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Glossary of Terms 

 
Best Management Practices (BMP):  Environmental protection practices used to control 

pollutants, such as sediment or nutrients, from common agricultural or urban land use 
activities. 

Biological Oxygen Demand (BOD):  Measure of the amount of oxygen removed from aquatic 
environments by aerobic microorganisms for their metabolic requirements.   

Biota:  Plant and animal life of a particular region. 
Chlorophyll a:  Common pigment found in algae and other aquatic plants that is used in 

photosynthesis   
Designated Uses:  Recognized uses by KDHE that should be attained in a water body. 
Dissolved Oxygen (DO):  Amount of oxygen dissolved in water. 
E. coli bacteria (ECB):  Bacteria normally found in gastrointestinal tracts of animals.  Some 

strains cause diarrheal diseases. 
Eutrophication (E):  Excess of mineral and organic nutrients that promote a proliferation of plant 

life in lakes and ponds. 
Fecal coliform bacteria (FCB):  Bacteria that originate in the intestines of all warm-blooded 

animals.   
Municipal Water System:  Water system that serves at least 25 people or has more than 15 

service connections. 
National Pollutant Discharge Elimination System (NPDES) Permit:  Required by Federal law for 

all point source discharges into waters. 
Nitrates:  Cƛƴŀƭ ǇǊƻŘǳŎǘ ƻŦ ŀƳƳƻƴƛŀΩǎ ōƛƻŎƘŜƳƛŎŀƭ ƻȄƛŘŀǘƛƻƴΦ  tǊƛƳŀǊȅ ǎƻǳǊŎŜ ƻŦ ƴitrogen for 

plants.  Contained in manure and fertilizers. 
Nitrogen (N or TN):  Element that is essential for plants and animals.  TN or total nitrogen is a 

chemical measurement of all nitrogen forms in a water sample.   
Nutrients:  Nitrogen and phosphorus in water source. 
Phosphorus (P or TP):  Element in water that, in excess, can lead to increased biological activity. 
Riparian Zone:  Margin of vegetation within approximately 100 feet of waterway. 
Sedimentation:  Deposition of slit, clay or sand in slow moving waters. 
Secchi Disk:  Circular plate 10-мнέ ƛƴ ŘƛŀƳŜǘŜǊ ǿƛǘƘ ŀƭǘŜǊƴŀǘƛƴƎ ōƭŀŎƪ ŀƴŘ ǿƘƛǘŜ ǉǳŀǊǘŜǊǎ ǳǎŜŘ ǘƻ 

measure water clarity by measuring the depth at which it can be seen. 
Stakeholder Leadership Team (SLT):  Organization of watershed residents, landowners, farmers, 

ranchers, agency personnel and all persons with an interest in water quality. 
Total Maximum Daily Load (TMDL):  Maximum amount of pollutant that a specific body of 

water can receive without violating the surface water-quality standards, resulting in failure to 
support their designated uses. 

Total Suspended Solids (TSS):  Measure of the suspended organic and inorganic solids in water.  
Used as an indicator of sediment or silt. 

Water Quality Standard (WQS):  Mandated in the Clean Water Act.  Defines goals for a 
waterbody by designating its uses, setting criteria to protect those uses and establishing 
provisions to protect waterbodies from pollutant
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мΦл  tǊŜŦŀŎŜ 
 
The purpose of this Watershed Restoration and Protection Strategy (WRAPS) for the Lower Republican Watershed is to outline a 
plan of restoration and protection goals and actions for the surface waters of the watershed.  Watershed goals are characterized as 
άǊŜǎǘƻǊŀǘƛƻƴέ ƻǊ άǇǊƻǘŜŎǘƛƻƴέΦ  ²ŀǘŜǊǎƘŜŘ ǊŜǎǘƻǊŀǘƛƻƴ ƛǎ ŦƻǊ ǎǳǊŦŀŎŜ ǿŀǘŜǊǎ ǘƘŀǘ Řƻ ƴƻǘ ƳŜŜǘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ ŦƻǊ areas 
of the watershed that need improvement in habitat, land management, or other attributes.  Watershed protection is needed for 
surface waters that currently meet water quality standards, but are in need of protection from future degradation. 
 
The WRAPS development process involves local communities and governmental agencies working together toward the common 
goal of a healthy environment.  Local participants or stakeholders provide valuable grass roots leadership, responsibility and 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎΦ  ¢ƘŜȅ ƘŀǾŜ ǘƘŜ Ƴƻǎǘ άŀǘ ǎǘŀƪŜέ ƛƴ ŜƴǎǳǊƛƴƎ ǘƘŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŜȄƛǎǘƛƴƎ ƻƴ ǘƘŜƛǊ ƭŀƴŘ ƛs 
protected.  Agencies bring science-based information, communication, and technical and financial assistance to the table.  Together, 
several steps can be taken towards watershed restoration and protection.  These steps involve building awareness and education, 
engaging local leadership, monitoring and evaluation of watershed conditions, in addition to assessment, planning, and 
implementation of the WRAPS process at the local level.  Final goals for the watershed at the end of the WRAPS process are to 
provide a sustainable water source for drinking and domestic use while preserving food, fiber, and timber production.  Improvement 
in soil health conditions is also important to sustain long term soil productivity and restore watershed hydrology. Other crucial 
objectives are to maintain recreational opportunities and biodiversity while protecting the environment from flooding, and negative 
ŜŦŦŜŎǘǎ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŘǳŎǘƛƻƴΦ  ¢ƘŜ ǳƭǘƛƳŀǘŜ Ǝƻŀƭ ƛǎ ǿŀǘŜǊǎƘŜŘ ǊŜǎǘƻǊŀǘƛƻƴ ŀƴŘ ǇǊƻǘŜŎǘƛƻƴ ǘƘŀǘ ǿƛƭƭ ōŜ άƭocally led 
ŀƴŘ ŘǊƛǾŜƴέ in conjunction with government agencies in order to better the environment for everyone. 
 
This report is intended to serve as an overall strategy to guide watershed restoration and protection efforts by individuals, local, 
state, and federal agencies and organizations.  At the end of the WRAPS process, the Stakeholder Leadership Team (SLT) will have 
the capability, capacity and confidence to make decisions that will restore and protect the water quality and watershed conditions of 
the Lower Republican Watershed.   
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Five Year Update Summary  
 
The most significant change that has occurred since development of this plan in 2011 is approval of Total Maximum Daily Loads 
(TMDLs) in 2014 for eutrophication and dissolved oxygen in Milford Reservoir. Since 2011 the reservoir has developed Harmful Algae 
Blooms (HABs) each summer, resulting in closures to parts of the lake and some beaches due to health concerns and significant taste 
and odor problems in the water and surrounding residential and commercial areas. To evaluate the need for closures, the lake has 
been divided into three zones: inflow, middle and lower. Because many of the HABs originate and concentrate in the upper end of 
the lake, sometimes only that area and the associated beaches are closed. Economic impacts are affecting the community and new 
and increased efforts are necessary to restore the reservoir to a less eutrophic condition that will not result in closures and 
economic impacts resulting from HABs.  
 
Significant increases in necessary reduction of nutrient loads are indicated in the TMDL. Phosphorus loads originating in Kansas need 
to be reduced by 617,204 lbs../yr. and Nitrogen loads originating in Kansas need to be reduced by 2,341,263 lbs../yr. The sediment 
load reduction goal remains the same at 32,999 tons/year.  
 
To address this, the Stakeholder Leadership Team (SLT) is recommending additional cropland and livestock Best Management 
Practices (BMPs) be added to those available for cost share assistance. The new BMPs emphasize improved soil health to reduce soil 
erosion and nutrient loss. Additional BMPs for nutrient management have also been added. 
 
Several new high priority target areas for BMP implementation have been added based on recommendations from KDHE and the 
SLT. Aerial assessments of priority areas have been completed to locate potential pollution sources and ground truthing of these 
assessments is underway to further focus BMP placement. 
 
A detailed streambank assessment of the streams has been completed, the most severe erosion areas identified and 
recommendations for streambank improvement practices have been developed.  
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Figure 1.  Map of Lower Republican Watershed and Milford Reservoir drainage area 
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нΦл  .ŀŎƪƎǊƻǳƴŘ LƴŦƻǊƳŀǘƛƻƴ 
 

2.1 What is a Watershed? 

 
A watershed is an area of land that catches precipitation and funnels it to a particular 
creek, stream and river until the water drains into an ocean. A watershed has distinct 
eleǾŀǘƛƻƴ ōƻǳƴŘŀǊƛŜǎ ǘƘŀǘ Řƻ ƴƻǘ Ŧƻƭƭƻǿ ǇƻƭƛǘƛŎŀƭ άƭƛƴŜǎέ ǎǳŎƘ ŀǎ ŎƻǳƴǘȅΣ ǎǘŀǘŜ ŀƴŘ 
international borders Watersheds come in all shapes and sizes, with some only covering 
an area of a few acres while others are thousands of square miles across. 
 
 

 
 

Land elevation defines the watershed boundaries. The upper boundary of the Lower 
Republican Watershed has an elevation of 1,300 feet and the lowest point of the 
watershed, which is the confluence of the Republican and Kansas Rivers, has an 
elevation of 826 feet above sea level.  The dam impounding Milford Reservoir is 
located just above the confluence of the two rivers.  

Rivers

Creeks	
and	

Streams

Rainfall

RainfallRainfall
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Figure 2  Relief Map of the Lower Republican Watershed 1 change high point to read 1300 to be 
consistent with KWO Reservoir Fact sheet 
 

2.2 Where is the Milford Watershed?  
 
The Republican River originates in eastern Colorado, enters northwestern Kansas, then 
flows north into Nebraska and re-enters enters Kansas in Jewell County, south of 
Harlan Reservoir in Nebraska, where it becomes the Lower Republican drainage, the 
focus of this plan. 
 
The entire Lower Republican basin drains to the Kansas River and then into the Missouri 
River, which drains to the Mississippi River, which eventually empties into the Gulf of 
Mexico. The extent of the WRAPS area is the Lower Republican River and its 
tributaries upstream of and including Milford Reservoir in Kansas. The confluence of 
the Republican River and the Kansas River downstream from the dam at Milford 
Reservoir is the geographical endpoint of this WRAPS project. 

Elevation

High : 1,903 feet

Low : 828 feet
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Figure 3  Milford Watershed in Kansas 
 

2.4 What is a HUC? 

HUC is an acronym for Hydrologic Unit Codes and is an identification system for 
watersheds.  Each watershed has a unique HUC number in addition to a common name. 
The Lower Republican Watershed is classified as a HUC 8, meaning it has an eight-digit 
identifying HUC code: 10250017. The first two numbers in the code refer to the 
drainage region, the second two digits refer to the drainage sub-region, the third two 
digits refer to the accounting unit and the fourth set of digits is the cataloging unit.  As 
watersheds become smaller, the HUC number becomes larger.  HUC 8s are further 
divided into smaller watersheds with HUC 10 and HUC 12 delineations.  The Lower 
Republican Watershed is divided into 53 HUC 12 delineations. 
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Figure 4  HUC 12 Delineations of the Lower Republican Watershed  
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The Lower Republican Watershed categories are as follows: 
10250017 = Drainage of the Missouri River basin 
10250017= Drainage of the Republican River basin in Colorado, Kansas and 
Nebraska 
10250017 = Drainage of the Republican River basin 
10250017= Drainage of the section of the Republican River named the Lower 
Republican 
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оΦл  ²ŀǘŜǊǎƘŜŘ IƛǎǘƻǊȅ 

 

3.1 Stakeholder Leadership Team (SLT) History 

 
In 2008 a group of concerned citizens in the Lower Republican River watershed 
began meeting out of concern for the health and lifespan of Milford Reservoir, the 
geographic endpoint of this Watershed plan.  They formed two Stakeholder 
Leadership Teams (SLT) under the guidance of Kansas State Research and Extension 
(KSRE) personnel. These two teams were located in the Upper Milford and the Lower 
Milford watersheds.  Size of the watershed and convenience to the members of the 
SLT prompted having two meeting places. Over time, the two SLTs consolidated into 
one SLT and developed BMPs for the entire drainage basin. They continue to 
alternate meeting places between the upper and lower basins.  
 
In 2016, the coordinator for the SLT changed from KSRE to the Kansas Alliance for 
Wetlands and Streams (KAWS). The SLT has updated the Best Management Practices 
(BMPs) and redefined the priority areas in which BMPs can be utilized.  

 

3.2 Milford Reservoir and Watershed History 

 
Construction of the dam for Milford Reservoir began in 1962 by the US Army Corps of 
Engineers (USACE) and the multipurpose pool was filled in 1967.  The surface area of 
the reservoir is approximately 15,500 acres with a maximum depth of 18 meters 
and an average depth of 7.4 meters. In 1962, the reservoir had a storage capacity of 
415,403 acre feet.  The capacity of the latest survey year (2009) is 373,152 acre feet.  
Estimated current capacity is 370,133 acre feet.  This represents a loss of 11% due to 
sediment that has entered the reservoir from the watershed with a calculated 
sedimentation rate of 1007 acre feet per year (KWO Reservoir Fact Sheet 2011). The 
design sedimentation rate is 1,730 acre feet/year so the measured rate is less than the 
design rate. Milford Reservoir is ranked tenth of all Kansas reservoirs in percentage of 
capacity loss.  See figure below. 
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Figure 5  Percent of Reservoir Loss Due to Sedimentation (2015, KWO) 

 

3.3 Watershed Overview 

 
In1999 the Lower Republican Watershed was designated as a Category I watershed 
indicating that it is in need of restoration as defined by the Kansas Unified Watershed 
Assessment submitted to the Environmental Protection Agency (EPA) by the Kansas 
Department of Health and Environment (KDHE) and the United States Department of 
Agriculture (USDA)2.  A Category I watershed does not meet water quality standards or 
fails to achieve aquatic system goals related to habitat and ecosystem health.  Category I 
watersheds are also assigned a priority for restoration.  The Lower Republican was 
ranked eleventh in priority out of ninety-two watersheds in the state in this assessment.   

 
In 2014, KDHE developed a priority schedule for addressing nutrient issues in Kansas 
watersheds, as directed by the EPA. The Lower Republican watershed was included in 
the top 16 watersheds to receive priority for nutrient Total Maximum Daily Load (TMDL) 
development over the next ten years. Within these 16 watersheds, development of a 
nutrient TMDL for Milford Reservoir eutrophication and dissolved oxygen impairments 
were ranked number 1 and 2. These TMDLs were approved in 2014.  
 
The Lower Republican Watershed in Kansas covers approximately 1,266,400 acres with 
891 stream miles.  There are numerous towns and cities in this watershed in addition 
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to developed areas surrounding Milford Reservoir, the largest and only federal 
reservoir in the watershed.  
 
The entire extent of the Republican River provides water to three states (Colorado, 
Nebraska and Kansas). It was set up to be governed in 1943 by an interstate compact 
called the Republican River Compact that determines and allocates allowable consumptive 
use for each state. Compact compliance has been the subject of significant legal activity 
since the late 1990's. In 2000, the Supreme Court ruled that groundwater pumping for 
irrigation should not have an effect on river flow.  Each state is required to keep its 
water usage within its allotment.  
 

3.1 Recent Watershed Activities 
 
There are twelve major river basins in Kansas. Historically, the Kansas Water Office 
όY²hύΣ ǘƘŜ ǎǘŀǘŜΩǎ ǿŀǘŜǊ ǇƭŀƴƴƛƴƎ ŀƎŜƴŎȅΣ Ƙŀǎ ǳǎŜŘ ǊƛǾŜǊ ōŀǎƛƴǎ ŀǎ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ 
boundaries to define water planning areas. Recently, based on a revised approach that 
considers regional water issues in addition to river basin boundaries, planning areas 
have been revised and do not necessarily follow river basin boundaries. These revisions 
resulted in parts of the Lower Republican drainage being moved from the Kansas-Lower 
Republican basin into the Solomon basin, forming a new planning unit, the Solomon-
Republican. The old Kansas-Lower Republican basin has been revised to include only the 
lower portions of the Milford drainage in the newly designated Kansas River basin 
planning area. As a result, the Milford watershed drainage now occurs in two KWO 
planning areas. The map below shows the boundaries of the new planning areas and 
how they divide the Lower Republican basin. The scope of this WRAPS project includes 
both a portion of the Kansas basin and the Solomon-Republic planning areas in north-east 
Kansas. 
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In 2015, Regional Advisory Committees (RAC) were established in each planning area 
to develop broad goals to guide activities to improve water quality and quantity in 
their areas. Two goals articulated in the Kansas River RAC that complement the 
WRAPS process and goals are provided below: 

 
Kansas RAC Goals: 
 
1.  Reduce the cumulative sediment rate of federal reservoirs and other water supply 
lakes by 10% in the Kansas region every 10 years through implementation of watershed 
best management practices.  
2. After 2020, reduce duration and frequency of harmful algae blooms disrupting 
recreation in lakes such that blooms last under a week and do not occur until after 
Labor Day. 
 
Implementation of this watershed plan will assist in achieving these RAC goals for 
Milford Reservoir. 
 
The Kansas Department of Wildlife, Parks and Tourism (KDWPT) prepares and 
implements the State Wildlife Action Plan (SWAP). Updated in 2016, the SWAP defines 
Ecological Focus Areas (EFAs) in each ecoregion that are in particular need of attention 
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due to threats to wildlife and habitat. The Lower Republican basin is within the Aquatic 
EFA of the Central Mixed Grass Prairie Conservation Region. The SWAP 
(http://ksoutdoors.com/Services/Kansas-SWAP) provides detailed information about 
current conditions, threats to wildlife, recommended preventive and corrective actions 
and lists of priority species. Many actions taken by the Milford SLT to address nutrient 
and sediment issues will also address and complement goals for the EFA. In addition, 
funding may be available from KDWPT to supplement WRAPS funding for some projects. 
The SLT should work with the area KDWPT Wildlife Biologist to determine the potential 
for partnerships on projects.  
 
The entire Lower Republican drainage area occurs in a priority region for the Kansas 
Forest Service (KFS) Regional Conservation Partnership Program (RCPP). This program is 
focused on improving forest stands and tree health through assistance of state foresters 
and other service providers to evaluate current conditions and recommend 
improvements. Improvement in forest stands and tree health will support water quality 
improvement. Additional funding through the RCPP, especially in riparian areas, is 
available to supplement specific WRAPS projects in the watershed. Some areas may also 
be eligible for streambank stabilization funding. 

In 2018, an RCPP for the Milford basin was submitted by KWO and approved for funding 
by the Natural Resources Conservation Service (NRCS). The focus of the KWO RCPP is 
phosphorus reduction in the watershed to reduce the occurrence of Harmful Algae 
Blooms in Milford Reservoir. This brings significant additional funding for Best 
Management Practices (BMPs) to the Milford watershed. The first sign up period for 
practice implementation will be in Fall 2018 and the project has a five-year 
implementation timeline. The RCPP will prioritize projects in the same targeted 
watersheds as this 9-Element Plan to achieve the best results for nutrient reduction. The 
RCPP designates additional target areas in riparian corridors adjacent to stream reaches. 
Riparian areas will be high priority areas for BMPs due to the potential for reduction of 
nutrient transport and delivery to Milford Reservoir. 

 
The Kansas Biological Survey prepared a wetland map of the watershed based on their 
Topographic Wetland Identification Process (TWIP). The TWIP map shows areas of the 
ǿŀǘŜǊǎƘŜŘ ǘƘŀǘ ŀǊŜ ōƻǘƘ άƭƛƪŜƭȅέ ǿŜǘƭŀƴŘ ŀǊŜŀǎ ŀƴŘ άǇƻǘŜƴǘƛŀƭέ ǿŜǘƭŀƴŘ ŀǊŜŀǎΦ ¢Ƙƛǎ ƳŀǇ 
can be consulted when BMP decisions are being made to ensure that wetlands are 
restored or preserved. Wetlands provide numerous pollution reduction services to 
improve water quality. 
 
In February 2015, the U.S. Supreme Court made a ruling following Kansas' lawsuit over 
noncompliance in 2005 and 2006. Kansas had originally requested appointment of 
a river master that would make regulatory decisions, the permanent shutdown of 
300,000-500,000 irrigated acres in Nebraska, and $80 million in compensation for 
reduced water coming into the state. The court ruled against a river master, did not 
impose an irrigation shutdown, and ruled Kansas should receive approximately seven 

http://ksoutdoors.com/Services/Kansas-SWAP)
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percent of its damages and unjust enrichment request, or approximately $5.5 
million. The high court agreed with Nebraska that it had been improperly charged with 
the consumption of water that seeps into the Republican Basin from the Platte Basin. 
The crediting change could reduce Nebraska's Compact obligations by approximately 
10,000 acre feet annually. Had such a credit been in place from 2013-2015, it would 
have reduced the Compact demands on Nebraska by approximately 70%. (KWO 2016)  

3.4 Issues and Goals of the Watershed 

 
The SLT has created a plan of restoration and protection measures for the watershed. 
This update includes specific measures for restoration and protection of Milford 
Reservoir as defined in the 2014 TMDL. The SLT has had speakers and discussions to 
review and study watershed issues. Based on this, the SLT has set priority watershed 
issues and concerns. 
 
The priority issues that the SLT consider most important to the health of the watershed 
are (in no particular order): 

¶ Cropland erosion, 

¶ Rangeland or pasture erosion,  

¶ Sedimentation and eutrophication in Milford Reservoir and its impacts on 
drinking water, recreation and storage capacity. Annually, since 2011, significant 
harmful algae bloom (HAB) issues have occurred in the reservoir, impacting 
water supply and recreational uses. (Soil and Water Conservation Society of 
Metro Halifax, 2007; KDHE TMDL 2016). Several communities in close proximity 
to the reservoir are experiencing aesthetic issues associated with odors caused 
by HABs, and are concerned about the impacts on recreation and visitation to 
local businesses and the economy. 

This plan incorporates BMPs recommended to focus on nutrient reduction and 
preventing or reducing future blooms resulting from: 
 

¶ Storm water runoff, 

¶ Streambank erosion and riparian area degradation, 

¶ Manure management at small (non-permitted) livestock operations, 

¶ Failing septic systems 
 
In order to address the watershed issues, the SLT has set watershed restoration and 
protection goals as (in no particular order): 

¶ Protection of long-term water storage capacity, water quality and recreational 
uses at Milford Reservoir (also a RAC goal), 

¶ Protection of water quality in the Republican River and tributary streams (also a 
RAC goal), 
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¶ Protection of water quality in Jamestown Wildlife Area, Lake Jewell, Belleville 
City Lake and Salt Creek, 

¶ Restoration and protection of streambanks and riparian areas along the 
Republican River and tributary streams, and 

¶ Protection of public drinking water supplies. 
 
The purpose of this watershed plan is to address these issues and concerns of the SLT, 
to address and mitigate current TMDLs in the watershed and to proactively improve 
conditions so that the impairments on the current 303d list will not reach the stage of 
TMDL development. 
 
 

NOTE:  In this report, the term BMP (Best Management Practice) will be used 

frequently.  A BMP is defined as an environmental protection practice used to 

control pollutants, such as sediment or nutrients, from common agricultural or 

urban land use activities.  Common agricultural BMPs are buffer strips, 

terraces, grassed waterways, utilizing no-till or minimum tillage, conservation 

crop rotation and nutrient management plans.  Definitions of each of these 

BMPs are found in the appendix of this report. 
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пΦл ²ŀǘŜǊǎƘŜŘ wŜǾƛŜǿ 
 

4.1 Land Cover/Land Uses 

Land use activities have a significant impact on the types and quantity of pollutants in a 
watershed.  The major land use for the entire Lower Republican Watershed is cropland 
(50%) which can contribute sediment and nutrients into the watershed. Sources of sediment 
originating from cropland can originate from overland flow across conventional tilled crop 
fields lacking cover crops and ephemeral gullies that are plowed through each year.  
Cropland nutrients can originate from application of fertilizers prior to a rainfall event or 
over application of fertilizers and manure when used as fertilizer.  The second major land 
use is grassland (38%), which can be a source of sediment and nutrients from livestock 
waste and overgrazing and allowing livestock access to streams.  Failing and sloughing 
streambanks with undercuts will contribute to sediment loading.  The remaining land use in 
the watershed are woodlands (5%), low density residential (4%), water (2%) and other (6%).   
 

 
Figure 6  Land Cover of the Watershed, 2005 iii.  Kansas Applied Remote Sensing Program, Kansas Geospatial 
Community Commons. 
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Table 1  Land Use Calculations, 2001 Error! Bookmark not defined.  Calculated from Kansas A
pplied Remote Sensing program, Kansas Geospatial Community Commons 
  

Lower Republican Watershed 
Land Use Acres Percentage 

Agricultural  Crops 629,000              50 
RangeπGrasses 463,000              38 
Forestπ5ŜŎƛŘǳƻǳǎ 60,000 5 
wŜǎƛŘŜƴǘƛŀƭπLow 52,000 4 
Water 26,000 2 
ResidentialπMedium 12,000 <1 
Hay 10,000 <1 

WetlandsπCƻrested 8,000 <1 
Wetlands-Non-Forested 2,000 <1 
wŜǎƛŘŜƴǘƛŀƭπHigh 2,000 <1 

Forestπaƛxed 1000 <1 
Industrial 600 <1 
Forestπ9ǾŜǊƎreen 600 <1 
Southwestern 100 <1 
wŀƴƎŜπ.ǊǳǎƘ 100 <1 
Total 1,266,400 100 

4.2 Designated Uses 

All surface waters in this watershed are generally used for aquatic life support (fish), human 
health purposes, domestic water supply, recreation (fishing, boating, and swimming), 
groundwater recharge, industrial water supply, irrigation or livestock watering.  These are 
ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎέ ŀǎ ǎǘŀǘŜŘ ƛƴ ǘƘŜ Yŀƴǎŀǎ {ǳǊŦŀŎŜ ²ŀǘŜǊ wŜƎƛǎǘŜǊ, 
2014, issued by KDHE. 
 
Table 2  Designated Water Uses for the Lower Republican River Watershed iv  Kansas Surface Water Register, 
2014, KDHE. 

Designated Uses Table 

Stream Name AL CR DS FP GR IW IR LW 

Beaver Cr, Buffalo Cr seg.29, Elk Cr, 
W.Fk, Marsh Cr E, Marsh Cr W, 
Mulberry Cr, Riley Cr, Salt Cr W, 
Whites Cr,  E b  X     

Buffalo Cr seg.37, Buffalo Cr Middle, 
Elk Cr, Elm Cr, Salt Cr, Wolf Cr  E C  X     

Buffalo Cr E, Cheyenne Cr, Coal Cr, 
Cool Cr, Dry Cr, East Cr, Elm Cr E Br, 
Elm Cr W Br, Finney Cr, Five Cr, Hay 
Cr, Lincoln Cr, Mud Cr, Oak Cr, 
Parsons Cr, Peats Cr, Rush Cr, Spring 
Cr, Turkey Cr, Upton Cr E b       

Fourmile Cr, Otter Cr E C       

Huntress Cr E B       
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Designated Uses Table, Cont. 

Stream Name AL CR DS FP GR IW IR LW 

Marsh Cr,  E A  X     

Timber Cr E C X      

Republican River S C X X X X X X 

Belleville City Lake E B  X     

Jamestown WA E  X      

Milford Reservoir E A X X  X   

Milford WA E   X     

Rimrock Park Lake*  E B O X  O O O 

 
*Rimrock Park Lake is below the Milford Reservoir dam. 

 
 

All designated uses of Milford reservoir are currently impaired due to eutrophication and 
expected aquatic life support is impaired due to dissolved oxygen (DO) deficiencies in the 
water column. During the sampling period covering 1996 ς 2012, Milford was fully eutrophic 
and as of 2012 sampling data indicate it had progressed to hypereutrophic. Mass balance 
calculations show only 27% of the load reaching sample site SC503, just above the inflow of 
the Republican River to the reservoir, comes from inflow from Nebraska with the remaining 
load (63%) attributed to the drainage area in Kansas. (KDHE 2014). 
 

4.3 Special Aquatic Life Use Waters and Exceptional State Waters 

 
Special aquatic life use waters ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ άǎǳǊŦŀŎŜ ǿŀǘŜǊǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ŎƻƳōƛƴŀǘƛƻƴǎ ƻŦ 
habitat types and indigenous biota not found commonly in the state, or surface waters that 
Ŏƻƴǘŀƛƴ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ǘƘǊŜŀǘŜƴŜŘ ƻǊ ŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎέΦ  ¢ƘŜ Lower 
Republican Watershed has a special aquatic life use designation in the Republican River.  
Exceptional state waters are waters that are ŘŜŦƛƴŜŘ ŀǎ άŀƴȅ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ǿŀǘŜǊǎ ƻǊ 

AL = Aquatic Life Support  GR = Groundwater Recharge 
CR = Contact Recreation Use  IW = Industrial Water Supply 
DS = Domestic Water Supply  IR = Irrigation Water Supply 

FP = Food Procurement   LW = Livestock Water Supply 
 

A=Primary contact recreation lakes that have a posted public swimming area 
B=Primary contact recreation stream segment is by law or written permission 

of the landowner open to and accessible by the public 
b=Secondary contact recreation stream segment is not open to and 

accessible by the public under Kansas law 
C=Primary contact recreation lakes that are not open to and accessible by the 

public under Kansas law 
S=Special aquatic life use water 

E = Expected aquatic life use water 
X = Referenced stream segment is assigned the indicated designated use 
O = Referenced stream segment does not support the indicated beneficial 

use 
Blank=Capacity of the referenced stream segment to support the indicated 

designated use has not been determined by use attainability analysis 
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surface water segments that are of remarkable quality or of significant recreational or 
ecological vŀƭǳŜέΦ  ¢ƘŜ WŀƳŜǎǘƻǿƴ ²ƛƭŘƭƛŦŜ !ǊŜŀ Ƙŀǎ ŀƴ ŜȄŎŜǇǘƛƻƴŀƭ ǎǘŀǘŜ ǿŀǘŜǊǎ ŘŜǎƛƎƴŀǘƛƻƴΦ 
 
The special aquatic life use waters are located in an area that is primarily cropland, as can be 
seen by the figure below.  Pollutants that might threaten the health of these waters would 
be sediment, nutrient or pesticide related.  Sediment in the Republican River would destroy 
habitat for mussels and fish.  Fertilizer or manure in the streams would concentrate 
nutrients and alter dissolved oxygen concentrations, pH, and phosphorus concentrations.   
 

 
Figure 7  Special Aquatic Life Use Waters and Exceptional State Waters in the Watershed with Land Use.  
Error! Bookmark not defined. iii  

 

4.4 Public Water Supply and National Pollutant Discharge Elimination 
System 

 
A Public Water Supply (PWS) that derives its water from a surface water supply can be 
affected by sediment through:  

¶ excess sediment buildup at the water intake, or  

¶ additional treatment procedures for sediment removal prior to consumption. 
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Nutrients and fecal coliform bacteria will also affect surface water supplies causing excess 
cost in treatment prior to public consumption. The city of Milford has stopped using Milford 
Reservoir as a water supply and now buys water from Geary County RWD #04.  The table 
below lists the public water supplies in the Lower Republican Watershed; all derive their 
water from groundwater wells.  Even though the following PWS service customers are in the 
watershed, not all intake wells are located within the watershed.   
 
Table 3  PWS Serving the Lower Republican Watershed KWO 2017 

 

Name 
County  
Served 

Source 
of Watera 

Source 
 Basin 

RPA 
Sourceb 

Pop 
Served  

Agenda RP 1 Well (1), RP-02 Kr Ks  80   
Aurora CD 2 Wells (2) Kr Ks  45   
Belleville RP 2 Wells (2) Kr Sr  1,975   
Clay Center CY 10 Wells (5), CY-01 Kr Ks  4,600   
Clay RWD 01 CY 1 Well (1), Clay Center Kr Ks  102   
Clay RWD 02 CY 7 Wells (7) Ss Sr  1,070   
Clifton WS 4 Wells (4) Kr Ks  590   
Cloud RWD 01 CD 4 Wells (4) Kr Sr  444   
Clyde CD 3 Wells (3) Kr Ks  682   
Concordia CD 6 Wells (4) Kr Sr  5,292   
Courtland RP RP-01 Kr Sr  300   
Cuba RP 3 Wells (3), RP-02 Kr Ks  156   
Formoso JW 1 Well (1), RP-01 Kr Sr  120   
Geary RWD 01 GE Junction City Kr Ks  200   
Geary RWD 02 GE 1 Well (1) Kr Ks  89   
Geary RWD 04 GE 3 Wells (3) Kr Ks  1,500   
Green CY 6 Wells (4) Kr Ks  150   
Jamestown CD 2 Wells (2) Kr Sr  277   
Jewell JW MC-03 Kr Sr  442   
Jewell RWD 01 JW 2 Wells (2) Kr Sr  959   

Junction City GE 
10 Wells (9) 

Kr Ks 
 

25,500   
Linn WS 2 Wells (2) Kr Ks  413   
Mankato JW 5 Wells (3) Kr Sr  867   
Milford GE GE-04 Kr Ks  598   
Mitchell RWD 03c MC, CD, JW MC-01 So Sr  950   
Morganville CY 2 Wells (1) Kr Ks  200   
Palmer WS 3 Wells (2) Kr Ks  110   
Randall JW 1 Well (1), MC-03 Kr Sr  91   
Republic RWD 01 RP, JW 3 Wells (3) Kr Sr  400   
Republic RWD 02 RP, WS 2 Wells (2) Kr Sr  1,250   



Watershed History  Page 30  

 

Scandia RP 5 Wells (5) Kr Sr  350   
Wakefield CY 3 Wells (3) Kr Ks  987   
Washington RWD 02 WS, CY 4 Wells (4) Kr Ks  600   

       

a Number of wells used in 2014 in parentheses.  
b Regional Planning Area. Sr is the Solomon-Republican RPA; Ss is the Smoky-Hill Saline RPA.  
c MC-03 no water use reported. Pop estimate is based on MC-02 reported water sold and MC-02 GPCD. 

 
Wastewater treatment facilities are point sources of pollution and are permitted and 
regulated by KDHE.  National Pollutant Discharge Elimination System (NPDES) permits 
specify the maximum amount of pollutants allowed to be discharged to surface waters.  
Having these point sources located on streams or rivers may impact water quality in the 
waterways. Municipal waste water can contain suspended solids, biological pollutants that 
reduce oxygen in the water column, inorganic compounds or bacteria. Waste water is 
treated to remove solids and organic materials, disinfected to kill bacteria and viruses, and 
discharged to surface water. Treatment of municipal waste water is similar across the 
country.  Industrial point sources can contribute toxic chemicals or heavy metals.  Treatment 
of industrial waste water is specific to the industry and pollutant discharged. Any pollutant 
discharge from point sources that is allowed by the state is considered to be Wasteload 
Allocation.   
 
There are 44 NPDES permit facilities within the Milford Lake watershed. Of these facilities, 
17 are non-discharging facilities and 26 are permitted discharging facilities. Of the 
discharging facilities, there are 11 permitted municipal facilities and 15 industrial facilities; 
nine of these have permits that require nutrient monitoring. These facilities may be sources 
and contributors to the impairments associated within Milford Lake. 
 
Numerous municipalities have NPDES sites in close proximity with PWS sites.  There could 
be a possible threat of nitrates and bacteria in the PWS from the NPDES site.  Industrial 
NPDES sites can contribute specific pollutants that could threaten the water supply.  The 
cities that have both a NPDES site and public water supply diversion point are highlighted in 
the table below in tan.   
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Table 4  Permitted Point Source Facilities v  Municipalities that have both NPDES and PWS sites are highlighted 
in tan. 
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Table 4:  Permitted Point Source Facilities.    Municipalities that have both NPDES and PWS sites 
are highlighted in tan. 

NPDES Facility 
Name 

Ownership Description Industrial 
Classification 

City County 

KS0001988 Northern 
Natural Gas 
Clifton 

Private Natural Gas 
Transmission 

Not ON Elg Clifton WS 

KS0002682 General 
Finance Inc 
Clay Pits 

Private Clay, Ceramic 
& Refrac Mat 
Nec 

ON Elg Concordia CL 

KS0021385 Mankato 
City Of Stp 

Public Sewerage 
Systems 

Municipal Mankato JW 

KS0022403 Clyde City 
Of Stp 

Public Sewerage 
Systems 

Municipal Clyde CS 

KS0024678 Morganville 
City Of Stp 

Public Sewerage 
Systems 

Municipal Morganville CY 

KS0025577 Concordia 
City Of Stp 

Public Sewerage 
Systems 

Municipal Concordia CL 

KS0027529 Belleville 
City Of Stp 

Public Sewerage 
Systems 

Municipal Belleville RP 

KS0027545 Wakefield 
City Of Stp 

Public Sewerage 
Systems 

Municipal Wakefield CY 

KS0034011 Junction 
City-City Of 
Stp 

Public Sewerage 
Systems 

Municipal Junction City GE 

KS0048399 Clay Center 
City Of Stp 

Public Sewerage 
Systems 

Municipal Clay Center CL 

KS0048437 Clifton City 
Of Stp 

Public Sewerage 
Systems 

Municipal Clifton WS 

KS0079197 Geary Cnty 
Sewer Dist 
#4 

Public Sewerage 
Systems 

Municipal Geary County GE 

KS0083275 Milford Fish 
Hatchery 

Private Fish Hatcheries 
And Preserves 

Not On El Milford GE 

KS0083399 Courtland 
Wwt 
Facility 

Private Sewerage 
Systems 

Not On El Courtland RP 

KS0085898 Fina Oil \7 Private Petroleum 
Refining 

Primary O   

KS0086231 Milford 
Wwtf 

Public Sewerage 
Systems 

Municipal Milford GE 

KS0090018 Valley 
Fertilizer 

Pub /Pri   Clay Center CL 

KS0090891 Ps Quarry Private   Chapman GE 

KS0117340 Hamm N R 
Quarry 
Wakefield 
#80 

Private Crushed & 
Broken 
Limestone 

On Elg Clay Center CL 
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Table 5  Permitted Point Source Facilities vi  Municipalities that have both NPDES and PWS sites are 
highlighted in tan. 

 
Figure 8  PWS Diversion Points and NPDES sites in the Watershed.  vii 

 
 

Households outside of the municipalities that operate a wastewater treatment 
facility are presumably utilizing on-site septic systems to treat their individual home 
wastewater. The estimated population of the watershed is approximately 21,290. 
There are approximately 18,000 people living within the municipalities served by 
wastewater treatment facilities within the watershed, and there are approximately 
3,260 people within the watershed utilizing on-site septic systems. Significant 
nutrient loading may occur if a system fails and it is located near a stream. However, 
based on the size of this watershed it is unlikely that on-site septic systems are a 
significant source contributing to the impairment within the Milford Lake watershed. 
(KDHE TMDL 2014). All counties in the watershed have sanitary codes that specify 
construction requirements for new and rebuilt onsite wastewater systems which 
over time should reduce any contribution from existing and new systems.

 
 

4.5 Aquifers 
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Two aquifers underlie the watershed:   

¶ Alluvial Aquifer - The alluvial aquifer is a part of and connected to a river system and 
consists of sediments deposited by rivers in the stream valleys.  The Republican 
River has an alluvial aquifer that lies along and below the river and some of its 
tributaries.    

¶ Dakota Aquifer - The Dakota aquifer extends from southwestern Kansas to the Arctic 
Circle. In recent years, the Dakota aquifer has been used for irrigation purposes in 
southwest and in north-central Kansas (Cloud, Republic and Washington counties) 
and continues to present time. The Dakota aquifer also provides water for 
municipal, industrial, and stock water supplies.  

 

 
Figure 9  Aquifers in the Watershed  viii 

 

4.6 TMDLs in the Watershed 

 
A Total Maximum Daily Load (TMDL) sets the maximum amount of pollutant that a 
specific body of water can receive without violating surface water quality standards, 
which results in failure to support designated uses.  TMDLs provide a tool to target and 
reduce point and nonpoint pollution sources.  TMDLs established by Kansas may be 
developed on a watershed basis and may use a pollutant-by-pollutant approach, a 
biomonitoring approach, or both as appropriate. TMDL establishment involves 
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development of a draft TMDL, publishing of a public notice and receipt of comments on 
the TMDL, consideration of the public comment, incorporating any necessary revisions 
to the TMDL due to public comment, and submission of the TMDL to EPA for approval.   
 
The desired outcome of the TMDL process is stated, using the current situation as the 
baseline. Deviations from the water quality standards are documented. The TMDL 
states its objective in meeting the appropriate water quality standard by quantifying 
the degree of pollution reduction expected over time. Interim objectives are defined 

for midpoints in the implementation process. 14 The goal of the WRAPS process is to 
address high priority TMDLs. 
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KDHE reviews TMDLs assigned in each of the river twelve basins of Kansas every five years on 
a rotational schedule.  The table below includes the review schedule for the Kansas ς Lower 
Republican Basin. 

 

Table 6  TMDLs Review Schedule for the Kansas Lower Republican Basin ix 

Year Ending in 
September 

Implementation Period Possible TMDLs to 
Revise 

TMDLs to Evaluate 

2010 2011-2020 1999 1999 

2015 2016-2025 1999, 2007 1999, 2007 

2020 2021-2030 1999, 2007, 2010 1999, 2007, 2010 

 
 

TMDL development and revisions for the Lower Republican Watershed were 
approved in 2014. New TMDLs have been developed for eutrophication (phosphorus) 
and dissolved oxygen in Milford Reservoir.  

 

TMDLs in the watershed are listed in the table below. 

 

Table 7  TMDLs in the Lower Republican Watershed x  The shaded lines indicate high, medium or low priority 
priorities.  The TMDLs in bold print indicate existing TMDLs that will be addressed by this Watershed plan.  
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TMDLs, Cont.  
Water 

Segment 
TMDL 

Pollutant 
Water Quality 

Standard 
Endgoal of 

TMDL 
Priority Sampling 

Station 
Republican 
River near 

Rice 

Fecal Coliform 
Bacteria 

 Primary Contact 
< 900 colonies per 
100 ml water 
 Secondary 
Contact < 2,000 
colonies per 100 
ml water 

Maintain 
percent of 

samples over 
applicable 

criteria < 10% 

Medium SC510 

Lake Jewell ς 
The Lake 

Jewell dam 
was 

breached, 
but has been 

repaired. 
However, the 
TMDL remains 
inactive until 

future 
assessment 
can occur. 

Aquatic Plants, 
Eutrophication 
and Dissolved 

Oxygen 

 Nutrients shall 
be controlled to 
prevent 
accelerated 
succession of 
aquatic biota or 
aquatic life, and 
development of 
objectionable 
concentrations of 
algae or algal by-
products 

 DO 5mg/l 

Summer 
Chlorophyll 

concentrations 
= or < 20ug/l 

Medium LM062901 
in Lake 
Jewell 

Rimrock Park 
Lake 

Dissolved 
Oxygen 

Rimrock Park Lake lies on the 
watershed border with Lower Smoky 
Hill Watershed. It is not incorporated 
in this Watershed plan due to the fact 

that it is downstream of Milford 
Reservoir. The TMDLs imply that it is 

applicable to the Smoky Hill 
Watershed not the Lower Republican. 

Medium LM070501 

Rimrock Park 
Lake 

Eutrophication Medium LM070501 

Low Priority TMDLs 
Buffalo Creek 

near 
Concordia 

Fecal Coliform 
Bacteria 

 Primary Contact 
< 900 colonies per 
100 ml water 
 Secondary 
Contact < 2,000 
colonies per 100 
ml water 

Maintain 
percent of 

samples over 
applicable 

criteria < 10% 

Low SC509 

Buffalo Creek 
near 

Concordia 

Chloride 352 mg/l Maintain 
percent of 

samples over 
applicable 

criteria < 10% 

Low SC509 

 
 

TMDLs, Cont.  
Water 

Segment 
TMDL 

Pollutant 
Water Quality 

Standard 
End goal of 

TMDL 
Priority Sampling 

Station 
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Belleville 
City Lake 

Eutrophication Nutrients shall be 
controlled to 

prevent 
accelerated 

succession of 
aquatic biota or 
aquatic life, and 
development of 
objectionable 

concentrations of 
algae or algal by-

products 

Summer 
Chlorophyll 

concentration s 
= or < 20ug/l  

Low LM060701 

Jamestown 
Wildlife 

Management 
Area 

Eutrophication 
and pH 

 Nutrients shall 
be controlled to 
prevent 
accelerated 
succession of 
aquatic biota or 
aquatic life, and 
development of 
objectionable 
concentrations of 
algae or algal by-
products 
 pH > 6.5 and < 
8.5 

Summer 
Chlorophyll 

concentrations 
= or < 20ug/l 

and 
pH between 
6.5 and 8.5 

Low LM052801 
in 

Jamestown 
WMA 

Jamestown 
Wildlife 

Management 
Area 

Siltation Suspended solids 
shall not interfere 
with the behavior, 

reproduction, 
physical habitat or 

other factor 
related to the 
survival and 

propagation of 
aquatic or semi- 

aquatic or 
terrestrial wildlife 

10% or less of 
samples taken 
from wetland > 
100mg/l TSS 

Low LM052801 
in 

Jamestown 
WMA 

Jamestown 
Wildlife 

Management 
Area 

Fecal Coliform 
Bacteria 

2,000 colonies per 
100ml water 

All FCB 
samples < 

2,000 colonies 
per 100ml 

water 

Low LM 052801 
in 

Jamestown 
WMA 
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Figure 10  TMDLs in the Lower Republican Watershed xi   

4.7 303d Listings in the Watershed 

 

The Lower Republican Watershed has numerous listings on the 2016 303d list.  xii  A 303d list 
of impaired waters is developed biennially and submitted by KDHE to EPA.  To be included on 
the 303d list, samples taken during the KDHE monitoring program must show that water 
quality standards and designated uses are not being met. Priorities are set by work schedule 
and TMDL development timeframe rather than severity of pollutant.  If it will be greater than 
two years until the pollutant can be assessŜŘΣ ǘƘŜ ǇǊƛƻǊƛǘȅ ǿƛƭƭ ōŜ ƭƛǎǘŜŘ ŀǎ άƭƻǿέΦ  Water 
bodies ŀǊŜ ŀǎǎƛƎƴŜŘ άŎŀǘŜƎƻǊƛŜǎέ based on impairment status:  

¶ Category 5 ς Waters needing TMDLs 

¶ Category 4a ς Waters that have TMDLs developed for them and remain impaired 

¶ Category 4b ς NPDES permits addressed impairment or watershed planning is 
addressing atrazine problem  

¶ Category 4c ς Pollution (typically insufficient hydrology) is causing impairment 

¶ Category 3 ς Waters that are indeterminate and need more data or information 

¶ Category 2 ς Waters that are now compliant with certain water quality standards 
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¶ Category 1 ς All designated uses are supported; no use is threatened. 

 
Table 7 2016 303d List of Impaired Waters in the Lower Republican Watershed.  

19 
The bold impairments 

indicate ones that will be addressed by this watershed plan. 
 
Category Stream/Lake Impaired 

Use 
Impairment Station Counties Body Type Priority 

5 Buffalo 
Creek Near 
Concordia 

Water 
Supply 

Arsenic SC509 JW, CD Watershed 2023 

5 Wolf Creek 
Near 
Concordia 

Water 
Supply 

Arsenic SC707 CD Watershed 2023 

5 Republican 
river Near 
Clay Center 

Aquatic Life Biology  SC503 CY Watershed 2023 

5 Salt Creek 
Near Hollis 

Water 
Supply 

Chloride SC650 RP Watershed 2023 

5 Elm Creek 
Near Ames 

Aquatic Life Copper SC709 CD Watershed 2023 

5 Mulberry 
Creek Near 
Clifton 

Aquatic Life Copper SC710 CD, CY Watershed 2023 

5 Peats Creek 
Near Clifton 

Aquatic Life Copper SC649 WS Watershed 2023 

5 Wolf Creek 
Near 
Concordia 

Aquatic Life Dissolved 
Oxygen 

SC707 CD Watershed 2023 

5 Buffalo 
Creek Near 
Concordia 

Aquatic Life Selenium SC509 JW, CD Watershed 2023 

5 Buffalo 
Creek Near 
Concordia 

 Water 
Supply 

Sulfate SC509 JW, CD Watershed 2023 

5 Fiver Creek 
Near Clay 
Center 

Water 
Supply 

Sulfate SC711 CD, CY Watershed 2023 

5 Buffalo 
Creek Near 
Concordia 

Aquatic Life Total 
Phosphorus 

SC509 JW, CD Watershed 2019 

5 Elm Creek 
Near Ames 

Aquatic Life Total 
Phosphorus 

SC709 CD Watershed 2019 

5 Mulberry 
Creek Near 
Clifton 

Aquatic Life Total 
Phosphorus 

SC710 CD. CY Watershed 2019 

5 Peats Creek 
Near Clifton 

Aquatic Life Total 
Phosphorus 

SC649 WS Watershed 2019 

5 Republican 
River Near 
Clay Center 

Aquatic Life Total 
Phosphorus 

SC504 RP, WS, 
CD, CY 

Watershed 2019 

5 Republican 
River Near 
Clay Center 

Aquatic Life Total 
Phosphorus 

SC503 CY Watershed 2019 
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5 Republican 
River Near 
Rice 

Aquatic Life Total 
Phosphorus 

SC510 JW, RP, 
CD 

Watershed 2019 

5  Salt Creek 
Near Hollis 

Aquatic Life Total 
Phosphorus 

SC650 RP Watershed 2019 

5 Wolf Creek 
Near 
Concordia 

Aquatic Life Total 
Phosphorus 

SC707 CD Watershed 2019 

5 Buffalo 
Creek Near 
Concordia 

Aquatic Life Total 
Suspended 
Solids 

SC509 JW, CD Watershed 2023 

5 Republican 
River Near 
Clay Center 

Aquatic Life Total 
Suspended 
Solids 

SC503 CY Watershed 2023 

5 Republican 
River Near 
Clay Center 

Aquatic Life Total 
Suspended 
Solids 

SC504 RP, WS, 
CD, CY 

Watershed 2023 

5 Salt Creek 
Near Hollis 

Aquatic Life Total 
Suspended 
Solids 

SC650 RP Watershed 2023 

4a Milford Lake Aquatic Life Dissolved 
Oxygen 

LM019001 CY, RL, GE Lake High 

4a Rimrock Park 
Lake 

Aquatic Life Dissolved 
Oxygen 

LM070501 GE Lake Medium 

4a Salt Creek 
Near Hollis 

Aquatic Life Dissolved 
Oxygen 

SC650 RP Watershed  High 

4a Republican 
River Near 
Clay Center 

Recreation E. coli SC503 CY Watershed Medium 

4a Republican 
River Near 
Clay Center 

Recreation E. coli SC504 RP, WS, 
CD, CY 

Watershed Medium 

4a Republican 
River Near 
Rice 

Recreation E. coli SC510 JW, RP, 
CD 

Watershed Medium 

4a  Salt Creek 
Near Hollis 

Recreation E. coli SC650 RP Watershed  High 

4a  Belleville City 
Lake 

Aquatic Life Eutrophication LM060701 RP Lake Low 

4a  Buffalo 
Creek Near 
Concordia 

Aquatic Life Eutrophication SC509   Lake High 

4a Elm Creek 
Near Ames 

Aquatic Life Eutrophication SC709 CD Lake High 

4a Five Creek 
Near Clay 
Center 

Aquatic Life Eutrophication SC711 CD, CY Lake High 

4a Jamestown 
Wildlife Area 

Aquatic Life Eutrophication LM052801 CD Lake Low 

4a Milford Lake Aquatic Life Eutrophication LM019001 CY, RY, 
GE 

Lake High 
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4a Mulberry 
Creek Near 
Clifton 

Aquatic Life Eutrophication SC710 Cd, CY Lake High 

4a Peats Creek 
Near Clifton 

Aquatic Life Eutrophication SC649 WS Lake High 

 
Note: Implemented strategies for addressing current TMDLs as determined by the SLT and 
outlined in this report will have an additional benefit by proactively addressing the 
impairments on the 303d list. The ultimate goal will be to eliminate the need for TMDL 
development of these impairments.

 

 
 
Figure 11  303d Listings in the Watershed, 2016. 13  

4.8 Load Reductions Needed 14 

 
4.8.1 Nutrients in Milford Reservoir 
During development of the 2012 303(d) list, KDHE determined that excessive 
nutrients in Milford Reservoir are impairing aquatic life, domestic water supply and 
contributing to Harmful Algae Blooms (HABs) that result in the eutrophication and 
impairment of contact recreation within Milford Lake. 
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From 1996-2012, the lake was fully eutrophic and during the 2012 sample season it had 
become hypereutrophic indicated by a Trophic State Index of 71.98 and an average 
chlorophyll a concentration of 67.9 ug/L. Sampling data indicate that the upper portion 
of the lake takes the brunt of the nutrient and sediment loads arriving from the 
watershed and this is reflected in the more severe HABs occurring in this area of the 
lake. Conditions improve in the lake as it approaches the main body of water near the 
dam. The algal community in Milford Lake has typically been dominated by blue-green 
algae, or cyanobacteria, however the number of cyanobacteria had sharply increased 
since 2009 and in 2012 they accounted for 92% of the entire algal community.  
 
When this watershed plan was originally developed, before the Milford eutrophication 
TMDL was approved and before the severe and recurring HABs had begun to occur, 
modeling indicated that 152,000 lbs.. of phosphorus needed to be reduced annually to 
achieve a 30% load reduction to Milford Reservoir. Water quality data indicate that 
Milford Reservoir has varied between being co-limited by phosphorus and being limited 
only by nitrogen for algal growth. Chlorophyll a concentrations within the main basin of 
the lake are greater than 10 ug/L during both conditions, therefore both phosphorus 
and nitrogen allocations are included in the TMDL.  
 
No load reduction for Total Nitrogen was included in the original plan. The original TP 
load reduction has been modified due to TMDL development and nitrogen reduction 
requirements have been added.  
 
The BATHTUB model was used for the eutrophication assessment of Milford Lake to 
determine the amount of load reductions needed to restore the reservoir to a less 
eutrophic condition. BATHTUB is an empirical receiving water quality model developed 
by the U.S. Army Corps of Engineers (USACE, Walker, 1996), and has been widely used in 
the nation to address many TMDLs relating to issues associated with morphometrically 
complex lakes and reservoirs (Wang et al., 2005).  
 
Milford Lake was segmented into five sections for the BATHTUB model which included 
the riverine, upper pool (transitional area), middle pool (transitional area), main basin, 
and a cove area near the main basin. Atmospheric total nitrogen was obtained from the 
Clean Air Status and Trends Network (CASTNET), which is available at 
www.epa.gov/castnet/. The CASTNET station from the Konza Prairie (KS) was utilized to 
estimate the atmospheric Total Nitrogen concentration for the model. Total Phosphorus 
atmospheric loading was estimated using the 1983 study of Rast and Lee.  
 
Water quality data from the main basin segment was averaged using the 2008-2012 
data from KDHE and the USACE. Data associated with riverine and mid-pool were 
collected by the USACE from 2008-2012. Stream mass flux, often referred to as load, is 
the mass of chemical constituents or sediment transported at a point in a stream during 
a period of time (USGS 2010). Model input data for the lake inflow from the Republican 
River were estimated from the FLUX model, utilizing 31 KDHE monitoring data from 
station SC503 on the Republican River and USGS flow data from gage 06856600 on the 
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Republican River near Clay Center. Inflowing concentrations from unmonitored 
tributaries flowing into the lake were estimated utilizing data from SC711 on Five Creek 
near Clay Center and flows were derived from USGS estimates (Perry, 2004). The 
BATHTUB model was calibrated for the area-ǿŜƛƎƘǘŜŘ ƳŜŀƴ ǇŜǊ 9t!Ωǎ ƎǳƛŘŀƴŎŜΦ  
 
The model results estimate that the lake currently retains 75% of the TP and 52% of the 
TN load annually. Based on the modeling results, a 71% reduction of the TP 
concentration and a 75% reduction of the TN concentration within the stream inflows of 
the lake are necessary to meet the TMDL endpoint. To achieve this, the TP annual load 
must be reduced by 88% and the TN annual load must be reduced by 86% entering the 
reservoir.  
 
The current total annual loading to the reservoir is 1,216,912 lbs../yr. TP and 4,875,835 
lbs../yr. TN. These numbers include loading entering from Nebraska. Because the state 
of Kansas has no ability to reduce the loading originating in Nebraska, KDHE evaluated 
the loading coming only from non-point sources in Kansas and adjusted the amount of 
load reduction needed to include only the parts of the watershed in Kansas.  
 
A mass balance calculation was used to estimate loads from tributaries throughout the 
watershed above SC503 which is the sample station right before the water enters the 
reservoir. The loads calculated between the various stations on the Republican River are 
based on the loads observed at the downstream Republican River stations and 
subtracting out the upstream loads that are accounted for at the upstream stations. The 
mass balance calculation suggests that 27% of the TP load reaching SC503 comes in 
from Nebraska above station SC231 (Republican River near Hardy), 24% of the TP load is 
attributed to the area in the watershed below the SC231 and above SC510 (Republican 
River near Rice), 37% of the TP load comes in below SC510 and above SC504 (Republican 
River near Clay Center), and 12 % of the load reaching SC503 arrives below SC504 and 
above SC503.  
 
Figure X shows TP load contributions above Milford Lake based on the TP mass balance 
scenario.  
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Table X. Milford Lake current average condition and KS adjusted TMDL. 
 
The table below shows the Milford Lake current average condition and the load 
reductions from both Kansas and Nebraska sources that must be met to achieve the 
TMDL. 
 

Lake Inflow Current Avg. 
Condition 

TMDL % Reduction 
Needed 

TP-  Annual Load (lbs./yr) 1,216,912 148,341 88% 

TP ς Lake Concentration (µg/L) 287 83 71% 

TN ς Annual Load (lbs./yr) 4,875,835 674,882 86% 

TN ς Daily Load (lbs./day) 20,706 2,866 86% 

TN ς Lake Concentration (lbs./day) 1,722 428 75% 

 
 
 
 
 
 
 
 
 
 
 
Watershed Planning Goals 
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This plan does not address the entire load reductions required from all sources (Kansas 
and Nebraska). It only addresses the Kansas portion of load reductions needed. 
 
The TMDL, adjusted for Kansas nonpoint sources only, is based on the above mass 
balance evaluation and does not include load reduction needs for the portion of the 
load originating in Nebraska. The TP reduction is 617,204 lbs.. of phosphorus needing 
reduction annually from Kansas sources. In addition, Total Nitrogen annual load 
reduction from Kansas sources needed was determined to be 2,341,263 lbs../yr.  
 

 
 

 

Nebraska - 599,708 lbs.
49%

Kansas - 617,204 lbs.
51%

Annual Phosphous Load Reduction - 1.2 million 
pounds

1,216,912 lbs. of 
phosphorus load annually

617k lbs. load reduction 
annually-KS

599k lbs. load reduction 
annually-NE

148,341 lbs. 
phosphorus 
meets TMDL
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4.8.2 Sediment This will be changed 

Estimated annual loads for the Republican River were determined from average annual 
flows at Hardy (NE), Concordia and Clay Center and average Total Suspended Solids 
(TSS) values from stations in the vicinity of these gages.  Only Buffalo Creek and Salt 
Creek and the portion of the Republican River below the confluence of Salt Creek are 
impaired by TSS. 
 
 
Table 8.  Milford Reservoir Summary for TSS annual load reductions 

 
  

Nebraska - 1.85M lbs.
44%

Kansas - 2.3M lbs.
56%

Annual Nitrogen Load Reduction - 4.2 million 
pounds

4,875,835 lbs. of 
nitrogen load annually

2.3M lbs. load 
reduction annually-KS

1.85M lbs. load 
reduction annually-NE

674,882 lbs. 
nitrogen 

meets TMDL

Total Sediment Loading TSS tons/year 

Current Load 128,413 

Desired Load Capacity 95,414 

Reduction in TSS Nonpoint Load  32,999 



Watershed Review  Page 48  

 

 

 4.8.3 E. Coli Bacteria 

Bacteria Load Reductions should result in less frequent exceedance of the nominal ECB 
criterion (427 counts in these cases); and in lowered magnitude of those exceedances. 
 
In order to assess the impact of BMPs addressing bacteria impairments; an index will be 
used to ascertain the relative frequency and magnitude of bacteria concentrations seen 
in the receiving streams, monitored by KDHE on a routine or rotational basis. 
 
The calculated index will be the natural logarithm of each sample value taken during the 
April-October primary recreation season, divided by the natural logarithm of the 
bacteria criterion [ln(427)]  
 

Index = ln (ECB count)/ln (427) 
 
¢ƘŜ Ǉƭƻǘ ƻŦ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΩ ƛƴŘŜȄ ǾŀƭǳŜ ŎǊŜŀǘŜǎ ŀ ǇǊƻŦƛƭŜ ƻŦ 
estimated current frequency and magnitude of bacteria counts in the stream relative to 
ǘƘŜ ǎǘǊŜŀƳΩǎ ōŀŎǘŜǊƛŀ ŎǊƛǘŜǊƛƻn.  Ideally the post-implementation profile of future 
samples will plot below the current profile and cross the index value = 1 at the 90th 
percentile.  This indicates that at least 90% of sampled values are under the criterion 
value and more intensive sampling would likely show attainment of the water quality 
standard.  
  
Compliance with water quality standards requires sampling 5 times within 30 days 
during several periods during the primary recreation season, and calculating the 
geometric mean of those samplings.  Meeting that test will be justification for delisting 
the stream impairment. 
 
Salt Creek has been sampled twice for E. coli bacteria, in 2005 and 2009.  As such, there 
are only seven samples collected during the primary recreation season of April to 
October of both years.  Five of the seven samples were over the nominal criterion value 
of 427 (index = 1), thus, elevated bacteria during primary recreation season is the norm.  
The profile derived from the seven samples, shown below, tends to be weighed toward 
showing excessive bacteria.   
 
The future profile, developed from samples taken during the primary recreation seasons 
of 2013 and 2017 should plot below the current profile and a subsequent profile from 
data collected in 2021 and 2025 should approach that shown as the TMDL profile.  At 
that time, less than 10 percent of samples should exceed the nominal criterion value 
and intensive (5 in 30 day) sampling should commence to determine if Salt Creek 
complies with water quality standards. 
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Figure 12  Salt Creek Bacteria Index
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рΦл ¢ŀǊƎŜǘŜŘ !ǊŜŀǎ ŀƴŘ [ƻŀŘ wŜŘǳŎǘƛƻƴ aŜǘƘƻŘƻƭƻƎȅ 
 

5.1 Targeted Areas 

 
The Lower Republican Watershed was assessed using the Soil and Water Assessment Tool 
(SWAT) by Kansas State University Department of Biological and Agricultural Engineering.  
SWAT was used as an assessment tool to estimate annual average pollutant loadings such as 
nutrients and sediment that are coming from the land into the stream. At the end of simulation 
runs the average annual loads are calculated for each sub-basin. Some sub-basins have higher 
loads than others.  All sub-basins are ranked based on the values of an average annual load, 
sorted from highest to lowest, and form the ranking list.  Sub-basins within the top 20-30 
percent of the list are selected as targeted areas for cropland and livestock BMP 
implementation. 
 
The SWAT model was developed by USDA-Agricultural Research Service (ARS) from numerous 
equations and relationships that have evolved from years of runoff and erosion research in 
combination with other models used to estimate pollutant loads from animal feedlots, fertilizer 
and agrochemical applications, etc. The model has been tested for a wide range of regions, 
conditions, practices, and time scales.  Evaluation of monthly and annual streamflow and 
pollutant outputs indicate SWAT functioned well in a wide range of watersheds. The model 
directly accounts for many types of common agricultural conservation practices, including 
terraces and small ponds; management practices, including fertilizer applications; and common 
landscape features, including grass waterways. The model incorporates various grazing 
management practices by specifying amount of manure applied to the pasture or grassland, 
grazing periods, and amount of biomass consumed or trampled daily by the livestock. Septic 
systems, NPDES discharges, and other point-sources are considered as combined point-sources 
and applied to inlets of sub watersheds. These features made SWAT a good tool for assessing 
rural watersheds in Kansas. 
 
SWAT is a physically based, deterministic, continuous, watershed-scale simulation model. 
ArcGIS interface of ArcSWAT version 9.2 was used.  It uses spatially distributed data on 
topography, soils, land cover, land management, and weather to predict water, sediment, 
nutrient, and pesticide yields. A modeled watershed is divided spatially into sub watersheds 
using digital elevation data according to the drainage area specified by the user.  Sub 
watersheds are modeled as having non-uniform slope, uniform climatic conditions determined 
from the nearest weather station, and they are further subdivided into lumped, non-spatial 
hydrologic response units (HRUs) consisting of all areas within the sub watershed having similar 
soil, land use, and slope characteristics.  The use of HRUs allows slope, soil, and land-use 
heterogeneity to be simulated within each sub watershed, but ignores pollutant attenuation 
between the source area and stream and limits spatial representation of wetlands, buffers, and 
other BMPs within a sub watershed.  
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The model includes sub-basin, reservoir, and channel routing components.   
1. The sub-basin component simulates runoff and erosion processes, soil water 

movement, evapotranspiration, crop growth and yield, soil nutrient and carbon cycling, 
and pesticide and bacteria degradation and transport.  It allows simulation of a wide 
array of agricultural structures and practices, including tillage, fertilizer and manure 
application, subsurface drainage, irrigation, ponds and wetlands, and edge-of-field 
buffers. Sediment yield is estimated for each sub-basin with the Modified Universal Soil 
Loss Equation (MUSLE). The hydrology model supplies estimates of runoff volume and 
peak runoff rates. The crop management factor is evaluated as a function of above 
ground biomass, residue on the surface, and the minimum C factor for the crop that is 
provided in the crop database.  

2. The reservoir component detains water, sediments, and pollutants, and degrades 
nutrients, pesticides and bacteria during detention. This component was not used 
during the simulations. 

3. The channel component routes flows, settles and retains sediment, and degrades 
nutrients, pesticides and bacteria during transport. SWAT produces daily results for 
every sub watershed outlet, each of which can be summed to provide daily, monthly, 
and annual load estimates. The sediment deposition component is based on fall 
velocity, aƴŘ ǘƘŜ ǎŜŘƛƳŜƴǘ ŘŜƎǊŀŘŀǘƛƻƴ ŎƻƳǇƻƴŜƴǘ ƛǎ ōŀǎŜŘ ƻƴ .ŀƎƴƻƭŘΩǎ ǎǘǊŜŀƳ ǇƻǿŜǊ 
concepts. Bed degradation is adjusted by the USLE soil erodibility and cover factors of 
the channel and the floodplain. This component was utilized in the simulations but not 
used in determining the targeted areas. 

 
Data for the Lower Republican SWAT model were collected from a variety of reliable online and 
printed data sources and knowledgeable agency personnel within the watershed.  Input data 
and their online sources are: 

1. 30 meter DEM (USGS National Elevation Dataset) 
2. 30m NLCD 2001 Land Cover data layer (USDA-NRCS) 
3. STATSGO soil dataset (USDA-NRCS) 
4. NCDC NOAA daily weather data (NOAA National Climatic Data Center) 
5. Point sources (KDHE on county basis) 
6. Septic tanks (US Census) 
7. Crop rotations (local knowledge) 
8. Grazing management practices (local knowledge) 

 
In every watershed, there are specific locations that contribute a greater pollutant load due to 
soil type, proximity to a stream and land use practices.  By focusing BMPs in these areas 
pollutants can be reduced at a more efficient rate.  Through research at the University of 
²ƛǎŎƻƴǎƛƴΣ ƛǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ άōƛƎƎŜǊ ōŀƴƎ ŦƻǊ ǘƘŜ ōǳŎƪέ ǿƛǘƘ targeting BMP 
ǇƭŀŎŜƳŜƴǘ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ŀ άǎƘƻǘƎǳƴέ ŀǇǇǊƻŀŎƘ ƻŦ ŀǇǇƭȅƛƴƎ .atǎ ƛƴ ŀ Ǌŀƴdom nature 
throughout the watershed.  The SWAT targeted area will be used for cropland BMP placement.  
Additional cropland BMP targeted areas have been identified through water quality monitoring 
and through aerial assessments followed by ground-truthing. The livestock targeted area was 
set by the KDHE based on monitoring data and by the SLT through their knowledge of the 
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watershed and will focus BMP placement for nutrient runoff. The 2015 Kansas Water Office 
(KWO) Streambank Assessment will be used to target sediment and nutrient reduction from 
streambank improvements.   Targeting for this watershed will be accomplished in three areas: 
 

1. Cropland will be targeted for sediment and nutrients, 
2. Livestock areas will be targeted for bacteria and nutrients, and  
3. Streambanks will be targeted for sediment and nutrients. 

 
The maps produced by the SWAT modeling are displayed below. The darker the shading in the 
map, the greater the potential for nitrogen, phosphorus or sediment runoff.  The sub 
watersheds in the central portion of the watershed, mainly contained in Clay County, show the 
highest potential for erosion, phosphorous, and nitrogen runoff. As stated earlier, this model 
accounts for land use, soil type, slope, and current conservation practices. This is the area of the 
watershed with the greatest percentage of cropland, which leads to a higher potential for 
erosion compared to areas that are mainly composed of grassland. 
 
 
 

Figure 13  Phosphorus (lbs../acre) Yield as Determined by SWAT Fix this move to below figure 
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Figure 14  Nitrogen (lbs../acre) Yield as Determined by SWAT 
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Figure 15.  Sediment (tons/acre) Yield as Determined by SWAT 

 
After locating initial critical targeted areas, the area was ground-truthed to determine what 
BMPs are currently being utilized in the targeted areas. The ground-truthing involved 
conducting windshield surveys throughout the targeted areas identified by the watershed 
models to determine which BMPs are currently installed. These surveys were conducted by 
local agency personnel and members of the SLT that are familiar with the area and its land use 
history. Ground-truthing estimates the current adoption rate of BMPs, provides pictures of the 
targeted areas, and may identify additional water quality concerns not captured by watershed 
modeling.  In 2009, the ground-truthing provided the current adoption rates for four common 
BMPs (conservation crop rotation, grassed waterways, no-till, and vegetative buffers) in the 
cropland targeted area of the watershed averaged across counties.  The results are as follows: 

¶ Conservation Crop Rotation ς current adoption rate of 96 percent 

¶ Grassed waterways ς current adoption rate of 82 percent 

¶ No-till cultivation ς current adoption rate of 52 percent 

¶ Vegetative buffer strips ς current adoption rate of 6 percent 
 

The SWAT model was supplemented by combining the ground-truthing information and aerial 
assessments. This allows the SLT to develop a more accurate determination of appropriate 
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targeted areas.  The SLT then determined number of acres needed to be implemented for each 
BMP.  This information is provided in Tables X and X. 
 
KDHE has recently completed aerial assessments (AA) for all priority HUCs. The purpose of the 
AA is to identify potential sources of sediment and nutrients in targeted HUC12s that could be 
addressed by BMP implementation. The Peats Creek and Buffalo Creek priority areas have been 
ground-truthed based on the aerial assessments and the resulting maps are presented in 
Figures X and X. All priority areas will be ground-truthed for additional sources of sediment and 
nutrients not detected in the AA during the next several years. 
 
Figure X. Peats Creek Ground-truthing and Project Priorities 
 

 
 

Figure X. Milford WRAPS  






























































































































































































































































































































