorporates 27,370 feet of new relief storm sewers on the Cow Creek and ESD
PSWMS's. An 8 feet wide by 4 feet high CBC would be constructed on 17th Avenue from the
Harsha Channel to Plum Street, as shown on Figure ES-9. The west 3,500 feet of storm sewer from
Monroe Street would divert flows from 170 acres of watershed to the Harsha Channel, relieving the
existing storm sewers in the area, and reducing flows to Cow Creek. The 6,600 feet of relief storm
sewer east of Monroe Street would capture flows from 335 acres of watershed, relieving the existing
storm sewers on Main, Maple, and Elm Streets, and reduce flows to Cow Creek. The relief storm
sewer would outlet to the open area between Plum Street, Severance Street, and 23rd Avenue east
of the State Fair Grounds. The open area would be converted into a 150 acre-feet regional detention
facility controlling flows from the 17th Avenue relief storm sewer, the existing ditch along the State
Fair grounds, and ESD channel north of 17th Avenue. The facility would reduce flows on the ESD
channel by controlling flows from the upper 2.2 square miles of the ESD watershed, increasing the
downstream level of protection. The facility would relieve problems in the immediate vicinity of
the basin. A second relief storm sewer would connect to the existing storm sewers at Maple Street
and 6th Avenue and continue southeast to the existing open ditch at the State Reformatory. The
relief storm sewer would be 8 by 3 feet and 10,400 feet in length. The ditch would need to be
improved to handle the increased flow from the new relief storm sewer. The estimated cost is $27
million. Opportunities exist to incorporate BMPs at the regional detention facility.

CDM Camp Dresser & McKee ES-6
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Executive Summary

Table ES-4
PSWMS Improvement Alternatives
Alternative No. | Length of New Length of Number of Total Probable
Storm Sewer Channel Detention Detention Conceptual
(ft.) Improvements Facilities Volume (acre- Capital
(ft.) feet) Cost (Millions)
1 0 0 0 0 $0.0
2 55,750 24,600 0 0 $40
3 55,750 24,600 0 0 $34
4 0 0 26 285 $44
5 27,370 24,600 1 150 $27

Recommendations and Priorities

CDM recommends that the City implement Alternative 5 along with consideration for some of the
detention ponds in Alternative 4. The construction of storage at or near the problem areas coupled
with the relief pipes will allow a phased solution to flooding problems that also treats runoff where
practicable to proactively comply with pending EPA NPDES stormwater requirements. Table ES-5

lists the priority projects based on a logical implementation schedule and benefits for the investment
costs.

Table ES-5
Implementation Schedule for Recommended PSWMS Improvements
Phase Description Date (Yr) Cost
($ Million)
| 150 acre-feet detention facility 2000-2002 52
1l East 17th Avenue relief storm sewer 2003-2005 4.6
| Cow Creek Tributary channel improvements and relief 2006-2008 5.4

storm sewers

v Relief storm sewers on west 17th Ave., Van Buren St., 2009-2011 5.3
10th Ave., 2nd Ave., and 1st Ave.

\ ESD and GVI channel improvements and relief storm 2012-2020 6.9
sewers, and Cow Creek Channel Improvements

In addition, CDM recommends that the City consider a stormwater utility to fund the
recommended improvements in a fair and equitable manner.

CDM Camp Dresser & McKee ES-7
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Section 1
Background

1.1 Introduction

In May 1997, the City of Hutchinson contracted with Camp Dresser and McKee Inc.(CDM) and BG
Consultants, Inc., to prepare a comprehensive Stormwater Management Master Plan (SWMP). This
effort is intended to evaluate the performance of the City’s primary stormwater system, identify and
solve flooding throughout the developed portion of the City, and to develop an approach to
managing stormwater in developing areas. This was accomplished using computer models to
simulate the system based on existing conditions and then applying future conditions to identify
potential future problems.

In addition to the above, the SWMP goals include:

Control flooding and erosion;

Control pollution from runoff and protect water quality;
Identify operation and maintenance needs;

Identify environmental benefits;

Consider long term financing options; and

Establish community acceptance.

The city currently experiences frequent street ponding and overbank flooding in many areas in the
central and west portion of the City due to an inadequately sized stormwater system. In addition,
the Environmental Protection Agency is in the process of issuing new National Discharge
Elimination System (NPDES) regulations dealing with the management of nonpoint source
pollution in the stormwater system. This SWMP identifies improvements that control the existing
frequent ponding problems and provide Best Management Practices (BMP) options that will
improve the water quality and help the City comply with the future NPDES regulations.

1.2 Physical Description

The City of Hutchinson is located along Cow Creek just upstream of its confluence with the
Arkansas River. Cow Creek has a drainage area of approximately 980 square miles and flows
generally from the northwest to the southeast. Flooding along Cow Creek has been a problem for
the City for many years. To address this issue, the City and Army Corps of Engineers (ACOE) have
constructed a series of diversion canals and levee’s to control flooding along the Creek. The first
diversion was constructed during the 1950's and is known as the Harsha Canal. This canal was
designed to allow flood waters to by-pass downtown Hutchinson and flow directly to the Arkansas
River. Flood events which occurred after the construction of the Harsha Canal proved the Harsha
was not capable of handling large flood events. To provide a greater level of protection, the ACOE
constructed a larger by-pass canal west of the Harsha. This canal, known simply as the Cow Creek
Diversion Ditch, was designed for larger flood events. Under current operations, the gate structures
at both the Cow Creek Diversion Ditch and Harsha Canal are maintained in an open position to
allow some base flow to pass through the City. During storm events, the gates are closed to stop
the flood flow from entering the City.

CDM Camp Dresser & McKee 1-1
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Section 1
Introduction

In addition to the large flood-control by-pass canals, the City has other significant drainage
facilities. As part of this study, the City was divided into 5 major drainage basins (Figure 1-1).
These consist of the following and are described in detail below:

Cow Creek (COW)

Sandhill Drain (SHD)

East Side Drain (ESD)

Grandview Industrial Drain (GVI)
Arkansas River (ARK)

¥y ¥ v vy v

Cow Creek - The Cow Creek basin consists of the majority of the downtown portion of the City.
The drainage basin consists of several storm drain systems which discharge directly to Cow Creek.

Sandhill Drain - The Sandhill Drain is located in the northwestern portion of the City. This system,
which discharges to the Cow Creek upstream of the Harsha Canal, drains an area west of Main
Street and north of 17th Avenue. The northern portion of the basin is mainly agricultural with open
channels and ditches, while the lower portions of the basin are mostly developed. This system
discharges to Cow Creek through two main conveyance structures consisting of a box culvert and a
corrugated metal pipe near Swarens Street.

East Side Drain - The East Side Drain discharges to Cow Creek to the east of the downtown area,
just west of the Ken Kennedy Expressway. From Cow Creek, the system runs along the east side of
the downtown area until is reaches Severance near 17th Avenue. At this point it runs next to or in
the middle of Severance north to 23rd Avenue where it turns west toward the Sandhill Drain.

Grandview Industrial Drain - Better known as the GVI, this system is the newest of the major drains
and runs along the eastern most edge of the city from the Cow Creek north to the Airport. Just
north of the Airport, this system turns west and runs along the northern edge of the City. Current
plans are to extend this drain to the north to serve many of the new developments and allow
stormwater from these areas to by-pass the developed portion of the City.

Arkansas River Basin - This basin includes the extreme southern portion of the City which drains
directly to the Arkansas River. This system consists of a mix of open and closed channels. Due to

the direct discharge to the Arkansas River, this basin is hydrologically independent from the other
basins discussed.

Table 1-1 provides a breakdown of the drainage area and channel lengths for each of the major
basins . Figures 1-1 and 1-2 show the study area and primary stormwater management system.

CDM Camp Dresser & McKee 1-2

L:\8062\REPORT\HUSEC 1.WPD



Section 1
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Table 1-1
PSWMS Characteristics
PSWMS Watershed Portion of Portion of Channel Number of
Area (mi.?) Watershed Watershed Length® Crossings

within City Developed (feet)
Arkansas River (Ark) 3.5 1 80% 15,400 4
Sand Hill Drain (SHD) 9.5 6% 4% 4,800 1
Cow Creek 5.5 100% 89% 31,300 20
East Side Drain (ESD) 4.6 100% 88% 38,200 36
Grandview Industrial Drain 16.2@ 36% 21% 59,900 32
(GVI)
Total 39.3 54% 40% 149,600 a3

@ AtU.S. 50.

@ AtG Avenue.

@ Includes bridges, culverts, and tributary lengths. Arkansas River length from City boundaries.
SHD length from Harsha Canal to 43rd Avenue. Cow Creek length from City Boundary near
U.S. 50 to 43rd Avenue. GVI length from G Avenue to 43rd Avenue.

1.3 Citizen Advisory Committee

As part of the public participation element of this project, the City established a citizen Stormwater
Management Advisory Committee. This committee met regularly throughout the master planning
process to discuss the direction of the master plan and review preliminary results. The goal of this
committee was to provide an avenue to better understand the needs of the Citizens of Hutchinson
and the communities goals for stormwater management. This committee is envisioned to continue

after the completion of this plan to address other issues, such as implementation, funding, and
NPDES permitting.

1.4 Organization of Report

The report has been organized in a manner which simplifies the review and understanding of the
master plan. Below is a brief description of the report sections.

Section 2 - Data and Methodology -This section describes the process used to develop the
stormwater model and evaluate the system. This includes technical details on how the models
simulate the system and detailed description of stormwater management practices.

Section 3 - Results - This section describes the results of the evaluation, including identification is
existing system deficiencies.

Section 4- Alternatives Evaluation - This section describes the alternatives which were evaluated
and the effectiveness of each. This includes a discussion on costs and implementation issues.

CDM Camp Dresser & McKee 1-3
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Section 5 - Recommendations - This section describes the recommended alternative and provides
additional details on implementation including a recommended phasing plan.

Section 6 - Drainage Policies and Implementation Requirements - This section describes the City’s
existing drainage policies and makes recommendations to provide the City with the regulatory
framework to effectively manage the stormwater system.

CDM Camp Dresser & McKee 1-4
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Section 2
Data and Methodology

This section details the data and methodology used to perform the stormwater management

evaluations. Hydrologic data are presented in Appendix A, and water quality data are presented in
Appendix B.

2.1 Stormwater Model Framework

The stormwater management master plan for the City of Hutchinson was prepared using several
surface water models to simulate conditions. Computer models allow for the simulation of
stormwater runoff and water quality under existing conditions, as well as, allow for the evaluation
of alternative solutions to problems or changes in conditions, such as new development. For the
purposes of this study, three models were used. These are the EPA SWMM RUNOFF Block, EPA
SWMM EXTRAN Block, and the Watershed Management Model (WMM). The RUNOFF and
EXTRAN models were used to simulate the hydrologic and hydraulic conditions. The WMM was
used to evaluate water quality issues. These models and how they were applied is described in
detail in the following sections.

2.2 Water Quantity Modeling

An important aspect of this City of Hutchinson Stormwater Master Plan (SWMP) is the proper
evaluation of water quantity (flooding). A good understanding of water quantity helps determine
the most effective methods of controlling flooding and protecting public safety. Camp Dresser &
McKee Inc. (CDM) used recent versions of the RUNOFF and EXTRAN blocks of the United States
Environmental Protection Agency (EPA) Stormwater Management Model (SWMM, Version 4.4)
because these models best meet the requirements of the program. The models have been verified in
stormwater master plan uses throughout Kansas and the US. The hydrologic model, RUNOFF, is
used to evaluate rainfall, runoff, and infiltration characteristics of an area. It can also perform
simple hydrologic routing of channels, pipes, and lakes where gradients are known. RUNOFF
output is delivered to EXTRAN, which is the hydraulic model. EXTRAN provides dynamic flood
routing of channels, lakes, and control structures such as bridges, culverts, and weirs. EXTRAN
accounts for conservation of mass, energy, and momentum; thereby predicting looping, flow
reversals, etc. should they occur.

CDM also prepared an XP-SWMM model. XP-SWMM is a proprietary version of EPA-SWMM and
adds graphical display of input and output to the programs’ capabilities.

2.2.1 Hydrologic Model

The hydrologic model used for this study is the RUNOFF block of the EPA SWMM, Version 4.4,
which was originally developed by CDM. The program simulates the rates of runoff developed
from subareas using an overland flow model (kinematic wave approximation) equation.
Hydrologic routing techniques are then used to route the overland flows through the pipe, culvert,
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and channel as required. Program results can be saved for input to the EXTRAN block of SWMM to
perform hydraulic routing in downstream reaches.

RUNOFF was originally developed in 1970 as part of the original EPA SWMM. The program has
been applied many times since its inception and has gained worldwide acceptance. Over the years,
the program has undergone many changes and modifications, although the main formulations and
calculations remain mostly unchanged from the original codes.

Program modifications have been performed over the years by CDM and others to streamline
program functions and expand channel routing capabilities for use in stormwater master plan
studies. A more complete documentation of the model's background and theory can be found in
the SWMM User's Manual.

2.2.2 Hydraulic Model
EXTRAN

The primary hydraulic model used for this study was SWMM EXTRAN, which is a hydraulic flow
routing model for open channel and/or closed conduit systems. It uses a link-node (conduit-
junction) representation of the drainage system in an explicit finite difference solution of the
equations of gradually varied, unsteady flow. EXTRAN receives hydrograph input at specific
junctions by file transfer from a hydrologic model such as RUNOFF or Technical Release (TR) 20,
and/or by manual input. The model performs dynamic routing of stormwater flows through the
major storm drainage system to the points of outfall in the receiving water system. The program
will simulate branched or looped networks; backwater due to tidal or nontidal conditions; free-
surface flow; pressure flow or surcharge; flow reversals; flow transfer by weirs, orifices, and
pumping facilities; and storage at online or off-line facilities. Types of conduits that can be
simulated include circular, rectangular, horseshoe, elliptical, and basket handle pipes, plus
trapezoidal or irregular channel cross sections. Simulation output takes the form of water surface
elevations and discharges at each node and conduit, respectively.

EXTRAN was developed for the City of San Francisco in 1973. At that time, it was called the San
Francisco Model or the Water Resources Engineers Inc (WRE) Transport Model. In 1974, EPA
acquired this model and incorporated it into the SWMM package, calling it the Extended Transport
Model - EXTRAN - to distinguish it from the TRANSPORT Model developed by the University of
Florida as part of the original SWMM package. Since that time, the model has been refined,
particularly in the way the flow routing is performed under surcharge conditions and in large open
channel networks.

Several enhancements to EXTRAN have been implemented over the years since EXTRAN was
originally released. A sampling of these are summarized below:

u Input and simulation of channels with irregular cross sections from select Hydrologic
Engineering Center (HEC) -2 data cards

CDM Camp Dresser & McKee 2-2
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L Variable stage-area junctions
a Pump curves
o Different boundary conditions at each system outfall
@ “Hot start” input and output from binary files
m On-screen printout of the simulation percentage of completion

In addition, minor changes were made to several algorithms for program efficiency and accuracy.

2.2.3 Water Quantity Model Schematic

A necessary task of any stormwater master plan is the creation of a simplified representation of the
actual system for input into the stormwater models. The first step to accomplish this task is
developing a model schematic, which also aids in checking input data and interpreting output data.

An overall RUNOFF/EXTRAN schematic for the City of Hutchinson PSWMS is presented in
Appendix A. The schematic shows the hydrologic unit load points for inflow, conveyance
channels, and structures, as well as the storage and linking junctions. It also illustrates how the
RUNOFF and EXTRAN programs were set up to simulate each area’s runoff hydrograph and the
routing of the runoff through the stormwater management system. Identification numbers for
various system elements are also shown on the schematic. The schematic provides a quick reference
between the actual physical situation and the modeled system.

2.2.4 Model Calibration and Verification

Calibration and verification are desirable to establish a “reality check” of predicted stages, flows,
and velocities. In order to calibrate/verify, data must be available in the form of rainfall, stage,
flow, and/or high water marks for specific storm events, land use, and hydraulic conditions. A
verification was performed by CDM using available problem area information within the City. The
verification included both hydrologic and hydraulic parameters.

2.3 Water Quality Modeling

This section documents the methods used to perform the water quality modeling evaluations. The
water quality modeling framework involves identification of the water quality problems to be
addressed by the modeling study, the structure of the model software, and the assumptions and
guidelines for using the model to represent the study areas within the City.

The CDM Watershed Management Model (WMM) provides annual point and nonpoint source
pollutant load estimates for each hydrologic unit. Twelve pollutant loads are estimated: five-day
biochemical oxygen demand (BOD;), chemical oxygen demand (COD), total suspended solids (TSS),
total dissolved solids (TDS), total phosphorus(TP), dissolved phosphorus (DP), total Kjeldahl
nitrogen (TKN), nitrate/nitrite (NO,/NQ,), lead (Pb), copper (Cu), zinc (Zn), and cadmium (Cd).
For NPDES MS4 purposes, total nitrogen can be calculated as the sum of TKN and NO,/NO,
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nitrogen. The CDM WMM results may be used for relative comparisons of land use changes, BMP
changes and changes to point source loadings in a standard framework . Potentially, absolute load
and EMC estimates can be derived. Therefore, the model results were used to estimate nonpoint

source pollutant loads, compare point versus nonpoint source loads, and identify effectiveness of
BMP control options.

A modeling study of this type often relies on local monitoring data to validate the pollutant loading
factors used in the simulation model. Hutchinson has initiated a Cow Creek ambient water quality
monitoring program. This data could be used for future model validation in a subsequent phase or
authorization. Section 2.7 discusses the water quality parameters for this project.

As a long-term monitoring record is compiled, pollution loading statistics can be compared with the
water quality model projections from this study to provide further justification of the planning tools
that serve as the basis of the watershed management plan. In addition, a long-term water quality
monitoring program can be used to evaluate the need for any mid-course corrections in the
management plan (i.e., need for retrofit detention ponds to treat runoff).

2.3.1 Nonpoint Source Pollution Loading Model

CDM used the Watershed Management Model (WMM) to estimate relative nonpoint source loads
from the study area. WMM incorporates a land-use approach to estimate annual or seasonal
nonpoint source loads from direct runoff based upon the event mean concentrations (EMCs) and
runoff volumes. The approach is based on the fact that the type and concentration of pollutants in
stormwater is partially based on the type of land use contributing to the runoff. Data required to
execute the nonpoint source module of WMM include EMCs for each pollutant type and land use,
average annual precipitation, annual base flow, and average base flow pollutant concentrations.
The following summarizes some of the features of the WMM:

o Estimates annual runoff pollution loads and concentrations for nutrients (total
phosphorus, dissolved phosphorus, total nitrogen, ammonia plus organic nitrogen),
heavy metals (lead, copper, zinc, cadmium), and oxygen demand and sediment
(BOD;, COD, total suspended solids, total dissolved solids) based upon EMCs, land
use, percent impervious, and annual rainfall.

@ Estimates runoff pollution load reduction due to partial or full scale implementation
of up to five types of onsite or regional Best Management Practices (BMPs).

@ Applies a delivery ratio to account for reduction in runoff pollution load due to
settling in stream courses.

z] Estimates annual pollution loads from stream base flow.

o Estimates point source loads for comparison with relative magnitude of nonpoint
pollution loads.

m Estimates pollution loads from failing septic tanks.
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Stormwater pollution control strategies that can be evaluated using the WMM include:
@ Non-structural controls (e.g., land use controls, buffer zones, etc.)

o Structural controls (e.g., onsite and regional detention basins, wet detention ponds,
dry detention ponds, swales, etc.)

The model provides a basis for planning level evaluations of the long term (annual or seasonal)
nonpoint pollution loads and the relative benefits of nonpoint pollution management strategies to
reduce these loads. WMM evaluates alternative management strategies (combinations of non-
structural and structural controls) to develop the stormwater management plan.

CDM's WMM was used to generate estimates of average annual pollutant loadings for existing and
future conditions based upon local rainfall statistics. The model relies upon EMC factors for
different land use categories to calculate pollution loadings. The derivation of the EMC factors is
documented and discussed in Section 2.7.

2.4 Hydrologic Unit Delineations

Hydrologic unit delineations or boundaries in the City were derived using United States Geological
Survey (USGS) 7.5-minute series quadrangle (5-foot contour, 1" = 2,000") and City of Hutchinson 2-
foot contour Stormwater Atlas (1996) coupled with topography from as-builts and construction
plans. Hydrologic units are generally defined by natural physical features or constructed
stormwater conveyance systems which control and direct stormwater runoff to a common outfall.
The following criteria were used to determine hydrologic unit boundaries:

o Large scale physical features such as sand ridges, railroad grades, large buildings,
and major roads were used to establish hydrologic divides.

@ The 10-, 25- and 100-year storm events were considered to be the most important in
terms of flood protection since these events are used to size conveyance systems.
The 100 year event is used to determine the regulatory peak discharges from a basin,
as well as to establish flood-insured, first-floor elevations for buildings. Therefore,
boundaries were delineated for these events.

L Hydrologic unit boundaries were delineated where structures or topographic
features could appreciably impound water for the 25- and 100-year events.

g The present condition hydrologic unit delineations were considered to be
approximately the same as the future development conditions.

L Existing reports/studies were used, along with field verification, to verify
ambiguous boundaries.

u The level of detail used in the delineations was consistent with the PSWMS analysis.
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The hydrologic-unit-identification scheme is a six character alphanumeric code; the first three letters
represent the PSWMS, and the last three numbers represent the hydrologic unit number. Examples
of the identification for the PSWMSs are listed in Table 2-1.

Table 2-1

Hydrologic Unit Identification Scheme
Hydrologic Unit | Description
ARKO010 Arkansas River PSWMS, hydrologic unit number 10
COWo10 Cow Creek PSWMS, hydrologic unit number 10
ESDO10 East Side Ditch PSWMS, hydrologic unit number 10
SHDO10 Sand Hill Diversion PSWMS, hydrologic unit number 10
GVI010 Grand View Industrial PSWMS, hydrologic unit number 10

Table 2-2 lists PSWMSs in the planning area, number of hydrologic units in the planning area, and
the respective areas for each planning area, while Appendix A provides a table listing individual
hydrologic units and their characteristics. Hydrologic units are shown in various figures in Section
1.

Table 2-2
Hydrologic Units

PSWMS Number of Hydrologic Units Tributary Area (Sq. Mi.)
Arkansas River 1 3.5

Cow Creek' 45 5512

East Side Ditch 29 4.58

Sand Hills Diversion 16 9.52

Grand View Industrial 35 16.21°

Total 125 39.3

'Tributary area does not include the 952 square mile watershed of Cow Creek diverted to the
Arkansas River west of Prairie Street. (Cow Creek Diversion Ditch)

At U.S. 50

*At G Avenue

2.5 Hydrologic Parameters

Hydrologic model parameters used for the model simulations are described below. Appendix A
provides the resultant RUNOFF model data by hydrologic unit (hydrologic unit number, width,
area, percent directly connected impervious area (DCIA), slope, Manning's roughness values, initial
abstractions, and infiltration rates.

CDM Camp Dresser & McKee 2-6
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2.5.1 Topographic Data

Topographic data were used to define hydrologic boundaries, overland flow slopes, channel slopes,
critical flood elevations, and stage-area-storage relationships. Topographic data were available in
the watershed from three major sources:

1. USGS 7.5-minute series quadrangle maps (1" = 2,000', 5' contours, Table 2-3)
2. Topographic map of Hutchinson (revised November 1996)
3. Stormwater Utility Maps with storm sewers and inlet elevations (revised June 1997)

Figure 2-1 shows the available 2' contour topographic data coverage, and Figure 2-2 shows the
USGS quadrangle coverage for the City of Hutchinson.

Table 2-3
United States Geological Survey Quadrangles
Quadrangle Name Year Published Year Photo Revised
Hutchinson SE 1961 1978
Hutchinson NW 1965 1978
Hutchinson 1960 1978

2.5.2 Hydrologic Unit Areas

Areas were determined by planimetering the hydrologic unit delineations. Each area was measured
at least two times, outlier or suspect values were investigated and measured if necessary, and the
average area was used for model input.

2.5.3 Rainfall Intensities and Quantities

Rainfall data were used to generate the basis for stormwater evaluations. Data are generally
characterized by amount (inches), intensity (inches per hour), frequency (years), duration (hours),
spatial distribution (locational variance), and temporal distribution (time variance). The National
Climatic Data Center (NCDC) keeps rainfall records in daily or hourly intervals for major rainfall
gages. In Hutchinson, these records are compiled at the Airport (hourly data; 1958 - 71).

In addition to the rain gage located in Hutchinson, CDM identified a gage in Wichita (hourly data,
1956-96). This additional station may be used in developing rainfall data which are useful in the
verification of the stormwater models. The locations of available and proposed rainfall gages are
provided in Appendix A.

Rainfall data are also used to generate the stormwater runoff for the WMM evaluations. Unlike
stormwater quantity modeling, longer time steps are appropriate for estimating stormwater
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Section 2
Data and Methodology

pollutant loads. In the case of WMM, monthly rainfall records from the Hutchinson 10SW rain
gage were obtained from the NCDC (http:/ /www.ncdc.noaa.gov/ ol/climate/online/
coop-precip.html) and summarized into an annual average. The period of record obtained for the
Hutchinson area was 1953 through 1996. Monthly totals for the period of record are given in Table
2-4. The annual average rainfall for 1953 through 1996 was 28.41 inches.

National Weather Service Technical Paper 40 (TP-40) 24-hour design rainfall depths were used for
the SWMP. Depths were derived for the 5-, 10-, 25-, and 100-year events. The Soil Conservation
Service 24-hour Type Il synthetic rainfall distribution was used to distribute the design rainfall
depths over time and develop rainfall intensities. The rainfall was distributed in 15-minute
increments. Appendix A contains the design rainfall depths.

2.5.4 Infiltration Rates and Capacities

Soils data are used to evaluate stormwater runoff, infiltration, and recharge potential. Soil
infiltration rates were taken from the United States Department of Agriculture (USDA) Soil
Conservation Service (SCS) Soil Survey for Reno County (March 1966), based upon the soil
hydrologic group. This agency has been renamed the Natural Resource Conservation Service
(NRCS). For the City of Hutchinson SWMP, CDM used soil storage as well as infiltration rates. Soil
capacity (or soil storage) is a measure of the amount of storage (in inches) available in the soil type
for a given antecedent moisture condition. The average antecedent moisture condition (AMC II)
was used for all design storm analyses. Soil storage capacities were estimated based on available
depth-to-water-table. Sensitivity and verification analyses of rainfall versus runoff were used as a
basis for soils parameters for the design storms in this SWMP.

The soil series within each hydrologic unit were grouped by hydrologic soil. Appendix A provides
a summary of hydrologic soil group percentages by hydrologic unit.

2.5.5 Overland Flow Parameters

The overland flow hydraulic length (H,) is the weighted-average travel length to the point of
interest. The need for this is apparent for areas with odd geometry where a long, thin portion of the
area may bias the H;. For ponded areas, the point of interest chosen was the centroid of ponding.
For areas where ponding does not occur, the point of interest is the outflow from the area.
Overland flow slope is the average slope over the hydraulic length and is calculated by dividing the
difference in elevation by the hydraulic length. Length and slope information were obtained from
the two-foot topographic data and USGS 7.5-minute quadrangle maps.

2.5.6 Impervious Areas

Land use data are used to estimate imperviousness, runoff, and pollutant load potential in
stormwater evaluations. Relative changes in land use can also be used to identify areas of high
growth for the establishment of priorities for study. For this SWMP, the land uses were grouped
into 10 categories of relatively homogeneous imperviousness. Present land uses within the
watershed include residential, commercial, industrial, institutional, wetlands, waterbodies and
watercourses, and rural (which includes agricultural). For a given land use, the percent of directly
connected impervious area (DCIA) is relatively consistent throughout the country. Thatis, a

CDM Camp Dresser & McKee 2-8
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Section 2
Data and Methodology

medium density residential neighborhood has a comparable mix of roof-tops, roadways and
driveways throughout the United States. The present land use and impervious areas for each
hydrologic unit were calculated in percentages of homogenous (or nearly homogenous) land use
obtained from the City of Table 2-4 Hutchinson February 1996 aerials, then applying guideline
impervious and DCIA percentages. These guideline percentages are based on SCS methodology,
CDM experience, verification results, and impervious percentage checks within the SWMP analyses.
Table 2-5 lists land use types, their percent impervious, percent DCIA, percent non-directly
connected impervious area (NDCIA), and the percent pervious. The DCIA represents all the
impervious surfaces that are directly connected to the stormwater system. The NDCIA represents
the impervious surfaces that have a previous buffer between the stormwater system. Based on this
information, the area-weighted average percent imperviousness for each hydrologic unit is
computed by WMMSs using the percent of each land use category within a hydrologic unit for
existing land use conditions. The Hutchinson watershed generally consists almost entirely of low
DCIA agriculture (64%) and moderate DCIA residential land uses (29%). A summary of the
original land use definitions for each hydrologic unit is included as Appendix B.

Table 2-5
Imperviousness by Land Use Category
Percent Percent Percent Percent

Land Use Category Impervious'”’ DCIA® NDCIA® Pervious

1.Forest, Open, & Park 1 1 0 99

2.Pasture 1 1 0 99
ﬂricultural & Golf Gourses 1 1 0 99

4.Low Density Residential 30 16 14 70

5.Medium Density Residential 34 19 25 66

6.High Density Residential 57 38 19 43

7 .Institutional 65 46 19 35

7Commercial 87 79 8 13

8.Light Industrial 87 79 8 13

9.Heavy Industrial 87 79 8 13

10.Wetlands 100 100 0 0

11.Watercourses & Waterbodies 100 100 0 9]

® Total Impervious Area

@ Directly Connected Impervious Area (DCIA)
® Non-Directly Connected Impervious Area (NDCIA)

2.5.7 Stage-Area Relationships

Stage-area information was developed by planimetering topographic contours for major

depressional areas which could not be uniformly incorporated into channel cross sections. This
process was done to more accurately reflect street and floodplain storage. The volume of storage
was internally calculated by stormwater models using the trapezoidal method. The area, and
therefore the volume, of buildings and houses within the flood prone areas was included in the
calculations to account for floodplain storage within the structures.

CDM Camp Dresser & McKee 2-10
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2.5.8 Stage and Discharge Data

A desirable component of any water resources investigation is the availability of measured stages
and/or discharges at selected points of interest, or the availability of calibrated hydrologic/
hydraulic models from the area to serve as a “reality check”. These data are often used to establish
base flows, as well as predict extreme flood and /or drought event conditions.

Diversion Structure data

Typically, for a watershed management plan, stages and/or discharges are used in conjunction with
known rainfall amounts/distributions and other hydrologic/hydraulic conditions to calibrate and
verify models. These calibrated and verified models can then be used in evaluations of present
problem area solutions or future conditions planning. It is often desirable to acquire this data in at
least hourly intervals to predict and plan for relatively short-term, yet potentially damaging, flood
peaks.

Staff stage data are available in the City of Hutchinson on the Arkansas River and the Cow Creek
diversion channel from manually read staff gages. Stage and flow data are not available in

Hutchinson. Therefore, model verification was performed by comparing model results to problem
areas.

2.6 Hydraulic Parameters

Hydraulic data for the analyses were gathered for the PSWMSs, which is comprised primarily of
open channels, storm sewers, and culverts. The PSWMSs for the City are shown in Section 1 and
Appendix A. Hutchinson provides stormwater management services in the incorporated areas and
operates and maintains the Cow Creek diversions, ditches, and other facilities within City limits.

A detailed inventory of the facilities currently maintained by the City of Hutchinson is available on
the stormwater utility maps. This inventory includes information on the locations and types of
facilities or structures with available details. Important hydraulic data were obtained from this
source. Additional hydraulic data came from bridge design plans and field surveys.

2.6.1 Structures/Facilities

Hydraulic data for culverts, storm sewers, control structures, and watercourse cross sections were
obtained from the present stormwater utility maps, field surveys, previous studies, previous
computer models, and field identification. Data collected included elevations, lengths, geometries,
surface roughnesses, local loss characteristics, and other pertinent features. The facility locations,
sizes, and lengths have been entered into the stormwater model in their equivalent form.

2.6.2 Floodplains and Floodways

A floodplain is the area inundated, or flooded, by a particular rainfall event. Floodplains are often
described by their frequency of occurrence (e.g., 25-year or 100-year).

The Federal Emergency Management Agency (FEMA) establishes nationwide flood levels and flood
insurance standards. It is common practice for FEMA Flood Insurance Studies (FIS) to consider

CDM Camp Dresser & McKee 2-11
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flood events to be independent and superimpose the results to produce floodplain maps. Based
upon these standard practices, the FEMA FIS for Reno County, Kansas, and Incorporated Areas
(1990) and associated Flood Insurance Rate Maps (FIRMs) identify portions of the city as flood
prone and provide estimates of the 100-year flood stages in order to provide guidance for home
building and road elevations. For this study, available data were compiled in order to estimate
flood boundary conditions for subsequent SWMP evaluations.

A floodway is often defined specifically by the FEMA standard: The channel of a stream, plus any
adjacent floodplain areas that must be kept free of any encroachment so that the 100-year flood can
be carried without increasing flood heights by more than 1.0 feet. Proper floodplain/floodway data
are critical to guiding new development in the establishment of first-floor elevations, road crown
elevations, lake control structure and tailwater elevations, allowable fill quantities /encroachments,
and facility sizing.

2.6.3 Equivalent Conduits

For the EXTRAN model, equivalent conduits (through parallel and series equivalent pipes) were
created in order to ensure model stability, account for local or transitional losses, and to simplify the
total number of conduits in the model. This was accomplished through standard procedures based
upon Manning's equation. Conduits were lengthened and/or combined as necessary, and
Manning’s roughness values were adjusted to maintain equal flow for an equal headloss. The
following paragraphs provide additional details. SWMM 4.4 has a built-in option to automatically
lengthen closed conduits to meet specified criteria and incorporate local losses.

Equivalent pipes are needed for one or more of the following reasons:

u Represent the significant local losses in the existing pipe (sometimes called minor
losses)

o Lengthen a pipe for stability (wave celerity criterion)

m Produce an equivalent pipe to account for several existing pipes of equal

size/geometry that are in parallel
m Produce an equivalent bridge
o Produce an equivalent pipe to account for several existing pipes that are in series

Local Losses

Local losses are associated with abrupt changes in the hydraulic grade line, which, when
represented explicitly, cause numerical instabilities because the EXTRAN Saint-Venant solution is
for “gradually-varied, unsteady flow”. Therefore, local losses must be incorporated into the
Manning's n of the conduit to satisfy this gradually-varied flow requirement. The guidelines in
Tables 2-6 and 2-7 were used when assigning local loss coefficients.

CDM Camp Dresser & McKee 2-12
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TABLE 2-6
ENTRANCE LOSS COEFFICIENTS
(FROM SFWMD, 1989)
Type of Structure and Design of Entrance Coefficient K,
Pipe, Concrete :
Projecting from fill, socket end (groove-end) 0.2
Projecting from fill, sq. cut end 0.5
Headwall or headwall and wingwalis
Socket end of pipe (groove-end) 0.2
Square-edge 0.5
Rounded (radium = 1/12 D) 0.2
Mitered to conform to fill slope 0.7
End-Section conforming to fill slope 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or slope-tapered inlet 0.2
Pipe, or Pipe-Arch, Corrugated Metal
Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls square-edge 05
Mitered to conform to fill slope, paved or unpaved slope 0.7
End-Section conforming to fill slope 05
Beveled edges, 33.7° or 45° bevels 02
Side- or slope-tapered inlet 0.2
Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)
Square-edged on 3 edges 05
Rounded on 3 edges to radius of 1/12 barrel dimension,
or beveled edges on 3 sides 0.2
Wingwalls at 30° to 75° to barrel
Square-edged at crown 04
Crown edge rounded to radius of 1/12 barrel dimension,
or beveled top edge 0.2
Wingwall at 10° to 25° to barrel
Square-edged at crown 0.5
Wingwalls parallel (extension of sides)
Square-edged at crown 0.7
Side- or slope-tapered inlet 0.2
CDM Camp Dresser & McKee 2-13
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TABLE 2-7
EXIT AND IN-PIPE LOSS COEFFICIENTS
DESCRIPTION K
Inlet to manhole ‘ 0.25
Manhole in straight section of closed conduit 0.1
Manhole at a 45 degree bend 0.25
Manhole at a 90 degree bend 0.5
Exit closed conduit to open channel or lake 0.3-0.7*

*Headloss at an abrupt enlargement is characterized by the equation (Vennard and Street, 1982):

(v,v,)?

h
ng

=k

where

h,=head loss at enlargement in feet

k =approximately 1.0 (by experimentation)
v,=velocity in upstream conduit, ft/sec
v,=velocity in downstream conduit, ft/sec
g=acceleration of gravity = 32.174 ft/sec?

The exit coefficient k,,;, is computed as

2 2
v ()

h =k —
L exuzg 2g

When the previous equation is rearranged, the following equation is derived:

2
. (vv,)
exit 2

Vi

xit®

For lakes, v, is approximately 0, and the previous equation yields a value of 1.0 for k,

CDM Camp Dresser & McKee 2.14
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Stability

Conduits:

EXTRAN model stability criteria are necessary checks to ensure that conditions of continuity are not
violated for either conduits or junctions. The equation for conduits is normally used to set the
simulation time steps as shown below:

(circular conduits)

where

at = Time step (seconds)
L = Conduit length (feet)

(in general)

where

at = Time step (seconds)

L = Conduit length (feet)

g = Acceleration of gravity (32.174 ft/sec?)

D = Conduit depth (feet)

A = Area in flow (sq ft)

T = Top width or maximum width of flow surface (feet)

Junctions:

A second stability criterion applies the maximum allowable change in the water surface elevation
over a single time step. This junction stability is not directly reported or calculated by EXTRAN;
however, the following equation can be used after a simulation to test for junction stability:

S _—

Y0

At

CDM Camp Dresser & McKee 2-15
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where
at = Time step (seconds)
C = Dimensionless constant (approximately 0.10)
A, = Junction surface area (sq ft)
aH,,, = Maximum change in head or elevation (feet) for any given time step
Q = Simulation of inflows and outflows (cu ft/sec)
Worst cases for Instability:
g Pipes: short, deep pipe with high inflow
u Junctions: small storage and/or surface area with high inflow or outflow

Equivalent parallel pipes, lengthened pipes, and local losses
Storm Sewer to Equivalent Pipe (local losses neglected). Assume equal head loss for equal
flow. By Manning's equation,

1.49 A Rpw s, 2 _ 1.49 AR, 23 5 12

P
Ilp n,

112
= PP
e 1/2

where

p = Actual pipe subscript

e = Equivalent pipe subscript

n = Manning's roughness coefficient

A = Conduit cross-sectional area (sq ft)

R = Hydraulic radius (feet)

S = Slope of the hydraulic grade line (feet/foot)
H = Head loss across the conduit (feet)

L = Conduit length (feet)

Culvert to Equivalent Pipe (local losses considered)
Assuming equal head loss for equal flow, Manning's equation yields

CDM Camp Dresser & McKee 2-16
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29ne2Le v . UC ] Vv 2
Re 4/3 28 exit 2g
43 |12
n o= ko )—
e exit 29 Le

where

All variables are as previously defined

K .« = Exit loss coefficient (dimensionless)

K .« = Entrance loss coefficient (dimensionless)
V = Pipe velocity (ft/sec)

g = Acceleration of gravity (32.174 ft/sec?)

This equation is most commonly used to adjust pipe lengths for stability, incorporate local losses,
and /or make parallel pipe equivalents.

It is recommended that local losses (due to expansions, contractions, bends, etc.) be included in

equivalent culvert/pipe analyses.

Equivalent Bridges

In some cases, bridges are modeled as their respective survey cross section (with roughness for the
piers) unless they reach a full-flow condition. If a bridge reaches a full-flow condition, it is normally
converted to an equivalent box culvert (or culverts with different shapes and inverts) and entered
into the model using the guidelines for an equivalent box culvert.

The method for creating equivalent bridges with culverts involves a combination of graphical and
numerical calculation techniques as shown:

o Plot the bridge cross section including piers and bridge low chord elevations

a Estimate a parallel set of box or other shaped culverts which appear to fit the
approximate area-in-flow of the bridge at respective depths across the section

CDM Camp Dresser & McKee 2-17
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| Calculate:

for the bridge section and for the equivalent section. Adjust the equivalent parallel culverts (width,

inverts, and /or depths) until the terms most closely match with a reasonable graphical match as
well.

Equivalent Series Pipes

Culverts to Equivalent Pipe - Assume total head loss across the series equals the sum of the head
losses for each conduit and that flow is constant throughout the series.
Then,

[ ne 2 n ni )
2L, = Yo [(—————)1L,
{ 149 AR, ” 149 AR,*

there all variables are as previously defined and the subscript I refers to the “ith” elements in the
series. This application is useful for creating equivalent pipes for multiple pipe sizes and
geometries in series where there is no need for intermediate hydrograph loading.

2.6.4 Equivalent Storage

It is recommended that system storage alterations (from equivalent pipes or representations) be

checked to ensure that the system storage is properly represented. The following storage conditions
should be checked:

g Lengthened Pipes - check magnitude of volume added per unit length or with
respect to system volumes in EXTRAN output. These effects are not normally

significant for large storms (e.g., 10-, 25-, or 100-year) but may be significant for small
storms (e.g., 1-month).

u Lengthened Open Channels - check magnitude of storage added. If storage is
significant, check if adjacent channel may be shortened to equate storage (lost vs.
added). Additionally, a storage element may be used to replace a short channel if the
head loss across the channel is negligible.

CDM Camp Dresser & McKee 2-18
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m Proper Representation of Floodplains - when using stage-area junctions to account
for floodplain storage, it is important to ensure that the stage-area relationship does
not include the area composed of open channels (top width) since EXTRAN channels
also account for storage as well as conveyance.

2.6.5 Boundary Conditions

Hydraulic boundary conditions are needed to simulate tailwater effects of the Arkansas River. For
this study, a 10-year flood stage on the Arkansas River was used as a boundary condition. This
assumes a relatively high stage on the Arkansas River occurs during the storm events in the
Planning Area, but peak stages in the Planning Area do not occur simultaneously with peak stages
on the Arkansas River (e.g., 100-year stage on the Arkansas River at the same time as 100-year
stages are in Planning Area). Engineering guidelines suggest using a 10-year stage on a receiving
stream for a boundary condition when the stream being evaluated has a tributary area 50 percent
less than the receiving stream.

The 10-year stage on the Arkansas River at the Harsha diversion is 1531.5 ft-NGVD. Elevations are
not available for the Cow Creek and GVI Channel confluences with the Arkansas River. A bank full
condition was assumed as a boundary for the Cow Creek and GVI.

2.7 Water Quality Parameters

The quality of stormwater runoff is directly related to the land use and the extent of structural and
non-structural BMPs associated with that land use. CDM developed numeric estimates of the
stormwater loadings from each hydrologic unit in order to assess the source and magnitude of
pollutant loads along with effectiveness of existing and future stormwater control in the City.

Annual pollutant loadings were estimated for each of the basins within metropolitan Hutchinson
watershed. The WMM was used to develop estimates from land use, rainfall, and streamflow. The
WMM is based upon a public domain version developed for Florida Department of Environmental
Protection (FDEP) and refined for EPA’s Rouge River National Wet Weather Demonstration Project.
The capabilities of the public domain version are documented in a Compendium of Watershed-
Scale Management Models for TMDL Development (EPA 841-R-92-002). A brief description of the
model and the inputs follows.

The core calculations of the model are based on the observation that the concentration of pollutants
in stormwater runoff is characteristic for each type of land use. That is, the runoff from medium
density single family residential parcels contain similar concentrations of nitrogen and other
pollutants. In contrast, commercial areas are characterized by different concentrations in the runoff.
Most of the land use based concentrations were originally derived from the Nationwide Urban
Runoff Program (NURP) conducted by EPA during the early 1980s (EPA, 1983). This program
collected the runoff from over 2,000 storms from individual and mixed land use watersheds across
the country and analyzed it for a wide spectrum of pollutants. Recently, the results of EPA’s
municipal NPDES stormwater permit program have been used to supplement the earlier NURP
data.

CDM Camp Dresser & McKee 2-19
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2.7.1 Selection of Water Quality Loading Factors
Identification of Pollutants

The major sources of pollutants in a watershed are typically found in stormwater runoff from urban
and agricultural areas, discharges from wastewater treatment plants (WWTPs) and industrial
facilities, and contributions from failed septic tanks. Stormwater runoff pollution and septic tank
loadings usually are referred to as “nonpoint source pollution” (NPS) or “nonpoint” because they
are typically discharged into streams at dispersed points. A WWTP or industrial discharge is

typically referred to as “point source pollution” because it releases pollution into streams at discrete
points.

Urban nonpoint pollution has become a growing concern over the past 10 to 20 years as areas
throughout the United States have compiled monitoring data on the significant increase in nonpoint
pollution discharges that occur when an area becomes urbanized. For example, compared to
undeveloped land uses like forest land, annual runoff pollution (pounds/acre/year) from urban
development is as much as 10 to 20 times greater for fertilizer nutrients such as phosphorus, and as
much as 10 to 50 times greater for toxic metals such as lead and copper. Nonpoint pollution
contributed by cropland can also be a significant concern, particularly for existing undeveloped
areas in a watershed. The SWMP targets the pollutants that are most frequently associated with
stormwater including:

o Solids
-Total Suspended Solids (TSS)
-Total Dissolved Solids (TDS)

o Nutrients
-Total Phosphorus (TP)
-Dissolved Phosphorus (DP)
-Total Kjeldahl Nitrogen (TKIN)
-Nitrate+Nitrite Nitrogen (NO,+NO,)

l Oxygen Demand
-Biochemical Oxygen Demand (BOD)
-Chemical Oxygen Demand (COD)

u Heavy Metals
-Lead (Pb)
-Copper (Cu)
-Zinc (Zn)
-Cadmium (Cd)

The municipal NPDES stormwater permitting process requires applicants to estimate the annual
load of each of these pollutants. The pollutants and their potential effects on water quality and
aquatic habitat are described below.
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Solids: Suspended Solids (TSS) - Solids from nonpoint sources are the most common pollutant of
surface waters. Many other toxic contaminants adsorb to sediment particles or solids suspended in
the water column. Excessive sedimentation can lead to the destruction of habitat for fish and
aquatic life. TSS is a measurement of the amount of sediment particles suspended in the water
column. In developing areas, excessive sediment pollution is primarily associated with poor
erosion and sediment controls at construction sites or unstable channels. Sediments also trap heavy
metals and other toxicants adsorbed to sediment particles. These toxic pollutants can be later
remobilized into the water column under suitable environmental conditions.

Nutrients: Nutrients (e.g., phosphorus and nitrogen) are essential for plant growth. Within a
receiving water (e.g., river, estuary), high concentrations of nutrients, typically nitrogen in marine
waters (EPA, 1983), can result in the overproduction of algae and other aquatic vegetation.
Excessive levels of algae present in a receiving water is called an algal bloom. Algal blooms
typically occur during the summer when sunlight and water temperatures are ideal for algal
growth. Water quality problems associated with algal blooms range from simple nuisance or
unaesthetic conditions, to noxious taste and odor problems, oxygen depletion in the water column,
and fish kills. Collectively, the problems associated with excessive levels of nutrients in a receiving
water are referred to as eutrophication impacts. Control of nutrients discharged to a receiving
water can limit algal productivity and minimize the water quality problems associated with
eutrophication.

Oxygen Demand: BOD is caused by the decomposition of organic material in stormwater which
depletes dissolved oxygen (DO) levels in slower moving receiving waters such as lakes and
estuaries. Low DO is often the cause of fish kills in streams and rivers. The degree of DO depletion
is measured by the BOD test that expresses the amount of easily oxidized organic matter present in
water. The COD test measures all the oxidizable matter present in urban runoff.

Heavy Metals: Heavy metals in abundance are toxic to humans and are subject to state and federal
drinking water quality standards. Heavy metals are also toxic to aquatic life and may
bioaccumulate in fish. Lead, copper, zinc, and cadmium are heavy metals that typically exhibit
higher nonpoint pollutant loadings than other metals found in urban runoff. High quantities of
these heavy metals in tributary streams in the watershed may also indicate problems with a wide
range of other toxic chemicals, like synthetic organics, that have been identified in previous field
monitoring studies of urban runoff pollution (EPA, 1983).

Selection of Stormwater Pollution Loading Factors

During a storm event, the concentration of pollutants in the runoff varies considerably over time.
For example, the concentration of oily substances on roadways are highest during the first part of
the storm, and then decline quickly when the bulk of the material is washed off. This is known as
the “first-flush” phenomenon. However, the concentration in the first-flush runoff is not
representative of the entire storm. In order to estimate the loading from a storm, the flow-weighted
average concentration is needed. Known as the Event Mean Concentration (EMC), the flow-
weighted concentration is derived as the average of total loading/total runoff for a series of storm
events. In practice, the runoff is sampled periodically throughout the storm event. For each
sampling interval, the concentration and the quantity of runoff are combined to get a loading for the
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interval. At the end of the storm, the results are coupled to develop the EMC (total mass/total
runoff) which describes the average concentration for the storm. These results are combined with
the results from many storms (e.g., 20 or more ideally) and statistically evaluated to arrive at a
representative EMC for each land use. Results tend to be highly variable, even for the same
sampling site. This is due to variable antecedent weather conditions which affect the amount of
runoff, seasonal variations in land use (e.g., spring fertilization of lawns) and other factors.
Consequently, it is desirable to obtain a good statistical representation of the EMC.

While some deviations exist, generally the results are transferrable throughout the country,
especially for relative comparisons. This is possible because the characteristics of the land use tend
to be similar. For example, the amount of roadway and amount of residential area maintained as
lawns is similar for residential parcels of similar densities (homes per acre). However, local runoff
quality should be used when the number of observations is sufficient to characterize the EMCs.

There have been a number of studies completed near Hutchinson. There were two Kansas City
residential sites, one commercial site and one industrial site in the original NURP study. To the
extent possible, these data were used to assign EMC values to local land uses. More recently, the
City of Topeka completed sampling for six sites as part of the NPDES M54 permitting process (192
sites; 603 storms). Other data sources evaluated include the complete NURP database, and a
compilation of NPDES MS4 EMC'’s developed by CDM. The NPDES MS4 results are based on sites
for which the identified land use constitutes 70% or greater of the contributing area.

Statistical Analysis of NPDES Land Use EMC Data: The raw data used to develop the MS4 EMC’s

were screened to identify outliers that were not included in the statistical analyses. EMCs reported
below detection limits were assumed to be 50 percent of the detection limits for the statistical
analyses.

When data are characterized by infrequent extreme observations, as often happens in water quality
monitoring, it is typically appropriate to apply a lognormal distribution. Studies such as NURP
(1983) and Federal Highway Administration (FHWA) (1990) have shown that water quality data are
best represented by the lognormal distribution. The appropriate statistic to employ for comparisons
between individual sites or groups of sites is the median value, because it is less influenced by the
small number of large values typical of lognormally distributed data. However, for comparisons
with other published data that usually report average values, and for annual mass load
computations where large infrequent events can comprise a significant portion of the annual
pollutant loads, the mean value is more appropriate.

An estimate of the arithmetic mean can be derived from the log-normal data (EPA, 1983. FHWA,
1990) as the following :

M = Tx/(1+CV?
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where

M= (Mean, Arithmetic) Estimated Arithmetic Mean of EMC based on log-normal distribution
T= (Median) x Geometric mean of transformed data, =exp(U)

U= (Mean, logarithmic) Mean of natural logarithm transformed data

CV = (Coefficient of variation, arithmetic ) x Estimated Arithmetic CV based on log-normal

distribution = /(exp(W?%-1)

W= (Standard deviation, logarithmic) x Standard deviation of transformed data

Note that, in most cases, the arithmetic mean estimated from the lognormal transformation will not
match the estimate produced by a straight average of the data. Both provide an estimate of the
mean of the observed values, but the lognormal approach yields a better estimator for water quality
monitoring data analyses. As the sample size increases, the two values converge.

As previously noted, EMCs tend to be highly variable. In order to evaluate the sensitivity of the
WMM output in response to such highly variable input values, WMM has the option of specifying
the uncertainty of the loading as a function of the variability contributing to the EMC. EMC data has
been shown (FHWA, 1990) to be log-normally distributed. It can be shown that the percentile rank
of the observed EMCs can be described by the following formula :

EMC(High, Low) — € (Grzm)

where
EMC = High or Low range, as desired and set by Z

Z = Standard normal deviate:

1.645 for 95% percentile

1.282 for 90% percentile

-1.282 for 10% percentile

-1.645 for 5 % percentile

(and other variables as previously defined. )

I

I

1]

The practical application of this relationship is to estimate the annual loading using a ‘high” estimate
of the EMC. This is usually set to the 95th percentile. A similar model execution can be completed
using a low’ estimate (for example, 5th percentile) in order to bracket the probable true value of the
EMC. The exact percentile(s) chosen can be set by the user in WMM. Fundamentally, such
sensitivity analysis allows managers and decision-makers to answer questions like ... Would I
make the same management decisions if these events only occurred 5% of the time. If the answer is
no, or if there is doubt, then a more in-depth study is probably warranted.
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Agricultural Land Use Stormwater Data: Of particular concern for the Hutchinson evaluation was
the impact of agriculture because it constitutes such a large fraction of the land use. Agricultural
practices and impacts vary greatly with area, season and crop management practices. For the
present evaluation, wheat field runoff studies completed by Dr. Andrew Sharpley (Sharpley et al,
1992) were used to develop phosphorus EMCs for a variety of crop management practices. The
studies were carried out at sites in Oklahoma and Texas. Summary results are included in Table 2-
8 along with other EMC databases evaluated.

Urban Land Use Stormwater Data: Several databases were evaluated to derive urban land use
EMCs. The older (circa 1970-1980's) NURP data was reviewed, and contrasted with the new MS4
(Municipal Separate Storm Sewer System) monitoring data collected under the EPA's NPDES Part 2
Stormwater Permit Application process. The NURP data was evaluated as a complete dataset, and
as a subset of the data collected in Kansas City. As part of the permit application process,
representative stormwater outfalls were monitored in cities and Table 2-8 counties with
populations greater than 100,000. These “representative” outfalls typically discharged stormwater
from drainage areas with predominantly residential, commercial, or industrial land uses. Each
outfall was monitored and sampled during a minimum of three storm events. CDM developed a
database of MS4 results that included 192 sites.

Table 2-8 represents a summary of the databases considered for the Hutchinson stormwater quality
evaluation. Based on a review of the data presented, the EMCs deemed most robust and
representative of the Hutchinson watershed are given in Table 2-9.

2.7.2 Base Flow Discharges

In addition to estimating stormwater runoff loads, the WMM calculates loadings associated with
base flow. Ideally, the gaged site should be located in, or near, the study area with a 20+ year
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