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Glossary of Terms

Best Management Practices (BMPEnvironmentaprotection practices used to control
pollutants, such as sediment or nutrients, from common agricultural or urban land use
activities.

Biological Oxygen Demand (BQDYleasure of the amount of oxygen removed from aquatic
environments by aerobic microorgamis 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 UsesRecognized uses by KDHE that shouldttaéned in a water body.

Dissolved Oxygen (DOAmMount of oxygen dissolved in water.

E. coli bacteridECB) Bacteria normally found in gastrointestinal tracts of animals. Some
strains cause diarrheal diseases.

Eutrophication (E):Excess of mineral amatganic nutrients that promote a proliferation of plant
life in lakes and ponds.

Fecal coliform bacteria (FCBRacteria that originate in the intestines of all watitooded
animals.

Municipal Water System:Water system that serves at least 25 peopichas more than 15
service connections.

National Pollutant Discharge Elimination SysteidRDEBPermit: Required by Federal law for
all point source discharges into waters.

Nitrates: CA Y I £ LINRRdzOG 2F | YY2Y ALl Q&4 oAigdgdafovA Ol £ 2EARI
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 phosphoruig water source.

Phosphorus (P or TPElement 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 slowoving waters.

Secchi DiskCircularplate 11 ¢ Ay RAFYSGOSNI gAGK FfGSNYFGAYy3 of
measure water clarity by measuring the depth at which it can be seen.

Stakeholder Leadership Team (SLDrganization of watershed residentandowners, farmers,
ranchers, agency personnel and all persons with an interest in water quality.

Total Maximum Daily Load (TMDLMaximum amount of pollutant that a specific body of
water can receive without violating the surface watgrality standardsresulting in failure to
support their designated uses.

Total Suspended Solids (TS$)easure of the suspended organic and inorganic solids in water.
Used as an indicator of sediment or silt.

Water Quality Standard (WQS)vandated in the Clean Water Act. Defines goals for a
waterbodyby designating its uses, setting criteria to protect those uses and establishing
provisions to préect waterbodies from pollutant

Glossary of Terms Page 10
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The purpose of this Watershed Restoration and ProtecBtrategy (WRAP&)r the Lower RepublicaWatershed is to outline a

plan of restoration and protection goals and actions for the surface waters of the watershed. Watershed goals are dettaderi
GNBal2NI GA2yE 2N GLINPGSOGA2Y ¢ @ 2 GSNBEKSR NBalG2N} GAgeas A d F2 N
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 ensonment. Local participants or stakeholders provide valuable grass roots leadership, responsibility and
YIEYFASYSyid 2F NBa2dzNDSa Ay (GKS LINROSaao ¢tKSe KI @S diKS Yz2ai
protected. Agencies brg sciencébased 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,educatio
engaging local letership, 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 wateparce for drinking and domestic use while preserving food, fiber, and timber produdtigorovement

in soil health conditions is also important to sustain long term soil productivity and restore watershed hyd@tloggycrucial

objectives are to mainta recreational opportunities and biodiversity while protecting the environment from flooding, and negative
STFSOGA 2F dzNBFYATFGA2Y YR AYRdAZAGNAIF £ LINRRdzOG A 2 y docallytleld S dzf A
I YR R NXogighgtién 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 indieichials,

state, and federal agencies andyanizations. 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 watershgdnsoofi

the Lower Republicamvatershed.

Map of Watershed Page 11



Five Year Update Summary

The most significant change that has occurred since development of thignd®@i lis approvalof Total Maximum Daily Loads

(TMDIs) in 2014 for eutrophication and dissolved oxygen in Milford Reservoir. Since 2011 the reservoir has developed Harmful Algae
Blooms (HAB®achsummer, resulting in closures frarts of thelake andsomebeactesdue to health concerns and significant taste

and odor problems in the water and surrounding residerdiad commerciahreas.To evaluate the need for closures, the lake has

been divided into three zones: inflow, middle and lower. Because many of the HABs oragidatencentraten the upper end 6

the lake, sometimes only that area and the associated beaches are clEsmubmic 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 clogures a

economic impacts resulting from HABs.

Significant increases in necessary reduction of nutrient loads are indicated in the TMDL. Phosphomsgimadisg in Kansaseed
to be reduced by17,2041bs./yr. andNitrogen loadoriginating in Kansas need to be redudg®,341,263bs./yr. The sdiment
load reduction goal remasthe sameat 32,999 tons/year

To address this, the Staholder Leadership Team (SLT) is recommending additional cropland and livestock Best Mahageme
PracticedBMPs)e addedto those available for cost share assistariee new BMPs emphasizeprovedsoil healthto reduce soil
erosion and nutrient losAdditional BMPs for nutrient management have also been added.

Several new high priorittargetareas 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 truttseg of th
assessments isnderway to further focus BMP placement.

A detailed streambank assessment of the streams has been comptetedost severe erosion areas identifiedd
recommendations for streambank improvement practices have been developed.

Map of Watershed Page 12
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Figure 1. Map of Lower Republican Watershed and Milford Reservoir drainage area
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2.1 Whatis a Watershed?

A watershed is an area of land that catches precipitatiod funnels it to a particular

creek, stream and river until the water drains into an ocean. A watershed has distinct

eledl GA2Y 02dzy RFNAS&E GKIFIG R2 y20 F2tt28 L2t A0
international borders Watersheds come in all shaped sizes, with some only covering

an area of a few acres while others are thousands of square miles across.

I Ocean I

Land elevatiomlefines thewatershedboundaies.Theupperboundaryof the Lower
Republcan Watershedhasan elevaion of 1,300feet and thelowestpoint of the
watershedwhichisthe confluenceof the Republicarand KansaRvers,hasan
elevationof 826feet abovesealevel. The dam impounding Milford Reservoir is
located just above the confluenad the two rivers
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Elevation

- High : 1,903 feet
- Low : 828 feet

Figure2 Relief Map of the Lower Republican Watershédhange 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, entetewestern Kansas, then
flows north into Nebraska and +enters enters Kansas in Jewell County, south of
Harlan Reservoir in Nebraska, where it becomes the Lower Republican drainage, the
focus of this plan.

Theentire Lower Republicabasindrainsto the Kansa®iverand theninto the Missouri
Riverwhich drains to the Mississippi Riyehich eventuallyemptiesinto the Gulfof
Mexico. Theextent of the WRAP @reaisthe Lower RepublicaRiverandits
tributariesupstreamof andincludingMilford Reservoiin KansasTheconfluenceof
the RepublicarRiverandthe Kansafiverdownstreamfrom the damat Milford
Reserva isthe geographicaéndpointof this WRAP $roject.
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Figure3 Milford Watershed in Kansas

2.4 Whatis a HUC?

HUGCis an acronym foHydrologicUnit Codesandis an identification system for

watersheds. Each watershed has a uniqgue HUC number in addition to a common name.
The Lower Republican Watershed is classdi®d HUC 8, meaning it has an eidigit
identifying HUC code.0250017. The first twaumbers in the code refer tdhe

drainage region, the second twebgits refer to the drainge subregion, the third two

digits refer to the accounting unit and the fourth set of digits is the cataloging Asit
watersheds become smaller, the HUC number becolarger. HUC 8s are further

divided into smaller watersheds with HUC 10 and HUC 12 delineations. The Lower
Republican Watershed is divided iri8@ HUC 12 delineations.
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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

J

Figure4 HUC 12 Delineations of the Lower Republican Watershed
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3.1 Stakeholder_eadership TeamSL) History

In 2008a group of concerned citizens in thewerRepublicarRiver vatershed

began meeting out of concern for the Hdaand lifespan of Milford Reservoihe
geograpic endmint of thisWatershed plan They formed twdStakeholder

Leadership Teams (SLT) under the guidance of Kansas State Research awhExten
(KSRE)ersonnel. These two teams were located in the Upper Milford and the Lower
Milford watersheds.Size of the watershed and convengerio the member®f the

SLT prompted havingvo 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 Sthangedrom KSRE the Kansas Alliance for
Wetlands and Streams (KAW®)e SLhas updatedhe Best Management Practices
(BMPs)yndredefined the priority areas in which BMPs can be utilized.

3.2 Milford Reservoirand WatershedHistory

Constructionof the dam for Milford Reservobregan in 1962 by the US Army Corps of
Engineers (USACE) and the npuitposepool was filled in 1967The surface area of
the reservoir is approximately 15,500 acres with a maximum depth of 18 meters
and an average depthf@.4 metersln 1962, the reservoir had a storage capacity of
415403 acre feet. The capacityf the latest survey yeg2009)is 373,152acre feet.
Estmated current capacitis 370,133acre feet. This repesents a loss df1% due to
sediment that has entered theeservoir fromthe watershed with a calculad
sedimentation rate ofL007acre feet pelyear(KWOReservoir Fact She2011). 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 K&as reservoirs in percentagd
capacity lossSee figure below.
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Sedimentation
Issues and Solutions

Webinar for the KS RAC
October 29, 2015

Figure5 Percent of Reservoir Loss Due to Sedimentation (2015, KWO)

3.3 Watershed Overview

IN1999 te Lower Republican Watershadsdesignated as a Category | watershed
indicating that it is in need of restoration as defined by the Kansas Unified Watershed
As®ssment submittedo the Environmental Protection Agency (EBAYhe Kansas
Department of Health and Environment (KDHE) and the United States Department of
Agriculture (USDA) A Category | watershed does not meet water quality standards or
fails to acheéve aquatic system goals related to habitat and ecosystem health. Category |
watersheds are also assigned a priority for restoration. The Lower Repulvhsan

ranked eleventh in priority out of ninetfwvo watersheds in the stata this assessment

In 2014,KDHEleveloped a priority schedule faddressing nutrient issues in Kansas
watersheds, as directed by tHePA 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 gophication anddissolved oxygen impairments
wereranked number 1 and 2. These TMDLs were approved in.2014

TheLowerRepublicatWatershedn Kansasoversapproximatelyl,266,400acreswith
891streammiles. Thereare numeroustownsandcitiesin this watershedin addition
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to developedareassurroundingMilford Resevoir, the largestand only federal
reservoir inthe watershed.

The entire extent of th&kepublicarRiverprovideswaterto three states(Colorado,
Nebraska an&ansas)lit wassetup to be governedin 1943by aninterstatecompact
calledthe Republi@an RiverCompacthat determinesand allocatesllowableconsumptive
usefor eachstate. Compact complianckas been the subject of significant legal activity
since the late 1990'$n 2000,the SupremeCourtruled that groundwaterpumpingfor
irrigationshould not have an effect on river floviEach &ate is required to keep its

water usage within its allotment.

3.1 Recent Watershed Activities

Therearetwelve majorriver basinsn Karsas. Historically, the Kansas Water Office
6Y2hoxX GKS adalidSQa 6l GSNILIXFYyyAy3a | 3SyoOesz KlI
boundaries to define water planning areas. Recently, based on a revised approach that
considers regional water issues in additiorriteer 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 Khose&s
Republican basin into the Solomon basinjorg a new planning unit, the Solomon
Republican. The old Kansaswer 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 watershdrdinage 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. $bepeof this WRAPS projeacludes

both a portion of the Kansadasinand the Solomo#Republc planning areas 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 activitimsimprove water quality and quantityi

their areas. Two goals articulated in tkansas 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 implementaticatershed
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 plamwill 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 (EFAsgpgith 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/KansgBWAPprovides detailed information about

current conditions, threats to wildlife, recommended preventive and corrective actions
and lists of priority species. Many actions taken by the Milfordt&la@dress 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 datethe 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 standsd 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 ¢hRCPP, 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 approveadiogfu

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 ayieas

implementation timeline. The RCPP will prioritize projects in the same targeted
watersheds as this-Blement 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

g GSNBKSR GKIF G | NINBG AG K yRE MLRIGSy (AT T £ oS GIf |
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 Cawtle a ruling following Kansas' lawsuit over
noncompliance in 2005 and 2006. Kansas had originally requested appointment of
ariver master that would make regulatory decisions, the permanent shutdown of
300,000500000 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 approxirnsaten
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percentof its damaes 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 couléduce Nebraska's Compauttligations by approximately
10,000 acre feet annuallfdad such a credit been in place from 2EA®L5,it would

have reduced the Compact demands on Nebraska by approximately 70%. (KWO 2016)

3.4 Issues and Goals of the Watershed

TheSLThas creatd a plan of restoration and protection measures for the watershed.
This update includes specific measures for restoration and proteofiddilford
Reservoir as defined in t014TMDL.The SLT hdsad spe&ers and discussions to
review andstudy watershed issueBased on this, the Shassetpriority watershed
issues and concerns.

The priority issues that the St@nsidermost important to the health of the watershed
are (in no particular order):

1 Croplanderosion,

1 Rangeland or pasture erosion,

1 Sedimentéion and edrophication in Milford Reservoir and its impacts on
drinking water, recreion and storage capéag. Annually, s1ce 2011, significant
harmful algae bloom (HAB) issues have occurred in the reservoir, impacting
water supply and recreational us€Soil and Water Conservation Society of
Metro Halifax, 2007KDHE 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 businesseand the economy

This planincorporatesBMPs recommended to focus on nutrient reductemd
preventing or reducing future bloomesulting from:

Stormwater runoff,

Streambank erosion and riparian area degradation,

Manure management at small (ngpermitted) livestock operations,
Failing septic systems

= =4 -4

In order to address the watershed issues, the SLT hagagetshedrestoration and
protection goalsas(in no particular order)
1 Protection of longterm water storage capacity, water quality and recreational
uses at MilfordReservoifalso a RAC goal)
1 Protection of water quality in the Republican River and tributary stre@is® a
RAC goa))
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1 Protection of water quality in Jamestown Wildlife Area, Lake Jewell, Belleville
City Lake and Salt Creek

1 Restoration and protection of streambanks and ripaaeas along the
Republican River and tributary streajasid

1 Protection of public drinking water supe$

The purpose of this watersheglan is to address these issues and concerns of th&,S
to address and mitigate current TMDLSs in the watershed and to proactively improve
conditions so that the impairments o 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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4.1 Land Cover/Land Uses

Land use activities have a significant impact on the types and quantity of pollutamts in
watershed. The major land u$ar the entire Lower Republican Watershesicropland

(50% which can contribute sediment and nutrients inteetwatershedSources of sediment
originating from cropland can originate from overland flow across conventional tilled crop
fieldslacking cover cropand ephemeral gullies that are plowed through each year.
Cropland nutrients can originate from applitat of fertilizers prior to a rainfall event or
over application of fertilizers and manure when used as fertiliZdre second major land
use is grasslan@®8%9, whichcan be a source of sediment and nutrients from livestock
waste and overgrazing and alling livestock access to streamBailing and sloughing
streambanks with undercuts will contribute to sediméoading The remaimg land useén
the watershed arevoodlands $%), low density residential (4%owvater 2% and other 6%).

<

Land Use/Land Cover
Commercial/lndustrial
Rersidential

Urban Openland
Urban Woodland
Urban Water
Cropland

Grassland

CRP

Woodland

L EEEEEELE L]

I — \iles
0 25 5 10 15 20
* Other

Figure6 Land Cover of the Watershed, 2005 Kansas Applied Remote Sensing Program, Kansas Geospatial
Community Commons.
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Tablel Land Use Calculations, Z0Brror! Bookmark not definedCalculated from Kansas A
pplied Remote Sensing program, Kansas Geospatial Community Commons

LowerRepiblican Watershed
Land Use Acres Percentage
Agricultural Crops 629,00( 50
RangeGrasses 463,00( 38
Foresmt 5 S OA Rdz2 dza 60,000 5
WSAARIDYWUALF £ 1 52,000 4
Water 26,000 2
ResidentialMedium 12,000 <1
Hay 10,000 <1
Wetlandsit Ceated 8,000 <1
Wetlands-Non-Forested 2,000 <1
wSaAREBghuAL £ 1 2,000 <1
Foresmt axéd 1000 <1
Industrial 600 <1
Foresmt 9 &r&NH 600 <1
Southwestern 100 <1
wl y3Sm. Ndza K 100 <1
Total 1,266400 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, boasind,swimming,
groundwater recharge, industrial water supply, irrigatmmivestock watering.These are
o2yYYz2yfeé NBFSNNBR (2 Fa aRSaA3AYyIFIGSR dzaSacé
2014, issued bKDHE.

Table2 Designated Water Uses for the Lower Republican River Watershéthnsas Surface Water Register,
2014, KDHE.

Designated Uses Table

Stream Name AL CR DS FP GR Iw IR LW
Beaver Cr, Buffalo Cr seg.29, EIk (
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 Midd
Elk Cr, EIm Cr, Sélt, Wolf Cr E C X

Buffalo Cr E, Cheyenne Cr, Coal
Cool Cr, Dry Cr, East Cr, EIm Cr E
Elm Cr W Br, Finney Cr, Five Cr, H
Cr, Lincoln CMud Cr,0ak Cr,
Parsons Cr, Peats Cr, Rush Cr, Spg

Cr,Turkey Cr, Upton Cr E b
Fourmile CrQtter 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 @) X @) @) (@)
* Rimrock Park Lake is below the Milford Reservoir dam.

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

All designated uses of Milford reservoir arerrentlyimpaired due to eutrophication and
expected aquatic life support is impaired due to dissolved oxyBé€hdeficiencies in the

water column. During the sampling period covering 1§2®12, Milford was fully eutrophic

and as of 2012 sampling data indicatead 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 KansggkDHE 2014

4.3 Special Aquatic Life Use Watemad Exceptional State Waters

Special aquatic life use wateisNE RSFAY SR & aGadz2NFIF OS 461 §SNER
habitat types and indigenous biota not found commonly in the state, or surface waters that

O2y Ay NBLNBaSyll G0AGS LR2Lz I GA2yLawe T GKNEBI €
RepublicarWWatershedhas a special aquatic life use designation inRepublicarRiver.

Exceptional state watersre waters thatardeRSFTAY SR a4 alye 2F GKS adzN
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surface water segments that are of remarkable quality or of significant recreational or

ecological ¥ £ dzS ¢ @ ¢tKS WFHYSailz2é6y 2AfREAFS | NBI

The special aquatic life use waters are located in an area that is primmaand, as can be
seen by the figure below. Pollutants that might threaten the health of tiveseers would
be sediment nutrient or pesticiderelated. Sediment in theRepublicarRiver would destroy
habitat for mussels and fistFertilizer or nanure in the streams wouldoncentrate
nutrientsand alter dissolved oxygen concentrations, pH, and phogus concentrations.

Aquatic Life

i~ Expected

= Special b

Lakes

= Jamestown Wildlife Area ESWi

mm Milford Lake

Land Use

¢ Commercial/lndustrial

*¢ Residential

#¢ Urban Openland

¢ Urban Woodland

#¢ Urban Water
Cropland

#¢ Grassland

ot CRP

¢ Woodland

% \Water

¢ Other

Figure7 Special Aquatic Life Use Waters and Exceptional State Waters in the Watershed with Land Use.
Error! Bookmark not definedii

4.4  Public Water Supply antllational Pollutant Discharge Elimination
System

A Rublic Water Qupply (PWS}hat derives its water from a surface water supply can be
affected by sedimenthrough:

1 excess sediment buildugt the water intakepr
1 additionaltreatment proceduresor sediment removaprior to consumption.
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Nutrients andfecal coliform bacteria will also affect surface water supplies causing excess
cost in treatment prior to public consumptiofhe city of Milford has stopped using Milford
Reservoir as a water supply and now buys water from Geary County RWDh#thable
below lists the public water supplies in thewer RepublicaliVatershed all derive their

water from groundwater wellsEven though the followin@WSservice customerarein the

watershed, not all intake wells are located within the watershed.

Table3 PWS Serving the Lower Republican Waterst@yyO 2017

County Source Source| RPA Pop
Name Served of Water Basin | Sourcé | Served
Agenda RP 1 Well (1), R®2 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), G¥1 Kr Ks 4,600
Clay RwWD 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 RRO1 Kr Sr 300
Cuba RP 3 Wells (3), RB2 Kr Ks 156
Formoso JW 1 Well (1), RP1 Kr Sr 120
Geary RWD 01 GE Junction City Kr Ks 200
Geary RWD 02 GE 1Well (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 MGO03 Kr Sr 442
Jewell RWD 01 JW 2 Wells (2) Kr Sr 959
: : 10 Wells (9)

Junction City GE Kr Ks 25 500
Linn WS 2 Wells (2) Kr Ks 413
Mankato JW 5 Wells (3) Kr Sr 867
Milford GE GEO4 Kr Ks 598
Mitchell RWD 08 MC, CD, JW MCO01 So Sr 950

Morganville CY 2 Wells (1) Kr Ks 200
Palmer WS 3 Wells (2) Kr Ks 110
Randall JW 1 Well(1), MGO3 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
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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

aNumber of wells used in 2014 in parentheses.
b Regional Planning Area. Sr is the SolofRepublican RPA; Ss is the SradilySaline RPA.
¢MGC-03 no water use reported. Pop estimate is based on(Ceported water sold and M@2 GPCD.

Wastewatertreatment facilities are point sources of pollution and are permitted and
regulated byKDHE National Pollutant Discharge Elimination System (NPDES) permits
specify the maximum amount of pollutants allowed to be discharged to surface waters.
Having thesgoint sources located on streams or rivers may impact water quality in the
waterways.Municipal waste water can contain suspended solids, biological pollutants tha
reduce oxygen in the water column, inorganic compounds or bacteria. \Magts is

treated to remove solids and organic materials, disinfected tddatiteria and viruses, and
discharged to surface water. Treatment of municiyalkte water is similar across the
country. Industrial point sources can contribute toxic chemicals or heavy mefatatment
of industrial waste water is specific to the industry and pollutant dischargag.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 nondischarging facilities and 26e permitted discharging facilities. Of the

discharging facilities, there are 11 permitted municipal facdiaad 15 idustrial facilities;

nine of these haveermits that require nutrient monitoring. These facilities may be sources
and contributors to the impairments associated within Milford Lake.

Numerous municipalieshave NPDES sites in close proximity with PWS. sifeere 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 haveboth aNPDES sitend public water supplyidersion pointare highlighted in
the table below in tan.

Watershed History Page 30



Table4 Permitted Point Source FacilitiesMunicipalities that have both NPDES and PWS sites are highlighted
in tan.
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Table 4: Permitted Point Source FacilitiedMunicipalities that have both NPDES and PWS sit
are highlighted in tan.

NPDES Facility Ownership Description  Industrial City County
Name Classification

KS0001988 Northern Private Natural Gas Not ON Elg Clifton WS
Natural Gas Transmission
Clifton

KS0002682 General Private Clay, Ceramic ON Elg Concordia CL
Finance Inc & Refrac Mat
Clay Pits Nec

KS0021385 Mankato Public Sewerage Municipal Mankato JW
City Of Stp Systems

KS0022403 Clyde City  Public Sewerage Municipal Clyde CS
Of Stp Systems

KS0024678 Morganville Public Sewerage Municipal Morganville  CY
City Of Stp Systems

KS0025577 Concordia  Public Sewerage Municipal Concordia CL
City Of Stp Systems

KS0027529 Belleville Public Sewerage Municipal Belleville RP
City Of Stp Systems

KS0027545 Wakefield  Public Sewerage Municipal Wakefield CY
City Of Stp Systems

KS0034011 Junction Public Sewerage Municipal Junction City GE
City-City Of Systems
Stp

KS0048399 Clay Center Public Sewerage Municipal Clay Center CL
City Of Stp Systems

KS0048437 Clifton City Public Sewerage Municipal Clifton ws
Of Stp Systems

KS0079197 Geary Cnty Public Sewerage Municipal Geary County GE
Sewer Dist Systems
#4

KS0083275 Milford Fish Private Fish Hatcheries Not On El Milford GE
Hatchery AndPreserves

KS0083399 Courtland  Private Sewerage Not On El Courtland RP
Wwt Systems
Facility

KS0085898 Fina Oi\7  Private Petroleum Primary O

Refining

KS0086231 Milford Public Sewerage Municipal Milford GE
Wwif Systems

KS0090018 Valley Pub /Pri Clay Center CL
Fertilizer

KS0090891 Ps Quarry  Private Chapman GE

KS0117340 Hamm N R Private Crushed & On Elg Clay Center CL
Quarry Broken
Wakefield Limestone
#80
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Table5 Permitted Point Source Facilitiés Municipalities that have both NPDES and PWS sites are
highlighted in tan.

a4 citiestowns :
&  Public Water Supply Diversion Points
A NPDES sites

Rural Water Districts

#f clay RwD #01

# clay RWD #02

7 cloud RWD #01

@ Geary RWD #01

# Geary RWD %02

# Geary RWD #04

A Jewell RWD %01

a4 witchell RWD #03

A Republic RWD #01

@ Republic RWD #02 s 1 g 1 " o
i [ = = ——— ]
' Washington RWD #02 Miles

Figure8 PWS Diversion Points and NPDES sites in the Watersked.

Households outside of the municipalities that operate a wastewtatment

facility are presumably utilizing esite septic systemt treat their individual home
wastewater The estimated population of theatershed 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 -gite 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 itiidikely that m-site septic systems are a
significant source contributing to the impairment within the Milford Lake watershed.
(KDHE TMD2014). All counties in the watershed have sanitary cotes specify
construction requirements for new and rebuilt onsite wastewater systermigh

over time should reduce any contribution from existing and new systems.

4.5 Aquifers
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Twoaquifersunderlie the watershed

1 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 R&pablican
Riverhasan alluvial aquifer that lies along and below tiiner and some of its
tributaries.

1 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 nortkcentral Kansas (Cloud, Regic and Washington counties)
and continues to present time. The Dakota aquifer also provides water for
municipal, industrial, and stock water supplies.

//////

7 Alluvial Aquifer
% Dakota Aquifer e St

Figure9 Aquifers in the Watershed"i

4.6 TMDLs in the Watershed

ATotal Maximum Daily Load MDL) sets the maximum amount of pollutant that a
specific body of water can receive without violating surfaeger quality standards,

which resultsn failure to support designated uses. TMDLSs provide a tool to target and
reduce point and nonpoint pollution source§:MDLs stablished by Kansas may be
developedon a watershed basis and may use a pollutayypollutant approacha
biomonitoring approachor both as appropriateTMDL 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 otcome of the TMDL processsisted, using the current situation as the
baselhe. Deviatons from thewater quality standards areadumented. The TMDL
states its objective imeeting the appropriate water quality standard by quantifying
the degree of pollutiorreductionexpectedovertime. Interim objectives areefined
for midpoints in the implementation proces$.The goal of the WRAP®opess is to
address high priority TMDLs.
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KDHE reviews TMDassignedn each of theivertwelve basins of Kansas every five years on
a rotational scheduleThe table belowncludes the review schedule for tiansag Lower
RepublicarBasin.

Table6 TMDLs Review Schedule for the Kansas Lower Republican Basin
Year Ending in Implementation Period Possible TMDLs to TMDLs to Evaluate

September Revise
2010 20112020 1999 1999
2015 20162025 1999, 2007 1999, 2007
2020 20212030 1999, 2007, 2010 1999,2007, 2010

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

TMDLs in the watershed are listedth®e table below.

Table7 TMDLs in the Lower Republican Watershed he shaded lines indicate high, medium or low priority
priorities. The TMDLs ibhold print indicate existing TMDLs that will beddressedy thisWatershed plan
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TMDLs, Cat.
Water TMDL Water Quality Endgoal of Priority Sampling
Segment Pollutant Standard TMDL Station
Republican FecalColiform Primary Cotact Maintain Medium SC510
River rear Becteria < 900colonies per percent of
Rice 100 ml water sampes over
Secondary applcable
Contact < 2000 criteria <10%
colonies per100
ml water
Lake éwell ¢ Aquatic Plats, Nutrients shal Summer Medium LM0&901
ThelLake Eutrophication be mntrolled to Chlorophyll in Lake
Jewell dam and Dssoled prevent concentrations Jewell
was Oxygen acceerated = or< 20ug/|
breaded, succession of
but hasbeen aquatic biotaor
repaired. aquaic life, and
However, the development of
TMDL remains objectionable
inactive wntil concentrations of
future algae or &al by
asessment products
can ocur. DO 5ngl/l
Rinrock Pak Dissolved Rimrock P&k Lake lieon the Medium | LM0O7501
Lake Oxygen watershed border with Lower Smoky
Rinrock Pak | Eutrophcation Hill Watershed. It is not incorporated | Medium | LMO70501
Lake in this Watershed plandue to the fact
that it is downstream of Milford
Resevoir. The MDLs imply that ifis
applicable to the Smokdill
Watershed not the Lower Republican.
Low Priority TMDLs
BuffaloCreek | FecalColiform Primary Cotact Maintain Low SC509
near Becteria < 900colonies per percent of
Caocordia 100 ml water samges over
Secondary appicable
Contact < 2000 criteria <10%
colonies perl00
ml water
BuffaloCreek Chbride 352 mgl/l Maintain Low SC509
near percent of
Caocordia samges over
applcable
criteria <10%
TMDLs, Cat.
Water TMDL Water Quality Endgoal of Priority Sampling
Segment Pollutant Standard TMDL Station
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Belleville Eutrophication Nutrients shall be Summer Low LMO&0701
Ciy Lake controlled to Chlorophyli
prevent cone@ntration s
acceleated = or < Dugl/l
sucessionof
aguatic biota or
aquatic life, and
development of
objectionable
conentrations of
algae oralgal by-
nradiinta
Janestown Eutrophication Nutrients shal Summer Low LM052801
Wildlife andpH be mntrolled to Chlorophyll in
Management prevent concentrations Jamestown
Area acceerated = or< 20ugl/l WMA
succession of and
aquaic biotaor pH beween
aquaic life, and 6.5and 8.5
development of
objectionable
concentrations of
algae or &al by
products
pH > 6.5and <
(o1 =
Janestown Siltation Suspended solids | 10% or éssof Low LM052801
Wildlife shallnot interfere | sampges taken in
Management with the behavior, | from wetland> Janestown
Area reproduction, 100mg/I TSS WMA
physcal rebitat or
other factor
relatedto the
survival ad
propagaton of
aquafc or ®mi-
aquatc or
Janmestown FecalColiform 2,000 coloies per All FCB Low LM 053801
Wildlife Bacteria 100mlwater sampes< in
Management 2,000 coloies Janestown
Area per 100ml WMA
water
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Figurel0 TMDLs in the Lower Republican Watershed

4.7 303d Listings in the Watershed

The Lower Republicalvatershed hasumerouslistings on the 2016 303d list. ™ 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 standardsnd designated useamre not being metPriorities are set by work schedule

and TMDL development timeframe rather than severity of pollutant. If it will be greater than

7

two years untithe pollutant canbe asesS§ R> (1 KS LINR 2 NA ( @ Wateh f f
bodiess N’ | & & A 3y SoRsediod impaBrieat Stht & £

1 Category & Waters needing TMDLs

i Category 4& Waters that have TMDLs developed for them and remain impaired

1 Category 4lx NPDES permits addressed impairment or watershed planning is
addressing atrazine problem

1 Category 4c Pollution (typically insufficient hydrology) is causing impairment
Category 3, Waters that are indeterminate and need more data or information
9 Category Z Waters that are now compliant with certain water qual#tandards

==

Watershed History Page 39

08

t A



1 Category X All designated uses are supportet) use is threatened.

Table 7 2016 303d Lst of Impaired Wate's in theLower Republican Watershed. *° Thebold impairments

indicate anes that will ke addressed by thiwatershedplan.

Category Stream/Lake Impaired Impairment Station Counties Body Type Priority
Use

5 Buffalo Water Arsenic SC509 JW,CD  Watershed 2023
Creek Near  Supply
Concordia

5 Wolf Creek  Water Arsenic SC707 CD Watershed 2023
Near Supply
Concordia

5 Republican  Aquatic Life Biology SC503 CY Watershed 2023
river Near
ClayCenter

5 Salt Creek  Water Chloride SC650 RP Watershed 2023
Near Hollis  Supply

5 Elm Creek  Aquatic Life Copper SC709 CD Watershed 2023
Near Ames

5 Mulberry Aquatic Life Copper SC710 CD, CY Watershed 2023
Creek Near
Clifton

5 Peats Creek Aquatic Life Copper SC649 WS Watershed 2023
Near Clifton

5 Wolf Creek  Aguatic Life Dissolved SC707 CD Watershed 2023
Near Oxygen
Concordia

5 Buffalo Aquatic Life Selenium SC509 JW,CD  Watershed 2023
Creek Near
Concordia

5 Buffalo Water Sulfate SC509 JW,CD  Watershed 2023
Creek Near  Supply
Concordia

5 Fiver Creek  Water Sulfate SC711 CD, CcY Watershed 2023
Near Clay Supply
Center

5 Buffalo Aquatic Life Total SC509 JW,CD  Watershed 2019
Creek Near Phosphorus
Concordia

5 ElmCreek Aquatic Life Total SC709 CD Watershed 2019
Near Ames Phosphorus

5 Mulberry Aquatic Life Total SC710 CD. CY Watershed 2019
Creek Near Phosphorus
Clifton

5 Peats Creek Aquatic Life Total SC649 WS Watershed 2019
Near Clifton Phosphorus

5 Republican  Aquatic Life Total SC504 RP, WS, Watershed 2019
River Near Phosphorus CDh, CcY
Clay Center

5 Republican  Aquatic Life Total SC503 CY Watershed 2019
River Near Phosphorus
Clay Center
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4da Mulberry Aquatic Life Eutrophication SC710 Cd, cYy Lake High
Creek Near
Clifton

4a Peats Creek Aquatic Life Eutrophication SC649 WS Lake High
Near Clifton

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

Buffalo Creek Belleville City Lake
SO4, TP, TSS, E,Ars, Se E

Jamestown Wildlife Area

Republican River w

TP, E. coli

Salt Creek
TSS, TP, DO, E. coli, Cl

EIm Creek
E, TP, Cu

Peats Creek
E, TP, Cu

Milford Lake
, DO
TP-Total Phosphorus

TSS-Total Suspended Solids Mulberry Creek
E-Eutrophication

TP, E, Cu
DO-Dissolved Oxygen bii )
E. coli-E. coli Bacteria Wolf Creek Republican River

SO4-Sulfate TP, TSS, E. coli

Cl-Chloride DO, TP, Ars _

Cu-Copper Five Creek
Bio-Biology E, SO4

Ars-Arsenic

Se-Selenium Republican River

Bio, TP, TSS, E. coli 8
& Lake Monitoring Sites . 070501
. g . Rimrock Park Lake
& Stream Monitoring Sites DO
Not all monitoring sites are included on thismdp. 3 6 12 18 24

Figurell 303dListings in the Watershed, 201&°

4.8 LoadReductiors Needed*

4.8.1 Nutrients in Milford Reservoir

Duringdevelopment 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 contactecreation within Milford Lake
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From 19962012, the lake was fully eutrophic and during the 2012 sample setbad i
become hypereutrophic indicated layTrophic State Index of 71.98 and an average
chlorophylla concentration of 67.9 ug/L. Sampling datdicate 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 approachesriain body of water near the
dam. The algal community in Milford Lake has typically been dominated bygldea
algae, or cyanobacteria, however thembe of cyanobacteridad sharply increased
sin@ 2009 and in 2012 thegccounted for 92% of the entidgal community.

When thiswatershedplan was originally developed, before the Milfadtrophication
TMDL was approved and before the severe and recurring HABs had begun to occur,
modeling indicated that 152,000s. of phosphorus needed to be reducadnually to
achieve a 30% load reduction to Milford Reserwdiater quality datandicate that
Milford Reservoir has varied between beingltoited byphosphorus and being limited
only by nitrogen for algal growth. Chlorophyiconcentrations within tie main bas of
the lake are greater thahO 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 planofigeal TP
load reduction has been modified due to TMDL development and nitrogen reduction
requirements have been added.

The BATHTUB model wasedfor the eutrophication assessment of Milford Lake
determine the amount of load reductions needed to restore theervoir to a less
eutrophic conditionBATHTUB is an empirical receiving water quality model developed
by the U.S. Army Corps of Engine&tSACBNalker, 1996), and has been widely used in
the nation to address many TMDLSs relating to issues assoaatiednorphometrically
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 c@e area near the main basin. Atmospheric total nitrogen was obtained from the
Clean Air Status and Trends Network (CASTNET), whictilabkvat

www.epa.gov/castnet/ The CASTNET station from the Konza Prairie (KS) was utilized to
estimate the atmospheci 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 Z0IIB

data from KDHE and the USACE. Datacestsal with riverine and migbool were

collected by the USACE from 282812.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 201B®)odel inputdata for the lake inflow from the Republican
River were estimated frorthe FLUXmodel|, 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 mad was calibrated fortheareda SA IKG SR YSIFy LISNJ 9t ! Q&

The model results estimate that the lake currently retains 75% of the TP and 52% of the
TN load annually. Baden the modeling results, a d reduction of the TP

concentration anda 75% reduction of the TN concentratiasithin the stream inflows of

the lake are necessary to meet the TMDL endpdintachieve this, the TP annual load
must be reduced by 88% and the TN annual load must be reduced by 86% entering the
reservoir.

The curent total annualloading to the reservoiis 1,216,912bs./yr. TP and 4,875,835
Ibs./yr. TN These numbers includeading entering from Nebraska. Because the state
of Kansas has no ability to reduce the loadiniginating inNebraska, KDHE evaluated
the loading coming only from negpoint 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 tribatdmeughout 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 Riverrstand

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% Bfltzel 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 arrive SB&0#vand

above SC503.

Figure X show§P load contributions above Milford Lake based on the TP mass balance
scenario.

Watershed Review Page 44



CURE T )
e 8 =™ 212 [ bk
3 | & v e o \& 3
5 |E 4 N
;| ocs? bic é
o o samr - ¢y Lake dewhd
PRs wel Bne, R L
“: aime FOIK
Q P
% "PJ .::("o
Q z g
* g, ) Tuttle Crook Lake
. (\ Rararteh Ctsberp
o Lommonm
Legend 5 ; &
. b Raey
12% of TP Load at SCS03 =
) Deghce s, Privel €
37% of TP Load at SC503 o %, o S
24% of TP Load ot SC503 e e i U
[ & LR )
Populated Places 2010 % \._«t‘ ‘}- Langter *
a g 7,
#  Rotational Y Vs
DM Ctwa Co. SFL
W Permanent C: b Waschwites
~ Registered Stream gat® L ; 5 P 5
@ & Ramrock Pa - z
B wedige Area s Jira O o rl::‘\;-’k " a8 ")‘-':_,
anokyA Cle\ "
Lake Sl o ‘o c
ey "
L3

»

& Fr
= Mace. ="
Bellevte Cty Lake| %
Bejedvy Q

Table X. Milford Lake current average condition and KS adjusted TMDL.

The table below shows the Milford Lake current average ¢mrdand the load

reductions from both Kansas and Nebraska sources that must be met to achieve the

TMDL.

Lake Inflow

TR Annual Load]bs/yr)

TP¢ Lake Concentratiorug/L)
TN¢ Annual Loadlbs/yr)

TN¢ Daily Loadlbs/day)

TN¢ Lake Concentratiorflbs/day)

Current Avg.
Condition
1,216,912
287
4,875,835
20,706
1,722

TMDL

148,341
83
674,882
2,866
428

% Reduction
Needed
88%

71%

86%

86%

75%

Watershed Planning Goals

Watershed Review
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This plan does not address the entire load reductions requi@a all sources (Kansas
and Nebraska)lt only addresses the Kansas portafioad reductions needed

The TMDLadjusted for Kansas nonpoint sources gigybased on the abovmass
balanceevaluation anddoes not include load reduction neefts the portion of the
load originating in NebraskaheTPreduction is617,204lbs.. of phosphorus needing
reduction annuallyfrom Kansas sourcel addition, Total Nitrogen annual load
reductionfrom Kansas sourceseded was determined to b2 341,2@ Ibs../yr.

Annual Phosphous Load Reductied.2 million
pounds

Kansas 617,204 Ibs. Nebraska 599,708 Ibs
51% 49%

o ®,
[ . .
([ o ]
617k lbs. load reduction
1,216,912 Ibs. of * annuallyKS 1ﬁ8,34h1 Ibs.
hosphorus load annually 599k Ibs. load reduction PhOSphorus
eoP
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Annual Nitrogen Load Reductio.2 million
pounds

Nebraska 1.85M Ibs.
44%

Kansas 2.3M lIbs.

56%

o ®
o ‘e
® ® . ® 2.3M Ibs. load
4.875.835 Ibs. of ® reduction annualhKS 674,882 Ibs.
- nitrogen
enitrogen load annually 1.85M Ibs. load meets TMDL

reduction annuallyNE

4.8.2 SedimentThis 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 stationstive vicinity of these gage€nly Buffalo Creek and Salt
Creekand the portion of the Republican River below the confluence of Salt @reek

impaired byTSs.

Table8. Milford ReservoirSummary forTSSannual load reductions

Total Sediment Loading TSS tons/year
Current Load 128,413
Desired Load Capacity 95,414
Reduction in TSS Nonpoint Load 32,999
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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 citerion [In(427)]

Index = In (ECB counlt)/(427)

¢CKS LIX 20 2F GKS Odzydz | A PSS FTNBljdsSyoe 27
estimated current frequency and magnitude of bacteria counts in the stream relative to
0KS aiNBI YQan. adealyite pdsinple@entatiorSpxdile of future

samples will plot below the current profile and cross the index value = 1 at fhe 90
percentile. This indicates that at least 90% of sampled values are under the criterion
value and more intensive sating would likely show attainment of the water quality
standard.

GCompliance with water quality standards requirgampling 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 samplksdce forE. colbacteria, 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), thy®levated 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 reicne@easons

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 nominaliontealue

and intensive (5 in 30 day) sampling should commence to determine if Salt Creek
complies with water quality standards.
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Salt Creek Bacteria Index
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5.1 Targeted Areas

ThelLower RepublicaliVatershed 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 eatFbasin Somesub-basinshave higher

loads than others All subbasins are ranked based on the values of an aveaageal load,

sorted from highest to lowest, and form the ranking list. ®alsirs within the top 20-30

percent of the list are selected #&rgetedareasfor cropland and livestock BMP

implementation.

The SWAT model was developed by UBQAcultural Reearch ServicBAR$from numerous
eguations 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, efthe 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 fomany 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
managenent 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 ggmuatces are considered as combined peaintirces

and applied to inlets afub watershed. These features made SWAT a good tool for assessing
rural watersheds in Kansas.

SWAT is a physically based, deterministic, continuous, wateistedd simulabn model
ArcGIS interface of ArcSWAT versidh\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 spatiallysutiovatershed
using digital elevatiodata according to the drainage area specified by the uSeib
watershed are modeled as having namiform slope, uniform climatic conditions determined
from the nearest weather station, and they are further subdivided into lumped;spatial
hydrologt response units (HRUSs) consisting of all areas withisubavatershedaving similar
soil, land use, and slope characteristics. The use of HRUs allows slope, soil, arse land
heterogeneity to be simulated within eadub watershegbut ignores polluant attenuation
between the source area and stream and limits spatial representation of wetlands, buffers, and
other BMPs within gub watershed
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The model includes sdbasin, reservoir, and channel routing components.

1. The subbasin component simulatesinoff 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 ptases, including tillage, fertilizer and manure
application, subsurface drainage, irrigation, ponds and wetlands, andefdigeld
buffers. Sediment yield is estimated for each $#sin with the Modified Universal Soil
Loss Equation (MUSLE). The hydmplogdel 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 thelltaos
provided in the crop database.

2. The resevoir 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 aathins sediment, and degrades
nutrients, pesticides and bacteria during transport. SWAT produces daily results for
everysub watershedutlet, each of which can be summed to provide daily, monthly,
and annual load estimates. The sediment deposition component is based on fall
velocity, ¥ R GKS &aSRAYSYy(d RSANIRIFIGAZ2Y O2YLRYSyl
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 indetermining thetargetedareas.

Data for theLower RepublicaBWAT model were collected from a variety of reliable online and
printed data sources and knowledgeable agepeysonnel withirnthe watershed. Input data
and their online sources are:
1. 30 meterDEM (USGS National Elevation Dataset)
30m NLCD 2001 Land Cover data layer (USRBS)
STATSGO soil dataset (UNIRCS)
NCDC NOAA daily weather data (NOAA National Climatic Data Center)
Point sources (KDHE on county basis)
Septic tanks (US Census)
Crop rotaions (local knowledge)
Grazing management practices (local knowledge)
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In every watershed, there are specific locations that contribute a greater pollutant load due to

soil type, proximity to a stream and land use practicBg.focusing BMPs in these ase

pollutants can be reduced at a more efficient rate. Through research at the University of
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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 grotmuthing. The livestock targeted area was

set by theKDHE based on monitoring data and by 8idthrough their knowledge of the
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watershed and will focuBMP placement for nutriemunoff. The 201%ansas Water Office
(KWO)Streambank Assessment will be used to targediment and nutrient reduction from
streambank improvements Targeting for this watershed will be accomplished in three areas:

1. Cropland will be targeted for sedimeand nutrients
2. Livestock areas will batgeted forbacteria anchutrients,and
3. Streambanks will be targeted for sedimeartd 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 sedimemioff. 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, solil type, slope, and entrconservation 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.

Figurel3 Phosphoruslps./acre) Yield as Determined by SWATX this move to below figure
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Figurel4 Nitrogen (bs./acre) Yield as Determined by SWAT
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Figurel5. Sediment (tons/acre) Yield as Determined by SWAT

After locating initial critical targeted areas, the area was gretrnthed to determine what
BMPs are currently being utilized in the targeted areas. The grtutiding involved
conducting windshield sueys 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. Groundtruthing 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 grourduthing provided the current adoption ratesif four common
BMPs (conservation crop rotation, grassed waterwaystjlh@nd vegetative buffers) in the
cropland targeted area of the watershed averaged across counties. The results are as follows:
1 Conservation Crop Rotatiancurrent adoption rate 086 percent
1 Grassed waterwayscurrent adoption rate of 82 percent
9 Notdill cultivation ¢ current adoption rate of 52 percent
1 Vegetative buffer stripg current adoption rate of 6 percent

The SWAT model was supplemented by combining the grtnurtiding 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 [Cresty areas have been
groundtruthed based on the aerial assessments and the resulting maps are presented in
Figures X and X. All priority areas will be gretrathed for additional sources of sediment and
nutrients not detected in the AA during the xteseveral years.

Figure X. Peats Creek Groutrdithing and Project Priorities

Figure X. Milford WRAPS
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