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INTRODUCTION.  The following analysis documents the second of two phases of specifically 
authorized planning studies.   
 
The first phase, a reconnaissance study, also called a Section 905(b) analysis, was conducted by 
the Corps to examine water resources problems and identify measures that would resolve identi-
fied problems.  The reconnaissance efforts were at full Federal expense.  Successful completion 
was realized with the identification of several potential solutions to water resources problems in 
the Walnut River Basin.  The study was conducted in cooperation and with the assistance of the 
Kansas Water Office, the U.S. Fish and Wildlife Service, and other state resource agencies 
whose contributions are gratefully acknowledged. 
 
This second phase, an interim feasibility study, was conducted as a cost shared effort between 
the Corps of Engineers (the Federal sponsor) and two local sponsors.  The local sponsors were 
the state of Kansas, represented by the Kansas Water Authority and the Kansas Water Office; 
and the city of El Dorado, Kansas, joined the study.  The previously participating state agencies 
again provided valuable contributions throughout the study.  The scope of the feasibility study 
began as an examination of the Walnut River Basin and potential ecosystem restoration opportu-
nities that would use the state’s established best management practices.  The nature and scope of 
the study changed as the feasibility study progressed.  After a year of study formulation and co-
ordination with a local interest steering committee, the study area was shifted at the state’s re-
quest to an evaluation of the upper Walnut River Basin consisting of the El Dorado Lake and wa-
tershed.  The city of El Dorado became a local co-sponsor at that time.  The nature of the feasi-
bility study also changed to a watershed management plan.  The purpose of the management plan 
was to identify and evaluate solutions to reservoir and watershed problems identified by the Kan-
sas Water Office and the city of El Dorado that could be implemented in small steps all leading 
toward long term watershed objectives.   
 
Development of the watershed management plan was guided by two long term restoration and 
protection goals and twelve specific objectives formulated by the sponsors.  The goals were: 1) 
Identify effective reservoir restoration and protection measures to ensure long range availability 
of storage space for public water supplies in federal reservoirs, using El Dorado Lake as a pilot 
(with eight objectives); and 2) Identify watershed restoration and protection needs and determine 
opportunities to implement effective management practices (with four objectives).  The goals 
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were generally met, but some objectives were either not fully met or were not achievable within 
the time and budget resources of the study.   
 
Recommendations for watershed management were formulated and are presented at the end of 
the main report.  The watershed management plan provides information valuable for near term 
restoration and preservation planning and implementation.  Further data collection and analysis 
are discussed which could improve the management plan.  A software watershed model was de-
veloped using the Soil and Water Assessment Tool (SWAT) to satisfy several of the watershed 
objectives.  Data needs, such as a bathymetric survey to determine the current storage in El Do-
rado Lake, were met.  A lack of some data types important to the reliability of watershed models, 
such as sediment concentrations within stream flow, contributed to only partial completion of 
some objectives.  A scarcity of other data types or incompatibility of information, such as differ-
ent methodologies used to estimate lake storage, resulted in some objectives not being met at this 
time, but did establish new baselines for more accurate assessments in the future.  The presenta-
tion of goals and objectives begins on page 30.  Recommendations begin on page 61. 
 
 
1.  STUDY PURPOSE.  The discussion below briefly reviews the purposes of the reconnais-
sance study and then explains in more detail the purposes of the interim feasibility study.  
 
 A.  The first purpose of the reconnaissance study was to determine the scope of water resource 
problems in the Walnut River Basin.  Because problems were identified, the second purpose was 
to identify one or more technically feasible solutions.  Federal interest in continuing into the fea-
sibility phase was confirmed and a non-Federal sponsor was identified to cost share the feasibil-
ity studies.  The scope and requirements of reconnaissance studies are authorized and directed by 
Section 905 (b) of the 1986 Water Resources Development Act (WRDA). 
 
 B.  The purposes of the interim feasibility study were to address the long-term protection and 
restoration needs of El Dorado Lake; and to identify watershed restoration and protection needs 
and opportunities for implementation of management practices in El Dorado Lake and its water-
shed.   
 
The impetus to conduct the study is a reflection of evolving public recognition of the connections 
between ecosystem services and everyone’s livelihood and well being.  Many of the first envi-
ronmental movements focused on a specific plant or animal.  If protection efforts actually gained 
sufficient support and were implemented, the “benefits” were often not perceived by the majority 
of the public to justify the costs, in part because the benefits were not seen as relating to people.  
The benefits were often viewed as solely to the environment, usually narrowly focused, and in-
tangible in terms of benefits to society.   
 
The approach of ecosystem services is fundamentally different.  Assessment of ecosystem ser-
vices focuses on protection and restoration of degraded ecosystems for the benefit of people and 
the ecosystem.  The services include readily recognized natural resources, such as trees and wa-
ter; and also the seldom recognized watershed processes, such as water filtration by wetlands, 
soil transport and new floodplain habitat creation by channel migration, and soil and agrichemi-
cal filtering and flood reduction by riparian corridors and wetlands.  These and many other proc-



esses influence the livelihood and health of the regional human community.  For example:  if 
chemicals and cattle wastes are not filtered by on-site grass buffers, then the cost of removing 
those pollutants at some downstream water treatment facility will increase.  That increased cost 
will ripple through the local economy affecting virtually everyone in a regional area.  Similar ex-
amples hold true for crop pollination, flooding, and other watershed processes.   “The lack of at-
tention to the vital role of natural ecosystem services is easy to understand. Humanity came into 
being after most ecosystem services had been in operation for hundreds of millions to billions of 
years. These services are so fundamental to life that they are easy to take for granted, and so 
large in scale that it is hard to imagine that human activities could irreparably disrupt them.”  
(Ecology Society of America, Issues in Ecology, Number 2 Spring 1997)  
 
The state’s position on wetland and riparian management is published in the Kansas Water Plan 
and recognizes increasing concerns for impacts to watersheds and establishes plans of protection 
and restoration.  “Concerns for the protection, restoration or enhancement of wetland and ripar-
ian areas have increased in response to greater public understanding of their ecological and eco-
nomic value. […] Benefits derived from riparian areas include erosion and sediment control, 
timber production, wildlife habitat, water quality protection, recreation, and aesthetic values.  
Wetlands in Kansas provide unique wildlife habitat, floodwater detention, ground water re-
charge, and water quality benefits. […] 
 
The primary policy of the state regarding wetland and riparian management is to facilitate the 
protection of these areas from conversion or channel modifications, and to stabilize streams 
which have been adversely affected by channel modification activities. Conversion of wetland or 
riparian areas from their natural state to agricultural or development uses poses a difficult man-
agement problem. There are some federal regulations protecting some wetland areas from being 
filled in, or that may require mitigation. There are no state regulations on wetlands, although 
there is a Conservation Easement Act in the Kansas statutes that would allow for state purchase 
of managed easements from a land owner willing to sell. (K.S.A. 32-807 and K.S.A. 58-3810 et 
seq.).  
 
The state also promotes the restoration and enhancement of riparian and wetland areas to main-
tain or maximize the environmental benefits mentioned above. This is a key strategy in address-
ing the state’s water quality restoration needs as part of implementing Total Maximum Daily 
Loads in high priority areas […], and in addressing identified high priority biological areas.” 
(Kansas Water Plan, online) 
 
C.  It is reasonable for restoration proponents to implement best management measures as oppor-
tunities arise – even though the depth and breath of incremental implementation may not fully 
realize the proponent’s ultimate goals.  Funding and other constraints have limited (and will con-
tinue to limit) the progress of preservation and restoration efforts.  Because these limitations may 
cause measures to be implemented over many years or decades, it is important to have a plan to 
guide the use of available resources to best advantage.  The purposes of a watershed management 
plan are to:  
• Provide information to help recognize the relative magnitude of water resources problems,  
• Assess an array of potential solutions, and  
• Prioritize implementation efforts to maximize results. 
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This El Dorado Lake watershed management plan addresses the goals and objectives identified 
by the state and the city of El Dorado with these purposes in mind.  The discussion of goals and 
objectives begins on page 30.  Next is a discussion of the Congressional authority under which 
this study was conducted. 
 
 
2.  STUDY AUTHORITY.  The reconnaissance study analysis was prepared in response to the 
Energy and Water Development Appropriations Act, 2000 (Public Law 106-60).  The appropria-
tions language from the House Committee on Appropriations Report (House Report 106-253), 
dated July 23, 1999, reads in part: 
 
“The Committee on Appropriations submits the following report in explanation of the accompa-
nying bill making appropriations for energy and water development for the fiscal year ending 
September 30, 2000, and for other purposes. …Walnut River Basin, Kansas.--The Committee 
has provided funding to initiate a reconnaissance study of flood control and related water re-
source issues in the Walnut River Basin, Kansas.” 
 
 A.  The reconnaissance study was initiated in February 2000.  The reconnaissance phase was 
completed with the successful negotiation of a “project study plan” [now called a project man-
agement plan] and a “feasibility cost sharing agreement” with the initial sponsor – the state of 
Kansas, represented by the Kansas Water Office and the Kansas Water Authority. 

 
 B.  Within a legislative framework the reconnaissance and feasibility studies are reviews of prior 
basin studies due to changed physical and economic conditions.  The specific legislative author-
ity is the Flood Control Act of 1965 (Public Law 89-298) wherein Section 208, reads in part: 
“The Secretary of the Army is hereby authorized and directed to cause surveys for flood control 
and allied purposes, including channel and major drainage improvements, and floods aggravated 
by or due to wind or tidal effects, to be made under the direction of the Chief of Engineers, in 
drainage areas of the United States and its territorial possessions which include the localities spe-
cifically named in this section.  […] Arkansas River and tributaries at and above Tulsa, Okla-
homa.” 
 
A description of the study area follows.  The study area has changed in scope as the study pro-
gressed.  More detailed discussion of the environmental conditions of the study area are pre-
sented in Appendix D – The Environmental Setting. 
 
 
3.  STUDY AREA.  The reconnaissance study area consisted of the Walnut River Basin and 
Grouse Creek watershed.  The feasibility study began with an investigation of the Walnut River 
Basin and Grouse Creek watershed, as well.  After about one year of initial formulation and co-
ordination efforts the study area was refocused by the local sponsors to the upper Walnut River 
that consists of El Dorado Lake and drainage area.   
 
 A.  The Walnut River Basin covers about 2,380 square miles in southeastern Kansas.  The Wal-
nut River flows from north to south and combines with the Arkansas River at Arkansas City 
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(both pronounced using “Ar-KAN-sas”) which flows across the Kansas-Oklahoma State Line 
within 10 miles.  The Walnut River Basin covers most of Butler County, about 40% of Cowley 
County, and small portions of five other counties.  The four major tributaries of the Walnut River 
are Timber Creek (near Winfield), Little Walnut River (near Douglass), Whitewater River (near 
Augusta), and West Branch Walnut River (downstream of El Dorado Lake).  The city of Wichita 
is located immediately west of the basin and its urban sprawl and water supply needs are impor-
tant planning considerations.  A graphic showing the Walnut Basin is at the end of the main re-
port. 
 
(Note: The Kansas Water Office (KWO) planning area for the Walnut Basin includes the adja-
cent Grouse Creek watershed which has a drainage area of about 380 square miles.  The Grouse 
Creek watershed is located immediately downstream of the Walnut River Basin.) 
 
 B.  The El Dorado Lake watershed encompasses portions of two Kansas counties (99.5% in But-
ler Co. and 0.5% in Chase Co.) in the southeastern quadrant of Kansas, and covers an area of 
about 245 square miles (or about 157 thousand acres).  El Dorado Lake is located on the upper 
Walnut River about two miles northeast of El Dorado, Kansas.  The lake is in the Osage Plains 
section of the Central Lowlands physiologic province, which features native grasses, sumac, 
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buckbrush, and other shrubs.  A graphic showing the El Dorado Lake watershed is shown above 
and in more detail at the end of the report.  Four recreation areas (not shown) are located at the 
lake: Walnut River, Boulder Bluff, Shady Creek Park and Bluestem Point.   All parks at El Do-
rado Lake are operated by the Kansas Department of Wildlife and Parks.  The Department of 
Wildlife and Parks is one of the stakeholders identified for involvement in the watershed man-
agement plan.  The definition of stakeholder is presented next, and the interests of stakeholders 
are discussed.  
 
 
4.  STAKEHOLDERS.  A stakeholder is someone with something to gain or lose from imple-
mentation of a course of action. The stakeholder may be a government agency, a private organi-
zation, an economic or environmental interest group, or concerned citizens.  All of the govern-
mental and group entities have the interests of the primary stakeholders, the people who live, 
work, and recreate in the basin at the core of their responsibilities.   
 
• The study area lies within the Congressional jurisdiction of Senators Sam Brownback and Pat 

Roberts and Congressman Todd Tiahrt (District KS-4).   
 
• The Wichita and Affiliated Tribes’ prehistoric presence in the present day State of Kansas 

was extensive.  The interests of the Wichita and Affiliated Tribes include cultural resources 
known to exist within the basin, and specifically along basin watercourses.   

 
• The Federal resource agencies involved in water resources and watershed management in-

clude the U.S. Fish and Wildlife Service (USFWS), the Natural Resources Conservation Ser-
vice (NRCS), the U.S. Forest Service (USFS), and the Corps.  This watershed management 
plan was guided by the efforts of these agencies, and particularly by the Kansas Water Plan 
compiled by the Kansas Water Office. 

 
• The Kansas Water Office (KWO) was a co-local cost sharing sponsor for this watershed 

management plan.  The KWO (http://www.kwo.org/ ) serves as the lead state agency in co-
ordinating the efforts of the state water-related planning and programs.  The Kansas Water 
Office and the Kansas Water Authority develop and approve the Kansas Water Plan.  The 
Kansas Water Plan (KWP) is used by the State of Kansas to coordinate the management, 
conservation and development of the water resources of the state.  It contains recommenda-
tions on how the state can best achieve the proper use and control of water resources.  The 
Kansas Water Office is responsible for developing the Kansas Water Plan.  The Kansas Wa-
ter Authority approves the Kansas Water Plan.  Implementation may be through legislation, 
funding, or focus of existing agency (ies) programs. The Kansas Department of Health and 
Environment (KDHE), the Kansas Department of Wildlife and Parks (KDWP), the Kansas 
State Conservation Commission (KSCC), and the Kansas Forest Service (KFS) all have in-
terests in water resource issues in the basin and worked through the KWO to provide input to 
the study.   

 
• The Kansas Department of Health and Environment‘s (http://www.kdheks.gov/ ) mission 

statement is: “To protect the health and environment of all Kansans by promoting responsible 
choices.”   
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• The Kansas Department of Wildlife and Parks is a cabinet-level agency with a Secretary ap-

pointed by the Governor.  From the 2005 KDWP Strategic Plan: “Fish, wildlife and outdoor 
recreation are important to the quality of life for all Kansans and to the Kansas economy. As 
the public steward of the Kansas natural resources, the mission of the Department of Wildlife 
and Parks is to: Conserve and Enhance Kansas' natural heritage, its wildlife and its habitats to 
ensure future generations the benefits of the state's diverse, living resources; Provide the pub-
lic with opportunities for use and appreciation of the natural resources of Kansas, consistent 
with the conservation of those resources; Inform the public of the status of the natural re-
sources of Kansas to promote understanding and gain assistance in achieving this mission.” 
 

• The State Conservation Commission (KSCC) has several applicable preservation and restora-
tion programs (http://scc.ks.gov/ ), including: Non-Point Source Pollution Control Program, 
Riparian and Wetland Protection Program, and the Kansas Water Quality Buffer Initiative.   

 
• The city of Wichita is immediately west of the Walnut River Basin.  The city administrators 

and many residents have interests in the basin’s ecosystem and related water resources.  In-
terests include: recreation, water supply, and suburban living.   

 
• The city of El Dorado, Kansas, was the other co-local cost sharing sponsor for the watershed 

management plan.  The city contracts with the Corps for the water supply storage in El Do-
rado Lake.  The city uses the water as their primary source of water supply, and markets wa-
ter to area water districts that supply most of Butler County. 

 
• The Kansas Alliance for Wetlands and Streams (KAWS), http://kaws.org/, is an active pro-

ponent and sponsor of wetland and stream preservation and restoration.  The mission and vi-
sion statements are: “Mission: To ensure the future of wetlands, streams, and their adjacent 
riparian areas as an integral part of our Kansas heritage and landscape.  Vision: A public that 
is well informed and involved in activities that foster the protection, enhancement, and estab-
lishment of wetlands and riparian areas in Kansas.”  The ecosystem education efforts and ri-
parian projects implemented by the Alliance compliment the efforts of other stakeholders. 

 
 
5.  PRIOR STUDIES AND EXISTING WATER RESOURCES PROJECTS.  The findings 
and conclusions of several reports were reviewed and utilized while preparing this watershed 
management plan.  The principal studies are listed below.  Also, two Corps projects have been 
implemented in the watershed: El Dorado Lake and a fishery habitat restoration effort within the 
lake.  Both are discussed following the list of prior studies. 
 
 A.  Prior Studies.  The following reports were reviewed by the study team. 
 
• The Walnut River Basin, Kansas, Section 905(b) Analysis (WRDA 86), by the Tulsa District 

Corps of Engineers, July 2000.  The 905(b) Analysis is also known as the reconnaissance 
study.  The reconnaissance efforts were at full Federal expense.  The first purpose of the re-
connaissance study was to determine the scope of water resource problems in the Walnut 
River Basin.  The second purpose was to identify one or more technically feasible solutions 
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for each problem identified.  The study also assessed Federal interest in continuing into the 
feasibility phase and identified potential non-Federal feasibility phase cost sharing sponsors. 
Successful completion was realized with the identification of several potential solutions to 
water resources problems in the Walnut River Basin and the identification of the Kansas Wa-
ter Office as a cost sharing sponsor for continuation into feasibility phase studies. 
 

• The Kansas Water Plan, online.  “The Kansas Water Plan is used to coordinate management, 
conservation, and development of the water resources of the state.  The Kansas Water Plan 
sets out means to achieve the goals identified in the State Water Resources Planning Act 
(K.S.A. 82.a-901, et.seq.).”  The data, evaluation, and planning of the KDHE for the El Do-
rado Lake watershed provided essential information. 
 

• Kansas River and Stream Corridor Management Guide by the Kansas State Conservation 
Commission, undated, circa 2000.  “Kansas streams and riparian areas provide drinking wa-
ter for humans and livestock, water for irrigation and industry, aquatic and terrestrial habitat, 
aesthetic values, and recreational areas.  River and stream corridor management affects all 
citizens of the State.  This publication is intended to promote responsible use and manage-
ment of Kansas stream corridors and watersheds.” – signed Governor Bill Graves.  The pub-
lication is an excellent illustrated guide of best management practices and can be found at: 
http://kaws.org/PDF/KSRiversGuide.pdf or http://scc.ks.gov/dmdoc-ments/KS%20River%20
&%20Stream%20Corridor%20Mgmt%20Guide.pdf  

 
• Attitudes of Kansas Agricultural Producers about Riparian Areas, Wildlife Conservation, and 

Endangered Species, Report of Progress, by Ted T. Cable, John A. Fox, and James Rivers of 
the Kansas State University Agricultural Experiment Station and Cooperative Extension Ser-
vice, SRP 830, February 1999.  “A previous study showed that Kansas’s general population 
strongly supports wildlife conservation practices, including endangered species protection 
(Cook and Cable 1996). However, an examination specifically focusing on agricultural pro-
ducers is lacking. To determine their knowledge, attitudes, and behaviors about conservation 
practices in riparian areas and endangered species, we conducted a survey of Kansas farmers 
and ranchers. The objective was to provide information about these existing attitudes and be-
haviors to conservationists, environmental educators, and policy makers.  […]  Question-
naires with a cover letter were mailed to 2,700 randomly selected agricultural producers 
throughout Kansas in 1997.  […] Of the 2,700 surveys mailed, 373 were returned as undeliv-
erable, resulting in a total sample of 2,327. From this sample, 909 producers responded, giv-
ing an overall response rate of 39.1%.” (http://www.oznet.ksu.edu/library/wldlf2/srp830.pdf ) 
 Selected findings of the study are presented later in the report. 
 

• Non-Point Source Pollution in Butler County: Changes in Mussels Over the Last 20 Years, 
Bill Langley and Sara Hunter, Butler County Community College.  This publication lends 
supporting information to the idea that non-point source pollution is contributing to reduced 
stream quality. 

 
• Compilation And Review Of Completed Restoration And Mitigation Studies In Developing 

An Evaluation Framework For Environmental Resources Volumes I and II, by Timothy D. 
Feather, Donald T. Capan - IWR Report 95-R-4 (and 5),  April 1995.  Ten project case stud-
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ies and a workshop with HQUSACE personnel were used in this study to identify specific 
planning challenges and means of handling the challenges. Furthermore, these research ac-
tivities were drawn upon to identify important attributes of an evaluation framework for 
Corps environmental projects. 

 
• National Review Of Corps Environmental Restoration Projects, by Joy D. Muncy, Dr. J. 

Craig Fischenich, E. A. Dardeau - IWR Report 96-R-27 Investments Research Program No-
vember 1996.  This report provides descriptive information from 52 Corps environmental 
restoration studies.  For each project, information is provided concerning its general location, 
resource problems being addressed, objective(s), management measures, outputs, and esti-
mated total costs.  
 

• Methods in Stream Ecology by F. Richard Hauer and Gary A. Lamberti, 2007.  This book de-
fines and discusses the relationships among physical processes; material transport, uptake 
and storage; stream biota; community interactions; ecosystem processes; and ecosystem qual-
ity relevant to the evaluation of stream conditions. 

 
Additional reports are referenced by technical documentation, shown in appendices. 
 
 B.  Existing Water Resources Projects.   
 
• El Dorado Lake.  This project was authorized by the Flood Control Act of 1965, approved 27 

October 1965; Public Law 89-295, HD 232, 89th Congress, 1st Session.  The lake is located 
about 2 miles northeast of El Dorado in Butler County.  The project provides flood control, 
water supply, water quality control, and recreation.  Construction began in 1977 and was 
completed for full flood control operation in June 1981.  A Walnut Basin map is included at 
the end of this report that shows the location of El Dorado Lake.  More detailed maps of El 
Dorado Lake are included in the appendices.  Pertinent data for El Dorado Lake is in Table 1 
of Appendix A – Bathymetric Survey. 

 
•  Fishery Habitat Restoration Project, El Dorado Lake, Oklahoma. A continuing authorities 

project for environmental protection and restoration, project modifications for improvement 
of the environment was implemented in 1997 and 1998,  The project was authorized by Sec-
tion 1135 of the Water Resources Development Act of 1986 (P.L. 99-662), as amended.  The 
restoration project consisted of two aquatic species planting seasons and monitoring.  The 
first year, 1997, plantings included 17 species of aquatic vegetation at 9 shoreline locations.  
Five species had less than a 60% survival rate; 11 species exceeded 90% survival; and one 
had an 80% survival rate.  The second year planting consisted of 12 species at the 9 loca-
tions.  Eight of the nine locations experienced successful plant growth. 

 
 
6.  PLAN FORMULATION.   Water resources problems in the watershed were determined 
through the professional and technical judgment of a project delivery team that included Corps, 
sponsor, and other agency staff. The team relied heavily on expert opinion, counsel, and informa-
tion provided by stakeholders.  Existing readily-available data and information were used when-
ever obtainable.  The conception and validation of technically feasible solutions were also based 
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on team assessments, including those of resource agency staff involved with implementation of 
best management measures.   
 
For studies to continue from the reconnaissance phase to the feasibility phase, a Federal interest 
must be demonstrated.  One of the key processes applied to the Federal interest determination 
was the six-step planning process (Discussed in paragraph 6.B. below).  That same evaluation 
and decision methodology used in the reconnaissance phase was generally applied to this interim 
feasibility study.  The six-step process was modified when the feasibility study transitioned to a 
watershed management plan.  The following explains why. 
 
In this watershed management plan there are no recommendations for authorization by Congress 
for implementation of a water resources project – or projects.  The recommendations step is the 
sixth and last step of the normal process.  Similarly, the fifth step - the comparison of alternatives 
– was altered in this watershed management plan because the plan approach suggests various re-
sponses to an array of problems.  Typically the alternatives to be compared in step five have rela-
tively and equally detailed evaluations of costs, benefits, impacts, and other associate assess-
ments.  In this watershed management plan the level of evaluation detail differs among proposed 
management measures.  Also a proposed management measure may be adopted based on long 
established and proven success of like measures in other watersheds.  The selection of a man-
agement measure relied on scientific evaluation but was also supported by the professional opin-
ion of appropriate subject matter experts with consideration of the regional applicability.  Im-
plementation opportunities of many best management measures fall within the authorities and 
ongoing programs of other Federal or state agencies. 
  
 A.  Federal Interest.  The determination of Federal interest for the reconnaissance study was 
dependant on identification of water resources needs, determination of at lease one environmen-
tally and economically viable plan, and identification of a suitable cost sharing sponsor who 
stated their intent to participate financially in this feasibility study.  Those three conditions were 
met and this feasibility study was subsequently initiated by the Corps and the local sponsors, and 
with the input and assistance of stakeholders including state and other federal agencies.  As iden-
tified in the previous discussion of stakeholders, there are several Federal agencies that have wa-
ter resources responsibilities in the study area.  Following are three brief discussions of the over-
all mission of the lead Federal agency for the study (the Corps), an outline of the other Federal 
agencies with links their water resources missions, and discussion of the collaborative watershed 
management concept utilized by the Corps.  The lead Federal agency discussion, next, is from a 
2006 report by the Congressional Research Service.  It briefly explains the responsibilities of the 
Corps and how Congress has added ecosystem restoration to the Corps’ missions.  More infor-
mation about the Corps can be found at http://www.usace.army.mil/. 
 
   (1)  The Lead Federal Agency. “The U.S. Army Corps of Engineers (Corps) is an agency in 
the Department of Defense that has military and civilian responsibilities.  The military program 
provides engineering, construction, and environmental management services for Department of 
Defense agencies.  Under its civil works program at the direction of Congress, the Corps plans, 
constructs, operates, and maintains a wide range of water resources projects.  A military Chief of 
Engineers oversees the Corps’ civil and military operations and reports on civil works matters to 
an Assistant Secretary of the Army for Civil Works.  The Corps operates as a military organiza-
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tion with a largely civilian workforce (34,600 civilian and 650 military personnel).  Nine divi-
sions coordinate projects in field offices worldwide and 41 district offices.[footnote omitted]  
Projects are largely planned at the district level and approved at the division and headquarters 
levels.   
 
The Corps’ oldest civil responsibilities are creating navigable channels and flood control pro-
jects.  Navigation projects include river deepening, channel widening, lock expansion, dam op-
erations, and dredged material disposal.  Flood control projects are intended to reduce riverine 
and coastal storm damage; these projects range from levees and floodwalls to dams and river 
channelization.  Many navigation and flood control projects are multi-purpose — that is, they 
provide water supply, recreation, and hydropower in addition to navigation or flood control.  
 
In recent decades, Congress has given the Corps responsibilities in the areas of environmental 
restoration and infrastructure and other non-traditional activities, such as disaster relief and 
remediation of formerly used nuclear sites.  Environmental restoration activities involve wet-
lands restoration and environmental mitigation activities for Corps facilities. Environmental in-
frastructure refers to municipal water and wastewater facilities.  The agency’s regulatory respon-
sibility for navigable waters extends to issuing permits for private actions that might affect wet-
lands and other waters of the United States.[footnote omitted]  The economic and environmental 
impact of Corps projects and the agency’s regulatory activities can be significant locally and re-
gionally and at times are quite controversial.“ (CRS Report for Congress, The Civil Works Pro-
gram of the Army Corps of Engineers: A Primer, Updated September 20, 2006, Nicole T. Carter, 
Betsy A. Cody, Congressional Research Service, The Library of Congress.)   
 
   (2)  Other Federal Agencies.  The Corps is conducting this feasibility study but many Federal 
agencies have responsibilities in the El Dorado Lake watershed.  The agencies involved in pro-
tection and restoration of land and water resources include: U.S. Fish and Wildlife Service 
(http://www.fws.gov/ ), Environmental Protection Agency (http://www.epa.gov), and the Natural 
Resources Conservation Service (http://www.nrcs.usda.gov).  In particular, the NRCS has many 
programs for protection of the environment that are active in Kansas and the El Dorado Lake wa-
tershed. 
 
   (3)  Collaborative Watershed Management.  The Corps seeks to identify holistic and col-
laborative watershed management opportunities among all state and Federal agencies.  The ave-
nues to implement recommended management actions include the authorities and programs of 
other Federal agencies and the authorities and programs of partnering state agencies.  Some of 
the recommended best management measures may be more appropriately implemented under au-
thorities and programs of the NRCS, KSCC, or other agencies.  It is not the intention of the 
Corps for the watershed management plan to limit, alter, or redirect the efforts or priorities of 
ongoing federal or state programs.  The findings and recommendations of the watershed man-
agement plan are provided to support ongoing efforts at the discretion of those agencies.   
 
 B.  Six Step Planning Process.  The planning process is a structured approach to problem solv-
ing.  The Corps’ process is categorized by six steps.  The steps are:  
1) Specify problems and opportunities,  
2) Inventory and forecast conditions,  
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3) Formulate alternative plans (management measures),  
4) Evaluate effects of alternative plans (management measures),  
5) Compare alternative plans (modified for this watershed management plan), and  
6) Select a recommended plan (not applicable for this watershed management plan).   
 
   (1)  Problems and Opportunities.  The first step of the planning process is to identify prob-
lems and opportunities.  In addition, project scoping activities are initiated, including delineating 
the planning area, determining the period of analysis, and scoping the project goals, objectives, 
and constraints.   
 
At the start of the feasibility study the most significant water resources problems were identified 
as ecosystem losses in the channel and riparian/floodplain corridor.  Particularly, riverine, 
aquatic, and riparian habitat issues were found to be significant and of primary concern to stake-
holders.  The KWO had identified the entire Walnut River Basin in the draft State Water Plan as 
a “High Priority” for restoration.  Degradation of aquatic and terrestrial resources within the 
Walnut River Basin and potential environmental and economic impacts to the State prompted 
support for corrective action.  One Federal opportunity to address the problem lay within the 
mission and authorities of the U.S. Army Corps of Engineers.   
 
Ecosystem restoration is a primary mission of the Corps of Engineers Civil Works program.  The 
program purpose is to restore ecosystem function, structure, and dynamic processes that have 
degraded as a consequence of direct or indirect human activities.  Protection may be included as 
part of ecosystem restoration initiatives, when such measures involve efforts to prevent future 
degradation of elements of an ecosystem's structure and functions.  These goals mirror the pro-
tection and restoration goals held by the state of Kansas.   
 
In the first year of the feasibility study, ecosystem restoration and protection were the issues un-
der consideration by the State’s resource agencies for inclusion in the feasibility study.  After 
about one year of pursuing the identification of ecosystem problems and issues in the Walnut 
River Basin (the first planning step) the focus of water resources was revised within the state of 
Kansas.  The Kansas Water Office advised the Corps of the changing priorities within the state 
and suggested the scope of the feasibility study scope be changed to reflect the state’s new water 
resources priorities. 
 
The new state focus stated in the revised feasibility scope, would “…identify effective restora-
tion and maintenance measures that will ensure the long range availability of storage space 
within federal reservoirs, to provide for adequate public water supplies long into the future. The 
initiative seeks to go beyond the original planned life of the reservoirs, where there has been an 
assumption that the reservoirs will eventually silt in and no alternative course of action deter-
mined. <…> [The state] …is seeking to institute cooperative pro-active reservoir maintenance 
and restoration programs that will extend this design water supply storage life of federal reser-
voirs beyond the original expectation.<…> the state is encouraging widespread development and 
adoption of Watershed Restoration and Protection Strategy (WRAPS) above all federal water 
supply reservoirs to reduce sediment and other pollutant loads from the watersheds.  While it is 
recognized that some amount of reservoir sedimentation will continue to occur, KWO desires to 
institute reservoir restoration activities before sediment accumulation has negatively impacted 
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water quality and quantity in the reservoirs.  Public water supply storage in El Dorado Lake is 
owned by the City of El Dorado and represents an important future regional water supply source 
for the Walnut basin.  The reservoir and its watershed have been designated as a high priority for 
TMDL [total maximum daily load] implementation for eutrophication and siltation.  Because of 
the importance of protecting both water quality and quantity in El Dorado Lake, and to more ef-
fectively target limited resources, KWO proposes to partner with the City of El Dorado to ad-
dress long-term protection and restoration needs for the reservoir and its watershed.” (Study co-
ordination with the KWO and city of El Dorado, KS.) 
 
(Note: The subject of TMDLs mentioned above is explained in Appendix C – Total Maximum 
Daily Loads.  The appendix presents TMDL FACTS, a simple explanation of what a TMDL 
means, why establishing TMDLs is important, and how TMDLs are used in watershed manage-
ment.  The appendix also contains the state documents for the two TMDLs that apply to the El 
Dorado Lake watershed: eutrophication and siltation.  Discussion within the TMDLs shows the 
state’s continuing involvement in watershed management.  The findings of this feasibility study 
compliment the state‘s findings, recommended measures, and priorities presented in the TMDL 
documents.  The Environmental Protection Agency (EPA) approved both the eutrophication and 
siltation TMDLs proposed by the state for El Dorado Lake.  The EPA also supports the recom-
mended implementation activities as reasonable method to return the water quality to full support 
of it current impaired designated uses.) 
 
While the discussion in this study centers on restoration opportunities, the Federal and local 
sponsors realize that El Dorado Lake is a man-made reservoir and a critical part of the regional 
water supply infrastructure and a valued economic and recreational resource.  When merits of El 
Dorado Lake were initially assessed, society judged that the tradeoffs among social, economic, 
and environmental benefits and costs were warranted.  The Corps provided documents to Con-
gress so that an informed choice could be made whether to implement the reservoir for benefits 
of flood damage reduction, water supply, water quality control, and recreation.  The project in-
cludes a wildlife management area and storage for water quality releases in response to construc-
tion impacts to environmental resources.  Use of the term restoration in regard to the reservoir 
does not imply restoration to pre-impoundment conditions.  The term is used in the context of 
ecosystem functions throughout the watershed; and in the context of protection and revitalization 
of reservoir project purposes.   
 
Obtaining consensus about watershed problems among various interests can be difficult.  An is-
sue or problem perceived (and experienced) by individuals or groups may not be viewed by other 
interests as a “problem”.  There are also circumstances that may be viewed as localized problems 
which have root causes elsewhere in the watershed.  The following list indicates problems per-
ceived at the start of the study.  The list contains topics from the study sponsors, state and federal 
agencies, and the public.    
 
• El Dorado Lake 

• Sedimentation 
• Declining Flood Control Storage 
• Declining Water Supply Storage 
• Declining Aquatic Habitat 
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• Declining Recreation 
• Impacts to Social and Economic Conditions  
• No Long Term Federal Plan for Sedimentation 

 
• Invasive Plant and Animal Species, including Zebra Mussels 

 
• Eutrophication  

• Phosphorus from Animal Waste and Crop Application 
 

• Shoreline Erosion 
• Eroding Shorelines Contributing to Storage Losses 
• Eroding Shorelines Impacting Recreation Facilities 
 
 

• Eldorado Lake Watershed 
• Erosion 

• Stream Banks 
• Eroding Riparian Overbanks 
• Limited Remaining Riparian Buffers 
• Erosion Due To Agricultural  

 
• Runoff 

• Faster Runoff Due To Agriculture 
• Phosphorus Transported From Agricultural Fields 
• Other Transported Nutrients and Agrichemicals  

 
(Note:  These issues and problems are discussed within the framework of the sponsor’s long term 
goals and objectives.) 
 
  (2)  Inventory and Forecast.  The second step of the planning process is to inventory existing 
conditions and to forecast future conditions of the study area.  Because studies and watershed 
projects take time to implement, it is quite possible that planning area conditions will be different 
at the time of implementation than they were when a study was conducted.  Conditions that exist 
at the time of a study are collectively called the existing conditions.  For this feasibility study the 
forecast condition describes the changes expected to occur in the reservoir and watershed, with 
the continuation of state and Federal actions, such as NRCS and KSCC programs.  Examples of 
forecast conditions include the expected sedimentation of El Dorado Lake, trends in agriculture 
practices (farming and ranching), population changes, water demands, and other anticipated 
changes.  It is important to recognize that forecasts of future conditions are fundamentally uncer-
tain. 
 
The planning analyses in this step develops a picture of future site conditions if no other Federal 
actions are taken, such as storage reallocation at El Dorado Lake or dredging.  The study team’s 
appraisal of basin conditions heavily utilized the Kansas Water Plan and input from other agen-
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cies.  The forecasting process takes the three dimensional data of the existing conditions and 
forecasts future conditions by adding the dimension of time.   
 
• Existing conditions are presented in paragraphs (a) through (i) below.   

 
• Forecast conditions are summarized in paragraph (j).   
 
(Note: A more thorough discussion of existing conditions of the affected environment and fore-
casts are presented in Appendix D – The Environmental Setting.) 
 

 (a)  Riparian Habitat.  Undisturbed riparian habitat once existed along both banks of over 600 
primary watercourse miles within the Walnut Basin.  Through coordination with stakeholders 
and based on prior experience with Walnut Basin studies, the team concluded that the amount of 
riparian habitat has extensively decreased and impacts are still occurring.  
 
(Note:  Specific studies to quantify the loss of riparian habitat were not part of this study.  Infor-
mation about past and present riparian habitat conditions was not readily available.  The study 
team relied on resource agency staff knowledge and experience in the watershed.) 
 
The result of riparian habitat loss (at any location) is both a reduction of area and fragmentation 
of the ecological system.  The more significant fragmentation occurs when gaps in the riparian 
corridor result from clearing.  The reductions in habitat area and in quality have a direct impact 
on the number and diversity of terrestrial and aquatic plant and animal species in the riparian 
area and in the number and diversity of species in the watershed whose life cycle is linked to the 
riparian habitat.  Riparian habitat losses in the El Dorado Lake watershed are similar to losses in 
the Walnut River Basin.  Through coordination with resource agencies, it was determined that 
the quality of riverine aquatic habitat is also declining in the El Dorado Lake watershed.  One of 
the visual clues to stream impacts is livestock grazing in and near riparian zones.  This ranching 
practice causes compacted overbank areas, over browsed or totally denuded understory, eroding 
cattle trails, and in-stream cattle watering.  Also farming practices adjoining riparian habitat were 
noted during field investigations.  Farming has encroached on (destroyed) riparian habitat along 
streams.  Runoff from row crop fields often reaches nearby streams with little or no filtering by 
grass waterways, filter strips, or wetlands.   The stream quality impacts result from increased nu-
trients (including organic enrichments of Nitrogen and Phosphorus), increased sediment (due to 
vegetation loss or disturbed soil), and increased bacteria (including the fecal coliform E. coli) 
from livestock wastes.   
 
These conclusions are supported by water quality data collection and analysis performed by 
KDHE at the state level.  The Kansas Department of Health and Environment, Division of Envi-
ronment report, “2006 Kansas Water Quality Assessment (305(B) Report)”, April 1, 2006, tabu-
lates impaired stream mileage and lake acres.  The excerpt below is from the Executive Sum-
mary of the water quality assessment: “Data collected by KDHE during this reporting cycle indi-
cate that 53% of the state’s assessed stream mileage fully supports all designated uses, 7% is 
fully supported but threatened for at least one use, and 39% is impaired for one or more uses. 
Approximately 15% of assessed lake acreage fully supports all uses, whereas 76% is impaired 
for one or more designated uses. Sixteen percent of wetland acres either fully support all uses or 
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lack sufficient data to evaluate conditions; the remaining 84% are impaired for one or more uses. 
Major causes of nonsupport for streams, in order of prevalence, are organic enrichment, high sa-
linity, elevated pH, and elevated E. coli concentrations. Major causes for lakes and wetlands in-
clude elevated nutrient levels, eutrophication, siltation, high turbidity, and taste and odor prob-
lems.   
 
Sources primarily responsible for pollutant loadings and beneficial use impairments in Kansas 
streams include agriculture (irrigated and nonirrigated crop production; intensive animal feeding 
operations), natural phenomena (e.g., mineralized groundwater intrusion), and habitat degrada-
tion.  Agriculture, municipal point sources, and natural phenomena are the primary factors con-
tributing to water quality impairments in lakes. Approximately 61% of the state’s assessed lake 
acreage has exhibited no change in trophic condition in recent years. Another 28% has experi-
enced a measurable increase in trophic state and 4% has exhibited some improvement in trophic 
condition.” 
 
Following is a brief extract from the Kansas Department of Health and Environment total maxi-
mum daily loads for El Dorado Lake eutrophication and siltation.  The extracts show the enu-
merated implementation activities to improve conditions.  The activities that relate to riparian 
habitat are items 3 and 4 for eutrophication and items 2 and 3 for siltation. 
 
The KDHE TMDL for El Dorado Lake eutrophication identifies some desired implementation 
activities to allow full use of the lake.  Those identified activities are:  
 
“1. Implement soil sampling to recommend appropriate fertilizer applications on cropland. 
  2. Maintain conservation tillage and contour farming to minimize cropland erosion. 
  3. Install grass buffer strips along streams. 
  4. Reduce activities within riparian areas. 
  5. Implement nutrient management plans to manage manure application to land.” 
 
The KDHE TMDL for El Dorado Lake siltation identifies some desired implementation activi-
ties to improve water quality:  Those activities are: 
 
“1. Maintain conservation tillage and contour farming to minimize cropland erosion. 
  2. Install grass buffer strips along streams. 
  3. Reduce activities within riparian areas.” 
 
(Note: The TMDL for siltation also identifies the need to plan for storage reallocation from flood 
control storage to water supply storage after 2010 to reclaim storage lost to sedimentation.) 
 
The Corps invited public opinion about the feasibility study (which later became the watershed 
management plan) and the concepts of riparian protection and restoration by hosting public in-
volvement workshops.  The workshops were primarily listening sessions to gain insight about 
public opinion regarding water resources.  The purpose and scope of the study was provided to 
attendees through the use of table top displays and handouts, and through one-on-one discussions 
between study team members and the attendees.  Questionnaires were not used during the Corps 
workshops and no data were collected, other than a voluntarily submitted name and address for 
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purposes of future study progress notifications.   In an earlier effort the Kansas State University 
study referenced in paragraph 5.A. above, did utilize questionnaires to assess the attitudes of ag-
ricultural producers about riparian areas, wildlife conservation, and endangered species.  The ab-
stract from the KSU study follows:  “Riparian forests in Kansas are important areas for many 
wildlife species. Many agricultural producers use these areas as croplands or as a source of water 
and forage for livestock. We surveyed agricultural producers in Kansas to assess attitudes toward 
riparian lands, the wildlife found on them, and the economic considerations associated with con-
serving these areas. Questionnaires were mailed to a randomly selected sample throughout Kan-
sas during 1997. Of the 2,700 questionnaires mailed, 373 were undeliverable, and 909 were re-
turned by producers, giving a response rate of 39.1%. Most producers (79.3%) reported that none 
of their grazed streamside land was fenced to prohibit cattle from entering the streambed, and 
92.9% reported that their streamside land had not been enrolled in a conservation program within 
the last 3 years. More than 97% of respondents did not plan to fence their streamside land. Some 
respondents (35.2%) reported they would fence this land if the costs of fencing materials, labor, 
and an alternative water supply and a tax refund were paid by a conservation program. Most 
landowners who reported that they would not fence their land at any price were concerned about 
fence maintenance after flooding and the partitioning of large tracts of land into smaller, less ac-
cessible parcels. Over 38% of producers reported that they set aside land specifically to help 
wildlife, with an average of 51 acres set aside. Most of them idled their land for quail (96.7%), 
deer (84.1%), pheasants (82.1%), songbirds (72.4%), and turkey (72.2%). The most important 
motivation in idling land was watching wildlife, with 51.7% reporting that this was extremely 
important in their decision. Nearly two-thirds of those who did not set aside land for wildlife 
were concerned about trespassing. Producers believed that urban growth was the most harmful 
influence on Kansas wildlife and that legal hunting, fishing, and trapping did not harm wildlife 
populations. Support for endangered species protection was mixed, with 58.2% of producers 
agreeing that endangered animals should be protected, 42.7% favoring protection of endangered 
plants, but only 16.4% favoring state acquisition of land to protect endangered species. Most re-
spondents reported that they would change some or all of their activities around the stream to 
protect an endangered fish species, but 23.3% indicated that they would not stop farming along 
the stream. In addition, 56.3% of producers reported that they absolutely or probably would no-
tify the Kansas Department of Wildlife and Parks about the endangered fish, 17.4% were unsure 
what they would do, and 11.9% would not notify the state agency.” 
 
It is the opinion of the study team members who participated in the workshops that the attitudes 
of attending landowners and lessees of riparian lands remain generally consistent with the KSU 
findings from 1999. There appeared to be a sizable representation of hunters in attendance at the 
Corps workshops, but most indicated they didn’t want more deer (or deer habitat) because of 
fence damage caused by deer.  The referenced fences are single strand electric fences for cattle.  
Damage to electric fence wire was reported to be a problem due to running deer that could not 
see the wire and due to falling limbs. 
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 (b) Lake Visitation.  Recreation visitation at El Dorado Lake is an im-
portant project output.  Visitation estimated by project staff is shown in 
the table to the right.  Visitation at Corps lakes involves sampling of visi-
tation at selected facilities and times.  Therefore, it is a process of estima-
tion.  Based on Corps visitation estimates lake usage declined from 1999 
through 2005, with an estimated modest increase in 2006. 
 
While many factors affect visitation, the aquatic habitat changes may be 
related to declining recreation at El Dorado Lake facilities.  However, 
those changes may also be related to increases in transportation fuel 
costs, aging recreation facilities, or other local or regional conditions.  No 
data were collected as part of this feasibility study for creel counts, rec-
reation questionnaires, or boat ramp surveys.  Lake visitation was not forecast due to limited 
data. 

El Dorado Lake 
Visitation 

Year Visits 
1999 628,123 
2000 651,890 
2001 625,024 
2002 623,540 
2003 584,394 
2004 562,493 
2005 444,735 
2006 464,171 

 
   (c)  Wetlands.  Wetlands are areas that are inundated or saturated by surface or ground water at 
a frequency and duration sufficient to support (and that under normal circumstances do support) 
a prevalence of vegetation typically adapted for life in saturated soil conditions.  Wetlands gen-
erally include swamps, marshes, bogs, and similar areas.  This is the definition of wetlands as it 
appears in the regulations jointly issued by the Army Corps of Engineers and the U.S. EPA.  The 
Fish and Wildlife Service has estimated that of the 221 million acres of wetlands which existed 
in the coterminous United States at the time of the Nation's settlement, only 104 million acres 
(47%) remained in 1985.  Between the mid-1950s and the mid-1970s, annual wetland losses av-
eraged 458,000 acres, an area about half the size of Rhode Island.  Between the mid-1970s and 
the mid-1980s, this loss rate was reduced to about 290,000 acres per year. (USFWS online) 
 
A later USFWS study summarized findings from 1986 to 1997.  In 1997, there were an estimated 
105.5 million acres of wetlands in the conterminous United States. Of this total, 100.5 million 
acres (95 percent) are freshwater wetlands and 5 million acres (5 percent) are saltwater wetlands. 
 Between 1986 and 1997, a net of 644,000 acres of wetlands was lost.  The USFWS reported to 
the Congress that the estimated wetland loss rate is now 58,500 acres annually. This represents 
an 80% reduction from the previous decade.  The analysis during this study period attributed 
causes of wetland losses nationally to: Urban Development (30%), Agriculture (26%), Silvicul-
ture (23%), and Rural Development (21%).  Although the Nation has not met the goal of no net 
loss of wetlands (an Administration policy initially stated in 1989 and later supported with net 
gain policies), substantial progress has been made in reducing the rate of loss. (USFWS online) 
 
The Walnut River Basin and the El Dorado Lake watershed were judged by the study team and 
resource agency participants to be typical of the state wide findings for wetland losses.  The loss 
of wetlands means that runoff (both urban and rural) that was previously filtered naturally now 
enters streams directly.  The sediment and chemicals that were captured in wetlands are trans-
ported directly to streams.  And, because the wetlands no longer slow the rate of runoff the 
stream discharges accumulate faster. 
 
The subject of wetlands was of interest to a majority of public involvement participants – but the 
interest was largely due to suspicion of government involvement.  A general distrust of any gov-
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ernmental conservation program was frequently expressed at the workshops, and the topic of 
wetlands elicited apprehension.  Most landowners expressed a belief that if a wetland was simply 
identified by any agency staff anywhere on their property that state and/or Federal laws and land 
use restrictions would automatically apply.  Similar attitudes were expressed regarding threat-
ened and endangered species.  Conservation programs do place restrictions on land use.  The 
land use restrictions are inherently 
part of the programs, because 
changing land use to a more natural 
condition is the key factor that 
brings about beneficial results for 
natural resources.  But, the 
restrictions associated with 
conservations programs only apply 
to lands enrolled in those programs. 
 And, the programs are voluntary.  
The number of public involvement 
participants did not represent a 
statistically significant sample of 
watershed landowners, but the issue 
should be explored further.  There appears to be an opportunity to correct a general misunder-
standing about conservation programs, program restrictions, and the value of natural resources.  
A better understanding of conservation programs might encourage greater participation.  If the 
desired Kansas TMDL implementation activities are to be effective in meeting siltation and eu-
trophication goals, then greater voluntary landowner participation must occur.   
 
    (d)  Urbanization.  Urbanization, including suburban sprawl, generally causes faster and 
greater volumes of runoff and has increased in-stream contaminants such as phosphates and pes-
ticides.  However, there is limited urbanization in the watershed above El Dorado Lake – less 
than one percent of the watershed area.  Urban areas including residential, commercial, indus-
trial, transportation, and urban recreation areas account for less than one percent of the total wa-
tershed area 
  
   (e)  Flint Hills.  The El Dorado Lake watershed lies in part of the Flint Hills ecoregion.  The 
Flint Hills ecoregion is considered by many Federal and state resource agencies as one of the 
most altered ecological communities in North America.  The region is estimated to cover 9,783 
square miles in central eastern Kansas and is characterized by rolling hills with exposed shale, 
perennial streams at lower elevations, and springs.  The Flint Hills is distinguished as the largest 
area of native tallgrass prairie in the Great Plains.  Grasses include big bluestem, little bluestem, 
switchgrass and Indiangrass.  The photo to the right is in Butler County – taken by the Kansas 
Geological Survey. 
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The higher prairie of the El Dorado 
Lake watershed (Flint Hills) is used for 
cattle grazing.  Lower valleys may be 
used for row crop agriculture or 
pasture.  Flint Hills range lands and 
pasture lands cover over 83 percent of 
the El Dorado Lake watershed.  Row 
crops and small grain crop lands cover 
just over 6 percent of the watershed.   
 
Over grazing and cattle trails through 
the prairie results in faster runoff rates, 
higher erosion, and more sediment, 
agrichemicals, and, fecal material being transported to area streams and lakes than for natural 
watershed conditions.  These conditions were identified by aerial photo inspection, field surveys, 
and through discussions with stakeholders.  The photo to the right is in Butler County – taken by 
the Kansas Geological Survey. 
 
   (f) Gravel Mining.  In-stream gravel mining is responsible for altering stream flow characteris-
tics and destroying gravel habitat that is required for many mussel species and an array of other 
aquatic species.  Under K.A.R. 5-46-3, General permits; Sand and Gravel Removal Operations 
no permit is required if the drainage area above the proposed sand or gravel removal site is less 
than 50 square miles.  The maximum removal is limited to 100 cubic yards per year from each 
site; and sites must be separated by at lease 1,320 feet.  Much of the El Dorado Lake watershed 
tributary areas are less than 50 square 
miles.  Most gravel bars in the upper 
Walnut River watershed are typically 
less than 100 cubic yards in volume.  
Removal of gravel bars would 
eliminate gravel habitat at that 
location.  The existing regulation 
provides the “chief engineer” the 
authority to require a permit or re-
voke an existing permit (for sites 
greater than 50 square miles) if the 
sand and gravel operations “have an 
unreasonable effect on the public 
interest, public safety, or 
environmental interests”.   
(http://www.ksda.gov/includes/document_center/structures/Structures/streamobs.pdf ) 
 
   (g) Row Crops.  Row crop areas within the El Dorado Lake watershed are responsible for the 
highest sediment yields of any land use in the watershed.  However, row crops account for only 
about 5.3 percent of the watershed area.  The low percentage of row crop land use means that 
even if all of the increased sediment load from this agricultural activity were halted, the overall 
reduction in watershed sediment transport would be minimal.  But, even though row crops are 
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relatively minimal contributors in this watershed, the increased erosion load they contribute 
should remain a high priority for conservation efforts.  The increased erosion is a man-made im-
pact and should be minimized.  Also, row crops areas often contribute large loads of nutrients 
and other agrichemicals to stream systems and reservoirs. 
 
(Note: A more detailed breakdown of land use can be found in Appendix B – Soil and Water As-
sessment Tool, Table 2.) 
 
    (h)  Erosion and Sedimentation.  Erosion and sediment transport are natural watershed proc-
esses.  This movement of materials (soil, gravel, small organic material, large woody debris, etc) 
occurred in the watershed prior to urbanization, infrastructure, and modern agriculture.  In this 
report the sources of sediment are classified as upland and stream channel.  The upland source is 
any watershed area that is not within a watercourse – including: prairie, pasture, fields, yards, 
woodlands, and the riparian area bordering watercourses.  The stream channel source consists of 
any in-channel surface – channel sides, channel bottom, sand and gravel bars and islands. 
 
Streams are natural features in a watershed that shift and move horizontally and vertically.  
While this statement seems obvious, the first human response to a course change of a stream, es-
pecially the response of impacted land owners, is often an attempt to slow or halt the changing 
stream boundary.  When a stream course change “solution” is attempted (or is ostensibly suc-
cessful) the natural environmental processes of the stream are immediately impacted; and there-
after cascading impacts occur and are reflected in the riparian corridor and watershed ecosys-
tems.  The power to erode stream banks will be shifted to other locations when stream bank pro-
tection efforts are implemented. 
 
In addition to the natural processes of erosion and sedimentation, manmade impacts in a water-
shed often contribute to conditions that increase erosion rates.  The man made changes to the wa-
tershed essentially all result in greater watershed runoff rates, erosion rates, stream transport of 
sediments, rates of channel erosion, and rates of sediment deposition when a reservoir is present. 
  
Construction of a reservoir on a stream effectively stops the natural sediment transport process at 
that location.  A reservoir pool will cause stream flow velocities to slow as they enter the pool 
and sediment being transported by that flow will tend to settle to the bottom of the reservoir.  Es-
sentially all of the sediment that would have been transported along the stream will now be 
stored within the reservoir.   
 
There is an exception.  A small percentage of sediment is composed of very small/light particles 
that may remain suspended within the reservoir pool and are eventually passed downstream with 
reservoir releases. 
 
Predicting the volume of sediment that will be deposited is difficult.  Sediment is not transported 
to the reservoir uniformly over time, but is generally transported in large loads that are roughly 
proportional to the magnitude and duration of flood events. 
• A small percentage of the total sediment volume enters a lake and is deposited during “nor-

mal” low flow conditions.   
• The vastly larger percentage of sediment enters a lake and is deposited during flood events.  
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(Note: There is a theoretical opportunity to prevent a portion of the sediment load of flood events 
from being retained in a reservoir.  The opportunity exists because sediment laden flood flows 
tend to flow along the bottom of a reservoir pool until stopped by the dam.  If a reservoir can re-
lease water from outlet works located near the base of the dam then (a portion of) the flood event 
sediment could be passed downstream.  If the only purpose of a reservoir was water supply and 
the flood volume was not needed for water supply, then hypothetically a large amount of the 
flood borne sediment could be passed downstream.  However, El Dorado Lake is a multiple pur-
pose reservoir and one of the purposes is flood risk management.  Releasing flood flows to 
minimize sedimentation to maintain water supply capacity would be contrary to the purpose of 
storing flood flows to reduce downstream flood risks.  Current technology could model sediment 
transport from stream flows to reservoir “flow”.  Modeling could be used to evaluate operational 
alternatives to reduce reservoir sedimentation.  The primary requirement for such a model is 
adequate sediment flow data.  That data would require ten or more years of continuous sediment 
flow data for each primary reservoir stream, within reservoir water column sediment data during 
flood inflows, and downstream continuous sediment flow data.) 
 
El Dorado Lake was constructed with outlet works located near the base of the dam.  Histori-
cally, flood flows that have been released from the reservoir may have also released sediment.  
Unfortunately, there are no sediment gauging stations in the watershed or immediately down-
stream of the dam.  Therefore, there are no data with which to assess the validity of the theoreti-
cal sediment release opportunity at El Dorado Lake. 
 
Erosion and sediment transport was evaluated using a non-point source watershed model of the 
El Dorado Lake watershed.  The model was developed to estimate current and future sediment 
input to the lake.  The model used recent digital land use/cover information, digital elevation and 
soils information, and 50 years of real weather data consisting of daily rainfall and temperature 
measurements.  Annual average sediment load to the lake was estimated to be 149,700 metric 
tons per year.  The volume of lake conservation storage capacity lost in an 'average' year is de-
pendent upon the net sediment load delivered to the lake (total input minus quantity flushed 
through) and the estimated density of that sediment as it settles within the reservoir.  Based on 
dated surveys of sediment density in the basin, average annual storage loss in the conservation 
pool exceeds 112 ac-ft per year. Discussion of the Soil and Water Assessment Tool (SWAT) is 
presented in Appendix B. 
 
The estimated accumulation of sediment over a long period of time is represented as an “average 
annual sedimentation rate” – typically presented in tons per year or as acre-feet per year. The de-
sign sedimentation rate for El Dorado Lake prepared in the 1960’s was about 14,000 acre-feet of 
sediment over a 100-year period.  That volume of sediment would cover one square mile to a 
depth of about 22 feet.  About one third of the estimated sediment volume was forecast to be de-
posited in the flood control pool (between elevations 1339 and 1347.5).  Two thirds of the vol-
ume was forecast to be deposited below elevation 1339 which includes the conservation storage 
and the inactive storage (below elevation 1296).  Sedimentation in the conservation pool reduces 
the conservation storage for water supply and the aquatic habitat.  At some point in time there 
will be insufficient water supply storage to meet needs.   
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(Note: One objective of the watershed management plan was to project the point in time at which 
water supply storage would not meet area needs.  That objective could not be met.  The reasons 
will be presented later.  The forecast of conservation pool sedimentation is still under investiga-
tion.)   
 
Eventually the City of El Dorado (and its market base of water purveyors) will need to obtain 
supplemental water supply to meet customer needs.  Supplemental water supplies may involve 
purchase from other providers, construction of a water supply reservoir, or reclaiming storage in 
El Dorado Lake whether by reallocation from flood control storage or by dredging sediment 
from the conservation pool.   
 
The conservation pool storage reduction caused by sedimentation is also a loss of aquatic habitat. 
A loss of aquatic habitat means there are fewer sport fish (and the supporting food chain) and 
over time, there will be less recreation and tourism related to those recreation activities.  Other 
watershed and lake conditions such as high nutrient levels also pose risks to accelerated eutro-
phication which could also negatively impact recreation and tourism.  Eutrophication, invasive 
zebra mussels, and siltation are primary factors influencing the lake aquatic habitat.   
 
Critical data, specifically - sediment contained in stream flow, has not been recorded at any 
gauges within the watershed.  There is no flow versus sediment load data available for use in re-
fining the watershed model developed in this watershed management plan.  Having stream flow 
sediment data would have allowed an update of the sedimentation rate within this watershed 
management plan.  To be useful, the period of record of stream flow sediment data must span 
many years and include a wide range of flood events.  If sampling would have started when the 
study focus shifted to the El Dorado Lake watershed, about two years of data could have been 
collected.  A two year period of record would not have provided useful information.  The scope 
of the watershed management plan did not include time or costs for stream flow sediment data 
collection.  Sediment data collection costs are discussed later. 
 
(Note: The results of three different methodologies used to estimate the conservation storage in 
El Dorado Lake are available.  Unfortunately, the four volume estimates (developed by three dif-
ferent methods) cannot be compared to one another without introducing a high degree of uncer-
tainty in any resulting calculations.  Therefore, these volume estimates could not be used to up-
date the sedimentation rate.)   
 
Sedimentation in the flood control pool reduces the capacity of the project to store floods.  The 
deposition of sedimentation in the flood control pool only occurs during flood events.  Reduced 
flood storage capacity would diminish the downstream flood damage reduction function of the 
project.  The ability of the project to make controlled flood releases could be impacted by exces-
sive sedimentation at and around the project outlet works.  Similarly the ability to withdraw wa-
ter for water supply could be impacted by excessive sedimentation. 
 
    (i)  Invasive Species.  There are a number of noxious and invasive plant and animal species in 
Kansas and there are risks of new species occurring in Kansas from neighboring states or other 
sources.  There are two plant species control projects in Kansas for Sericea lespedeza and East-
ern red cedar.  More information is available for these programs from the USFWS at 
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http://www.fws.gov/mountain-prairie/pfw/r6pfw15.htm, the Kansas Department of Agriculture 
at http://www.ksda.gov/plant_protection/content/183/cid/607, and the Butler County Noxious 
Weed Department at http://www.bucoks.com/depts/weed/weed.htm.  
 
In Eldorado Lake the invasive zebra mussel (Dreissena polymorpha) is the greatest threat.  The 
photograph below was taken at El Dorado Lake during a lake level drawdown and shows the 
rocky shoreline.  It also shows zebra mussels covering all hard surfaces.  The drawdown was 
conducted to test zebra mussel mortality during freezing conditions. 
 
The mussels exposed to drying and freezing air conditions did die.  The shells remained and 
when the pool refilled new mussels formed another layer of living mussels within weeks.  What 
aren’t visible, even first hand, are the 
microscopic zebra mussel young, called 
veligers.  It is commonly reported that a 
single adult female can produce up to one 
million eggs per year.  Within days the 
eggs hatch and within weeks the young will 
attach to hard surfaces in the water and 
begin developing shells. 
 
The lake level drawdown has not been 
repeated.  There does not appear to be a 
long term reduction in the number of 
mussels and the drawdown poses risks to 
recreation and to water supply (because of 
the storage reduction).  
 
 The photograph to the right shows different shell 
characteristics.   The presence of zebra mussels has 
impacted swimming and wading activities at the 
reservoir.  Shoes are required to avoid the easily 
crushed and sharp shells that cover all hard surfaces in 
shallow water, including rocks and logs along the 
shoreline. 
 
Zebra mussels are estimated to be responsible for 
utility and industry costs nation wide of about $5 
billion.  Damages to the environment are massive.  
Zebra mussels can eliminate all native fresh water 
mussels.  They consume so much plankton that larval 
fish may not survive.  The resulting clearer water may allow the ultraviolet sunlight to damage 
fish eggs laid during spawning. 
 
Mussels are filter feeders – they strain their food from the water.   In the process of feeding mus-
sels also filter sediments.  The sediments are cast off as waste.  There is speculation that the 
amount of suspended sediments and plankton (contributors to turbidity) could be reduced by 
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large populations of zebra mussels.  The result would be a clear water (or clearer) reservoir.  A 
clear water reservoir is aesthetically pleasing, but undesirable consequences can result.  Algae 
present in the water column require sunlight for photosynthesis.  If sunlight can reach lower 
depths of the reservoir due to clearer water conditions, there is a greater potential for a larger 
overall mass of algae (given the presence of other required nutrients, typically phosphorus and 
nitrogen).  Greater algal production alone does not imply a “bloom”.   
 
(Note: The algal discussion above is not a forecast condition, but it is a concern which is appro-
priate for a watershed management plan.  The discussion below is included here because of the 
possible association with zebra mussels or other watershed changes that might result in increased 
water clarity or nutrients in the reservoir.  The relationships among algal concentration (chloro-
phyll a), sunlight, turbidity, phosphorus, and nitrogen are briefly discussed in the state’s TMDLs 
for eutrophication and siltation presented in Appendix C.  There is insufficient information with 
which to assess the risk of algal blooms as a forecast condition.) 
   
An algal bloom is often characterized by a rapid algal population growth; however there are no 
threshold levels for algal cell concentrations by which to quantify a bloom.  There are several 
consequences of rapid algal growth that occur as the bloom peaks and then ends.  The final result 
of a bloom is the inevitable rapid death of the algal mass and its subsequent bacterial decomposi-
tion.  The decomposition process can consume most of the remaining oxygen dissolved in the 
water.  If dissolved oxygen levels fall low enough then fish and aquatic insects also die.   
 
If an algal bloom should occur, testing for biomass, chlorophyll concentrations, and toxins may 
be appropriate.  Algal toxins can have severe consequences for people and wildlife (in fact – the 
whole food chain).  Avoiding algal blooms is highly desirable and the state’s continuing efforts 
of data collection and lake monitoring (throughout the state) provide valuable information with 
which to access the risk of algal problems.   
 
Different algal species and the toxins they produce pose an array of risks.  The potential impacts 
span from fish and other wildlife to human health hazards related to consumption of fish, direct 
skin exposure (boating and swimming), and drinking water contamination.  The types of water 
quality problems similarly range from mild water taste and odor concerns to serious health haz-
ards and morbidity.  Other impacts of algal blooms at public use areas may include closed boat-
ing and swimming areas and reduced local economic contributions due to reduced tourism.   
 
If an algal bloom is suspected to be in progress at El Dorado Lake, the following should be con-
tacted immediately: City of Eldorado Director of Public Utilities, the Corps of Engineers Project 
Office, the Kansas Department of Health and Environment. 
 
The algal bloom photograph below was taken in May of 2004 at Marion Reservoir.  It provides 
an indication of what a bloom looks like.  Marion Reservoir is about 40 miles north of El Dorado 
Lake.  
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    (j)  Forecast Future Conditions.  In the absence of joint Federal and State cooperation and im-
plementation of ecosystem restoration, overall conditions in the watershed are forecast to remain 
relatively constant with relatively minor increases in ecological damages at or slightly below his-
toric rates.  The historic losses of ecosystem services plus slight increases over time will be ac-
companied by social and economic consequences.  Impacts are forecast to continue for a number 
of years until sufficient public commitment is realized to minimize further impacts and begin res-
toration efforts.  Valuable habitat will continue to be lost in the interim while public understand-
ing of its value gradually improves.  Where the line lies that would make meaningful aid too late 
is unknown.  In the absence of near term ecosystem restoration, a more limited array of punitive 
and/or regulatory opportunities would be available to stakeholders to resolve stream and riparian 
ecological problems and the social consequences of ecosystem service losses.   
 
Riparian Habitat.  Additional riparian impacts are forecast to continue. The national rate of loss 
for wetlands and riparian habitat has decreased, but has not stopped.  Three drivers were consid-
ered for their potential to improve the future condition of riparian habitat.  Those are: legislated 
riparian protection, education and voluntary land owner efforts, or additional financial incentives 
under existing state and Federal programs to induce land owner participation.  Each driver has 
positive and negative attributes – largely dependant on an individual’s livelihood and interests.  

All three options were poorly received by the public at coordination meetings.  And while a 
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combination of drivers might yield optimal riparian habitat improvements, none are expected to 
be implemented to a degree sufficient to stop the impacts on riparian habitat or to markedly re-
store habitat and ecosystem services.  Legislated riparian habitat protection is particularly un-
popular.  Education and voluntary land owner participation in governmental programs have been 
only modestly implemented.  Increased financial incentives are unlikely due to limited Federal 
and state budgets.  Most importantly, riparian landowners and lessees are not interested in ripar-
ian ecosystem services or have not grasped the overall social and financial importance of those 
services. 
 
Lake Visitation.  As the conservation storage fills with sediment the recreation use is forecast to 
shift from open water recreation (such as fishing, swimming, boating, water skiing, and camp-
ing) to wetland recreation activities such as duck hunting, other hunting, hiking, camping, and 
bird watching.  Serious impacts are expected to occur for the current boating and fishing recrea-
tion activities.  However, no forecast was made regarding the extent to which other recreation ac-
tivities may compensate in terms of overall recreation and tourism.  In part that forecast cannot 
be qualified because the sedimentation rate could not be updated at this time.  Therefore the tim-
ing of sedimentation impacts could not be predicted.  In larger part, forecasting regional recrea-
tion changes is a sizeable study unto itself and was not included the scope of the watershed 
study. 
 
Wetlands.  The loss of wetlands is forecast to continue at roughly the same rate as the loss of 
overall riparian habitat.  The ecosystem services provided by wetlands appear to be largely mis-
understood and generally disregarded by landowners.  The perception of individual economic 
gain by using wetlands for ranching or by converting wetlands for farming efforts was made 
clear by landowners at every public involvement meeting held in the Walnut Basin and the El 
Dorado Lake watershed.  That attitude was also conveyed to the study team by state and Federal 
agency staff responsible for water resources and land management programs in the area.  There 
were landowners that indicated an understanding of the value of wetland, stream, and riparian 
system and who were participating in one or more cost shared programs.  Often, the ecosystem 
supporters and program participants appeared to not be wholly dependent on farming or ranching 
for their livelihood.  No data were gathered from meeting participants regarding their finances.  
Therefore, no scientific finding on the relationship of program participation and livelihood was 
possible.   
 
Urbanization.  Urbanization is not forecast to increase such that it has a measureable impact on 
watershed management.  An exception relates to the watershed immediately surrounding El Do-
rado Lake.  Suburban development in this area could impact the social and economic conditions 
related to dredging of the lake.  The issue is discussed in Appendix G – Institutional Opportunity 
– Dredging. 
 
Flint Hills.  No measurable environmental changes are forecast for the Flint Hills.  Impacts to the 
range lands are not expected to change in the absence of legislation reducing grazing impacts and 
increased impacts to range lands are not expected because there is no indication of economic in-
centive. 
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Gravel Mining.  A reduction of in stream sand and gravel mining operations would result in a 
primary benefit to the aquatic habitat and a secondary benefit to the adjoining riparian corridor.  
However, no change in stream sand and gravel operations is forecast to occur.  For small sand 
and gravel operations (sites not requiring a permit under K. A. R. 5-46-3), the Corps of Engi-
neers has no regulatory authority under the Clean Water Act, Section 404 because there is no 
dredged material disposal at the site.  The Kansas chief engineer has the right under K. A. R. 5-
46-3 to require permits or amend, modify, or revoke general permits if operations may have an 
unreasonable effect on the public interest, public safety, or environmental interests.  However, no 
change to in stream sand and gravel mining is expected to occur due to institutional, administra-
tive, or political influences. 
 
Row Crops.  A reduction of sediment yield from row crops is forecast to occur.  The application 
of a modest width grass buffer can greatly reduce the transport of sediment from the row crop 
field to the stream. The cost to implement a grass buffer is relatively low and requires minimal 
impact to row crop farming practices.  Ongoing Federal and state conservation programs are an-
ticipated to prioritize filter strip implementation at row crop locations.   
 
Erosion and Sedimentation.  Sedimentation will continue in El Dorado Lake.  The bathymetric 
survey conducted in 2004 indicates that the reservoir has roughly the same storage now as was 
calculated during project design.  Unfortunately, a revision to the sedimentation rates (conserva-
tion and flood control pools) could not be accomplished as part of the watershed management 
plan.  Therefore, while sedimentation is forecast to occur, no projections could be made for the 
points in time that sedimentation would impact water supply or flood damage reduction pur-
poses.  Subsequent sediment studies will be required to reliably project sedimentation impacts.  
The following discussion reflects general trends and options due to sedimentation. 
 
Impacts of eutrophication on water quality (for drinking water and for the aquatic environment)  
would be expected to increase as the average depth of the reservoir decreased due to sedimenta-
tion.  As unmet water supply storage needs increase the city of El Dorado will be faced with 
finding additional sources of water; or unmet needs would be reflected in a slowing of economic 
development, stagnation, and a potential economic decline.  One option for additional water sup-
ply storage would involve raising the El Dorado Lake conservation pool - reallocation of flood 
control storage to water supply storage.  The reallocation option is suggested for consideration in 
the Kansas Total Maximum Daily Load (TMDL) for the Walnut River Basin water quality im-
pairment for siltation (discussed later).  Another option would be construction of another reser-
voir.  Water conservation measures and water reuse would be typical options for consideration. 
 
Invasive Species.  No change is forecast for invasive or noxious species in the El Dorado Lake 
watershed.  The zebra mussels in El Dorado Lake are the greatest threat to the local economy and 
the lake environment, but there is no economical remedy at this time.   
 
(Note: The chemical eradication of zebra mussels has been successfully demonstrated at Mill-
brook Quarry in Prince William County, Virginia (http://www.dgif.virginia.gov/zebramussels) at 
a cost of about $365,000 in 2006.  The eradication of zebra mussels was accomplished using po-
tassium chloride with a target concentration of 100 milligrams per liter of water.  The treatment 
is estimated to be effective for 33 years.  However, the quarry has a volume of only 1,200 acre-
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feet.  The conservation pool volume of El Dorado Lake is about 156,000 acre-feet.  Based on the 
quarry effort with a 10 percent cost update, application of potassium chloride at El Dorado Lake 
would require a minimum of 42,500,000 pounds of potassium chloride and would cost about $52 
million periodically.  The quarry is a non-flowing system.  The effectiveness of treatment in a 
flowing reservoir would have different conditions that would alter the duration of treatment ef-
fectiveness.) 
 
   (3)  Formulate Alternative Plans (Management Measures).  The third step of the planning 
process is to develop alternative plans.  The formulation of alternative plans is an iterative proc-
ess that considers the location, dimensions, materials, and timing of the alternatives.  Structural 
and non-structural plans are to be considered.  In addition, mitigation plans are developed as part 
of the formulation of alternatives, if necessary.  However, an ecosystem restoration project is 
unlikely to have a mitigation component.  (Note: An exception would be the reservoir revitaliza-
tion measures involving dredging.   Revitalization involving dredging for storage recovery would 
result in sufficient impacts that mitigation would be a consideration.)  
 
The formulation of management measures for this feasibility study was guided by the two na-
tional goals (economic development and ecosystem restoration) and the sponsor’s two long term 
restoration and protection goals.  The management measures are indicated in the section “Effects 
of Management Measures” below. 
 
    (a)  Planning objectives and planning constraints.  The national or Federal objective of wa-
ter and related land resources planning is to contribute to national economic development and na-
tional ecosystem restoration, pursuant to national environmental statutes, applicable executive 
orders, and other Federal planning requirements.  The maximization of both contributions is the 
ultimate objective. 
 
     (i)  Contributions to National Economic Development (NED) are increases in the net value of 
the national output of goods and services expressed in monetary units.  Contributions to NED are 
the direct net benefits that accrue in the planning area and the rest of the nation. 
 
     (ii)  Contributions to National Ecosystem Restoration (NER) are improvements to the nation's 
ecosystems through preservation and restoration efforts.  These contributions are measured by 
changes in the amount and value of habitat in a system context.  The system changes are formu-
lated to improve the potential for long-term survival of aquatic, wetland, and terrestrial com-
plexes as self-regulating, functioning systems.  The value of ecosystem restoration outputs shall 
equal or exceed their cost.  Protection measures are included as part of restoration initiatives to 
prevent future degradation of an ecosystem’s structure and function. 
 
    (b)  Public Involvement and Formulation of the Management Plan Scope.  The study was 
guided through coordination with the KWO, the USFWS, the KDHE, the KDWP, the KSCC, 
and other stakeholders.  Initial study coordination occurred when the feasibility study began with 
the scope of study as the Walnut River Basin.  News releases were issued to the local media an-
nouncing a public information workshop for Walnut Basin Ecosystem Restoration Feasibility 
Study as part of the normal National Environmental Policy Act (NEPA) process.  Four work-
shops were held throughout the basin between December 2004 and February 2005. Retail adver-
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tisements were placed in the Augusta Daily Gazette on April 12, 22, and 23, 2002.  Public in-
volvement also occurred as the study purpose and progress were presented to the Walnut Basin 
Advisory Committee.  The Walnut BAC provides a link between the public and the Kansas Wa-
ter Office. For more information on basin advisory committees, see: 
http://www.kwo.org/BACs/Basin%20Advisory%20Committees.htm. 
 
When the scope of the study was refocused to the El Dorado Lake watershed an additional coor-
dination meeting was held in El Dorado, Kansas.  The scope of the study was revised at the re-
quest of the sponsors - now including the city of El Dorado.  The scope reflected the change of 
state priorities discussed in the Problems and Opportunities section above.  The sponsors’ two 
goals and twelve (total) objectives, shown below in paragraphs “(c) and (d)”, outline the revised 
feasibility scope. 
 
    (c)  Long Term Protection and Restoration Goal and Objectives - Goal 1.  Identify effec-
tive reservoir restoration and protection measures to ensure long range availability of storage 
space for public water supplies in federal reservoirs, using El Dorado Lake as a pilot.  The eight 
objectives for this goal are: 
   
     (i)  Conduct a sediment survey of El Dorado Lake.  Determine the amount and location of 
sediment accumulation.  Evaluate if the sedimentation rate is higher or lower than the design rate 
projection.  (Note: This objective was not fully achieved.  See below.) 
 
In response to the objective, a sediment survey was conducted in 2004.  The methodology to es-
timate reservoir storage has improved with advances in automation.  The differences in volume 
estimates obtained from older range line surveys when compared to current georeferenced 3-D 
triangulated network models can be surprising.  There have been several instances where current 
surveys of Kansas reservoirs (and elsewhere) have shown greater conservation pool volumes 
than were estimated by previous methodologies.  In some cases the current volume estimates are 
greater than the original estimate of storage (pre-sediment).  That case is exemplified by the De-
cember 2004 bathymetric survey for El Dorado Lake.   
 
The table below shows the area and volume estimates for the conservation pool from the precon-
struction design estimate in 1969, the two range line surveys in 1989 and 2001, and the bathy-
metric survey in 2004.   
 

Survey Year Feature at  
Conservation Pool 
Elevation 1339 

 
1969 

 
1989 

 
2001 

 
2004 

Area (acres)  
8,000 

 
8,400 

 
7,997 

 
7,911 

Volume (acre-feet)  
154,100 

 
161,930 

 
157,050 

 
158,630 

 
The differences in estimating techniques and the differences in estimated volumes among the 
methodologies make it impractical to revise the estimated rate of sedimentation or to determine 
the distribution of sediment in the reservoir.   
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(Note: The 1989 range line survey indicated a conservation pool area of 8,400 acres, a minimum 
of 400 acres greater than other estimates.  If, for example, an average lake depth of 20-foot was 
assumed, the volume calculated from the larger 400-acre area would be about 8,000 acre-feet.  
The difference in volume between the 1969 design estimate and the 1989 survey estimate is also 
about 8,000 acre-feet.) 
 
An additional bathymetric survey (or in-lake sediment sampling) will be required before a new 
estimate of the sedimentation rate can be developed.  The timing of the next survey is important. 
If conducted prior to the occurrence of several large flood events, the survey will not provide in-
formation useful in forecasting sedimentation because the depth of additional sediment will 
likely be less than the accuracy of a bathymetric survey (current technology).  For a survey to be 
effective in aiding in the forecasting of sedimentation rates, the deposition of sediment above the 
2004 sediment surface should exceed a minimum of one foot in depth across a majority of the 
reservoir area.  Most of the sediment that enters a reservoir occurs during flood events.  There-
fore, several large flood events would have to occur before an additional foot of sediment would 
occur.  The overall thickness of the sediment layer is also influenced by the weight of the water 
column, the characteristics of the sediment particles, and compaction of the sediment layer.   
 
To be economically mindful, a resurvey would be conducted when enough sediment was depos-
ited so that a measurable change in lake volume would be meaningful for monitoring and fore-
casting water supply storage.   To be reliable an additional accumulation of sediment that ex-
ceeded one to two foot of depth and covered a large percentage of the reservoir area would be 
required.  The bathymetric survey report, Appendix A, was conducted for the Corps by the Okla-
homa Water Resources Board.  The report presents the OWRB recommendations for a follow up 
survey to update the sedimentation rate.  The OWRB recommended a period of five years or a 
large flood event before the next survey.  Subsequent coordination with Jody Cason, Environ-
mental Program Specialist II for the OWRB resulted in an update of the recommendation to a ten 
year survey period or a large interim flood event.  Resurvey schedules based solely on time in-
tervals pose risks of conducting surveys (too soon) that provide minimal information and of con-
ducting surveys (too late) where sediment volumes have accumulated faster than expected and 
may be impacting project purposes.  Core samples provide a method to gauge the accumulation 
of sediment and schedule bathymetric surveys that are relatively inexpensive and that provide 
useful information for scheduling a bathymetric survey.  The Kansas Biological Survey (KBS) 
conducts core sampling in association with state bathymetric surveys to estimate pre-survey 
sediment accumulations and to aid in scheduling resurveys.  The KBS concurs with the general 
approach of bathymetric resurvey only after one to two feet of additional sediment have been de-
posited. (Personal communication with Jerry deNoyelles, PhD. and Mark E. Jakubauskas, PhD., 
Kansas Biological Survey, University of Kansas, Lawrence, Kansas.)  For about $3,000 (a one 
day effort), a series of sediment cores could be acquired and measured by KBS staff.  Periodic 
sampling at defined lake locations would provide an economical approach to monitor sediment 
accumulation and plan for bathymetric resurvey. 
 
(Note: A two foot layer of sediment uniformly deposited in the conservation pool would repre-
sent about a 10 percent reduction in conservation pool storage based on the 2004 bathymetric 
survey.) 
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Updating the sedimentation rate for El Dorado Lake was a key objective of the scope of work.  
That update could not be accomplished during the study period.  The 2004 bathymetric survey 
utilized a different and more accurate method of determining the sediment surface in the reser-
voir when compared to previous sediment surveys.  The results of the survey indicate that the 
conservation pool volume originally estimated for the reservoir prior to construction was still 
available in 2004.  The purposes of conducting a new survey included determining the current 
reservoir volume and updating the projection of the sedimentation rate.  While the updated stor-
age estimate is encouraging, the results do not provide information useful for updating the sedi-
mentation rate or projecting points in time where sedimentation will impact water supply or other 
project purposes.  A future bathymetric survey or other sediment assessment will be required be-
fore the sedimentation rate can be updated.  The 2004 data will be the baseline for estimating a 
sedimentation rate in the future.  More information is presented in Appendix A – Bathymetric 
Survey. 
 
     (ii)  Conduct sampling of suspended sediment in reservoir inflows under low, medium, 
and high flow regimes.  (Note: This objective could not be achieved within the cost or time 
frame of the feasibility study.  The discussion below describes the time and cost issues.) 
 
A detailed assessment of sediment in reservoir inflows would require the collection of continu-
ous stream flow and sediment load data.  A data collection plan would be most effective if im-
plemented at locations upstream of the reservoir on the five primary reservoir arms and a data 
collection location downstream of El Dorado Lake – six gages total.   
 
Estimated sampling plan costs would include: a) initial gage installation at six locations and b) 
annual maintenance and data management.  Because the vast majority of sediment in a reservoir 
is deposited during flood events, it would be critical to collect data over a period of record that 
included various flood events and to sample sediment concentrations throughout flood events.  
(Note: Potential differences in the physical characteristics of the five different arm sub areas 
could indicate that data collection at multiple locations in one or more sub-watersheds would be 
necessary to achieve a reliable sediment projection.)   
 
Installation costs would be roughly $25,000 per gage (for continuous flow and sediment data col-
lection).  Annual costs would be roughly $20,000 per gage for maintenance and data manage-
ment.  First year costs would be about $270,000.  Subsequent annual costs would total about 
$120,000.  To be most effective, sampling should be continued until a wide variety of flood 
magnitudes had occurred and similar floods had occurred (and data collected) at different sea-
sons of the year.  A ten year period of data collection would cost about $1.35 million.  All prices 
are estimates based on actual 2006-2007 gage installation and data management costs at other lo-
cations in the Tulsa District.  Sampling during a ten year period might not yield data for large 
flood events, thus requiring a longer period of data collection – and associated cost. 
 
The addition of stream flow sediment data to the Soil and Water Assessment Tool (SWAT) El 
Dorado Lake model (Appendix B) developed for this watershed management plan would signifi-
cantly improve the reliability of model forecasts and the value of the tool for watershed man-
agement.  Currently the model sediment information is limited to the original projections for 
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sediment filling in El Dorado Lake and the former Blue Stem Reservoir.  Information from the 
current SWAT model indicates total sediment contributions from the five reservoir arms (up-
lands and stream erosion) to be: Bemis Creek 14.5%, Cole Creek 11.4%, Durechen Creek 6.2%, 
Satchel Creek 10.8%, and the Walnut River 37.6%.  The remaining 19.5% is estimated to be 
contributed from an area defined as the El Dorado Lake area.  The lake area consists of the 
drainage area surrounding the lake, but excluding the tributary arms.   
 
The SWAT model calibration for sedimentation was based on the 1960’s sediment design rate 
estimates.  Depending on the scope of a sediment data collection plan, the information provided 
could range from valuable to definitive for scheduling future bathymetric surveys.  Although 
continuous flow and sediment load data would greatly improve the model projections related to 
sediment source and erosion the cost of obtaining the data at $1.35 million would likely be pro-
hibitive.  By comparison a bathymetric survey would cost between $35,000 and $50,000.  A less 
comprehensive stream flow sediment data collection plan could be considered, but even a system 
composed of monitoring only one arm of the reservoir and downstream of the reservoir would 
cost about $450,000 to obtain a ten year period of record.  That cost would equate to the price of 
conducting nine bathymetric surveys. 
 
Another evaluation that can guide watershed planning and help in calibration of the SWAT 
model is a sediment source evaluation.  The purpose of the evaluation is to estimate how much of 
the sediment being transported in a stream (or to a reservoir) originated from surface erosion 
(fields, crops, pasture, and prairie) and how much is contributed from channel erosion (channel 
sides and channel bottom).  A sediment source evaluation requires that soil and sediment sam-
ples from fields, streams banks, and reservoir sediments be collected at several locations within 
the watershed.  Using laboratory tests the sources of reservoir sediments can be determined and 
the relative amounts contributed from surface soil or channel erosion can be estimated.  The " re-
cently conducted a sediment source evaluation in Kansas.  The study, “Estimation of Sediment 
Sources Using Selected Chemical Tracers in the Perry Lake and Lake Wabaunsee Basins, North-
east Kansas”, Scientific Investigation Report 2007-5020, by Kyle E. Juracek and Andrew C. 
Ziegler, was conducted over two years in cooperation with the Kansas Water Office and the 
Kansas Department of Health and Environment.  Sediment contributions to five reservoirs were 
evaluated.  Both channel-bank and surface-soil sources were identified as important contributors 
to Atchison County Lake, Banner Creek Reservoir, and Lake Wabaunsee.  Channel-bank sources 
were indicated to be the dominant contributors to Mission Lake and Perry Lake.  A similar study 
of the El Dorado Lake watershed could be conducted by the USGS.  No cost proposal has been 
prepared by the USGS, but a cost range of $200,000 to $300,000 is estimated for a similar study 
of sediment source evaluation of the El Dorado Lake watershed.  Supporting funds from the 
USGS may be available to assist in conducting this type or other USGS evaluations. 
 
     (iii)  Based on results of Objectives 1 and 2, determine reasonable levels of reduction for 
suspended sediments entering the lake from the watershed and from in lake erosion.   Cali-
bration of the SWAT model relied on an estimate of the sedimentation rate in El Dorado Lake.  
Because the sedimentation rate could not be updated using the latest bathymetric survey, the 
value used to calibrate the model was the original 1960’s sedimentation forecast.  When the 
sedimentation rate is eventually updated following another bathymetric survey the SWAT model 
can also be updated.  Having a revised sedimentation rate will appreciably improve the reliability 
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of watershed forecasting for upland and stream erosion rates.  In general the model will reflect 
similar relative contributions from the five reservoir arms whether future sedimentation rates are 
higher or lower than the design sedimentation rate used to calibrate the model.  More detailed 
discussion of nutrient and sediment transport for the 51 model subbasins is presented in Appen-
dix B – The Soil and Water Assessment Tool. 
 
Results from the SWAT model indicate that grass filter strips could reduce a high percentage of 
sediments from lands used for row crop agriculture.  However the model indicates that channel 
erosion would tend to offset the sediment reduction provided by grass buffer.  If reducing reser-
voir sedimentation were the only concern, then the investment in grass buffers might not be 
viewed as justified.  Grass buffers provide many other beneficial functions that are highly valu-
able.  Grass filter strips are discussed further is the evaluation of measures. 
 
     (iv)  Assess the water quantity, quality and aquatic life impacts of sedimentation in El 
Dorado Lake. The water quantity estimates were updated by the 2004 bathymetric survey – see 
Appendix A – Bathymetric Survey.  This survey provides the most accurate estimate of water 
supply (conservation pool) storage to date.  Unfortunately, the differences in storage estimating 
techniques and the differences in estimated volumes among the volume estimating methodolo-
gies make it impractical to revise the rate of sedimentation.  An additional bathymetric survey (or 
in-lake sediment sampling) will be required before a new estimate of the sedimentation rate can 
be developed.  The 2004 survey shows virtually no impact to water supply storage. 
 
The continuing water quality data acquisition by the KDHE provides the best available assess-
ment for El Dorado Lake.  The TMDL for eutrophication finds that all uses (Primary and Secon-
dary Contact Recreation; Expected Aquatic Life Support; Drinking Water; Industrial Water Sup-
ply Use; Food Procurement) are all impaired to a degree by eutrophication.  The level of eutro-
phication is classified as argillotrophic based on Kansas Biological Survey data collection during 
1987 – 1999.  The TMDLs for eutrophication and siltation are shown in Appendix C – TMDLs. 
 
Aquatic life impacts are not expected to vary greatly unless large nutrient or sediment loadings 
occur.  The El Dorado Lake eutrophication TMDL recommends an overall 80.8% reduction in 
the nutrient phosphorus through the implementation of five agricultural best management prac-
tices.  The siltation TMDL recommends reductions in sedimentation rates through the implemen-
tation of three agricultural best management practices (two of which match the eutrophication 
practices).  However, the sediment reductions are predicated on sedimentation rates estimated 
prior to the 2004 bathymetric survey.  Even with the data provided by the 2004 survey for this 
watershed management plan, it was not possible to update the sedimentation rate.   
 
(Note: The term sediment survey is a misnomer.  The surveys actually measure the volume of 
water in a reservoir – not the volume of sediment deposited.  The volume of sediment is esti-
mated by comparing the decreasing volumes of water measured between two or more surveys.  A 
sedimentation rate can be estimated once two surveys have been conducted.  However, because a 
large percentage of total sedimentation occurs due to sediment transported by flood events, the 
accuracy of rate estimation depends on the occurrence of a representative range of floods be-
tween “sediment” surveys.  With changes in technology the techniques for estimating reservoir 
volumes have changed.  The current technology for conducting a bathymetric (or hydrographic) 
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survey utilizes echo sounders and global positioning systems.  The results are more accurate and 
versatile for other purposes.  But, the current technology estimates may show higher or lower es-
timates of volume when compared to legacy technology estimates.) 
 
The conservation pool storage volume measured by the 2004 survey was found to be slightly 
greater than the volume estimated during project design.  Therefore revising the sedimentation 
rate will not be possible until an additional bathymetric survey is conducted (following subse-
quent measurable sediment accumulation) or until other sedimentation studies are conducted that 
will allow a determination of the volume of sediment deposited in El Dorado Lake.  Until addi-
tional sediment studies are complete the TMDL siltation reduction rate has a high uncertainty 
because the siltation rate has a high uncertainty.  The recommended siltation reduction imple-
mentation activities include three agricultural best management practices which are applicable 
regardless of the sedimentation rate.  All soil erosion increased by agricultural practices (farming 
and ranching) should be minimized through the use of best management practices.  Grass filter 
strips are especially effective in filtering soil from upland runoff.  Filter strips and other meas-
ures are outlined in discussion of the next objective. 
 
     (v)  Identify options for managing sediment accumulation in and around El Dorado 
Lake, such as dredging, sediment basins, watershed management, and stream and lake 
bank restoration.   
Three opportunities to utilize dredging were examined.  Dredging of relatively small volumes of 
sediment were examined as an opportunity to restore eroded shorelines while also gaining con-
servation storage.  Large scale dredging to restore overall reservoir conservation storage was ex-
amined in terms of costs and impacts.  Partial and recurring dredging from just the upper arms of 
the reservoir was examined as an opportunity to slow the overall impacts of sedimentation.  
These opportunities are outlined below and are discussed more fully in the section Effects of 
Management Measures.  Dredging to restore shorelines was found to be technically viable but is 
not recommended because the potential volume of conservation pool storage that could be re-
covered would be minor compared to total reservoir sedimentation.  This concept also has the in-
herent disadvantage (negative benefit) of reducing flood control storage.  Dredging of upper res-
ervoir arms was found to be impractical for reducing sedimentation in the conservation pool – 
see Appendix F – Concept of Upper Reservoir Arm Dredging.  Issues and costs related to dredg-
ing for overall storage reservoir restoration are discussed later in the management plan.  The un-
certainty of forecast conditions, including the sedimentation rate, precluded a management plan 
recommendation regarding reservoir restoration.  The management plan does include discussion 
of an institutional opportunity related to dredging in Appendix G. 
 
Low flow sediment traps were suggested early in the formulation process as a concept to trap 
sediments just upstream of the reservoir pool.  The concept would use a “created wetland” to 
simulate the sediment trapping function of a natural wetland.  As the study progressed a general 
review of sediment load versus stream flow data (for other reservoirs with sediment flow data) 
showed that low stream flows transport only a small portion of the total sediment load that enters 
a reservoir.  Although the ecosystem value of created wetlands could be beneficial, low flow 
sediment traps were not recommended because there would be minimal reservoir sediment re-
duction.   
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(Note:  This finding does not suggest that natural or created wetlands are not effective when dis-
tributed throughout the watershed.  In the concept above the low flow sediment traps would be 
located at points low in the watershed below relatively large drainage areas.  The relatively small 
storage capacity compared to the large volume of flood waters carrying the sediment load would 
make the concept infeasible.  But, natural or created wetlands distributed throughout the El Do-
rado Lake watershed would typically occur within riparian areas and would be below small 
drainage area.  In this more natural situation wetlands are very effective in retaining eroded soils 
and nutrients.) 
 
Sediment storage reservoirs were reviewed as a management concept but were not specifically 
sited or designed as part of the management plan.  The Soil and Water Assessment Tool devel-
oped for the management plan provides initial information for use in locating potential sediment 
storage reservoirs.  While a few small reservoirs could effectively trap large volumes of sedi-
ment, those reservoirs will eventually be filled.  Determining whether building additional sedi-
ment trap reservoirs or dealing with sedimentation issues at El Dorado Lake is the more viable 
course of action will require additional sediment source and sediment transport rate data.  Exist-
ing NRCS authorities would be suitable for evaluating sediment reservoirs once additional sedi-
ment data is available. 
 
Restoration of altered stream banks is supported by the state’s Kansas Water Plan position on 
wetland and riparian management.  Specifically, “The primary policy of the state regarding wet-
land and riparian management is to facilitate the protection of these areas from conversion or 
channel modifications, and to stabilize streams which have been adversely affected by channel 
modification activities.”  Application of this policy through the implementation of the best man-
agement practices has the potential to reduce higher erosion caused by agricultural practices in or 
near the stream and riparian areas. 
 
Shoreline restoration was suspected to be a source of sediment that was impacting the conserva-
tion pool storage.  Preliminary field investigations were made of erosion areas around the lake.  
Subsequently an evaluation of the potential volume of shoreline material was conducted.  The 
average annual volume of shoreline erosion was found to be less than 5 acre-feet, using assump-
tions that resulted in higher volume estimates.   One estimate of average annual total sediment 
transported to the lake (including shoreline erosion) is about 180 acre-feet per year.  The shore-
line contribution (a conservatively high estimate) is minimal compared to the total estimated 
sediment load to the lake.  However, there are a number other justifications for minimizing 
shoreline erosion.  The park areas, access roads, project utilities, camping facilities, and a variety 
of recreation facilities are important Federal investments in public recreation resources.  Shore-
line erosion alters and may often degrade the local terrestrial and aquatic environment.  The loss 
of park lands from erosion and reduction in the quality of the recreation experience represents a 
quantifiable loss of a public resource.  The loss of native shoreline vegetation due to erosion 
from wave action decreases the value of recreation activities and impacts the aesthetic qualities 
of the lake and park facilities.  To the extent practicable, the destructive impacts of shoreline ero-
sion should be minimized; and there are a number of approaches that may be used to address this 
problem.  More information about shoreline erosion and restoration recommendations is pre-
sented in Appendix E – Shoreline Erosion Restoration Opportunity. 
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The modeled effect of filter strips around crop lands showed a fairly dramatic reduction of the 
rate of sediment and nutrient yields.  Thirty (30) foot filter strips were predicted to reduce crop-
land sediment yield by about 70%.  Nutrient export rates from crop land were similarly reduced 
with 30 foot filter strips (Table 22, Appendix B).  Applying filter strips to crop lands was pre-
dicted to reduce sediment mass delivered to El Dorado Lake, with greater reductions given wider 
filter strip widths. Modeled reductions of sediment loads to the lake for filter strip widths of 30, 
60, 90, and 120 feet were 4.10%, 5.05%, 5.72%, and 5.85%, respectively.  Included in Table 23 
(Appendix B) are estimates of El Dorado Lake conservation volume storage loss under each of 
these scenarios, and estimates of extended time before reservoir filling.  Maximum annual aver-
age conservation volume storage loss reduction (about 7 acre-feet) and extended reservoir life 
(about 7 years) were associated with 120 foot filter strip widths.  A notable effect of modeling 
the variable filter width strips was that while upland sediment load contribution to lake sediment 
loading was dramatically reduced with increasing filter strip width (19,039 tons per year in the 
base scenario compared to 5,344 tons per year with 120 foot filter strips), channel sediment (deg-
radation) contributions to lake sediment load increased, both in proportion and mass delivered to 
the lake. As surface runoff sediment concentration is reduced via effective application of filter 
strips, water reaching the stream channel is capable of carrying more sediment, and channel deg-
radation occurs.  More detailed discussion of filter strips is presented in Appendix B – The 
SWAT. 
 
     (vi)  Evaluate the economic and ecological benefits and costs of implementing the identi-
fied alternatives.  Economic costs are discussed for the evaluation of dredging and implementa-
tion of grass filter strips.  Environmental issues and impacts are discussed for management 
measures in terms of qualitative changes.  Costs were not evaluated for technically infeasible or 
ineffective management measures; or for measures that could not be scoped based on existing in-
formation. 
 
     (vii)  Prepare recommendations for long-term management of COE project land to ad-
dress reservoir sedimentation.  Management of Corps lands must balance needs and goals of 
multiple interests among public interests and those of state and Federal agencies with manage-
ment and regulatory responsibilities involving the Lake and project lands.  Appendix E – Shore-
line Erosion Restoration Opportunity presents a recommended approach to shoreline restoration 
that includes grass filter strips near the conservation pool shoreline.  Grass filter strips are also 
recommended along all waterways and high runoff areas on projects lands for the purpose of re-
ducing reservoir sedimentation.  However, the potential for Federal funding to implement filter 
strips under environmental stewardship (a budget preparation metric used to prepare the Corps 
budget) is improbable.  The primary metric for El Dorado Lake is the flood risk management 
metric that relates to major maintenance and operation of the dam and outlet works to facilitate 
flood damage reduction operations.  Historically appropriations for flood risk management have 
not met budgetary needs to accomplish major maintenance requirements.  Until major mainte-
nance and backlogged maintenance are fully funded it is unlikely that filter strips will receive 
funding. 
 
     (viii)  Transfer recommendations to other federal reservoirs in the state.  This is an ac-
tion item for the Corps and agencies of the state of Kansas through subsequent long term coordi-
nation. 
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    (d)  Long Term Protection and Restoration Goal and Objectives – Goal 2.  Identify water-
shed restoration and protection needs and determine opportunities to implement effective man-
agement practices.   The four objectives of this goal are: 
 
     (i)  Complete an assessment of the El Dorado Lake watershed to identify where imple-
mentation of "Best Management Practices" is most needed and will have the greatest bene-
fit to address watershed restoration and protection needs.   The proximity of the surrounding 
lake area (SWAT Sub area 48) to the lake suggests that filter strips will be effective in capturing 
eroded soil and preventing a portion of reservoir sedimentation.  Because the lake area portion of 
the watershed includes Federal project lands adjoining the reservoir, implementation of grass fil-
ter strips could be accomplished using Federal funds or state funds, potentially related to state 
management of recreation and wildlife areas.  A more thorough discussion of sediment contribu-
tion from this area is contained in Appendix B – The SWAT.  Implementation of grass buffers on 
private lands beyond the limits of project lands could be implemented using private funds or cost 
shared funding under NRCS or SCC programs.  A map showing Sub area 48 is shown at the end 
of the main report. 
 
The El Dorado Lake lands managed by the state for wildlife purposes are at or near optimal 
vegetation cover to minimize erosion while serving various management purposes.  A small por-
tion of the project lands are leased by the KDWP to the public for agricultural use.  Leasing 
revenue provides important funding for KDWP operations at El Dorado Lake.  Grass buffers and 
other best management practices are applied wherever possible at these leases. 
 
Application of best management measures through other Federal or state programs could be 
guided by the model forecasts for upland sediment contribution to El Dorado Lake and total 
sediment contributions (upland and stream erosion) to the lake for individual sub areas incorpo-
rated in the model.   
 
The following model estimates of sediment load show the percentage of upland contribution (not 
including channel load) to El Dorado Lake are: 
 
• Walnut River arm at 28.8%;  

 
• Cole Creek Arm at 18.8%;  

 
• Durechen Creek arm at 15.2%;  

 
• Bemis Creek arm at 14.3%;  

 
• El Dorado Lake area at 13.4%; and  

 
• Satchel Creek arm at 9.6%. 
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The estimated total sediment load percentages to El Dorado Lake (upland and channel) are: 
 
• Walnut River arm at 37.6%;  

 
• El Dorado Lake area at 19.5%;  

 
• Bemis Creek arm at 14.5%;  

 
• Cole Creek Arm at 11.4%;  

 
• Satchel Creek arm at 10.8%; and  

 
• Durechen Creek at 6.2%. 

 
 
 
As discussed above, there are opportunities to improve the reliability of model forecasts.  In gen-
eral the model will reflect similar relative contributions from the five reservoir arms whether fu-
ture sedimentation rates are higher or lower than the design sedimentation rate used to calibrate 
the model.  More detailed discussion of nutrient and sediment transport for the 51 model sub-
basins is presented in Appendix B – The Soil and Water Assessment Tool. 
 
The area around El Dorado Lake would be a high priority for implementation of grass filter strips 
due to its relatively high total contribution of sediment and the opportunity for implementation 
on project lands. 
 
(Note: The presentation of percentage values to one decimal place reflects SWAT model output 
for consistency between the main report and Appendix B.  Model accuracy to one decimal place 
is not implied.) 
 
     (ii)  Use results from the feasibility assessment and from approved Total Maximum 
Daily Load goals to identify potential high pollutant load “hot spots” in the El Dorado Lake 
Watershed.   High pollutant load hot spots are discussed in Appendix B – The SWAT Model.  
The following except is from the appendix.  Figure and table numbers in the five paragraphs be-
low relate to figures and table in Appendix B.   
 
Modeled average annual subbasin export rates for sediment and nutrients are presented in Table 
14.  These estimates are average annual rates of upland generated sediment and nutrients carried 
to each subbasin outflow point, and do not include sediment and nutrients trapped by ponds and 
reservoirs, or sediment and nutrients deposited or degraded from tributary and stream reaches 
within each subbasin. Highest sediment export rates are estimated for subbasin 13 (1.07 metric 
tons per hectare, Walnut river Arm), subbasin 24 (0.99 metric tons per hectare, Cole Creek Arm), 
and subbasin 19 (0.91 metric tons per hectare, Walnut River Arm). Ranking of all subbasins (51) 
based on sediment export rate shows that of the ten highest rates six are attributed to subbasins in 
the Walnut River Arm (subbasins 13,19, 4, 18, 17, and 9) of the watershed, three in the 
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Cole/Gilmore Creek Arm (subbasins 24, 16, and 7), and one in the Durechen Creek Arm (sub-
basin 32) . Sediment export rates by subbasin are presented graphically in Figure 13. 
 
Tabular summaries of simulated average annual export rates for sediment, organic nitrogen, or-
ganic phosphorus, sediment-bound phosphorus, nitrate, soluble phosphorus, total nitrogen, and 
total phosphorus for the full watershed, by land use, are presented in Table 15. Highest rates of 
sediment and nutrient yields are predicted for row crop agriculture (3.88 metric tons per hectare 
sediment, 13.72 kilograms per hectare total nitrogen, and 2.93 kilograms per hectare total phos-
phorus) and urban commercial/industrial/transportation (1.40 metric tons per hectare sediment, 
5.30 kilograms per hectare total nitrogen, and 1.23 kilograms per hectare total phosphorus) land 
uses. Lowest export rates for sediment and nutrients are predicted for forested areas and wet-
lands. Land uses receiving fertilizers as either manure or commercial fertilizers contribute sig-
nificant quantities of soluble nutrients (nitrate and soluble phosphorus). 
 
The model allows extraction of estimated sediment and nutrient export rates by land use for each 
individual subbasin. These data are presented in Table 16. The simulated highest ten sediment 
export rates by subbasin and land use are all row crop agriculture, with two in the Walnut River 
Arm (subbasins 13, and 26), two in the Cole Creek Arm (subbasins 24 and 30), one in the Dure-
chen Creek Arm (subbasin 32), three in the Satchel Creek Arm (subbasins 33, 35, and 40), the El 
Dorado Lake subbasin (48), and one in the Bemis Creek Arm (subbasin 51).  Estimated average 
annual loads of sediment and nutrients for the full watershed transported to the outflow of El Do-
rado Lake by land use are presented in Table 17. Average annual loads are calculated as export 
rate, discussed above, multiplied by area of the land use within the watershed. Highest average 
annual sediment loads are estimated from row crop agriculture (13,111 tons per year, 69% of the 
total watershed upland sediment load) and range (4,833 tons per year, 25% of the total watershed 
upland sediment load). 
 
Average annual loads of sediment and nutrients were calculated for each subbasin (Table 18). 
The highest average annual subbasin sediment load is 2,555 tons per year for subbasin 48, the 
subbasin including El Dorado Lake and adjacent area. The next highest average annual sediment 
load is attributed to subbasin 32 (2,062 tons per year, at the mouth of the Durechen Creek Arm). 
The third highest average annual sediment load, 1,081 tons per year, is attributed to subbasin 24 
in the Cole Creek Arm. Based on average annual subbasin loading calculations, the Walnut River 
Arm delivers 5,475 tons per year sediment to El Dorado Lake from upland sources; the Cole 
Creek Arm delivers 3,570 tons per year; the Durechen Creek Arm delivers 2,895 tons per year; 
Bemis Creek Arm 2,723 tons per year; Satchel Creek Arm 1,819 tons per year; and the El Do-
rado Lake area 2,555 tons per year. The model predicts an average annual sediment load of 
19,037 tons per year delivered to El Dorado Lake from upland areas in the watershed with 
28.75% from the Walnut River Arm, 18.76% from the Cole Creek Arm, 15.21% from the Dure-
chen Creek Arm, 14.32 % from the Bemis Creek Arm, 9.56% from the Satchel Creek Arm, and 
the remaining 13.41% from the El Dorado Lake subbasin. This information is presented in tabu-
lar form in Table 19 and graphically in Figure 14. 
 
Subbasin sediment and nutrient loading is detailed by land use in Table 20. The highest sediment 
load contributing land use, by subbasin, is row crop agriculture in subbasin 32 (1,845 tons per 
year in the Durechen Creek Arm) followed closely row crop agriculture in subbasin 48 (1,555 
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tons per year in the El Dorado Lake subbasin). Nine of the highest ten average annual sediment 
load contributions by land use, by subbasin, are from row crop agriculture. The single exception 
is range land in subbasin 48 (El Dorado Lake area) contributing 881 tons per year. 
 
     (iii)  Disseminate findings of the feasibility study to local conservation agencies, land-
owner groups and the general public.  This is an action item for the Corps and agencies of the 
state of Kansas through subsequent long term coordination. 
 
     (iv)  Submit funding request to Congress for implementation of best management prac-
tices recommended in the feasibility study report.  There are no recommendations for Corps 
of Engineers management measure implementation that would require specific authorization.  
The management measure for grass filter strips on project lands is recommended for implemen-
tation using project operating funds.  However, current preparation of the Corps of Engineers 
budget utilizes budget metrics related to project purposes.  These metrics are used to prioritize 
and allocate funding among Corps projects nationwide.  Implementation of grass filter strips on 
project lands would be evaluated under the Environmental Stewardship metric.  The primary 
metric for El Dorado Lake is the flood risk management metric which relates to major mainte-
nance and operation of the dam and outlet works for flood damage reduction.  It is unlikely that 
budgeting for implementation of filter strips on project lands would receive funding before major 
maintenance requirements – and any backlog maintenance activities.  Appropriations tend to not 
meet budget requests under the Flood Risk management metric. 
 
    (e)  Planning Constraints.  Whereas the planning objectives represent a desired positive 
change, planning constraints represent restrictions that should not be violated by proposed ac-
tions.  If these constraints are not met, mitigating measures may be required.  The short descrip-
tion following each constraint is a legend used in subsequent assessments of measures.  The 
planning constraints are: 
• Avoid negative impacts to threatened or endangered species.  
• Avoid negative impacts to historic and archaeological features.  
• Avoid negative impacts to wetlands.  
• Avoid negative impacts to bottomland hardwoods and riparian habitat.  
• Avoid negative impacts to natural stream processes and functions.  
• Minimize temporary negative impacts to water quality, particularly turbidity.  Avoid long-

term impacts.  
• Minimize negative implementation impacts to landowners, agricultural interests, and the aux-

iliary agricultural, municipal, and industrial infrastructure.  
• Minimize negative impacts to recreation, including recreation sites, impacts to visitation, and 

the related economic benefits.  
• Minimize impacts to project purposes, flood control, water supply, water quality control, and 

recreation.  
 
Each measure considered for implementation should be evaluated in terms of fulfilling objectives 
and meeting constraints.  Objectives and constraints will change over time and changes should 
be reflected in the watershed management plan. 
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   (4)  Effects of Management Measures.  In the fourth step, alternative plans are evaluated.  
This step includes assessment and appraisal of alternatives.  There are assessments of: (1) the dif-
ferences between the with- and without-project forecasts of future conditions in the study area, 
(2) the effectiveness of proposed measures to meet identified needs, and (3) other effects of 
measures on the people and the environment.  Assessments identify any differences between the 
with- and without-project future conditions to determine project effects.  These assessments are 
followed by appraisals of the significance of project effects to determine if they are beneficial or 
adverse.  An alternative plan consists of a system of structural and/or non-structural measures, 
strategies, or programs formulated to meet the identified needs subject to the planning constraints 
– whether needs are partially or fully met.   
 
A management measure is a feature or an activity that can be implemented at a specific geo-
graphic site to address one or more planning objectives.  Equal consideration is given to struc-
tural and non-structural measures during the planning process.  A range of alternative plans shall 
be identified at the beginning of the planning process and screened and refined in subsequent it-
erations throughout the planning process.  The no action plan and non-structural and structural 
measures are discussed below. 
 
The state of Kansas has established management measures in their recommended agricultural 
practices for El Dorado Lake TMDLs (formulated by KDHE and approved by EPA).  For silta-
tion the state’s recommended measures are:  
• Maintain conservation tillage and contour farming to minimize cropland erosion,  
• Install grass buffer strips along streams, and  
• Reduce activities within riparian areas.   
 
For eutrophication the state’s recommended measures are:  
• Implement soil sampling to recommend appropriate fertilizer applications on cropland,  
• Maintain conservation tillage and contour farming to minimize cropland erosion,  
• Install grass buffer strips along streams,  
• Reduce activities within riparian areas,  
• Implement nutrient management plans to manage manure application to land.   
 
These measures and the state’s implementation program guidance are presented in Appendix C - 
TMDLs.  (Note: Findings and recommendations of the watershed management plan fully support 
these general measures.  Additional findings of the management plan identify priority areas in 
which to implement these measures for greatest benefit.) 
 
The discussion of each measure describes how it was assessed and how well it meets the desired 
sponsor objectives.   
 
    (a)  No Action.  The Corps considers "No Action" as one of the alternatives to comply with 
requirements of the National Environmental Policy Act (NEPA).  No action is the condition rea-
sonably expected to prevail over the period of analysis given current conditions and trends; and 
assuming that no “project” would be implemented by the Federal Government to achieve the 
planning objectives.   
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No Action, synonymous with the "future without-project condition," is based on the projection of 
expected future conditions.  No Action is the base condition from which other “action” alterna-
tives are measured.  A NEPA document is not associated with this watershed management plan, 
but the future without-project condition is also fundamental to the Corps’ formulation and 
evaluation process.  That process evaluates potential alternatives as they would function during a 
forecast period of operation – the same evaluation process used in NEPA assessments. 
 
    (b)  Reservoir Management Measures.  Management measures are presented in the order of 
identification during the study.  No ranking or prioritization is implied.  The evaluated reservoir 
management measures consist of:  
• Dredging for shoreline restoration,  
• Dredging for reservoir restoration,  
• Low flow sediment traps,  
• Institutional opportunities,  
• Shoreline erosion/restoration,  
• Sediment reservoirs,  
• Upper reservoir arm dredging, and  
• Operational opportunity to reduce sedimentation. 
 
     (i)  Dredging for Shoreline Restoration.  Early in the study process the study team consen-
sus was that sedimentation of the reservoir was an inherent problem (item “ii” below), as was 
shoreline erosion at the conservation pool (item “v” below).  Before approaching the larger issue 
of reservoir restoration through large scale dredging, the study team identified “dredging to re-
build shorelines” as an opportunity to address both the shoreline erosion problem and the sedi-
mentation problem on a smaller scale of dredging.   
 
The general concept would be to dredge material from the conservation pool and use it to restore 
eroded shoreline.  The dredged material that was placed higher than the conservation pool would 
result in an increment of recovered water supply storage. 
 
The issues raised by the study team’s subject matter experts concerning dredging for shoreline 
restoration would prove to be an introduction to issues of greater magnitude when evaluating 
more comprehensive dredging concepts.  An attempt to identify potential and specific shoreline 
restoration/disposal locations soon raised concerns about impacts to wildlife conservation lands 
both during and following construction.   
 
The traditional concerns dealt with the important issue of aquatic impacts during dredging and 
terrestrial impacts during placement of dredged materials.   
 
The non-traditional concerns dealt with potential seed stocks of noxious, invasive, or other non-
native plants within the dredged material that would be expected to germinate once placed along 
the shoreline.  The introduction of these undesirable species in the wildlife areas would risk the 
time, labor, and cost of many prior years of land management, including efforts specifically for 
control of noxious and invasive species.  Therefore, no “dredging to rebuild shoreline” locations 
were identified adjoining wildlife management lands. 
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The locations that were tentatively identified adjoined park recreation lands.  These preliminary 
sites were immediately found to have an area and volume limitation.  The area of different stor-
age/restoration areas acceptable to the KDWP were generally 10 to 20 acres.  Construction costs, 
topography, and aesthetics would limit the disposal cells to 10 foot in height (or less) above the 
conservation pool.  The cells would extend slightly into the conservation pool in an effort to re-
claim lost park area.  Extending the cell wall (the restored shoreline) into the conservation pool 
would result in some of the dredged material being placed below the top of the conservation pool 
elevation.  Therefore, a portion of the dredged material would be moved within the conservation 
pool from one location to another within the disposal cell.   
 
The disposal concept was to create sheet pile cells along or in the waterline - approximating the 
pre-erosion shoreline.  The disposal cells would extend several feet above the conservation pool. 
 The surface of the disposal cell would become part of the park area.  The concept of using sheet 
piles was to provide a low maintenance disposal cell capable of storing the dredged material with 
little or no materials returning to the conservation pool; and a cell capable of indefinitely with-
standing direct wave action.  Sheet piles could be placed with relatively minimal disturbance of 
the aquatic habitat during construction. 
 
It was understood that these lake perimeter storage locations would be trading flood control stor-
age to reclaim conservation storage.  While that trade-off has its own set of issues, the vision be-
hind the concept was to restore lost park lands and prevent both further park area losses and wa-
ter supply storage losses due to sedimentation from portions of the eroding shoreline. 
 
There was one large area proposed that would have covered much of the end of Bluestem Point 
recreation area.  The area would have been about 200 acres in size.  As proposed, the shoreline 
side would have extended well into the lake.  Initial analysis identified that the cell would require 
more fill below the conservation pool than would have been stored above the conservation pool.  
The result would have been an expensive shoreline restoration feature with minimal net benefits 
related to recovery of water supply storage.  Adjustment of the lake edge of the cell to a location 
nearer the existing shoreline would have resulted in a much smaller area with a limited dredged 
material disposal volume. 
 
The “dredging to rebuild shorelines” concept is technically viable but is not recommended. The 
potential volume of conservation pool storage that could be recovered would be minor compared 
to total reservoir sedimentation.  This concept also has the inherent disadvantage (negative bene-
fit) of reducing flood control storage.  Environmental impacts to aquatic and terrestrial habitats, 
disruption of park facilities, and issues of undesirable seed stock in the dredged material would 
all be detriments – and those detriments appear to be markedly greater than potential benefits to 
shoreline restoration or recovery of water supply storage.  Discussions in item “ii” and “v” below 
highlight the economies of scale that support larger dredging projects; and that shoreline erosion 
is a minimal contributor to overall reservoir sedimentation.  Further discussion in item “v”, and 
its Appendix E – Shoreline Erosion and Restoration Opportunity, presents a more cost effective 
recommendation to address shoreline erosion. 
  
     (ii)  Dredging for Reservoir Restoration.  When developing the costs of water for a new 
reservoir versus dredging, a general assumption has been that suitable reservoir sites still exist; 
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that they exist within a reasonable geographic radius of the water use centers; and that new res-
ervoirs will be implemented to meet current and potentially greater future water needs.  Those 
assumptions may currently be true for some locations and false for others. 
 
It is reasonable to assume that the “best” sites have been utilized for existing reservoirs.  If the 
best sites have been utilized, then the remaining potential sites for water supply will inherently 
be less attractive for one or more reasons.  Those reasons could be their distance from water need 
centers, their relatively smaller water supply volumes, lesser quality water, longer and/or taller 
embankments (and therefore more expensive embankments), or other technical, economic, so-
cial, or environmental detractors. 
 
The fact that a reservoir is an effective sediment trap and will tend to fill with sediment does not 
automatically imply that sedimentation will result in the overall loss of regional or national re-
sources - but it does imply the reduction and eventual loss of water supply.  The public hunting, 
fishing, camping and other recreation opportunities are likely to change in nature as a reservoir 
fills with sediment.  Some new activities may develop into valuable community, regional, or 
even national resources, such as waterfowl habitat.  There is also a potential for a sediment filled 
reservoir to function as a large natural wetland with the associated function of water quality im-
provement downstream. 
 
No large Federal reservoir in Kansas has been dredged to restore project purposes.  The purpose 
of evaluating El Dorado Lake for dredging was to gain insight for all Federal reservoirs in Kan-
sas.  After 26 years of operation El Dorado Lake does not appear to be impacted by sedimenta-
tion; if consideration is only given to the current volume of water supply storage.  However, the 
different techniques used to assess the storage capacities of the project make it impractical to re-
vise the estimated rate of sedimentation or to determine the distribution of sediment in the reser-
voir at this time.  The result is that no data are available from which to conclusively determine 
the experienced sedimentation rate (or sediment volume) in the reservoir.  The following discus-
sion describes issues associated with dredging without projecting a potential window of time 
when dredging might be implemented. 
 
A literature search identified the state of Texas report, Dredging vs. New Reservoirs, December 
2005, Report Number 2004-483-534, prepared under contract managed by the Texas Water De-
velopment Board.  The report documents a cost-benefit analysis of dredging existing reservoirs 
in Texas as an alternative to construction of new reservoirs for water supply.  From the report: 
“Prudent water supply planning typically considers both short- and long-term (e.g., 50 year) 
needs. Demand will continue to increase in response to population growth; thus new supplies to 
meet those demands must be developed.  Opportunities for new water supply lakes have dimin-
ished.  Today’s water suppliers have to look farther into the future to find sites for water ES-2 
supply lakes, and even then other obstacles often arise that must be resolved.  Not only have the 
number of water supply lake sites dwindled; but also environmental concerns, interbasin and in-
terstate transfer issues, and parochial-based opposition stand between developing lake sites and 
the water suppliers.  Water resource planners realize that traditional water supply will not be 
available and that desalination or some other water supply method will need to be embraced on a 
massive scale.  In the interim it becomes paramount that all alternative water supply issues be 
carefully reviewed, and dredging should be considered a viable option for expanding existing 
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reservoirs.  Similarly basin wide management programs should be considered to limit sedimenta-
tion to the existing or newly constructed water supply reservoirs.” 
 
The report discusses hydraulic and mechanical dredging options.  A hydraulic cutter suction 
dredge would be one suitable option for a large reservoir.  These dredges operate by mechani-
cally disturbing the sediment to loosen it (the cutter) while a suction pipe removes the sediment 
from the reservoir bottom in a sediment-water slurry (the hydraulic component).  The slurry is 
then pumped under pressure through a floating a pipeline to a prepared land disposal area.  When 
a reservoir includes a designated pool for flood control storage, the dredged material disposal 
area would be located “above” the elevation of the top of the flood control pool.  This requires 
the disposal area to be further away from the reservoir and up slope of the flood storage area to 
avoid reduction of the project’s flood storage capacity. 
 
Because the sediment is removed by suction there is relatively little sediment dispersion at the 
dredging location – versus sediment dispersion when using of a dragline bucket (one form of 
mechanical dredging).  However, there would be some suspension of sediments when using a 
hydraulic dredge and there would be associated environmental and aesthetic impacts.  There 
could also be impacts to water supply related to color, taste, and odor.  The photograph below is 
an example of a hydraulic dredge.  The discharge line is to the right of the dredge. 
 
The hydraulic dredging process uses and transports large volumes of water within which the 
sediment is carried.  At the disposal location, the sediment is separated from the water using set-
tling ponds, also called a dewatering area.  Under provisions of the Clean Water Act the water 
used for hydraulic dredging must be treated before it can be allowed back into “waters of the 
United States” – in this case the reservoir.  The minimum treatment would consist of removing 
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the sediment.  Depending on what other elements or chemicals were in the dredged slurry, addi-
tional treatment might also be required.  Dredging at a Federal reservoir would require prior au-
thorization in the form of a Department of Army permit issued by the Corps in accordance with 
Section 404 of the Clean Water Act.   
 
(Note: The fact that the Corps has the regulatory jurisdiction for this action and that the action 
would occur at a Corps of Engineers project does not alter the permit requirement.)  Other Fed-
eral and state regulations and permit processes would also apply.  An array of different chemicals 
that can be found in sediments would need to be addressed within the permitting processes.  By 
regulation, the water that would return to the reservoir cannot flow overland – it must be piped to 
the reservoir. 
 
Dredged material disposal areas would need to be sited as close to areas of dredging as possible 
to minimize operating costs.  The result would be several dredged material disposal areas located 
around the reservoir.  The opportunity to plan for potential dredging is discussed in Appendix G 
– Institutional Opportunity - Dredging.  
 
Dredging sediment from the conservation pool would restore water supply storage for the benefit 
of the water supply purveyor who has contracted with the government for the storage and would 
restore the lost aquatic habitat for the benefit of the environment and public recreation.  Under 
current criteria the costs of a dredging project would be borne solely by the water supply pur-
veyor.  The dredging project costs would include: planning, permits and studies, land acquisition, 
dredged material disposal area and dewatering area construction, dredging, and disposal area 
management.   
 
Hydraulic dredges are characterized by the diameter of their discharge pump.  Typical discharge 
pump sizes range from 10 to 42 inches.  The larger dredges move material more quickly than 
smaller dredges and larger dredges are more economical to operate than smaller dredges when 
considering the cost per unit volume of material dredged. The cost to transport dredges overland 
would be an important consideration.  The cost to move larger dredges is proportionally greater.   
 
From information in the Dredging vs New Reservoirs report, dredging 10,000 acre-feet of sedi-
ment could reasonably require two to three years of continuous operation for dredges of 30 to 24 
inches, respectively.  Continuous operation means day and night, every day, until the effort is 
finished.  Selecting the “correct” dredge size would be important when considering the time and 
cost of a dredging project.  The cost of dredging using 24 to 30 inch dredges would range from 
$2 to $4 per cubic-yard ($3,200 to $6,500 per acre-foot).   
 
(Note: These costs should only be used for evaluation of dredging concepts.  The development of 
detailed cost estimates would require prerequisite information about the type of sediments, the 
chemical constituents, dredging volumes, disposal locations and real estate costs, water treatment 
for water returning to the lake, and the expected dredging time frame – particularly related to 
fuel costs.)   
 
The $2 to $4 range costs apply to dredged materials that would not contain contaminants requir-
ing special handling or disposal.  Problem contaminants could increase the cost range by one or 
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two orders of magnitude – i.e., $20 to $40 or $200 to $400 per cubic yard.  More detailed cost es-
timates could be developed for site specific conditions and compared to cost proposals obtained 
from dredging contractors. 
 
A National Environmental Policy Act document would be required to consider the environmental 
consequences of a dredging project.  The document, potentially an environmental impact state-
ment, would be required by the Corps for the evaluation of a proposed modification of an exist-
ing Federal project and as a requirement of the Clean Water Act Section 404 permit.  The cost of 
conducting the NEPA related studies would include all data collection (such as sediment sam-
ples), laboratory testing, scientific evaluation, modeling, and related social, economic, or envi-
ronmental studies.  The cost of developing an environmental impact statement, funding review 
by the Corps, and finalizing the document would be the responsibility of the water supply pur-
veyor.  The range of costs for an environmental impact statement of a major dredging project at 
El Dorado Lake is estimated from $500,000 to $1,000,000 (2007 prices).  The Texas Water De-
velopment Board report can be found at: 
www.twdb.state.tx.us/RWPG/rpgm_rpts/2004483534_Dredging.pdf  
 
Other dredging topics for consideration: 
• Dredging in deeper, main reservoir body, areas provides more efficient capacity than shallow 

dredging in shallow areas. 
• Dredging need not be limited to removal of sediment.  A reservoir’s capacity could be in-

creased over its original capacity depending on lake bottom conditions (geology). 
• Restoring a reservoir could result in benefits to aquatic habitat, recreation, and aesthetics.  
 
The scope of issues and costs and the uncertainty of future conditions preclude a statement of 
recommendation regarding dredging for reservoir restoration. 
 
     (iii)  Low Flow Sediment Traps.  Early in the formulation process the concept of “created 
wetlands” to trap sediments just upstream of the reservoir pool was considered.  A created wet-
land is a man made feature designed to simulate the environmental functions of a natural wet-
land.  One of the desired functions is the ability of a wetland to trap and hold sediments.  A num-
ber of sites ranging from 5 to 25 acres were identified on and along the five major tributary arms. 
 The sites were generally identified to be within the boundary of Federal property acquired for El 
Dorado Lake. 
 
The envisioned created wetland areas were of two types.  One type would be a “flow through” 
wetland where the stream channel would meander through a shallow vegetated pool.  As the wa-
ter slowed in the shallow pool, sediment would be deposited.  Wetland plants would grow in the 
sediments and tend to hold them in place during flood flows.  The shallow pool would be created 
by construction of a low rock berm or sheet pile dam across the channel – roughly five feet high. 
 The second type of created wetland sediment trap would be a side channel storage area that 
would capture sediment during flood flows.  The side channel catchment would be created using 
shallow berms from existing soils or by using sheet piles.  The side channel areas would be 
flooded by relatively small runoff events that exceeded the channel capacity.  The assumed op-
eration of both sediment traps would include periodic removal of collected sediment.   
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As the study progressed a review of sediment load versus stream flow data (for other reservoirs 
with sediment flow data) showed that low flows transport only a small portion of the total sedi-
ment load that enters a large reservoir.  Therefore, the flow through sediment trap concept could 
not achieve significant reductions of reservoir sediment.  The value of a created wetland could be 
beneficial, but there would be little if any benefit for reservoir sediment reduction.   
 
Similarly, the volume of even a modest flood was found to be substantially greater than the total 
volume of the side channel sediment traps on all arms of the reservoir.  The vast majority of a 
flood event volume would reach the main body of the reservoir and virtually all of the sediment 
would be deposited in the reservoir regardless of the side channel sediment traps.  The side 
channel sediment traps would function, but their effectiveness would be extremely low because 
of their limited volumes compared to the volume of a flood (and the sediment transported). 
 
Low flow sediment traps are therefore not recommended. 
 
     (iv)  Institutional Opportunities.  The range of opportunities is only limited by the ability of 
institutions (government at any level) to implement existing law; or to propose changes to laws, 
regulations, and organizations which will enable local decision makers to implement watershed 
management plans.  Institutional opportunities depend on the organizational structure, legal au-
thorities, financial capabilities, and political interdependencies of the institutions responsible for 
watershed management.  The scope and types of action would be dependant on the capabilities of 
the institutions to plan for and accomplish land use control and implement management prac-
tices.  An example of existing legislation would be the state’s Conservation Easement Act, 
K.S.A. 32-807 and K.S.A. 58-3810 et seq, that would allow for state purchase of managed ease-
ments from a land owner willing to sell. 
 
An example of an institutional opportunity at El Dorado Lake is the opportunity for city and 
county administrators to consider the potential for future reservoir dredging and to consider the 
issues associated with land use planning that would facilitate the location of dredged material 
disposal areas around the lake.  The subject is presented in Appendix G – Institutional Opportu-
nity – Dredging. 
 
     (v)  Shoreline Erosion/Restoration.  Shoreline erosion at El Dorado Lake has occurred since 
the pool was filled in 1981.  The shoreline zone 
affected by wave action is composed primarily 
of prairie soils that include dispersed small 
gravel.  These soils are eroded primarily by wave 
action, but can be eroded by surface runoff from 
surrounding project lands.  The soil eroded from 
the shoreline and from project lands were 
identified as a contributor to sedimentation in the 
conservation pool.   
 
Shoreline erosion does contribute sediment to 
the conservation pool of the reservoir. The eleva-
tion of the reservoir pool varies over time, so the 
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effects of wave action on the shoreline also vary. Similarly, the ground cover (grass, brush, or 
trees) and the underlying types of materials (topsoil, sand, clay, gravel, or rock) influence the 
amount of erosion. 
 
To gain an understanding of the potential magnitude of shoreline erosion compared to sediment 
contributed from the watershed, some simple calculations were formulated to establish a range of 
estimates of shoreline erosion volume based on information collected at shoreline erosion loca-
tions by the study team, particularly the Kansas Department of Wildlife and Parks.  Staff mem-
bers of the Kansas Department of Wildlife and Parks, located at El Dorado Lake, were part of the 
study team.  They and the Corps of Engineers lake staff identified shoreline erosion areas and 
collected data in 2004.  The data reflects the more noticeable erosion areas, particularly in park 
areas.  Twenty-nine areas were identified and subjectively ranked from one to twenty nine based 
on apparent erosion rate, proximity to facilities, and total erosion volume.  The area of highest 
concern was ranked number one.   
 
The average height of the erosion areas is about 3.5 feet and the average width of the areas is 
about 440 feet.  The vertical measurement reflects the height of the near vertical banks produced 
by erosion at the lake.  Measurements were taken from the bottom of the vertical face to the top 
or the erosion area.  The bottom of the vertical face may have been below the normal conserva-
tion pool elevation of 1339.  (Note: One erosion area, at the breached Lake Bluestem dam, is 
about 20 feet high and 80 feet wide.  That location was not included in the average height of ero-
sion stated above.)  The total length of the erosion areas surveyed is about 2.3 miles.  The survey 
reflects shoreline erosion since 1981 when the lake was filled. 
 
The preliminary estimates of shoreline erosion for the following calculations assume the entire 
shoreline of the reservoir is subject to uniform amounts of erosion – not just the isolated problem 
locations.  This assumption knowingly overstates the amount of shoreline erosion.  The perime-
ter of the reservoir at the top of the conservation pool is about 43 miles.  The perimeter was in-
creased to 50 miles for the calculations below. 
 
Three different scales of erosion were calculated based on simple cross sectional rectangular ar-
eas with vertical dimensions and horizontal dimensions (into the shore).  The assumed erosion 
sections were: 2 feet deep by 2 feet horizontal; 3 feet deep by 10 feet horizontal; and 4 feet deep 
by 20 feet horizontal – all measured at the top of the conservation pool.  The width of the erosion 
was assumed to be 50 miles.  The volumes for the three assumed sections are shown below. 
 

Estimated Cross Section Potential Erosion Volume 
(values rounded) 

2-ft Deep by 2-ft Horizontal   25 acre-feet 
3-ft Deep by 10-ft Horizontal 182 acre-feet 
4-ft Deep by 20-ft Horizontal 485 acre-feet 

 
Since 1981, some problem areas may have suffered erosion as great as the 20-foot horizontal es-
timate above – and rare areas may exceed 20-foot of horizontal erosion.  Those larger erosion ar-
eas are relatively isolated and are not representative of the “average” shoreline erosion at the res-
ervoir since it was impounded.  If however, the higher estimate of shoreline erosion were to oc-
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cur along the entire lake perimeter and within a 100-year evaluation period, then the higher an-
nual estimate of shoreline erosion would be about 4.85 acre-feet per year.   
 
This approach uses simple calculations and is loosely based on the data collected.  The data 
represents only 26 years of project operation.  No data was used to estimate the horizontal (into 
the shore) erosion over the period of project operation and no models were developed to estimate 
future erosion.  The assumption of average annual shoreline erosion calculated above and then 
projected over a 100 year evaluation period is therefore a gross estimate.  However, the approach 
does conservatively assume 50 miles of shoreline would be impacted when the survey of prob-
lems areas only identified about 2.3 miles of problem area erosion. 
 
In contrast, the contribution of sediment from the watershed above El Dorado Lake is estimated 
to be an annual average of 180 acre-feet (conservation and flood control pools).   In comparison 
to the watershed sediment contribution, the contributions from shoreline erosion are relatively 
small.  When also considering that part of the shoreline erosion estimate is transportation from 
one location within the conservation pool to a lower elevation (still within the conservation 
pool), the contrast in shoreline sedimentation to the watershed contribution is even greater.   
 
The sediment contribution from shoreline erosion was found to be a minor contributor to sedi-
mentation of the conservation pool.  More discussion of the shoreline erosion estimates is pre-
sented in Appendix E – Shoreline Erosion Restoration Opportunity.  The shoreline erosion pho-
tographs taken as part of the erosion survey are included at the end of the appendix. 
 
While having identified that the sediment contribution from shoreline erosion is a limited con-
tributor to the total sediment in El Dorado Lake, there are a number of justifications for minimiz-
ing shoreline erosion: 
 
• The park areas, access roads, project utilities, camping facilities, and a variety of recreation 

facilities are important Federal investments in public recreation resources. 
 
• Shoreline erosion alters and may often degrade the local terrestrial and aquatic environment. 
 
• The loss of park lands from erosion and reduction in the quality of the recreation experience 

represents a quantifiable loss of a public resource. 
 
• The loss of native shoreline vegetation due to erosion from wave action decreases the value 

of recreation activities and impacts the aesthetic qualities of the lake and park facilities. 
 
As an approach for reducing sedimentation in the conservation pool, shoreline restoration is not 
recommended.  For the purpose of reducing sedimentation the financial, material, and human re-
sources required for shoreline restoration would be more effectively applied to other sediment 
reduction efforts in the watershed.   But, for the reasons cited above and to the extent practicable, 
the destructive impacts of shoreline erosion should be minimized; and there are a number of ap-
proaches that may be used to address this problem.  Discussions of a shoreline restoration work-
shop and specific protection and restoration recommendations are presented in Appendix E – 
Shoreline Erosion Restoration Opportunity.  For the purposes of shoreline restoration and protec-
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tion of public resources at El Dorado Lake, the recommended restoration measure in Appendix E 
provides a viable approach based on the El Dorado Lake conditions and workshop results. 
 
Another approach was demonstrated through a continuing authority’s project in 1997, described 
earlier in this report in paragraph 5. C.  The project consisted of aquatic species plantings for fish 
habitat.  The aquatic plantings also provided an increment of shoreline protection.  Perhaps the 
most successful species has been water willow, Justicia Americana.  Water willow is now suffi-
ciently abundant around the lake shore to allow for harvesting and replanting where fish habitat 
quality is low.  Once the water willow is established it provides an increment of shoreline protec-
tion by reducing wave action.  Volunteers have been transplanting water willow on a nearly an-
nual basis.  The volunteer effort should be encouraged.  However, because of the zebra mussel 
invasion, transplanting should only occur within El Dorado Lake.  Boats and any equipment 
should be appropriately cleaned to reduce the risk of transporting zebra mussels to other water 
bodies.  
 
     (vi)  Sedimentation Reservoirs.  Sedimentation reservoirs upstream of El Dorado Lake, 
similar to NRCS multiple purpose reservoirs, were identified as an option for consideration to in-
tercept sediment.  The construction of one or more dams on the tributaries of El Dorado Lake 
would reduce sedimentation in the Lake.   
 
The Watershed Protection and Flood Prevention Act (PL 83-566), August 4, 1954, as amended, 
authorized NRCS to cooperate with states and local agencies to carry out works of improvement 
for soil conservation and for other purposes including flood prevention; conservation, develop-
ment, utilization and disposal of water; and conservation and proper utilization of land.   
 
The Walnut River tributary is forecast by the SWAT model to contribute about 37.6% of the to-
tal watershed sediments that are transported to El Dorado Lake (Appendix B).  An NRCS type 
reservoir located on the Walnut River would capture a percentage of the total sediment load. The 
percentage of captured sediment would be dependant on the location and storage volume of the 
reservoir, the type and operation of primary outlet works, and the type and operation of emer-
gency spillway outlets.  
 
Construction of one or more sedimentation reservoirs would probably involve the NRCS as the 
lead agency.  The variables involved in estimating reservoir location, purposes, storage, and po-
tential sediment capture rate preclude the estimation of reservoir costs or the potential to slow the 
rate of sedimentation in El Dorado Lake.  Studies by the NRCS, if funded, would require several 
years of evaluation, design, and public coordination.  The potential time between initial NRCS 
funding and construction could be ten years, assuming full funding each year.  No cost estimates 
for the study or construction of sedimentation reservoir were estimated.  The SWAT model de-
veloped in this watershed management plan would be a valuable tool in the evaluation of those 
reservoirs.   
 
While the sedimentation reservoirs would be effective in prolonging the storage available for wa-
ter supply in El Dorado Lake (and the flood control storage), the sediment reservoirs will eventu-
ally fill.  Decisions and issues similar to those discussed for El Dorado Lake would in due course 
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apply to sedimentation reservoirs.  Other considerations/options for reservoirs upstream of El 
Dorado Lake include: 
 
• The potential for sediment reduction using dry reservoirs – no permanent pool.   
• The potential to supplement storage available for water supply – with a permanent pool.   
• The potential loss of total water volume due to evaporation loses that, for the watershed, ap-

proach three feet per year. 
• The evaluation of costs and benefits for multiple purposes could result in many variations of 

reservoir and reservoir system configurations. 
 
Potential issues associated with the concept of sedimentation reservoirs include: 
 
• Design, construction, and maintenance costs for one or more reservoirs. 
• Real estate acquisition. 
• Public involvement issues regarding impacts and benefits to reservoir site and adjoining pri-

vate land owners. 
• Environmental concerns for stream and terrestrial habitat and wildlife impacts. 
• The duration of time for design and construction. 
• Long term maintenance issues related to sedimentation. 
 
     (vii)  Upper Reservoir Arm Dredging.  The concept of dredging the upper reservoir arms 
was suggested as an approach to slow the rate of sediment filling of the total conservation pool at 
El Dorado Lake by periodically removing sediment from the upper arms of the reservoir.  Each 
upper arm is crossed by a transportation embankment, either highway or railway, as shown in the 
following map.   
 
If the embankment crossings and the effects of sediment deposition were occurring, then these 
reaches might be acting as sediment traps.  The narrow width of the upper arm reaches might 
also allow dredging by mechanical means, such as a drag line.  The process of periodic dredging 
would potentially spread the cost of dredging over time.  
 
A preliminary examination of the potential volume of sediment that might be deposited upstream 
of the embankment crossings showed the concept to be impractical for reducing sedimentation in 
the conservation pool.  See Appendix F – Concept of Upper Reservoir Arm Dredging for a more 
thorough discussion of the concept. 
 
To address the question of whether dredging the upper reservoir arms of El Dorado Lake would 
be a viable way to slow the overall loss of water supply storage, available information and basic 
assumptions were used for the assessment of each of five primary arms of the reservoir.  The 
central assumption is that the upper arms would experience a higher rate of sedimentation than 
would the main body of the reservoir.  A higher sedimentation rate in the upper arms of the res-
ervoir could provide an opportunity to more easily remove sediment.   
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1 – Cole Creek above In-
terstate 35 

2 – Walnut River above 
Interstate 35 

3 - Durechen Creek 
above Cole Creek Rd 

4 - Satchel Creek 
above Hwy 177

 
While the primary assumption is that the upper arm will fill at a higher rate, no data was identi-
fied during this study to confirm the assumption.  The purpose of conducting the evaluation in 
the absence of this data was to determine if the volume of potential sediment that might be de-
posited at this location would be sufficient to offer a functional and economical option for restor-
ing a portion of reservoir storage.  If sufficient volume could be restored periodically, dredging 
of upper lake arms might be considered a valid approach in maintaining water supply storage (or 
slowing the overall loss rate).  Because sediment would still be deposited in the main reservoir 
area, the removal of sediment from the upper arms would delay the overall reservoir sedimenta-
tion, but would not be a permanent remedy. 

5 - Bemis Creek 
above Hwy 177

Former Lake 
Bluestem Dam

 
In considering the options to remove sediment from a reservoir, the options are limited to two 
basic categories.  The dredging industry terms for the categories are mechanical and hydraulic 
dredging.  Mechanical dredging is accomplished by excavating with a scoop or bucket operated 
from a barge mounted boom or from a land based tractor and boom.  For this assessment of up-
per reservoir arms the mechanical option of a land based tractor and boom, or dragline, was se-
lected over hydraulic dredging or barge mounted mechanical options because of the relatively 
small reservoir arm areas and the number of times the material would have to me moved (dis-
cussed later).  The suitability of dragline operation in some reservoir arms would be limited by 
steep shoreline terrain; thereby suggesting that a barge based operation might be more suitable 
for those conditions.  However, before evaluating the most appropriate dredging method, it was 
important to first determine if the volume of sediment that might be removed would be great 
enough to warrant further consideration. 
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The upper arms areas and volumes were found to represent a small percentage of the total reser-
voir.  The table below shows the upper arm area and conservation pool volumes relative to the 
total reservoir.  See Appendix F – Concept of Upper Reservoir Arm Dredging for a more thor-
ough discussion of the concept. 
 

Reservoir Arm Area 
(Acres) 

Volume 
(Acre-Feet) 

Percent of 
Total Area 
(Acres at 

Elev 1339) 

Percent of 
Total Volume
(Acre-Feet at 
Elev 1339) 

Bemis Creek 200 400 2.5 0.3
Satchel Creek 30 160 0.4 0.1
Durechen Creek 50 300 0.6 0.2
Walnut River 30 180 0.4 0.1
Cole Creek 120 700 1.5 0.4

Totals 430 1,740 5.4 1.1
 
The volume potentially available in the upper reservoir arms available for conservation storage 
restoration is estimated to be about one percent of the total conservation pool volume.  While the 
upper reservoir arms could be excavated by hydraulic or mechanical dredging techniques, the po-
tential to delay sedimentation impacts to the main reservoir body would be negligible.  If the up-
per arm areas were over excavated in multiples of their original volumes, the potential to delay 
overall sedimentation of the reservoir would still be minimal; and there is no information at this 
time to conclude that the upper arm areas would experience a greater sediment deposition rate 
than the main reservoir body.   
 
Cost efficiencies in dredging are closely related to the scale of the dredging project.  Dredging 
smaller volumes of sediment on a more frequent interval will always be more costly than dredg-
ing larger volumes of sediment on a less frequent basis – assuming that dredging equipment and 
overall dredging plans are scaled for the greatest efficiency for either large or small applications. 
 
While there is a visual indication of sedimentation in the upper reservoir arms, that indication 
appears to be largely anecdotal and limited in the area of impact.  Sediment carried by daily low 
flows may be accumulating in the upper reservoir arms due to the transition from channel flow 
(with relatively higher flow velocities) entering the reservoir pool (where flow velocities are 
relatively low).  Such depositions would be in areas more readily encountered during boating 
recreation, thus perpetuating the concept of greater upper arm deposition.  Changes in vertical 
depth of a few feet at these locations would be perceived as significant while the overall area or 
volume of sediment is minor.  These low flow depositions, even when considered over the 
course of decades, would represent only a small percentage of the sediment carried by single 
large flood events. 
 
Upper reservoir arm dredging would not be an advisable approach in delaying overall reservoir 
sedimentation. 
 
     (viii)  Operational Opportunity to Reduce Sedimentation.  Flood flows are known to 
transport a large percentage of the sediment that is trapped by a reservoir.  An ongoing evalua-
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tion of data collected for a study of the Oologah Lake Watershed, Oklahoma and Kansas, sug-
gests that sediment laden flood flows do not immediately mix upon entering Oologah Lake with 
stored water.  The higher density of the flood waters (due to the sediment load and possibly 
lower water temperature) may cause the flood waters to run along the bottom of the reservoir to 
the reservoir’s dam.  A portion of the sediment that would otherwise be deposited in a lake might 
be released to flow downstream if the outlet works included a low level intake.  Transporting 
sediments downstream would also partially restore the natural function of stream sediment trans-
port.  Further study at Oologah Lake is required, but there may be an opportunity to modify pro-
ject operations (flood water releases) at many reservoirs.  Physical modifications may also be re-
quired because the outlet works at some lake were not designed for releases from elevations low 
in the pool. 
 
The outlet works at El Dorado Lake were designed and constructed to release flows from low in 
the pool.  If sediment laden flood flows do reach the El Dorado dam, then they have been (and 
will continue to be) released as part of normal flood operations.  The in-lake studies at Oologah 
Lake were possible because continuous stream flow and sediment load data had been collected in 
that basin.  No such data exists for the El Dorado Lake watershed.  If sediment stream flow 
gauges were installed in the watershed, further studies might determine operational changes that 
could better balance the project purposes of flood damage reduction and water supply storage. 
 
    (c)  Watershed Management Measures.  The following management measures were formu-
lated by Corps staff, local sponsors, and stakeholders: grass buffers/filter strips(farming and 
ranching lands), stream bank restoration, and ecosystem opportunities related to cattle manage-
ment practices. 
 
     (i)  Grass Buffers/Filter Strips.  From the stream bank outward, grass buffers were modeled 
using SWAT for 30, 60, 90, and 120 foot filter strips for all crop lands combined.  The 120 foot 
filter strips would keep about 72% of the eroded sediment from leaving the property.  However, 
that crop land erosion reduction does not translate into an equivalent sediment reduction at El 
Dorado Lake.   
 
As the surface runoff sediment concentration is reduced by filter strips, water reaching the 
stream channel is capable of carrying more sediment.  The sediment carrying capacity is then 
met by sediments scoured from the stream channel (bank or channel bottom).  The condition is 
sometimes called “sediment hungry” flow.  More technically, the capacity of water to transport 
sediment is dependant on the power available in the stream flow and the power required to dis-
lodge and move channel materials.   
 
A stream will always tend to achieve its sediment carrying capacity.  One important factor in 
achieving that capacity is the channel travel distance.  Sediment hungry flows high in the water-
shed are apt to have adequate travel distance within which the sediment capacity may be re-
gained before reaching El Dorado Lake.  However, runoff from the watershed immediately sur-
rounding El Dorado Lake flows into the reservoir with minimal channel travel distance.  The 
proximity of runoff to the reservoir presents an opportunity to benefit from the sediment reten-
tion function of filter strips with less risk that the filtered water will regain a sediment load. 
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A narrow perimeter of lands surrounding the reservoir pool was acquired for project operations.  
The recreation areas and wildlife management areas on these lands are managed by the Kansas 
Department of Wildlife Conservation.  The implementation of filter strips on these lands could 
be accomplished through provisions of the Corps and KDWP management plans.   
  
Filter strips serve the following purposes:   
 
• Field runoff rates are restored to a slower and more natural condition that tends to result in 

lower peak flows downstream; and lower peak flows causes less channel erosion and flood-
ing. 
 

• Applied agricultural nutrients are captured and utilized within the filter strip instead of being 
carried downstream and stored in El Dorado Lake.  The rate of capture is dependant on the 
slope and width of the filter strip and the vegetation types and soil infiltration rates. 
 

• The capture rate for total suspended solids can range from 40% to 90%.  The effectiveness 
also depends on the slope and width of the filter strip and the vegetation types and soil infil-
tration rates. 
 

• Filter strips can also be designed to effectively restore the terrestrial ecosystem functions of 
lost natural buffers. 
 

Existing state and Federal programs financially support the implementation of filter strips along 
crop lands meeting multi-year requirements.  Based on coordination during this feasibility study 
and for the El Dorado Lake watershed, the NRCS and state conservation programs tend to have 
more funding available for crop land filter strips than willing applicants/projects.  The disincen-
tives below reflect statements from land owners and operators made during coordination meet-
ings:  
 
• The financial compensation for crop reduction (the area removed from crop production for 

the filter strip) is less than the net value of the harvest. 
 

• Winter grazing of cattle in riparian areas is desirable by landowners, but would be restricted 
by conditions imposed to protect the filter strip (and the state or Federal investment). 
 

• Many land owners have a distrust of government involvement at any level - county, state, 
and (especially) Federal.  In many cases the distrust is based on misinformation.  For exam-
ple: landowners expressed concerns to the study team about government involvement (or 
control) if wetlands, endangered species, or other resources were located on or near filter 
strips. 
 

• Absentee landowner coordination is difficult and owner interest may be low.   
 

• Local operators on absentee landowner property are primarily interested in maximizing fi-
nancial return. 
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• Filter strip maintenance requirements, such as limited mowing, tree and shrub removal, burn-
ing, and fencing, require too much time.  In particular, electric fencing is frequently damaged 
by deer running through the wire and by falling tree limbs. 

 
Average costs (2007 prices) for filter strips were provided by the NRCS:  Cost per acre include: 
seed bed preparation at $15.78; seed at $46.04; drilling at $16.60.  The average NRCS cost for 
implementation of one acre of filter strip would be $78.42.  Below are spring and fall 2007 pho-
tographs of filter strips in the upper Walnut River watershed.  

 
 
Well managed native grass and cool season pasture is not subject to the sheet runoff and erosion 
conditions that affect row crops.  But, pastures may be over grazed and/or associated with easily 
eroded cattle trails.  Over grazed pasture is susceptible to higher runoff rates and erosion, and is 
also more susceptible to field cuts (short disconnected areas of erosion).  The initial formation of 
field cuts is often related to cattle trails.  Worst case conditions occur when over grazed pasture 
adjoins riparian areas subjected to cattle browsing, water access, and over wintering.  Reduced 
pasture and riparian vegetation allows eroded soil and cattle wastes to flow directly across fields, 
through the riparian area, and into streams.  Management of grazing is discussed as an institu-
tional opportunity. 
 
Traditional tall grass filter strips may not be suitable at all locations along El Dorado Lake’s 
shoreline.  Many park activities are intrinsically more valuable because of a lake view.  Tall filter 
strips along the shoreline could obstruct the view at some locations.  Some facility users may 
also be concerned about wildlife inhabiting the grass, while other users may welcome the close 
proximity of various species.  Public education would be an important component of filter strip 
implementation.  Suggested education methods include signs, brochures, and personal communi-
cation. 
 
     (ii)  Stream Bank Restoration.  It is important to evaluate the potential impacts of bank res-
toration (or any other stream changes that affect water resources) when considering actions that 
would alter the natural erosion and sediment transport processes in a watershed.   
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The same erosion control techniques used for stream restoration may be thought an appropriate 
response to changing stream alignment when that course change threatens to erode the edge of an 
agricultural field or other private property.  But while the techniques are the same, the term “res-
toration” does not apply.  Intervening in the natural process of a stream (processes that are not 
the result of human impacts) is not “restoration”.  Attempts to slow the effects of or negate the 
consequences of natural stream processes may be well intentioned and socially supported, but 
human intervention in natural stream process is not “restoration”.  Ecosystem restoration means 
to restore natural environmental functions impacted by man’s direct or indirect actions.  Bank 
stabilization (not synonymous with restoration) constructed simply to protect an individual land-
owner’s property, when in a natural stream setting, will negatively impact the environment proc-
esses of the stream, riparian corridor, and the watershed. 
 
The application of stream bank restoration techniques would be appropriate when natural stream 
conditions have been altered by human activities within or adjacent to the stream.  Examples in-
clude: 
 
• A bridge and road embankment constraining the natural stream function within a floodplain   

 
• A levee to protect a community located near a flood source.   

 
• Changes in stream hydrology caused by an upstream reservoir. 
 
Fortunately, contemporary infrastructure studies attempt to assess potential impacts to the envi-
ronment so that informed choices can be made by decision makers when weighing the social and 
economic gains against environmental losses.  The state of Kansas has developed an exemplary 
set of best management measures suitable for stream bank and other restoration efforts.  The 
Kansas River and Stream Corridor Management Guide is outlined in paragraph 5.   
 
Because stream channel changes are a product of the power of stream flow, attempts to alter 
natural stream channel conditions at one location are likely to shift the stream power to another 
location (landowner or public infrastructure). 
 
If a stream reach is prevented from moving within the floodplain, that reach will no longer con-
tribute to a “shifting habitat mosaic”.  The concept of the shifting habitat mosaic is founded on 
the hierarchical organization of logical dependencies and feedback mechanisms that enable the 
functions of an ecosystem.  This comprehensive view of ecosystem dependencies was developed 
by Dr. E. Richard Hauer, University of Montana, Flathead Lake Biological Station.  The primary 
drivers in the hierarchy are hydrology, geomorphology, and temperature.  The hierarchical or-
ganization is outlined in the graphic below. 
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Human intervention in a stream system that 
constrains the stream or alters the natural 
processes directly impacts one of the 
primary drivers: geomorphology.  The 
consequences are responses by all 
dependant and interrelated environmental 
process consisting of: formation of soils, 
microbes, and bio-geo-chemical cycling; 
recruitment, colonization and persistence of 
vegetation; and establishment of 
invertebrate food web, fish and wildlife.  
The result of artificially constraining a 
stream will be a reduction in the processes 
of “new” or rejuvenated habitat (and biota) 
— or conversely, a general aging of the 
habitat (and reductions of biota). 

1st Order Drivers
• Hydrology
• Geomorphology
• Temperature

Hierarchical Organization

Shifting Habitat Mosaic

Dr. E. Richard Hauer

1st Order Response Variables
2nd Order Drivers
• Formation of Soils
• Microbes
• Bio-Geo-Chemical Cycling

2nd Order Response Variables
3rd Order Drivers

• Recruitment/Colonization
• Persistence of Vegetation

3rd Order Response Variables
4th Order Drivers
• Establishment of Invertebrates
• Food Web
• Fish
• Wildlife
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The natural environmental process of the 
habitat as it ages will eventually be 
diminished — or in extreme cases, cease to 
function.  If the natural erosion of stream 
banks is prevented, then downstream bank 
formation will be reduced because eroded 
bank material is the building material for 
new banks.  The natural environmental 
processes of the stream and the watershed 
are diminished when the shifting mosaic of 
old habitat, new formation habitat, and 
mature habitat areas are not present. 
 
There are situations where limited stream bank stabilization and their environmental conse-
quences are viewed as necessary for society.  Those situations occur when the consequences of 
not intervening would be the loss of infrastructure.  When, for example, a stream course change 
risks the function and stability of an important bridge a protection measure would be imple-
mented, in most cases.  Without that protective action the benefits of the structure and the finan-
cial investment to construct it would be lost.  The result is a tradeoff between socio-economic 
benefits and environmental impacts.  
 
Implementation of stream bank stabilization should be carefully planned and implemented, 
whether by individuals or local, state, or Federal agencies or by Watershed Restoration and Pro-
tection Strategy (WRAPS) groups.  Visual signs of an eroding stream bank do not inherently im-
ply man-made stream impacts.  Stabilization measures should be applied only in response to in-
stream, manmade impacts.  In many cases land use changes in the watershed (such as urbaniza-
tion or agricultural practices) will increase runoff rates and upland erosion.  Consequently the 
upland changes will tend to result in accelerated stream bank erosion.  However, stream bank 
erosion is only a symptom of the greater runoff rate.  The most appropriate and effective re-
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sponse would be the application of best management practices at the site of the land use changes 
or between the land use changes and the nearest waterway.  When land use changes cause a 
higher rate of runoff the collector streams will gain a higher level of power.  Attempts to stabilize 
a stream bank at one location will shift the stream power (and erosion) to another location – pos-
sibly another landowner.   
 
(Note: No previous studies were identified that evaluated stream bank erosion rates in the El Do-
rado Lake watershed, and stream bank erosion rates were not included in the watershed man-
agement plan evaluations.) 
 
     (iii)  Ecosystem Opportunities Related to Cattle Management Practices.  The grazing of 
cattle in the watershed contributes to stream and reservoir pollutants.  Many direct and indirect 
aspects of cattle operations affect the watershed.  Over grazing on pasture and range lands con-
tributes to faster rainfall runoff and consequently more soil erosion.  Grazing of cattle within ri-
parian corridors frequently removes all lower canopy grasses and leafy vegetation.  Routine over 
wintering in riparian areas denudes the lower canopy during times of the year when rainfall and 
runoff are greatest.  Cattle allowed to water near and directly in streams create other problems. 
Cattle trails to streams increases the rates of riparian erosion; and cattle wastes are carried by 
runoff directly into streams and lakes used for water supply storage.  Runoff also carries many 
other constituents into area streams.  Many are natural occurrences, such as phosphorus, nitro-
gen, and sediments.  And many are applied for agricultural purposes, also phosphorus and nitro-
gen; and herbicides, and pesticides.  None of these observations are new and each has been rec-
ognized and documented over many years.  Yet, the impacts remain. 
 
There are several long term Federal and state resource agency programs available to assist land-
owners in changing management practices and to remedy past impacts.  Federal and state funds 
are available on an annual basis.  Unfortunately, there are funds which are not utilized in the El 
Dorado Lake watershed — the result of fewer applicants than could be assisted by available 
funds.  In the absence of a watershed regulatory program, the options to reduce the environ-
mental damages from cattle operations are limited.  One approach is to provide further informa-
tion explaining the environmental impacts of cattle operations.  A second approach is to offer 
landowners financial incentives sufficient to induce participation in existing programs.  The 
Kansas River and Stream Corridor Management Guide briefly discusses the problems of riparian 
grazing and the benefits of strategically placed livestock water supplies. 
 
Programs that would support the following management practices are recommended: 
• Fencing to exclude cattle from a continuous riparian corridor including a 120-foot grass filter 

strip. 
• Stock tanks for watering; or limited, fenced, stream access points. 
• Reduced cattle stock density. 
• Conservation of grazing lands. 
 
 
7.  Recommendation Summary.  The following recommendations are predicated on the find-
ings of the study team through site investigations, interagency and public coordination, and fore-
casts from the SWAT model.  Of these findings the greatest uncertainty is associated with the 
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model forecasts.  In particular, the model was calibrated for sedimentation transport, in part, us-
ing the original sediment design rates for El Dorado Lake.   
 
The design sediment rates were estimated during the preconstruction engineering of El Dorado 
Lake in the 1960’s.  Since construction the Corps has attempted to update the sedimentation rates 
for the flood control pool, the conservation pool, and the inactive pool by conducting sediment 
surveys in 1989, 2001, and during this study in 2004.  Also during this study an attempt was 
made to compare preconstruction topography to the 2004 sediment survey.  Unfortunately, the 
different methods among map production and sediment surveys did not result in useable area-
capacity comparisons or an update of the sedimentation rate.  The methodology used for the 
2004 bathymetric survey will, however, provide a high quality baseline for comparison to future 
sediment surveys.  
 
Additional data could be collected in the near term to update the sedimentation volume in El Do-
rado Lake and additional data would improve the soundness of forecasts using the SWAT model. 
  
The model forecasts can identify locations in the watershed where the application of manage-
ment measures (and funding) will most effectively return positive watershed benefits.  Of the 
data collection approaches discussed in this management plan, the more economical approaches 
to obtaining additional sedimentation data would be a sediment source evaluation and sediment 
cores.  A sediment source evaluation should include sufficient measurements of lake sediment 
depths to allow an estimation of total sedimentation volume and a projection of source contribu-
tions from uplands or channel erosion.  A sediment source determination would improve the reli-
ability of SWAT model existing condition evaluations and forecasts of management measure 
outputs.   A sediment source evaluation would include in-lake sediment cores.  In-lake core sam-
ples alone would provide valuable information about sediment depth that would improve the un-
derstanding of sedimentation rates and aid in the scheduling of a bathymetric resurvey. 
 
(Note: The state has recently participated in a sediment source study with the USGS for Perry 
Lake and the Wabaunsee Basins; and the KBS routinely acquires sediment cores for state lakes.) 
  
 
Obtaining additional sedimentation data for use in supplementing the SWAT model should be 
one of the highest priority efforts for El Dorado Lake watershed management. 
 
The prioritization of watershed management measures, as forecast through use of the SWAT 
model, may change from those presented in this management plan once the sedimentation rate is 
updated.  However, the priorities currently indicated can be used to guide the application of Fed-
eral and state resources in the watershed with a reasonable certainty of targeting the highest 
sediment load contributing areas.  Information (data) about the watershed is essential for the 
SWAT model.  As conditions changes within the watershed corresponding model data should be 
updated.  Information from the local NRCS and KSCC staff for prioritizing management meas-
ures is highly valuable, and at times will be critical for identifying implementable priorities.  The 
SWAT model is a valuable tool for the identification of problem areas and the evaluation of 
management measures within the watershed, but resource staff will know if landowners are in-
terested or willing to discuss the implementation of management measures. 
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Historically, there has been little need for prioritization of watershed restoration and protection 
measures sponsored by NRCS and KSCC in the El Dorado Lake watershed.  The number of ap-
plicants and total cost of applied measures has traditionally been less than the funding available 
to those programs.  A number of program issues and concerns were expressed by the public dur-
ing the study.  Those issues and concerns were most frequently related to misinformation and fi-
nancial incentives that were less than those perceived from agriculture profits.  Additional com-
munication and economic incentives appear to be the most viable approach to increase the num-
ber of applicants and the scope of participation in existing Federal and state conservation and 
restoration programs.  
 
From the Ecology Society of America, Issues in Ecology, Number 2 Spring 1997.   “Ecosystem 
services are generally greatly undervalued, for a number of reasons: many are not traded or val-
ued in the marketplace; many serve the public good rather than provide direct benefits to indi-
vidual landowners; private property owners often have no way to benefit financially from the 
ecosystem services supplied to society by their land; and, in fact, economic subsidies often en-
courage the conversion of such lands to other, market-valued activities. Thus, people whose ac-
tivities disrupt ecosystem services often do not pay directly for the cost of those lost services. 
Moreover, society often does not compensate landowners and others who do safeguard ecosys-
tem services for the economic benefits they lose by foregoing more lucrative but destructive land 
uses.  There is a critical need for policy measures that address these driving forces and embed the 
value of ecosystem services into decision making frameworks.”   
 
The economic cost required to protect existing watershed resources (those with a naturally func-
tioning environment) is very low when compared to the costs required to restore a similar set of 
degraded environmental functions.  The cost gap is largely caused by the low success rate of res-
toration efforts.  The low success rate is due to the complex interdependencies of ecosystem 
drivers and our imperfect understanding of the system.  The state of the science has improved, 
but even current restoration efforts rarely produce desired levels of ecosystem function.  Protec-
tion of steam, riparian corridor, and watershed ecosystem services (functions) is a high priority – 
certainly more economical and arguably a higher priority than restoration of similar services.    
 
The implementation of grass filter strips on El Dorado Lake project lands provides an opportu-
nity to reduce sedimentation from predominantly upland erosion.  Erosion from the lake area 
(SWAT model sub area #48) is modeled to contribute nearly 20% (19.5%) of the total sediment 
load entering the reservoir.  The issues that limit implementation opportunities are less restrictive 
for this area because the filter strips would be developed on Federal project lands managed for 
wildlife and park resources by the Kansas Department of Wildlife and Parks – as opposed to im-
plementation on private lands elsewhere in the watershed.  The potential for sediment reduction 
would be greater if grass filter strips and other conservation measures were also implemented up-
slope of project lands in model sub area 48.  Regulatory requirements prior to implementation 
would be directed by Corps staff located at the project office.  The primary limiting factor for 
developing grass buffers would be funding: Federal funding through O&M appropriations for 
environmental stewardship, state funding through the KDWP, and city or county funding.  Im-
plementation on Federal lands (with state agency support) would provide an good example to 
other stakeholders.  Implementation of grass filter strips by the Corps and KDWP on El Dorado 
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Lake project lands is a high priority for the reduction of sedimentation and the preservation of 
water supply storage and the aquatic environment.   
 
Implementation of grass filter strips and other conservation measures by the NRCS, KSCC, But-
ler County, and the City of El Dorado upslope of El Dorado Lake project lands is a high priority 
for the reduction of sedimentation and the preservation of water supply storage and the aquatic 
environment. 
 
Implementation of best management practices, such as grass filter strips to intercept runoff from 
row crops and lands used for grazing would reduce the amounts of sediments, nutrients, herbi-
cides and pesticides carried by streams in the watershed.  Environmental improvements would 
begin immediately downstream of points in the watershed where the runoff of agrichemicals 
were reduced.  The improvements would extend downstream through the watershed (and further 
downstream) as other streams merged with the El Dorado Lake releases.  The nutrients such as 
phosphorus and nitrogen originating from applied chemicals and from animal wastes are trans-
ported by runoff and stream flow.  A portion of these and other nutrients are trapped with sedi-
ments deposited in El Dorado Lake.  The state TMDL for eutrophication includes some of the 
desired implementation activities.  Implementation of best management practices listed in the eu-
trophication TMDL, including but not limited to the following is a high priority for improving El 
Dorado Lake conditions:  
• Implement soil sampling to recommend appropriate fertilizer applications on cropland. 
• Maintain conservation tillage and contour farming to minimize cropland erosion. 
• Install grass buffer strips along streams. 
• Reduce activities within riparian areas. 
• Implement nutrient management plans to manage manure application to land. 
 
 
Attachments: 
 
Walnut River Basin/El Dorado Lake Watershed Map 
El Dorado Lake Watershed Map 
El Dorado Lake Watershed – Sub Area 48 Identification 
Appendix A – Bathymetric Survey 
Appendix B – The SWAT 
Appendix C – TMDLs 
Appendix D – The Environmental Setting 
Appendix E – Shoreline Erosion Restoration Opportunity 
Appendix F – Upper Reservoir Arm Dredging 
Appendix G – Institutional Opportunity – Dredging 
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APPENDIX A 
 

BATHYMETRIC SURVEY 



 



Errata 
 

• Discussion of Lake History and Pertinent Information begins on page 5.  On page 
8 the discussion indicates that a majority of the rural lands in the watershed are 
devoted to agricultural purposes.  The statement was composed from Corps 
documents examined by the OWRB in preparation of the hydrographic survey 
report.  This statement is accurate if the land use category of grasslands is 
included as part of the agricultural characterization.  However the statement also 
refers to specific crop production, such as grains which might suggest to a reader 
that the majority of the rural lands are in crop production – which is not the case.  
A more accurate representation of land use is presented in Appendix B where the 
categories of Pasture/Hay, Row Crops, and Small Grains represent about 26 
thousand acres compared to the total watershed area of about 157 thousand acres.  
The Grasslands/Hervaceous (Range) category, available for grazing, represents 
about 114 thousand acres in the watershed.   
 

• The drainage area above El Dorado dam referenced in the report, such as on page 
9, indicates 234 square miles.  The drainage area is currently estimated to be 245 
square miles. 
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EL DORADO LAKE HYDROGRAPHIC SURVEY REPORT 

aphic survey of El 
e study was to 

ation into an area-
tion produced 

 the 
nservation pool for future surveys.  The United States Army Corps of Engineers 

 reported as NGVD 

s River in 
 A general 
e 1.  The facility 

ter supply, fish and 
ent owns the dam, and the 

operation and regulation of the facility is the responsibility of the USACE, Tulsa District.  
er flood protection project at Winfield, 

ith Cheney Lake on the Ninnescah 
 El Dorado Lake is also operated for 

t of the Arkansas River System. 

tion.  Public Law 
2, 89th Congress 1st Session recommended that El Dorado Lake be a 

ice spillway with flood 
ewer occurrences of 

o.  Work began 
am, spillway, 

and outlet works construction started in October 1975.  Diversion began in October 
1979.  Final storage began in June 1981 and the conservation pool filled in February 
1985 (USACE, 2001).   
 
El Dorado Lake is located in the Osage Plains section of the Central Lowlands 
physiologic province, which features native grasses, sumac, buckbrush, and other 
shrubs. The lake provides many attractive areas for water-oriented activities such as 
camping, picnicking, swimming, fishing, boating, and hunting. Four recreational areas  

 

INTRODUCTION 
 
The Oklahoma Water Resources Board (OWRB) conducted a hydrogr
Dorado Lake from November to December in 2004.  The purpose of th
collect hydrographic data of El Dorado Lake and convert this inform
elevation-volume table at the conservation pool elevation.  The informa
will serve as a base to establish the location and rate of sedimentation in
co
(USACE) reservoir elevation gauge at El Dorado Dam is reported in National Geodetic 
Vertical Datum 29 (NGVD 29).  All vertical elevations referenced are
29. 
 
El Dorado Lake is located on the Walnut River, a tributary of the Arkansa
Butler County, approximately two miles northeast of El Dorado, Kansas. 
location map of El Dorado Lake is shown on the following page as Figur
is multipurpose with the major uses of flood control, water quality, wa
wildlife management and recreation.  The U.S. Governm

This project is operated in conjunction with the oth
Kansas for the Walnut River and in conjunction w
River and Kaw Lake on the Arkansas River. 
optimal flood control benefits as par
 

LAKE HISTORY AND PERTINENT INFORMATION 

Background 

The Flood Control Act of 1965 authorized El Dorado Lake for construc
No. 89-298, HD 23
multipurpose project.  The structure was altered to a limited-serv
control conduit during planning and design.  This design allows for f
large releases and flood protection to the downstream City of El Dorad
on the project buildings, access roads and overlook in October 1973.  D
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Figure 1: Location Map for El Dorado Lake. 
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are located near the lake: Walnut River, Boulder Bluff, Shady Creek Par
Point.  The Lost Lake area was intended for future development but wa
the wildlife management area.  Facilities including surfaced roads, pa
ramps, camping and picnicking units, sanitation, and potable water at the four public 

k, and Bluestem 
s absorbed into 

rking areas, boat 

areas are operated and maintained by the Kansas Department of Wildlife and Parks 

iver, Bemis 

 and flat valley, 

 devoted to 
in sorghum, 

and cotton.  The USACE granted responsibility to the KDWP to 
manage the fisheries and wildlife resources of the area. There are approximately 6,000 

d approximately 2,000 acres are within the 
or recreation 

Water Supply 

or 142,900 ac-ft 
e includes 

levant details 
us core with 
 erosion 

ons: main 
 combined 
 of the dam is at 

right abutment dike is approximately 32 ft wide and 3,450 ft in length.  The left abutment 
pproximately 

 a crest width of 
rvious material, 

while the downstream slope is random fill with native grasses on the downstream and 
upstream slopes.  The left abutment dike to the end of the dam has a crest width of 32 
ft.  This area is constructed of random fill material vegetated with native grasses on the 
crest, downstream, and upstream slopes.   

 
The earthen emergency spillway is an uncontrolled chute type excavated through the 
left abutment approximately 2 miles east of the river channel.  The structure has a width 
of 350 ft and a crest elevation of 1353.0 ft and is protected by a 15-foot-wide concrete 

(KDWP) (USACE, 2005). 
 
Tributaries of El Dorado Lake include the East Branch of the Walnut R
Creek, Satchel Creek, Cole Creek, and Durechen Creek.  The East Branch of the 
Walnut River, the major tributary to El Dorado Lake, flows in an open
which carves steep and narrow areas along the valley walls. 
 
A majority of the rural lands in the drainage basin of El Dorado Lake are
agricultural purposes, primarily for crop production of wheat, alfalfa, gra
corn, soybeans, 

acres of land available for public hunting an
state park Figure 2.  Approximately 4,000 acres are developed as park 
areas (KDWP, 2005). 

The City of El Dorado holds a contract with the USACE, Tulsa District f
of storage from the conservation pool of the lake.  Conservation storag
33.450 ac-ft for water quality control (USACE, 2001). 

Outlet Works 

El Dorado dam is a rolled earth fill structure.  Table 1 lists some of the re
of the dam and outlet works.  The earthen embankment has an impervio
rock-protected upstream slopes and native grass downstream slopes for
control.  The embankment including the spillway consists of three secti
embankment, right abutment dike, and left abutment dike, which have a
length of 20,850 ft.  The main embankment is 10,100 ft long and the top
elevation 1370.5 ft, resulting in a maximum height above streambed of about 99 ft.  The 

dike is approximately 7,300 ft in length, which includes the spillway.  A
3,200 ft of the left abutment dike from main embankment to spillway has
32 ft.  The left, right abutment dike and upstream dikes consist of impe
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sill.  The emergency spillway channel discharges into Bird Creek, a tributary of the 
Walnut River.  

rado Pertinent Data. 

Owner of El Dorado Dam and Facilities 

 
Table 1: El Dorado Dam and El Do

 United State of America 
 
Operator of El Dorado Dam and Facilities 
 U.S. Army Corps of Engineers, Tulsa District 
 
Engineer 
 U.S. Army Corps of Engineers (Design) 
 
Location 
 rkansas River in Butler County, On Walnut River, a tributary of the A
 approximately two miles northeast of El Dorado, Kansas. 
 
Drainage Area 
 234 square miles (Above El Dorado dam site) 
 
Embankment 
  Walnut River, river mile 114.7 Location  
 Type   Earthfill 
 Length   20,850 ft (including spillway) 
 Elevation   1370.5 ft 
 Maximum ight   99.0He  ft 
 Elevation of streambed  1271.5 ft 
 
Right Abutment Dike 
 Type   Earthfill 
 Height   20 ft 
 Length   3,450 ft 
 Top Elevation   1370.5 ft 
 Crest Width   32 ft 
 
Left Abutment Dike 
 Type   Earthfill 
   20 ft Height 
 Length   7,300 ft 
 Top Elevation   1370.5 ft 
 Crest Width   32 ft 
 
Spillway 
 Location   Left Abutment 
 Type   Uncontrolled broad-crested weir  
 Net overflow length   350 ft 
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 Crest Elevation   1353.0 ft 
 
 
Outlet Works 
   Concrete oblong conduit Type 
 Inlet invert ele atio  v n  1279.0 ft 
 Outlet invert elevation  1275.0 ft 
 Size   11.5 foot wide by 15.75 foot high 
   Hydraulic wheel Control gates 
  
 sluice Type   Rectangular 
 Entrance invert elevation  1302.0 ft 
 Multilevel intake elevaton  1290.5, 1309.0, and 1327.0 ft 
 Number and Size of outlets 1 – 2’ x 3’ 
  Control Slide gates 
  
 Type Wat  1 er supply outlet 
 Size   36-in diameter pipe (intake from wet well) 
 Invert elevation  1274.0 ft (due to wet well intake lowest usable 

elevation is 1290.5) 
 Control  Slide gate 
 
The outlet works consist of a 15.75 ft by 11.5 ft reinforced concrete c
the main embankment.   The inlet is at invert elevation 1279.0 ft, an

onduit located in 
d the outlet is at 

invert elevation 1275.0 ft.  The conduit discharges directly into a concrete stilling basin 
proximately 1,000 

n two 5.5 ft by 
h at invert 

releases from the wet well, a 2x3-ft gated conduit in the splitter pier is used. 

ion 1274.0 ft.  
kes.  This pipe is 

 City of El Dorado 

Lake Design Specifications 

From the original design for El Dorado Lake at conservation pool 1339.0 ft indicated a 
surface area of 8,000 acres and a cumulative capacity of 154,100 ac-ft with a drainage 
area of 234 square miles.  The top of the inactive pool at elevation 1296.0 ft had a 
surface area of 420 acres and a capacity of 2,900 ac-ft.  The top of the flood control 
pool at elevation 1347.5 ft indicated a surface area of 10,740 acres and a cumulative 
storage of 236,200 ac-ft (USACE, 1969).   

that is connected to the downstream river by a riprap lined channel ap
ft in length. Hydraulic service and emergency wheel gates are installed i
15.75 ft passageways.  Dual wet wells with three 3x4-ft slide gates in eac
elevation 1290.5, 1309.0, and 1327.0 ft make up the intake structure.  For low flow 

 
A 36-inch pipe with an intake from the wet well constitutes the water supply facilities.  
The 36-inch water supply pipe has a slide gate operated at invert elevat
However, the lowest usable elevation is 1290.5 due to the wet well inta
located under the conduit through the embankment and links into the
water supply line downstream. 
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Based on the 1989 sedimentation survey data, El Dorado Lake had an ar
acres and a capacity of 161,930 ac-ft at the top of conservation pool ele
Conservation storage, between elevations 1296.0-1339.0 ft indicated a 
7,949 acres and a capacity of 159,950 ac-ft.  The top of the inactive po
1296.0 ft had a surface area of 451 acres an

ea of 8,400 
vation 1339.0 ft.  
surface area of 

ol at elevation 
d a capacity of 1,980 ac-ft.  The top of the 

flood pool at elevation 1347.5 ft indicated a surface area of 11,978 acres and a 

 area of 7,997 
ation pool 
1339.0 ft 

4,089 ac-ft.  The top of the 
e area of 420 acres and a capacity of 

on 1347.5 ft indicated a surface area of 

 cabin, powered 
used to conduct the 

cluded: a ruggedized notebook computer; Ocean Data Equipment Corporation 
 GPS and Geo XT 

l positioning 
ro Profiling 

ly to the 

 an efficient 
 of four successive 

he collected data, 
re-plotted transect 
ond along the lake 

with the positional data generated from the boat’s GPS receiver.  The daily data files 
collected are downloaded from the computer and brought to the office for editing after 
the survey is completed.  During editing, data “noise” is removed or corrected, and 
average depths are converted to elevation readings based on the daily-recorded lake 
level elevation on the day the survey was performed.  Accurate estimates of area-
capacity are determined for the lake by building a 3-D triangulated irregular network 
(TIN) model of the reservoir from the collected data.  The application of this new 
technology allows for accurate determinations of lake volume. 

cumulative capacity of 246,825 ac-ft (USACE, 2001).   
 
Published in the USACE 2001 report, El Dorado Lake had a cumulative
acres and a cumulative capacity of 157,050 ac-ft at the top of conserv
elevation 1339.0 ft.  Conservation storage, between elevations 1296.0-
indicated a surface area of 7,577 acres and a capacity of 15
inactive pool at elevation 1296.0 ft had a surfac
2,961 ac-ft.  The top of the flood pool at elevati
10,740 acres and a cumulative capacity of 236,264 ac-ft (USACE, 2001). 

HYDROGRAPHIC SURVEYING PROCEDURES 

Surveying Technology 

The Hydro-survey vessel was an 18-ft aluminum Silverstreak hull with
by a single 115-Horsepower Mercury outboard motor.  Equipment 
survey in
(ODEC) Bathy 1500 Echo Sounder; Trimble Navigation, Inc. Pro XR
Wide Area Augmentation System (WAAS) receiver with differential globa
system (DGPS) correction; and an Odom Hydrographics, Inc, DIGIBAR-P
Sound Velocimeter.  A 12V battery and inverter provided the power supp
equipment.   
 
The echo sounder, GPS, and survey vessel were integrated to provide
hydrographic surveying system.  The hydrographic survey consisted
procedures.  These include setup, field surveying, post-processing of t
and GIS application.  As the boat travels across the lake surface on p
lines, the echo sounder gathers approximately eight readings per sec
bottom.  The depth readings are stored on the survey vessel’s on-board computer along 
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Pre-survey Technology 

from digital ortho 
 Two sources of 

NRCS) color 
olor DOQQs 
el on the photo 

o dates were compared to the 
USACE lake level web site to verify the lake elevation on that date (USACE, 2004).  The 

s the data and lake 
en each quar ad was taken for the 2003 data. 

ua r sed for Creating Lake Boundary File. 

Boundary File 
 
The El Dorado Lake boundary file was created by on-screen digitizing 
quarter-quadrangles (DOQQs), which are rectified aerial photography. 
DOQQs were used. The 2003 Natural Resources Conservation Service (
DOQQs and the 2000 NRCS black and white DOQQs. The 2003 NRCS c
had eight quarter-quads that covered the extent of the lake.  The lake lev
date ranged between 1338.96-1338.93 ft.  The phot

normal pool elevation of El Dorado Lake is 1339.0 ft.  Table 2 show
elevation wh
 

ter-qu

Table 2: Digital Ortho Q rter-Quad angles U

2003 DOQQs # Date Elevation (ft) 
n3709602_ne2_2003070 1338.93 4.tif 20030704 
n3709602_se2_20030704 1338.93 .tif 20030704 
n3709602_sw2_2003070 1338.96 3.tif 20030703 
n3709603_nw2_20030704.tif 20030704 1338.93 
n3709603_sw2_20030704.tif 20030704 1338.93 
n3709610_ne2_20030704.tif 20030704 1338.93 
n3709610_nw2_20030703.tif 20030703 1338.96 
n3709611_nw2_20030704.tif 20030704 1338.93 
 
The 2003 DOQQs were used for the digitizing because the lake level wa
normal pool elevation of 1339.0 ft, and the 2000 DOQQs photo dates 

s closest to the 
and lake level 

t the photos were 
ult to determine 

nd vegetation. 
 from other 
of shoreline that 

n was needed. 

The digitized boundary of El Dorado Lake was produced from the DOQQ of Butler 
County, Kansas at a scale of 1:1,500.  The reservoir boundary was digitized in State 
Plane Coordinates (Kansas South).  USGS Digital Raster Graphs (DRG) 1:24K were 
used to determine the lake/stream confluence.  The 1340.0 ft elevation contour was 
used on all inlets except for Bemis Creek and Shady Creek where insufficient elevation 
data existed to determine the confluence locations.  The decision was made to place 
the Bemis Creek and Shady Creek cutoffs at the East edge of Section 26, Township 
25S, Range 06E. 
 

elevations are unknown.  The limitation with the 2003 DOQQs is tha
taken in the summer during leaf-on conditions.  This can make it diffic
the exact location of the shoreline where there are overhanging trees a
The advantage of the color photos is that water can easily be separated
features.  The 2000 DOQQs were used as a reference to digitize areas 
were covered with vegetation and when additional shoreline verificatio
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Setup 

meters, import 
c parameters 
istance units 

 the project as .tif 
quired for the 
e at 500-ft 

roject not including 
f the lake transects. 

lake area (USACE, 
r the sediment and degradation lines was 

imported into ARC GIS to create a point coverage (USACE, 1989).  The data points for 
ned lines. 

The procedures followed by the OWRB during the hydrographic survey adhere to 
USACE standards (USACE, 2002).  The quality control and quality assurance 

processing, and 

 
 Sounder with a 

ound 
 in the speed of 
t influence the 

account.   

epth mark to 
en raised to as 

depth just above the lake bottom, and finally was raised again to the surface.  The unit 
 on both the 

erroneous 
curred they were edited out of the sample, and an averaged speed of 

sound was produced from the final readings.  The averaged speed of sound was 
entered into the Bathy 1500 echo sounder.  The depth was then checked manually with 
a weighted measuring tape to ensure that the echo sounder was properly calibrated and 
operating correctly.   
 
The average speed of sound in the water column ranged from 4,674 ft/sec to 4,825 
ft/sec during the El Dorado Lake survey.  The sound velocity profiles for each date are 
shown in Appendix B. 

 
HYPACK software from Hypack Inc. was used to assign geodetic para
background files, and create virtual track lines (transects).  The geodeti
assigned were State Plane NAD 83 Zone KS-1502 Kansas South and d
and depth as US Survey Feet.  The color DOQQs were imported into
images.  The survey transects were spaced according to the accuracy re
project.  The survey transects within the digitized reservoir boundary wer
increments and ran perpendicular to the original stream channels and tributaries.  
Approximately 165 virtual transects were created for the El Dorado p
channel track lines, which were created after the initial surveying o
 
Twenty-nine sediment ranges are established in and above the 
1981).  The X, Y location information fo

the sediment ranges were then imported into Hypack to create plan

Surveying Methods 

procedures for equipment calibration and operation, field survey, data 
accuracy standards are presented in the following sections.  
 

Equipment Calibration and Operation 

While on board the Hydro-survey vessel, the ODEC Bathy 1500 Echo
depth resolution of 0.1 ft was calibrated using A DIGIBAR-Pro Profiling S
Velocimeter, by Odom Hydrographics.  The unit measures the variation
sound at different depths throughout the water column.  The factors tha
speed of sound: depth, temperature, and salinity, are all taken into 
 
The method involved lowering the probe in the water to the calibration d
allow for acclimation and calibration of the depth sensor.  The unit was th
close to the water’s surface as possible, gradually lowered at a controlled speed to a 

collected sound velocity measurements in ft/sec at one-ft increments
deployment and retrieval phases.  The data was then reviewed for any 
readings, if any oc
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A quality assurance cross-line check was undertaken on intersecting (cr
lake transect lines and channel track lines to verify compliance with 
accuracy (95%) of ±2.0 ft.  HYPACK Cross Statistics program was used 
vertical accuracy and confidence measures of acoustically recorded dep
program reads the cross-section profile data and longitudinal profile dat
intersection, and interpolates a depth from each input file (USACE, 200
cross-section the output file will list the horizontal intersection, the inte

oss-section) 
the resultant depth 

to assess 
ths.  The 

a, computes the 
2).  For each 

rpolated depths, 
eviation.  A total 
r estimates.   

.5 ft.  Biases are 
vational errors 
, tidal errors, or 
sent in the 
on.  Examples 

n, positioning 
uracy estimate 
n and 

 cross-line 
s.  The two estimates are then combined to compute the Root Mean 

Square (RMS) error.  The RMS error estimate is used to compare relative accuracies of 
estimates that differ substantially in bias and precision (USACE, 2002).   
 
A mean difference of -0.35 ft and a standard deviation of 0.69 ft were computed.  Using 
the following formulas,  
 

absolute difference in depth reading, mean difference, and standard d
of 126 cross-sections were used for statistical analysis to compute erro
 
The maximum allowable bias for general surveys and studies is ± 0
often referred to as systematic or external errors and may contain obser
(USACE, 2002).  Examples of bias include a bar check calibration error
erroneous squat corrections.  Random errors are the errors that are pre
measurement system that cannot be easily minimized by further calibrati
of random error include uneven bottom topography, bottom vegetatio
error, and speed of sound variation in the water column.  The depth acc
is determined from actual depth comparisons taken over the same terrai
computing the mean difference (MD) which are considered bias errors and the standard 
deviation (SD) which are considered random errors between single-beam
check comparison

nSDSE /=   
 

22 SEMDRMS +=   
 
 RMSaccuracydepthRMS ×= 96.1%)95(  
 
where: 
 SE  = standard error 
 SD  = standard deviation 
 n  = number of data points 
 RMS = root mean square error 
 MD = mean difference 
 
a 95% depth accuracy of ±0.70 ft was calculated.  To more precisely determine the 
mean, a larger sampling of observations would be required. 
 
The data plotted in Figure 3 illustrates that the measurements have high precision, high 
repeatability, and high absolute accuracy.  It must be noted that high precision or 
repeatability does not necessarily indicate high accuracy.  Tightly scattered data may be 
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highly accurate, whereas highly repeatable data could have large und
(USACE, 2002).  These error estimates likely represent the outer lim
error.  This would be due to the bias included by the data set: the ma
sections occurred within creek channels, where the sharpest changes
likely the greatest poss

etected biases 
its of the survey 
jority of cross-
 in depth and 

ibility of error exist.  Were there a higher percentage of data 
collected from cross-sections away from the creek channels the error estimate would 
likely be less than reported.   
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f relative depth distribution, in standard deviations, at cross-line 

r squat.  Squat is 
 Squat corrections 

are considered positive due to the transducer depressing into the water at acceleration.  
The estimated error for squat was +0.25 ft.  When combined, the two factors give a 
range of -0.43 to +0.93 ft.   
 
The GPS system is an advanced high performance geographic data-acquisition tool that 
uses DGPS to provide sub-meter positional accuracy on a second-by-second basis.  
Potential errors are reduced with differential GPS because additional data from a 
reference GPS receiver at a known position are used to correct positions obtained 

Figure 3: Histogram o
intersections. 

 
In addition to depth accuracy estimate, error was also estimated fo
defined as the change in vessel trim as it moves through the water. 
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during the survey.  Before the survey, Trimble’s Pathfinder Controller so
to configure the GPS receiver.  To maximize the accuracy of the horizon
the horizontal mask setting was set to 15 degrees and the Position Dilut
(PDOP) limit was set to six.  The position interval was set to one secon
to Noise Ratio (SNR) mask to four. The United States Coast Gua
station used in the El Dorado survey is located near Kansas City, Miss
reference beacon system transmitted corrected signals in real tim

ftware was used 
tal positioning, 
ion of Precision 

d and the Signal 
rd (USCG) reference 

ouri.  The 
e, so no post-
d DGPS positions 

rogram. 

med using 
301556), NAD 83.  

irectly on the monument 
are averaged, 

nt.  The X, Y 
. 

ween the GPS and 
ing delay was determined by running reciprocal 

survey lines over a channel bank.  The raw data files were downloaded into HYPACK, 
LATENCY TEST program.  The program varies the time delay to determine the “best fit” 

ts were 

Field Survey 

December 2004.  
m 1338.23 ft on 
Lake levels on 

ove area, and 
transect lines 

eas.  Shoreline 

offshore where applicable.  Areas with depths less than the minimum depth limit of the 
boat were avoided.  Once the entire lake had been surveyed, Hypack software was 
used to view the collected data and determine the location of the thalweg for each 
creek. Channel track lines for East Branch of Walnut River, Bemis, Satchel, Durechen, 
and Cole Creek channels were then created and surveyed.  The addition of this method 
allowed for the best delineation of the creek channels. If data were collected on 500-ft 
increment transects alone, this critical detail would be missing. 
 
 
 
 

processing corrections of position data were needed.  The collecte
were converted to state-plane coordinate system using the HYPACK p
 
At the end of the survey, a position verification of the GPS was perfor
monument HF1195 – BOYER AZ MK 2 (-96.9009410472, 37.7956
Both the Trimble ProXR and GeoXT unit were positioned d
while collecting Latitude and Longitude coordinates.  When the points 
they were within 2.51 ft (ProXR) and 4.45 ft (GeoXT) of the monume
coordinates and map of the GPS monument are shown in Appendix A
 
A latency test was performed to determine the fixed delay time bet
s ngle beam echo sounder.  The timi

setting.  A position latency of 0.80 seconds was produced and adjustmen
applied to the raw data in the EDIT program. 

 

 
Data collection for El Dorado Lake occurred from late October to early 
The water level elevations during the data collection process varied fro
October 27, 2004 to 1339.0 ft on December 13, 2004 (USACE, 2004).  
sampled dates are shown in Table 3. 
 
Data collection began in the Bluestem Cove area, then the El Dorado C
finally in the main body of the reservoir.  Data were collected on parallel 
on 500 ft intervals that ran perpendicular to the streambed and cove ar
data were collected in two or three ft of water depth (or as close as the boat allows) 
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Table 3:  n a Summary of Lake Elevatio s during Dat  Collection. 

Date Elevation (ft) 
0800 hours 

Elevation (ft) 
1200 hours 

Elevation (ft) Elevation (ft) Averaged 
1400 hours 1600 hours (ft) 

10/27/04 8.23 338.2 133  1338.23  133 1 3 8.23 1338.24
11/04/04 8.35 338.3 133  1338.35  133 1 6 8.35 1338.35
11/05/04 8.34 338.3 133  1338.32  133 1 1 8.32 1338.32
11/08/04 8.34 338.3 133  1338.32  133 1 2 8.32 1338.32
11/09/04 8.31 338.3 133  1338.31  133 1 0 8.30 1338.31
11/10/04 8.29 338.3 133  1338.36  133 1 6 8.39 1338.40
11/17/04 8.44 338.4 133  1338.46  133 1 6 8.46 1338.46
11/18/04 8.46 338.4 133  1338.46  133 1 6 8.46 1338.46
11/19/04 8.46 338.4 133  1338.46  133 1 6 8.46 1338.46
12/01/04 8.88 338.8 133  1338.88  133 1 8 8.88 1338.88
12/02/04 8.89 338.8 133  1338.89  133 1 9 8.89 1338.88
12/03/04 8.89 338.8 133  1338.88  133 1 7 8.89 1338.88
12/06/04 8.94 338.9 133  1338.95  133 1 4 8.95 1338.95
12/07/04 1338.96 1338.96 1338.97 1338.96 1338.96 
12/08/04 1338.98 1338.95 1338.96 1338.97 1338.97 
12/13/04 1338.99 1339.00 1339.00 1339.00 1339.00 
12/14/04 1338.98 1338.98 1338.98 1338.98 1338.98 

 
The crew was able to collect data on 149 of the 165 pre-plotted transect
the pre-plotted transects and channel track lines approximately 2,657,7
were collected while traversing a total of 317 US nautical miles.  The da
stored on the boat’s computer in 632 data files.  Approximately 22 of th
sedimentation range lines

 lines.  For both 
02 data points 
ta points were 

e 29 
 were located within the lake boundary.  Range lines located 

outside of the lake boundary were not surveyed.  From the sedimentation benchmark 
 the correct area 

ere surveyed 
 Bemis, Satchel, 

nt range lines 
ediment range 

Due to narrow channels and stumps in the backwater areas of the East Branch of the 
Walnut River, data lines were recorded in a zigzag pattern.  This method is a way to 
record data when maneuverability is low.  Data was collected in the Bemis, Satchel, 
Durechen and Cole creek arms until the boat could no longer navigate in the shallow 
waters.  Very little data was collected past where State Highway 177 crosses the Bemis 
and Satchel creek arms due to shallow conditions.  A large sandbar was observed in 
Durechen and Cole Cove areas of the lake, which resulted in very little data being 
collected in the uppermost reaches.  Large numbers of stumps were encountered 

coordinates provided, it was noted that line SR-27A was not located in
of the lake (USACE, 1989).  Only 18 of the 22 sediment range lines w
because of the shallow conditions existing in the upper reaches of the
and Durechen Creek arms of the lake.  A map showing historical sedime
in reference to collected data points, and the x, y coordinates for the s
lines is provided in Appendix E. 
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throughout the survey.  Shallow underwater hazards such as old roads were 
encountered off of Bluestem, El Dorado, and Chelsea Point. 
 

the OWRB computer 

e EDIT 
 transducer 

file, and review/edit 
inaccurate or absent 

re interpolated to be congruent with adjacent accurate 

s lake, 

 
ertical were 
  The speed of 
d Velocimeter.   

 the data collection process varied from 1338.23 ft on 
October 27, 2004 to 1339.0 ft on December 13, 2004 according to the USACE gauge 

ced to account for 
ed.  Within the EDIT 
 the elevation reading 

 the data is 
am in 

t file.  The 
ent on the CD 

esktop and 
arch Institute (ESRI).  
ordinate System 

referenced to the North American Datum 1983. Horizontal and vertical units are in feet. 
The edited data points in XYZ text file format were converted into ArcInfo point 
coverage format.  The point coverage contains the X and Y horizontal coordinates and 
the elevation and depth values associated with each collected point. 
 
Volumetric and area calculations were derived using a TIN surface model. The TIN 
model was created in ArcInfo, using the collected survey data points and the lake 
boundary inputs. The TIN consists of connected data points that form a network of 

Data Processing 
 
The collected data was downloaded from the field computer onto 
network and data burned to a CD as a permanent record.  After downloading the data, 
each raw data file was reviewed for accuracy and completeness using th
program within HYPACK.  The EDIT program allows the user to assign
offsets, latency corrections, tide corrections, display the raw data pro
all raw X, Y, and Z information.  Collected data points that have 
depth or positional information a
points or deleted completely.  Due to the echo sounder signal reflecting off the first 
object detected, such as the large number of stumps encountered in thi
anomalous readings can be produced.   

Offset correction values of 3.2 ft. starboard, 6.6 ft. forward, and 1.4 ft. v
applied to all raw data along with a latency correction factor of 0.80 sec.
sound readings, are documented in Appendix B from the Profiling Soun
 
Fluctuations in lake levels during

data.  Using HYPACK, TIDES program, a tide correction file is produ
the variance in lake elevation at the time in which data was collect
program, the corrected depth mentioned earlier is subtracted from
to convert the depth in ft to an elevation. 
 
After editing the data for errors and correcting the spatial attributes (offsets and tide 
corrections), a data reduction scheme is needed.  To accomplish this
resampled spatially at a ten-ft interval using the Sounding Selection progr
HYPACK.  The resultant data was saved and exported out as a xyz.tx
HYPACK data file for El Dorado Lake is located at the end of the docum
entitled El Dorado HYPACK/GIS Metadata. 
 
Geographic Information System (GIS) software was used to process the edited XYZ 
data collected from the survey. The GIS software used was ArcGIS D
ArcInfo Workstation, version 8.3, from Environmental System Rese
All of the GIS datasets created are in Kansas State Plane South Co
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triangles representing the bottom surface of the lake.  Approximately 1
points were used to create the TIN model.  The lake volume was ca
the TIN horizontal

44,615 data 
lculated by slicing 

ly into planes 0.1 ft thick. The volume and area of each slice are 

 digital elevation 
mmand and 
ooth the grid 
rval using the 

d editing to allow for 
pology and to improve general smoothness of the lines. The contours were 

r intervals in 

sets derived from the survey contain Federal Geographic Data 
entation. The metadata describes the 

es and commands used to create the datasets.  The metadata file for El 
Dorado Lake is located at the end of the document on the CD entitled El Dorado 

rvey indicate El Dorado Lake encompasses 7,911 
of 158,630 ac-ft at the conservation pool 

voir boundary was 
 maximum depth 

ation pool 
o Lake was a 

ater at conservation 
pool elevation 1339.0 ft (USACE, 1969). 
 
OWRB performed a hydrographic survey of El Dorado Lake from October to December 
2004.  For the production of the DEM of El Dorado Lake’s bathymetry, a DGPS, echo 
sounder, and GIS were utilized.  The OWRB survey delineated 7,911 surface acres and 
a cumulative capacity of 158,630 ac-ft at conservation pool elevation 1339.0 ft.  The 
inactive pool below elevation 1296.0 ft had a capacity of 3,359 ac-ft. (Table 4). 
 
 
 
 

shown in Appendix C. 
 
Contours, depth ranges, and the shaded relief map were derived from a
model grid. This grid was created using the ArcInfo TOPOGRIDTOOL co
had a spatial resolution of 10 ft. A low pass 3x3 filter was run to lightly sm
to improve contour generation. The contours were created at a five-ft inte
ArcInfo LATTICECONTOUR command.  Some contour lines require
polygon to
then converted to a polygon coverage and attributed to show five-ft depth ranges across 
the lake.  The bathymetric map of the lake is shown with five-ft contou
Appendix D. 
 
All geographic data
Committee (FGDC) compliant metadata docum
procedur

HYPACK/GIS Metadata. 

RESULTS 
 
Results from the 2004 OWRB su
acres and contains a cumulative capacity 
elevation 1339.0 ft.  The shoreline calculated from the digitized reser
101 miles.  The average depth for El Dorado Lake was 19.95 ft with a
of 59.4 ft. 

SUMMARY AND COMPARISONS 
 
El Dorado Dam was completed in 1981 and impoundment of the conserv
started that same year.  Original design records indicate that El Dorad
8,000-acre lake and had a cumulative volume of 154,100 ac-ft of w
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Table 4: Reservoir Data from OWRB 2004 Survey. 

Feature Elevation (NGVD) Area (acres) Capacity (ac-ft)

Top of Conservation Pool  33 .0 7 158,630 1 9 911 

Conservation Storage 96.0-133  155,271 12 9.0 

Top of Inactive pool 1296.0 599 3,359 
 
USACE sedimentation data for the years 1969,1989, and 2001 was ob
compared to the 200

tained and 
4 data set for the purpose of area-capacity evaluation.  Table 5 

summarizes the combined data for the 1339.0 ft conservation pool elevation.  
ge line survey data 

are s x F. 
 

 Comp ns o rad  at C rvation Pool 
Elevation (1339.0 ft). 

SACE, 2001) 

ovement over previous 
survey endeavors and recommends that the same methodology be used in five years or 
after major flood events to monitor changes to the lake’s storage capacity.  The survey 
and computation methods utilized in the OWRB survey differ from those employed in 
the historical surveys.  When comparing area-capacity between the historical USACE 
original design and the OWRB hydrographic survey, the new capacity calculation of 
158,630 ac-ft will serve as a more accurate number for future comparisons. 

Comparison graphs of the 1981,1989, and 2004 sedimentation ran
hown in Appendi

Table 5: Area and Capacity ariso f El Do o Lake onse

SURVEY YEAR 
FEATURE  

* El Dorado Lake, Kansas 20 October 1993 Based on May 1989 Resurvey, (U
** Original Source of Data not Verified 

 
The OWRB considers the 2004 survey to be a significant impr

1969 
 

1989* 
  

2001** 2004 
    

7 
 

7,911 Area (acres) 8,000 8,400 7,99
 
Cumulative Volume (acre-feet) 

 
154,100 

 
161,930 

 
157,050 

 
158,630 
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Appendix A: GPS Monuments 
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Table A. 1: Colle , Y Co tes for GPS Verification Trimble Pro XR. cted X ordina

Iden ication #tif  Date Time X Y 
1 4/2 11:3 17 1727375.95 03/2 005 1:55 74346.33 
2 4/2 11:3 17 1727375.82 03/2 005 2:18 74346.33 
3 4/2 11:3 17 1727375.84 03/2 005 2:32 74346.54 
4 4/2 11:3 17 1727375.71 03/2 005 2:48 74346.48 
5 4/2 11:3 17 1727375.79 03/2 005 3:01 74346.53 
6 4/2 11:33 17 1727375.9 03/2 005 :15 74346.57 
7 4/2 11:3 17 1727375.98 03/2 005 3:29 74346.6 
8 4/2 11:3 17 1727375.83 03/2 005 3:41 74346.67 
9 4/2 11:3 17 1727375.77 03/2 005 3:53 74346.8 
10 4/2 11:3 17 1727375.88 03/2 005 4:04 74347.21 
11 4/2 11:34 17 1727376.14 03/2 005 :18 74347.41 
12 4/2 11:3 17 1727376.46 03/2 005 4:32 74347.31 
13 4/2 11:3 17 1727376.28 03/2 005 4:44 74347.4 
14 4/2 11:3 17 1727376 03/2 005 4:56 74347.28 
15 4/2 11:3 17 1727376.37 03/2 005 5:08 74347.4 
16 4/2 11:3 17 1727376.23 03/2 005 5:21 74347.23 
17 03/24/2005 11:35:33 1774347.24 1727376.09 
18 03/24/2005 11:35:47 1774347.01 1727376.03 
19 03/24/2005 11:35:58 1774347.17 1727375.99 
20 03/24/20 11:36:11 1774347.37 1727376.26 05 
21 03/24/20 11:31:55 1774346.33 1727375.95 05 

 
 
Tabl . 2: Coll  Co es fo ific ble Geo XT. e A ected X, Y ordinat r GPS Ver ation Trim

Iden ication #tif  Date Time X Y 
1 4/2 11:2 17 1727378.53 03/2 005 5:49 74344.76 
2 4/2 11:2 17 1727378.47 03/2 005 6:05 74344.87 
3 4/2 11:2 17 1727378.51 03/2 005 6:20 74344.92 
4 4/2 11:2 17 1727378.42 03/2 005 6:31 74344.94 
5 4/2 11:2 17 1727378.45 03/2 005 6:38 74345.06 
6 4/2 11:2 17 1727378.45 03/2 005 6:48 74345.05 
7 4/2 11:2 17 1727378.38 03/2 005 7:00 74345.24 
8 4/2 11:2 17 1727378.37 03/2 005 7:11 74345.38 
9 4/2 11:2 17 1727378.31 03/2 005 7:23 74345.5 
10 4/2 11:2 17 1727378.2 03/2 005 7:38 74345.05 
11 03/24/2005 11:27:51 1774345.34 1727378.23 
12 03/24/2005 11:28:03 1774344.69 1727378.15 
13 03/24/2005 11:28:16 1774344.72 1727378.11 
14 03/24/2005 11:28:30 1774344.87 1727378.13 
15 03/24/2005 11:28:46 1774344.92 1727378.43 
16 03/24/2005 11:28:57 1774344.94 1727378.3 
17 03/24/2005 11:29:22 1774345.43 1727378.19 
18 03/24/2005 11:29:27 1774345.45 1727378.18 
19 03/24/2005 11:29:29 1774345.51 1727378.07 
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Figure A. 1: Collected Data Points in Comparison to Monument Boyer AZ MK 2 (Latitude, 

Longitude -96.9009410472, 37.7956301556), NAD 83. 
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Appendix B: Sound Velocity Profiles 
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Table B. 1: Sound Velocity Profile Data for October and November 2004. 

D h (ft)ept  10/27/04 11/4/04 11/5/04 11/8/04 11/9/04 11/10/04 11/17/04 11/18/04 11/19/04

3           4802.79       
4 4774.21 4776.804836.91 4808.01 4804.69 4802.79 4797.80 4795.51 4771.29
5 4773.59 4776.804836.19 4808.01 4804.69 4802.40 4797.80 4795.51 4771.29
6 4773.59 4776.804834.91 4808.01 4804.69 4802.40 4797.80 4795.51 4771.29
7 4773.20 4776.804831.99 4808.01 4804.69 4802.40 4797.80 4795.51 4770.90
8 4773.20 4776.804829.00 4808.30 4804.69 4802.10 4797.80 4795.51 4771.29
9 4773.20 4776.804827.99 4808.30 4804.69 4802.40 4797.80 4795.51 4770.90
10 4773.20 4776.80 4826.12 4808.30 4804.69 4802.40 4797.80 4795.51 4770.90
11 4772.90 4776.80 4825.69 4808.30 4804.69 4802.40 4797.80 4795.90 4770.90
12 4772.60 4776.80 4825.10 4808.30 4804.69 4802.40 4797.80 4795.90 4770.90
13 4772.31 4776.80 4824.70 4808.30 4804.40 4802.40 4797.80 4795.90 4770.90
14 4772.31 4776.80 4824.41 4808.30 4804.40 4802.40 4798.20 4795.90 4770.90
15 4772.31 4776.80 4823.79 4808.30 4804.40 4802.79 4798.20 4795.90 4770.90
16 4772.31 4776.51 4823.79 4808.30 4804.40 4802.40 4798.20 4796.39 4770.60
17 4772.31 4776.21 4823.39 4808.30 4804.40 4802.40 4798.20 4796.39 4770.60
18 4772.31 4775.20 4823.39 4808.30 4804.40 4802.40 4798.20 4796.39 4770.01
19 4772.31 4774.61 4823.10 4808.30 4804.40 4802.79 4798.20 4796.39 4769.29
20 4772.31 4773.88 4823.10 4808.30 4804.40 4802.79 4798.20 4796.39 4769.00
21 4772.31 4773.59 4822.80 4808.69 4804.40 4802.79 4798.20 4796.39 4769.00
22 4771.92 4772.90 4822.80 4808.69 4804.40 4802.79 4798.20 4796.39 4768.60
23 4770.90 4772.31 4822.41 4808.69 4804.40 4802.79 4798.20 4796.39 4768.60
24 4769.59 4771.92 4822.41 4808.69 4804.40 4802.79 4798.20 4796.39 4768.60
25 4768.31 4771.29 4822.41 4808.69 4804.40 4802.79 4798.20 4796.39 4768.60
26 4767.68 4770.90 4822.41 4808.69 4804.40 4802.79 4798.20 4796.39 4768.31
27 4767.68 4770.01 4822.41 4808.69 4804.40 4802.79 4798.20 4796.78 4768.31
28 4767.68 4769.29 4822.41 4808.69 4804.40 4802.79 4798.49 4796.39 4768.31
29 4767.68 4768.60 4822.41 4808.69 4804.40 4802.79 4798.20 4796.39 4768.31
30 4767.68 4767.68 4822.11 4808.69 4804.40 4802.79 4798.20 4796.39 4768.01
31 4767.29 4765.39 4822.11 4808.69 4804.40 4802.79 4798.20 4796.39 4767.68
32 4767.29 4762.70 4822.11 4808.99 4804.40 4802.79 4798.20 4796.78 4767.29
33 4767.29 4760.10 4822.11 4808.99 4804.40 4802.79 4798.20 4796.39 4767.29
34 9 98 67 4766.99 4758.50 4822.11 4808.99 4804.40 4802.7 47 .49 4796.39 47 .29
35 9 98 67 4766.99 4758.10 4822.11 4808.99 4804.40 4802.7 47 .20 4796.39 47 .29
36 9 98 66 4766.99 4758.10 4822.11 4808.99 4804.40 4802.7 47 .20 4796.39 47 .99
37 4822.11 4808.99 4804.40 4802.79 4798.20 4796.39 4766.70 4766.70 4757.81
38 4822.11 4808.99 4804.40 4802.79 4798.20 4796.39 4766.70 4766.40 4757.51
39 4822.11 4808.99 4804.69 4802.79 4798.20 4796.39 4766.40 4766.40 4757.51
40 4822.11 4808.99 4804.40 4802.79 4798.20 4796.39 4766.40 4766.40 4757.51
41 4822.11 4808.99 4804.69 4802.40 4798.20 4796.39 4766.40 4765.72   
42 4822.11 4808.99 4804.69 4802.10     4766.01 4765.39   
43 4822.11 4808.99 4804.69 4802.10     4766.01 4765.39   
44 4822.11 4808.99 4804.69 4802.10     4766.01 4765.39   
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h (ft) 10/27/04 11/4/04 11/5/04 Dept 11/8/04 11/9/04 11/10/04 11/17 4/0 11/18/04 11/19/04

45 4802.10   66 4765.39   4822.11 4808.99 4804.69   47 .01
46 4802.10   66 4765.39   4822.11 4808.99 4804.69   47 .01
47 4802.10     4766 4764.99   4822.11 4808.99 4804.69 .01
48 4801.80     4766 4764.99   4822.11 4808.99 4804.69 .01
49 4801.80     4766     4822.41 4808.99 4804.69 .01
50 4801.80     4766     4822.41 4808.99 4804.69 .01
51 4808 9 4801.80     4765     4822.41 .9 4804.69 .72
52 4809 8 4801.80     4765     4822.41 .2 4804.69 .72
53   4801.80     4765     4822.41   .72
54     4801.80     4765       .72
55     4801.80     4765       .39
56       4801.80           
57       4801.80           
58    4801.80            

 
 
Table B. 2: Sound Velocity Profile Data for Decem er b 2004. 

D hept  (ft) 12/1/04 12/2/04 12/3/04 1 /02/6 4 12/7/04 12/8/04 12/13/04 12/14/04 

1     4675.00           
2   4694.69 4675.00           
3   4694.82 4674.41 4708.89   4718.21     
4 96.59 4694.82 4674.02 4709.19 4709.61 4718.01   4714.44 46
5 95.80 4694.82 4674.02 4709.19 4708.99 4717.09 4713.09 4714.44 46
6 94.29 4694.69 4674.02 4709.09 4708.89 4715.81 4713.29 4714.57 46
7 94.29 4694.69 4673.88 4709.09 4708.89 4714.80 4713.48 4714.57 46
8 94.49 4694.91 4673.88 4709.19 4708.79 4714.70 4713.48 4714.67 46
9 93.80 4695.01 4674.11 4709.19 4708.60 4714.99 4713.62 4714.67 46
10 94.39 4695.01  4673.88 4709.19 4708.60 4714.90 4713.62 4714.67 46
11 93.70 4694.91  4673.79 4709.19 4708.50 4714.70 4713.62 4714.67 46
12 67 93.60 4694.82 4 4.02 4709.19 4708.60 4714.70 4713.62 4714.67 46
13 67 93.70 4695.01 4 4.21 4708.79 4708.50 4714.70 4713.62 4714.67 46
14 67 .62 71 94.00 4695.11 4 4.41 4708.20 4708.50 4714.60 4713 4 4.67 46
15 67 .62 71 93.70 4695.11 4 4.61 4707.71 4708.40 4714.50 4713 4 4.67 46
16 67 .62 71 93.90 4695.01 4 4.70 4707.41 4708.30 4714.60 4713 4 4.73 46
17 4674.21 4706.79 4708.30 4714.60 4713.71 4714.73 4694.00 4695.21 
18 4674.80 4706.10 4707.91 4714.60 4713.71 4714.73 4694.19 4695.21 
19   4705.31 4706.99 4714.60 4713.71 4714.73 4694.29 4695.21 
20   4704.00 4706.69 4714.60 4713.81 4714.83 4694.19 4695.31 
21   4702.00 4706.50 4714.60 4713.81 4714.83 4694.91 4695.21 
22   4699.70 4706.10 4714.60 4713.81 4714.83   4695.01 
23   4696.69 4704.89 4714.60 4713.91 4714.83   4694.91 
24   4695.11 4704.79 4714.70 4713.91 4714.83   4694.82 
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Depth (ft) 12/1/04 12/2/04 12/3/04 12/6/04 12/7/04 12/8/04 12/13/04 12/14/04 

25 .81 71   4694.82   4694.49 4704.59 4714.70 4713 4 4.83
26   4694.4 .91 71   4694.82 9 4704.59 4714.70 4713 4 4.93
27     .91 71   4694.59 4703.61 4714.70 4713 4 4.93
28     .91 71   4694.59   4714.70 4713 4 4.93
29     .91 71   4694.49   4714.70 4713 4 4.93
30     .91 71   4694.59   4714.70 4713 4 5.03
31     .01 71   4694.59   4714.70 4714 4 5.03
32     .01 71   4694.39   4714.70 4714 4 5.03
33     .01 71   4694.29   4714.70 4714 4 5.03
34     .01 71   4694.29   4714.70 4714 4 5.03
35     .11 71   4694.39   4714.70 4714 4 5.03
36     .11 71   4694.39   4714.80 4714 4 5.03
37     .11 71   4694.39   4714.80 4714 4 5.12
38     .11 71   4694.39   4714.80 4714 4 5.12
39     .11 71   4694.39   4714.80 4714 4 5.12
40     .11 71   4694.39   4714.80 4714 4 5.22
41     .11 71   4694.39   4714.80 4714 4 5.22
42     .11 71   4694.39   4714.80 4714 4 5.22
43     0 14.21 71   4694.39   4714.9 47 4 5.22
44     0 14.21 71   4694.39   4714.9 47 4 5.32
45    0 14.21 71   4694.39   4714.9 47 4 5.32
46     0 14.21 71   4694.39   4714.9 47 4 5.32
47     0 14.30   4694.39   4714.9 47 4715.32
48     9 14.30     4694.39   4714.9 47
49     9 14.30     4694.39   4714.9 47
50       4714.99 4714.30     4694.39 
51       4714.99 4714.30     4694.39 
52       4714.99 4714.30     4694.49 
53       4715.09 4714.30       
54       4715.09 4714.30       
55       4715.19 4714.40       
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Figure B. 1: Sound Velocity Profiles for October 27 and November 4, 5, and 8, 2004. 
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Figure B. 2: Sound Velocity Profiles for November 9-10, 17-18, 2004. 
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Figure B. 3: Sound Velocity Profiles for November 19, and December 1-3, 2004. 
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Figure B. 4: Sound Velocity Profiles for December 6-8, and 13, 2004. 



 

Figure B. 5: Sound Velocity Profile for December 14, 2004. 
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Appendix C: Area-Capacity Data 
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Table C. 1: E foot Increments. l Dorado Lake Cumulative Area by 0.1-

EL DORADO RESERVOIR AREA TABLE 
Area in acres by tenth foot elevation increments 

2004 SURVEY 
OK AHOMA WATER RESOURCES BOARD L

           

ELEVATION           

(ft NGVD) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
1279   0.001 0.003      0 

1280 0  3 0.5 0 2.0 2.6 .1 0.2 0.2 0.  .6 0.9 1.4 

1281 3  4 6.2 7 9.4 10.3 .9 4.7 4.7 5.  .0 7.7 8.5 

1282 12.4 13.3 13.3 14.3 15.4 16.5 17.6  20.0 21.3 18.8

1283 23.8 25.2 25.2 26.4 27.7 28.9 30.2 32.8 34.2 31.5 

1284 37.0 39.0 39.0 40.8 42.5 44.1 45.6  48.6 50.1 47.1

1285 53.2 54.8 54.8 56.4 58.4 60.6 63.0  67.8 70.5 65.3

1286 76.0 78.8 78.8 82.0 85.2 88.5 92.0  99.3 103 95.6

1287 111 115 115 119 124 128 133  142 147 137

1288 156 160 160 165 169 173 177 186 190 182 

1289 199 204 204 208 213 218 223  232 237 227

1290 248 253 253 258 263 269 274  286 293 280

1291 306 313 313 320 327 334 341  355 362 348

1292 375 381 381 387 393 399 405  415 420 410

1293 431 437 437 442 448 454 460 472 477 466 

1294 48  0 505 51 5 527 532 9 494 494 50  1 16 522 

1295 5  4 59 5 582 588 43 548 548 55 5  65 571 576 

1296 5  1 17 6 641 647 99 605 605 61 6  23 629 635 

1297 6  2 79 6 707 714 59 666 666 67 6  86 693 700 

1298 7  6 55 7 790 800 29 737 737 74 7  63 771 780 

1299 8  9 49 8 887 898 19 830 830 83 8  58 867 877 

1300 9  9 49 9 990 1001 19 929 929 93 9  59 969 980 

1301 1021 1030 1030 1040 1050 1060 1071  1093 1105 1082

1302 1131 1143 1143 1156 1170 1183 1196  1223 1235 1210

1303 1260 1273 1273 1287 1301 1315 1328 1352 1364 1341 

1304 1387 1399 1399 1412 1424 1437 1451 1476 1488 1464 

1305 1510 1522 1522 1534 1546 1559 1571  1595 1606 1582

1306 1631 1644 1644 1657 1672 1687 1703  1736 1752 1719

1307 1784 1799 1799 1814 1828 1842 1856 1869 1882 1896 

1308 1922 1936 1936 1949 1963 1976 1990 2004 2018 2032 

1309 2061 2075 2075 2090 2104 2118 2132 2146 2161 2176 

1310 2207 2221 2221 2235 2249 2263 2277 2291 2305 2319 

1311 2344 2357 2357 2369 2381 2393 2404 2416 2428 2441 

1312 2466 2479 2479 2492 2505 2518 2532 2547 2561 2575 

1313 2604 2618 2618 2632 2645 2658 2672 2686 2699 2712 

1314 2738 2750 2750 2763 2775 2788 2801 2814 2827 2840 
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0 0.1 0.2 0. 3 0.4 0.5 0.6 0.7 0.8 0.9 

1315 2867 2880 2880 2894 2908 2921 2933  2958 2970 2946

1316 2995 3008 3008 3021 3035 3049 3063 3091 3105 3077 

1317 3133 3147 3147 3161 3175 3189 3203  3231 3245 3217

1318 3274 3289 3289 3304 3319 3334 3349  3381 3398 3365

1319 3433 3451 3451 3469 3488 3506 3526  3568 3590 3547

1320 3634 3657 3657 3681 3707 3731 3755  3798 3818 3777

1321 3856 3874 3874 3893 3911 3930 3949 3989 4010 3969 

1322 4055 4078 4078 4100 4122 4144 4165  4205 4227 4185

1323 4271 4293 4293 4315 4336 4357 4378  4422 4444 4399

1324 4490 4511 4511 4532 4552 4572 4593  4634 4655 4613

1325 4697 4719 4719 4742 4764 4785 4807  4851 4873 4829

1326 4916 4937 4937 4958 4980 5002 5023  5065 5087 5044

1327 5130 5152 5152 5173 5194 5215 5236  5278 5299 5257

1328 5341 5363 5363 5385 5407 5428 5451  5494 5516 5472

1329 5562 5586 5586 5610 5634 5657 5680  5727 5750 5704

1330 5794 5816 5816 5839 5863 5886 5908  5953 5976 5931

1331 6021 6044 6044 6067 6089 6111 6134  6177 6199 6155

1332 6245 6268 6268 6290 6313 6336 6359 6404 6426 6381 

1333 6471 6494 6494 6517 6541 6564 6587  6632 6653 6609

1334 6698 6721 6721 6745 6770 6795 6819 6845 6869 6891 

1335 6934 6953 6953 6973 6993 7013 7034 7055 7151 7169 

1336 7203 7220 7220 7236 7252 7268 7284 7300 7317 7333 

1337 7366 7382 7382 7399 7415 7432 7449 7466 7483 7500 

1338 7534 7551 7551 7569 7586 7603 7621 7639 7656 7674 

1339 7911          
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Table C. 2: 1-foot Increments.  El Dorado Lake Cumulative Volume by 0.

EL DORADO RESERVOIR CAPACITY TABLE 
Volume in acre-feet by tenth foot elevation increments 

2004 SURVEY 
OKLAHO A WATER RESOURCES BOAM RD 

          

ELEVATION           

(ft NGVD) 0 0.1 0.2 0.6 0.7 0.3 0.4 0.5 0.8 0.9 

1279      0 0.0002    0

1280 0  2 .04 0. 0.14 0.21 0.33 0.50 0.73 .007 0.02 0.0 0  08 

1281 1.4 1.8 1.8 .3 2  6.0 7.0 2  .9 3.6 4.3 5.1

1282 9.3 10.5 .5 1.9 13 15.0 16.7 18.5 20.5 22.5 10 1  .4 

1283 27.0 29.5 37.6 40.6 43.7 46.9 50.2 29.5 32.1 34.8 

1284 5  .1 5.1 69 73.6 78.1 82.8 87.5 92.5 7.3 61.1 61 6  .3 

1285 1  8 14 12 125 132 138 145 152 03 108 10 1  0 

1286 1  4 82 19 199 208 218 227 237 66 174 17 1  0 

1287 259 270 270 82 2 347 361 2  94 307 320 333 

1288 392 408 458 475 493 512 530 408 424 441 

1289 569 589 589 10 6 720 744 6  31 653 675 697 

1290 792 817 817 43 8 979 1008 8  69 896 923 950 

1291 1  9 3 11 1196 1229 1264 1299 1335 068 1099 109 11 0 63 

1292 1  6 8 15 1563 1603 1644 1685 1727 408 1446 144 14 5 24 

1293 1812 1856 1989 2035 2081 2128 2176 1856 1900 1944 

1294 2  1 7 24 2472 2523 2575 2628 2681 272 2321 232 23 1 21 

1295 2  3 9 29 3010 3067 3124 3182 3240 788 2843 284 28 8 54 

1296 3  9 8 35 3604 3666 3729 3793 3858 359 3419 341 34 0 42 

1297 3  5 2 1 4466 4537 988 4055 405 41 2 4 89 4257 4326 4396 

1298 4682 4755 4980 5057 5134 5213 5292 4755 4829 4904 

1299 5454 5537 5537 2 7 6052 6141  56 0 5 05 5790 5876 5964 

1300 6323 6415 6415 0 6 6991 7090  65 8 6 03 6698 6795 6892 

1301 7292 7395 7395 9 6 8031 8142  74 8 7 03 7709 7815 7923 

1302 8365 8479 8479 9 7 9189 9312  85 4 8 10 8828 8947 9067 

1303 9561 9688 10076 10476 10612 9688 9816 9945 10208 10342 

1304 1  7 1 11452 11597 11742 11889 12038 0887 11027 1102  11167 1 309 

1305 1  9 2 12951 13108 13265 13424 13584 2337 12489 1248  12642 1 796 

1306 1  2 4 14571 14741 14912 15085 15259 3908 14072 1407  14237 1 404 

1307 1  2 6 16338 16523 16710 16897 17086 5613 15792 1579  15973 1 155 

1308 17468 17661 17661 17855 18051 18248 18446 18646 18847 19049 

1309 19459 19666 19666 19874 20084 20295 20507 20721 20936 21154 

1310 21592 21813 21813 22036 22260 22486 22713 22941 23171 23403 

1311 23869 24104 24104 24340 24578 24817 25056 25297 25540 25783 

1312 26274 26521 26521 26770 27020 27271 27524 27777 28033 28290 

1313 28808 29069 29069 29331 29596 29861 30127 30395 30664 30935 

1314 31480 31754 31754 32030 32307 32585 32865 33145 33427 33711 

1315 34282 34569 34569 34858 35148 35440 35732 36026 36321 36618 
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0 0.1 0.2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 

1316 3  5 8 38423 38729 39036 39344 39654 7214 37515 3751  37816 3 119 

1317 40278 40592 41543 41862 42183 42505 42830 40592 40907 41224 

1318 4  0 4 44803 45137 45473 45810 46150 3482 43810 4381  44139 4 471 

1319 4  7 7 48221 48572 48926 49281 49640 6833 47177 4717  47523 4 871 

1320 5  7 1 51835 52210 52586 52965 53346 0362 50727 5072  51094 5 463 

1321 5  0 5 55671 56065 56460 56858 57259 4113 54500 5450  54888 5 279 

1322 58065 58472 59705 60121 60538 60958 61380 58472 58881 59292 

1323 6  8 3 63956 64392 64831 65272 65716 2229 62658 6265  63088 6 521 

1324 6  9 7 68422 68880 69341 69803 70268 6609 67059 6705  67511 6 966 

1325 7  4 2 73100 73579 74061 74545 75032 1203 71674 7167  72147 7 622 

1326 7  3 7 77995 78496 78999 79505 80013 6011 76503 7650  76998 7 496 

1327 81034 81548 83104 83626 84151 84678 85207 81548 82064 82583 

1328 86271 86806 86806 87343 87 90063 90615 884 88425 88969 89515 

1329 91722 92279 92279 92839 93 95674 96248 402 93967 94533 95103 

1330 97403 97983 97983 98566 99 1 101515 102112 152 99739 100329 10092

1331 103311 103915 103915 1045 5 107582 108201 20 105129 105739 106351 10696

1332 109445 110071 111962 113873 114515 110071 110699 111330 112597 113234

1333 115805 116453 116453 1171 9 120391 121056 03 117757 118412 119070 11972

1334 122391 123062 123062 123735 12441 125090 125771 126454 127139 127828 2

1335 129211 129905 129905 130601 131300 132000 132703 133407 134118 134835 

1336 136272 136993 136993 137716 138441 139167 139894 140624 141354 142088 

1337 143557 144295 144295 145034 145775 146517 147261 148007 148754 149504 

1338 151008 151762 151762 152518 153276 154036 154797 155560 156324 157092 

1339 158630          
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Figure C. 1: El Dorado Lake Area-Elevation Curve. 
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Figure C. 2: El Dorado Lake Volume-Elevation Curve. 
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Appendix D: El Dorado Lake Bathymetric Maps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure D. 1: El Dorado Lake Bathymetric Map with 5-foot Contour Intervals.
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Figure D. 2: El Dorado Lake Shaded Relief Bathymetric Map.
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Appendix E: Sedimentation Range Lines



 
Figure E. 1: Collected Data Points and Historical Survey Range Lines (USACE, 1989).
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Table E. 1  for USACE Sedimentation Range Lines (USACE, 1989). : X, Y Coordinates

X Coordin  ate Y Coordinate Station 
* * DR-1C 
* * DR-1C 
* * DR-1C 
* * DR-1C 
* * DR-2C 
* * DR-2C 
* * DR-2C 
* * DR-2C 
* * DR-3C 
* * DR-3C 
* * DR-3C 
* * DR-3C 
* * DR-4C 
* * DR-4C 
* * DR-4C 
* * DR-4C 
* * DR-5C 
* * DR-5C 
* * DR-5C 
* * DR-6C 
* * DR-6C 
* * DR-6C 
2493538.0 17.59 SR-1A 7 4310
2493388.3 57.59 SR-1A 2 4311
2490347.4 00.44 SR-1A 6 4340
2484391.2 68.77 SR-1A 9 4395
2484160.3 84.69 SR-1A 2 4397
2493194.8 21.87 SR-2A 5 4427
2493084.7 04.44 SR-2A 0 4428
2488606.8 61.15 SR-2A 4 4461
2488315.1 76.84 SR-2A 1 4463
2491078.6 95.79 SR-3A 0 4523
2491333.4 89.81 SR-3A 4 5222
2496438.7 66.62 SR-3A 4 4501
2496447.9 62.78 SR-3A 7 4501
2498958.56 456948.58 SR-4A 
2498734.84 456948.58 SR-4A 
2492978.81 457675.86 SR-4A 
2492953.90 457679.02 SR-4A 
2498420.10 460933.86 SR-5A 
2498239.28 460919.21 SR-5A 
2493556.60 460539.83 SR-5A 
2493512.84 460536.28 SR-5A 
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inate Y CoX Coord ordinate Station 
2498565.4 73.25 SR-6A 9 4636
2498414.3 29.66 SR-6A 7 4637
2497015.4 51.83 SR-6A 5 4642
2496631.6 95.10 SR-6A 3 4643
2499907.6 78.14 SR-7A 3 4666
2499862.5 87.33 SR-7A 6 4666
2498595.3 45.83 SR-7A 5 4669
2497058.5 59.31 SR-7A 9 4672
2502114.9 40.15 SR-8A 6 4688
2501954.2 32 SR-8A 0 4691 .12 
2501802.3 07 SR-8A 2 4694 .97 
2500927.2 97 SR-8A 5 4709 .27 
2505917.5 14 SR-9AB 0 4736 .79 
2505903.3 24 SR-9AB 5 4736 .74 
2505748.3 33 SR-9AB 7 4737 .62 
2505679.8 81 SR-9AB 3 4737 .78 
2498570.1 18 SR-10A 8 4344 .90 
2498568.9 23 SR-10A 3 4344 .65 
2497773.0 43 SR-10A 9 4374 .14 
2497718.5 51 SR-10A 7 4376 .57 
2502225.6 15 SR-11A 7 4348 .60 
2502224.7 41 SR-11A 9 4348 .70 
2502152.2 02 SR-11A 3 4370 .85 
2502144.8 22 SR-11A 5 4372 .75 
2505967.0 47 SR-12A 4 4333 .59 
2505967.5 59 SR-12A 9 4333 .54 
2506051.0 78 SR-12A 2 4351 .92 
2506059.9 72 SR-12A 0 4353 .66 
2508369.6 66 SR-13A 4 4330 .59 
2508365.0 70 R-13A 1 4333 .36 S
2508339.3 54 R-13A 2 4350 .56 S
2508335.3 13 R-13A 7 4353 .08 S
2510368.0 79 4A 6 4335 .27 SR-1
2510451.7 23 SR-14A 7 4337 .08 
2510613.1 00 SR-14A 1 4340 .24 
2510922.2 31 SR-14A 1 4345 .25 
2510906.52 434611.01 SR-15AB 
2510537.12 435399.84 SR-15AB 
2510298.29 435909.85 SR-15AB 
2510220.26 436076.48 SR-15AB 
2495539.70 438994.35 SR-16A 
2495248.34 439432.04 SR-16A 
2493457.48 442122.38 SR-16A 
2493395.30 442215.79 SR-16A 
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inate Y CoX Coord ordinate Station 
2499689.8 06 SR-17A 8 4419 .33 
2499661.0 53 SR-17A 4 4419 .16 
2498321.2 28 SR-17A 9 4441 .54 
2498118.5 57 SR-17A 5 4444 .77 
2502952.0 00 SR-18A 1 4447 .76 
2502920.2 51 SR-18A 6 4448 .55 
2502561.6 54 SR-18A 5 4465 .61 
2502440.9 28 SR-18A 1 4471 .01 
2506677.7 71 SR-19A 3 4468 .40 
2506413.2 28 R-19A 4 4472 .65 S
2505855.4 82 R-19A 6 4479 .04 S
2505655.8 51 R-19A 4 4482 .68 S
2510067.1 77 SR-20AB 8 4495 .69 
2509509.8 55 SR-20AB 3 4500 .65 
2509388.9 59 SR-20AB 5 4501 .31 
2509168.5 48 SR-20AB 9 4503 .28 
2498998.7 06 SR-21A 1 4579 .75 
2498984.3 79 SR-21A 4 4579 .45 
2498732.6 52 SR-21A 7 4592 .61 
2498586.7 90 SR-21A 3 4599 .92 
2498440.8 29 SR-21A 1 4607 .09 
2503170.4 45 SR-22A 6 4604 .99 
2502988.2 09 SR-22A 1 4607 .51 
2502778.4 12 SR-22A 3 4610 .83 
2502526.7 76 SR-22A 8 4613 .69 
2502220.3 19 SR-22A 7 4618 .72 
2506248.1 58 SR-23A 7 4610 .97 
2506243.8 14 SR-23A 7 4611 .41 
2506231.1 78 SR-23A 9 4612 .02 
2509230.5 59 SR-23A 4 4626 .32 
2509177.1 58 SR-24A 6 4627 .92 
2509137.2 33 SR-24A 0 4628 .46 
2492050.4 04 SR-24A 4 4592 .97 
2492132.5 87 SR-25A 3 4592 .37 
2492948.1 06 SR-25A 3 4601 .02 
2493048.5 06 SR-25A 2 4602 .78 
2497463.02 465845.85 SR-26A 
2497021.17 465479.30 SR-26A 
2494111.36 463065.39 SR-26A 
2493573.49 462619.18 SR-26A 
2493524.04 462578.16 SR-26A 
2495759.81 467946.90 SR-27A 
2495668.90 467942.90 SR-27A 
2495668.90 467883.51 SR-27A 
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inate Y CoX Coord ordinate Station 
2495306.7 66 8A 1 4713 .55 SR-2
2495124.9 59 R-28A 3 4713 .79 S
2493633.90 470677.42 SR-28AB 
2493464.90 470505.47 SR-28AB 

*Downstream of El Dorado Lake 
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Appendix F: 1981,1989, and 2004 Sedimentation Range Line Survey 
Profiles 
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Figure F. 1: Comparison of 1981, 1989, and 2004 Surveys along Line SR-1A. 

 

0 1000 2000 3000 4000 5000 6000

Distance along Range Line (ft)

1285

1290

1295

1300

1305

1310

1315

1320

1325

1330

1335

1340

1345

1350

El
ev

at
io

n 
(ft

)

1981 Survey
1989 Survey
2004 Survey

Survey Range Line SR-2A
Survey Comparison

 

 
51 

Figure F. 2: Comparison of 1981, 1989, and 2004 Surveys along Line SR-2A. 
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Figure F. 3: Comparison of 1981, 1989, and 2004 Surveys along Line SR-3A. 
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Figure F. 4: Comparison of 1981, 1989, and 2004 Surveys along Line SR-4A. 
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Figure F. 5: Comparison of 1981, 1989, and 2004 Surveys along Line SR-5A. 
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Figure F. 6: Comparison of 1981, 1989, and 2004 Surveys along Line SR-6A. 
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Figure F. 7: Comparison of 1981, 1989, and 2004 Surveys along Line SR-7A. 

0 500 1000 1500 2000 2500

Distance along Range Line (ft)

1325

1330

1340

1345

1350

1355

1360

1365

1981 Survey
1989 Survey
2004 Survey

El
ev

at
io

n 
(ft

)

1335

Survey Range Line SR-8A
Survey Comparison

 
Figure F. 8: Comparison of 1981, 1989, and 2004 Surveys along Line SR-8A. 
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Figure F. 9: Comparison of 1981, 1989, and 2004 Surveys along Line SR-10A. 
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Figure F. 10: Comparison of 1981, 1989, and 2004 Surveys along Line SR-11A. 
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Figure F. 11: Comparison of 1981, 1989, and 2004 Surveys along Line SR-12A. 
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Figure F. 12: Comparison of 1981, 1989, and 2004 Surveys along Line SR-16A. 
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Figure F. 13: Comparison of 1981, 1989, and 2004 Surveys along Line SR-17A. 
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Figure F. 14: Comparison of 1981, 1989, and 2004 Surveys along Line SR-18A. 
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Figure F. 15: Comparison of 1981, 1989, and 2004 Surveys along Line SR-21A. 
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Figure F. 16: Comparison of 1981, 1989, and 2004 Surveys along Line SR-22A. 
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Figure F. 17: Comparison of 1981, 1989, and 2004 Surveys along Line SR-25A. 
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Figure F. 18: Comparison of 1981, 1989, and 2004 Surveys along Line SR-26A. 
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Introduction 
 
The Soil and Water Assessment Tool (SWAT), Version 2000 (Neitsch et al., 2001), a 
basin-scale model, was selected to process digital information to estimate average annual 
sediment and nutrient loading to El Dorado Lake from watershed subbasins and tributary 
arms.  SWAT (Arnold et al., 1993) is a basin-scale model “...developed to predict the 
impact of land management practices on water, sediment, and agricultural chemical 
yields in large complex watersheds with varying soils, land use and management 
conditions over long periods of time” (Neitsch et al., 2001).  The model is physically 
based in that it requires specific information about weather, soil properties, topography, 
vegetation, and land management.  SWAT is a continuous time model developed for 
long-term prediction, estimation, and frequency analysis.  The SWAT model is a direct 
outgrowth of the SWRRB model (Williams et al., 1985; Arnold et al., 1990).  Other 
models that contributed to the development of SWAT include CREAMS (Knisel, 1980), 
GLEAMS (Leonard et al., 1987), and EPIC (Williams et al., 1984). 
 
GIS interfaces have been developed for the SWAT model (ArcView [ESRI, 1996a] and 
GRASS [CERL, 1988]) to facilitate the aggregation of input data for simulating large-
scale basins (Srinivasan and Arnold, 1994).  The ArcView graphical user interface for 
SWAT2000 (AVSWAT2000 [DiLuzio et al., 2001]) was selected for use in this 
application.  The SWAT2000 ArcView extension evolved from an ArcView extension 
created for an earlier model version (SWAT99.2) of the model.  The ArcView/SWAT 
interface allows the user to input raster-based map layers for soil information, land 
use/land cover, and digital elevation.     
 
SWAT is a distributed hydrologic model that allows the division of a watershed into 
smaller subbasins to incorporate greater spatial detail.  In applications of SWAT, 
hydrologic response units (HRUs) are created within each defined subbasin.  By user 
direction, the SWAT interface creates HRUs for land use and soil type combinations that 
occur within a subbasin.  The HRUs do not have direct spatial significance beyond 
subbasin location and are created for calculation purposes, thus allowing the user to 
specify model parameters specific to the land use/soil type combinations existing within 
subbasins.  The total export yield of a modeled pollutant for a subbasin is the sum of 
export from all HRUs within it.  Water, sediment, and nutrient yields from each subbasin 
are routed through a stream network to the outlet(s) of the watershed.  AVSWAT2000 
includes routines for bacterial export estimation, and in-stream nutrient water quality 
simulation using equations from U. S. EPA’s QUAL2E model (Brown and Barnwell, 
1987). 
 
After model calibration, the constructed model can be used to estimate the potential 
effects of land management practices on pollutant (sediment and nutrients) export from 
individual HRUs, subbasins, and the full watershed.  Accordingly, the model provides a 
powerful tool for watershed planning and evaluation of restoration and/or management 
alternatives.   
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In the present modeling effort, the model is used to help identify the areas of the 
watershed contributing to the sediment load delivered to El Dorado Lake.  This analysis 
will provide additional information for site selection of proposed sediment control 
measures designed to maintain the storage capacity of the lake.  El Dorado Lake is fed by 
five major tributaries, each encompassed within a 14-digit Hydrologic Unit Code (HUC) 
modeled in an earlier effort focused on the entire Walnut River Basin.  These 14-digit 
HUCs were further subdivided in the present effort in an attempt to enhance the 
resolution of estimated sediment (and nutrient) loadings to El Dorado Lake. 
 
 
Data Inputs 
 
The El Dorado watershed (Figure 1) encompasses portions of two Kansas counties 
(99.5% in Butler Co. and 0.5% in Chase Co.) in the southeastern quadrant of Kansas, and 
covers an area of approximately 63,529 hectares (245 mi2).  Areas in the watershed 
identified by Kansas state agencies (KDHE and KDWP) as high priorities for TMDL 
development (eutrophication) and/or high biological priority are identified in Figure 2.   
 
Watershed modeling in the El Dorado Lake watershed required spatially referenced 
digital data describing elevation, land use/cover, soil types and attributes, and weather.  
Digital stream location information, historical stream discharge from available gaging 
stations within the watershed, stream water quality data, and water quality and storage 
data from upstream ponds and reservoirs were collected and manipulated for model input 
and calibration.  Livestock types and densities (by county), and commercial fertilizer 
applications (by county), were collected and used as input to the model.  Spatially 
referenced digital data were reprojected to a Universal Transverse Mercator projection 
(UTM [spheroid = GRS80, NAD 1983]).  Throughout the following report metric 
measurements units are frequently reported.  Table 1 is a conversion table that can be 
used to convert metric units to U. S. measurement units. 
 
Elevation/Watershed Delineation 
 
National Elevation Dataset (NED) digital elevation coverage from USGS completely 
encompassing the El Dorado Lake watershed in Kansas was acquired to form a seamless 
digital elevation model for the entire watershed at 30-meter resolution (Figure 3).  The El 
Dorado Lake watershed boundary and subbasin boundaries were generated from this 
digital elevation layer using ArcView Spatial Analyst software (ESRI, 1996b).  USDA-
NRCS (Kansas) developed 14-digit HUC boundaries for Kansas (available through the 
Kansas Data Access and Support Center [KS DASC, 2002]), and these boundaries were 
used as a template for the boundaries generated from the digital elevation data.  Further 
subbasin divisions were generated based on an earlier modeling effort encompassing the 
full Walnut River watershed.  Additional programs called by the GIS/model interface 
extract unique runoff, stream, and topographic characteristics for each defined subbasin 
in the watershed from the digital elevation data. 
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Land Use/ Land Cover 
 
USGS National Land Cover Data (NLCD 1992) for Kansas (Kansas Land Cover Data Set 
[USGS, 2000a]), developed from recent (1987 – 1994) Landsat thematic mapper 
imagery, was acquired at 30-meter resolution.  Descriptive classes in the coverage were 
renamed if necessary and/or aggregated to match land use categories within the internal 
SWAT land use/cover database (Figure 4).  Ancillary data from TIGER files (county 
boundaries, hydrography, and roads [U. S. Department of Commerce, 2003]) were 
obtained for counties encompassing the watershed to enhance the land use/cover data 
layer.  Based on the NLCD data, unmanaged grasslands account for 75.4% of the total 
area, croplands 6.1%, managed pasture/hay land 10.6%, and water 6.0%.  The remainder 
is distributed between other minor land uses (Table 2). 
 
Soils 
 
Kansas county digital soils data, obtained through KS DASC (2002), included SSURGO 
(USDA-NRCS, 1998) data for both counties encompassing the watershed at 30-meter 
resolution.  Raster soils data from each county were patched together to create seamless 
coverage for the El Dorado Lake watershed (Figure 5).  Specific soil types were 
attributed by SOILS5 IDs, and soil characteristics (hydrologic soil group, bulk density, 
available water capacity, erodibility, etc.) were retrieved for each soil via a compiled soils 
database within the SWAT model.  The most frequent soil series, occurring in various 
associations the basin, include Labette, Irwin, Dwight, and Verdigris.  Associations 
including these soils occupy approximately 84.5% of the watershed area. 
 
Weather 
 
Weather data, including daily precipitation, and daily minimum and maximum 
temperatures, were obtained for four cooperative weather stations in or near the El 
Dorado Lake watershed for the period of record through 2004 via the National Climatic 
Data Center.  Weather data for each potential station in the watershed were extracted for 
the longest possible coincident period of record (1955 – 2004) and formatted for input 
into the model.  Data gaps (precipitation and temperature) at individual weather stations 
are automatically filled using a weather generator, WXGEN, (Sharpley and Williams, 
1990) developed for the contiguous U.S., within the SWAT model.  The weather 
generator uses weather statistics from the nearest database weather station to estimate 
daily precipitation and temperatures.  Daily solar radiation, relative humidity, and wind 
speed were fully simulated using the internal weather generator.  Locations of the 
weather stations are identified in Figure 6.  Details regarding individual weather stations 
are presented in Table 3. 
 
Streams, Discharge, and Water Quality 
 
USGS National Hydrography Dataset (NHD) digital data (USGS, 1999b), identifying 
stream locations and flow directions, were obtained for the El Dorado Lake watershed 
area.  The El Dorado Lake watershed is fully encompassed within the eight-digit HUC 
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11030017, Upper Walnut, and KS.  The SWAT model incorporated these data along with 
digital elevation information to determine stream locations, stream connectivity, flow 
direction, and flow accumulation in the watershed. 
 
Hydrologic calibration of the model normally requires historical daily mean discharge 
data from unregulated gaging stations in the watershed.  Historical discharge data from 
available gaging stations in the watershed was sought from the USGS (Figure 6 [USGS, 
1999a]) and included data from USGS 07146570, Cole Creek near DeGraff, KS, with a 
limited period of record (1969 - 1979).  A software program (BFI [Wahl and Wahl, 
1996]) was used to process downloaded daily mean discharge data to estimate average 
annual base flow and surface runoff components of total discharge for the period of 
record.  These processed data were compared to SWAT simulated hydrologic output to 
determine the need for model parameter adjustments.  The only USGS gage located in the 
watershed applicable for hydrologic calibration, based on period of record and location, 
was USGS 07146570, located on Cole Creek above El Dorado Lake, in the western 
portion of the watershed.  Detailed descriptive information for this USGS gage is 
presented in Table 4.  Inflow and release data for El Dorado Lake for years 1994 through 
2004 (USACE, 2005) were collected and summarized on an average annual basis and 
used as an additional accuracy assessment of the hydrologic simulation. 
 
Stream water quality data collected between 1994 and 2004 from eight sites within the 
watershed (William Langley, Butler County Community College, personal 
communication, 2004) were obtained and summarized on an annual basis for water 
quality calibration of the model (Figure 6).  Water quality data for El Dorado Lake was 
extracted from a USACE (1999) Water Quality Report for El Dorado Lake. 
 
Point Sources 
 
An attempt to identify point source dischargers within the El Dorado Lake Watershed 
was made using U.S. EPA’s (2002) Water Discharge Permits Query Form 
(http://www.epa.gov/echo/compliance_report_water.html) that allows users to retrieve 
compliance-monitoring data from the Permit Compliance System database.  Major 
permitted facilities discharging into HUC 11030017 are all located downstream of El 
Dorado Lake.  Several minor permitted facilities occur above El Dorado Lake, but a lack 
of compliance monitoring data precluded estimation of annual average discharge 
quantities and pollutant concentrations at these sites. 
 
Subbasin Definition 
 
The El Dorado Lake watershed is fully encompassed within USGS HUC 11030017 
(Upper Walnut, KS).  This 8-digit HUC was subdivided into 14-digit HUCs that were 
used as the basis for modeling the entire Walnut River Watershed.  Template boundaries 
for the 14-digit HUCs were obtained from KS DASC (2002).  The modeling effort 
focused on the El Dorado Lake Watershed involved additional subdivision of the 14-digit 
HUCs into smaller subbasins averaging approximately 3,000 acres.  The final product 
includes 51 subbasins (50 subbasins above El Dorado Lake and one including the lake 
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and adjacent area) used as units for reporting sediment and nutrient loading (Figure 7).  
Some differences will be noted between the 14-digit HUC boundaries and those created 
for the El Dorado Lake Watershed, especially in those areas where tributaries enter the 
lake.  Gilmore Branch, on the west central edge of the watershed, was included in the El 
Dorado Lake subbasin in a previous modeling effort, and is included in the Cole Creek 
branch in the present model.  Tributary mouth locations were altered in some cases to 
indicate inflow points to the lake based on normal pool elevation (Walnut River - 
subbasin 31, Satchel Creek – subbasin 40, and Bemis/Shady Creeks – subbasins 47 and 
51).  A summary of subbasin locations, areas, and mean elevations is shown in Table 5.  
 
Ponds and Reservoirs 
 
Data describing the location, drainage area, surface area, volume, inflows, outflows, and 
water quality of reservoirs and ponds are important for reliable sediment and nutrient 
export modeling.  Data describing El Dorado Lake were obtained from USACE (USACE, 
1993, 1999, and 2001).  Other reservoir and pond data were estimated based on water 
surface areas in each subbasin determined from land use/cover (NLCD1992) digital 
coverage.  Fractions of subbasin areas draining into ponds were estimated for each 
subbasin based on pond density and location.  All ponds were assigned an average depth 
of 1.5 meters at normal level.  Table 6 lists information describing El Dorado Lake that 
was incorporated into the SWAT model. 
 
Livestock, Fertilizers, and Land Management 
 
Information specifying livestock inventories and commercial fertilizer sales, by county, 
provided model input data related to nutrient loading.  USDA (1992) agricultural census 
data (animal inventories) were obtained by county (Table 7 [Puckett et al., 1998]).  
Animal inventories in individual subbasins were estimated based on the fraction of 
subbasin area within a county.  An animal waste characterization table (Table 8 [Lander 
and Moffit, 1998; USDA-SCS, 1992; and ASAE, 1991]) was used to estimate quantities 
of the nutrients nitrogen (N) and phosphorus (P) generated from animal waste in each 
county (Table 9).  Rates of animal generated waste applied to individual subbasins were 
estimated using area-weighting methods based on the fraction of each subbasin within a 
county.  Cattle were modeled as grazing on pasture and range lands for approximately 
two-thirds of each year, and confined for the remainder.  Manure produced during 
confinement was accumulated and applied to crop and pasture land uses. 
 
Commercial fertilizer (N and P) use estimates for both counties in the watershed (Table 
10) were obtained from Battaglin and Goolsby (1994).  Rates of commercial fertilizer 
applications to crop and managed pasture land uses were calculated by county, and were 
distributed between crop and pasture land uses within individual subbasins using area-
weighting methods. 
 
 Modeled land management scenarios were relatively simplistic.  Croplands were tilled 
(generic spring or fall plowing), planted, fertilized (manure and commercial), and 
harvested on an annual basis.  Managed pasture was fertilized (manure and commercial) 
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and grazed on an annual basis.  Rangeland was grazed on an annual basis.  Input 
parameters determining grazing animal density were determined based on cattle 
inventories for each county.  Foraging rates (dry matter) were estimated as 3% per day of 
average animal body weight (Ohio State University, 1998).  
 
 
Model Calibration 
 
Hydrology 
 
Mean annual total, base, and surface runoff discharge estimates from the SWAT model 
were adjusted to match, as closely as possible, the estimates made from historical 
discharge data at gaging station 07146570, and El Dorado Lake average annual inflows 
and outflows.  A software program (BFI [Wahl and Wahl, 1996]) was used to estimate 
base flow and surface runoff contributions to measured stream discharge at USGS 
07146570.  SWAT parameters adjusted to calibrate surface flow include the SCS Curve 
Number II for each land use/soil type combination (± 4%) and a soil evaporation 
compensation factor (ESCO).  Simulated base flow was calibrated by altering several 
inputs including the threshold depth of water in the shallow aquifer required for return 
flow to occur, and groundwater parameters affecting water movement from the shallow 
aquifer.  
 
 The adjustments to the model were designed to first calibrate surface runoff, and then 
base flow, based on comparison with processed measured mean daily flow data.  Results 
of the calibration at USGS 07146570 and El Dorado Lake inflow and outflow are 
presented in Table 11.  The goal was to simulate average annual discharge within ± 10% 
of measured average annual discharge over the available period of record on an annual 
basis.  The annual relative difference in measured versus simulated total flow at USGS 
07146570 was within ± 6% for the period of record.  Simulated surface flow at USGS 
07146570 was within ± 3% of measured flows for the period of record.  Calibrated 
SWAT base flow was within ± 15% of the calculated measured base flow.  A comparison 
of simulated and measured flows at USGS 07146570 shows some inaccuracies 
temporally (1973-1978), likely due to the sparse distribution of available daily weather 
(precipitation) data.  Simulated average annual inflow to and outflow from El Dorado 
lake were within ± 10% of measured values   Graphic examples of calibration results at 
USGS 07146500 are presented in Figure 8, and El Dorado Lake inflow and outflow in 
Figure 9.   
 
Sediment and Nutrients 
 
Water quality data from William Langley at Butler County Community College (personal 
communication, 2004) were used to aid calibration of modeled sediment and nutrients.  
Langley collected water quality samples from tributaries in the El Dorado Lake 
Watershed between October 1994 and January 2004.  Precise sampling locations were 
not revealed with the raw data other than tributary names from which samples were 
collected.  Samples were taken from Cole Creek, School Branch of the Walnut River, 
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Walnut River, Durechen Creek, Satchel Creek, Bemis Creek, and Harrison Creek.  
Sample analysis included total suspended solids, ammonia, nitrate, and phosphorus.  
These data were summarized to obtain average annual statistics by parameter and 
compared to the average annual water quality estimates of the hydrologically calibrated 
SWAT model of the watershed at stream confluence locations with higher order streams 
indicated by the tributary names.  Adjustments were made to QUAL2E coefficients 
within the SWAT model until SWAT output was reasonably similar to the measured data.  
Data quantity limitations at calibration sites resulted in restricting calibration to 
simulating water quality parameter medians and means that fell within the interquartile 
range of measured water quality parameter data.    
 
Calibration of SWAT modeled water quality began with comparisons of total suspended 
solids median concentrations at those locations where data were available.  As suggested 
in the SWAT 2000 User’s Manual (Neitsch et al., 2001), when hydrologic calibration is 
satisfactory, sediment contributions from HRUs and subbasins should be close to 
measured values.  Comparisons of measured and modeled water quality parameters at 
tributary sites in the watershed are presented in tabular form in Table 13 and graphically 
in Figure 10 and Figure 11.  Discharge data estimates corresponding with water quality 
observations were not available.  It cannot be determined if water quality samples 
analyzed reasonably represent the full range of the discharge hydrograph at each of the 
tributary monitoring sites.  High runoff events deliver a majority of the pollutants 
transported by streams and need to be sampled more frequently for accurate 
characterization.  
 
Modification of 2006 Draft Model Sediment Calibration 
 
Draft watershed modeling analysis of the El Dorado Lake Watershed completed in 2006 
estimated an average annual sediment load delivered to the lake of 10,900 metric tons (t) 
per year.  After further analysis, this initial estimate is believed to be an underestimate of 
actual sediment delivery to the lake by at least an order of magnitude.  Evidence for 
greater sediment load delivered to the lake includes an SCS Reservoir Sedimentation 
Survey of ‘Lake El Dorado’, an impoundment on Satchel Creek, with volumetric loss 
data calculated between 1928 and 1937 along with estimates of mass, and USACE design 
data.  Initial volume of ‘Lake El Dorado’ in 1928 was estimated to be 3,213 ac-ft, and 
after nine years the volume was estimated as 3,082 ac-ft, a total volume loss of 131 ac-ft 
over the nine year period.  The average annual volume loss of 14.56 ac-ft per year 
multiplied by the estimated density of 66 lb/ft3 results in an average annual mass 
delivered to the lake of 18,980 t/yr for a body of water with an approximately 35 mi2 
drainage area [Water Quality Assessment:  A Screening Procedure for Toxic and 
Conventional Pollutants (Revised 1985) by Mills, W.B., et al., EPA/600/6-85/002b, 
APPENDIX F (microfiche):  RESERVOIR SEDIMENT DEPOSITION SURVEYS]. 
 
Assuming similar soil, drainage, and transport conditions for the full contemporary El 
Dorado Lake watershed, with a drainage area of 245 mi2, a rough estimate of sediment 
mass delivered to the lake on an average annual basis would be 135,700 t/yr.  Assuming 
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similar sediment density characteristics (66 lb/ft3), the lake could be expected to lose 
approximately 105 ac-ft of storage volume in an average year. 
 
By design, USACE Pertinent Data (Tulsa District:  Pertinent Data Book, March 2004) for 
El Dorado Lake, based on 1989 sedimentation survey data, had an initial conservation 
storage volume of 154,100 ac-ft.  After 100 years of sediment delivery to the lake the 
conservation storage volume is expected to be 142,800 ac-ft.  This indicates an expected 
average annual conservation storage loss of 113 ac-ft per year.  Applying the density 
estimated in the 1928-1937 study, this would translate to an average annual mass of 
147,300 t/yr.  In addition to the conservation storage loss over 100 years, an estimated 40 
ac-ft/yr loss in flood storage is expected accounting for an additional 52,150 t/yr 
sediment. 
 
 
Results 
 
Base Model 
 
The calibrated SWAT model of the El Dorado Lake watershed was run for a 50-year 
period (1955 – 2004) using precipitation and temperatures from available weather 
stations.  The model simulated the current land use determinations and management 
throughout the simulation period.  Reservoirs and ponds were modeled as hydrologically 
active components with sediment and nutrient trapping functions.  El Dorado Lake 
became fully operational in 1981, and initial calibration runs of the model included this 
information.  After model calibration, a 50-year run of the SWAT model was performed 
with current hydrologic conditions and management practices in place for the full 
simulation.  This allowed the model to perform 50 simulations with real weather input 
and produced a range of sediment and nutrient export variability that might be expected 
in any given year. 
  
Hydrologic response units (HRUs), land use and soil combinations within each subbasin, 
serve as basic functional units of the model.  HRUs in this application were defined as 
land uses accounting for at least 1% of each subbasin area underlain by soils accounting 
for at least 10% of subbasin area.  This resulted in 737 HRUs for the entire watershed, or 
an average of approximately14 HRUs for each of the 51 subbasins that were defined in 
the model of the El Dorado Lake Watershed.  Model output data is available for 
individual subbasins, tributary streams entering El Dorado Lake, and the watershed as a 
whole. 
 
Calibration of modeled sediment and nutrient export does not necessarily imply accurate 
results.  Modeled sediment and nutrient export estimates should be viewed in relative, 
rather than absolute, terms.  Results identify the relative magnitude of subbasin and land 
use/soil type estimated contributions to sediment yield and nutrient export rather than 
precise estimates of actual yields. 
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Simulated average annual basin-wide precipitation was 875.6 mm (34.5 in.) over the 50-
year period.  Highest average annual runoff was predicted for subbasins on the western 
half of the Cole Creek watershed, upper subbasins in the Satchel Creek watershed, and 
northern and southern bounding subbasins in the Bemis Creek watershed (162-187 
mm/yr).  Lower average annual runoff was predicted for subbasins along the lower 
mainstem of the Walnut River and the El Dorado Lake subbasin (86 - 111 mm/yr).  
Estimated average annual runoff is shown in Figure 12.  Runoff transported an estimated 
annual average 0.30 metric tons (t) of sediment per hectare per year, 1.08 kg/ha/yr 
organic nitrogen (as N), 0.86 kg/ha/yr nitrate (as N), 0.177 kg/ha/yr organic phosphorus 
(as P), 0.012 kg/ha/yr soluble phosphorus (as P), and 0.052 kg/ha/yr sediment-bound 
phosphorus (as P), as measured at the terminal point of the model, the outflow from El 
Dorado Lake. 
 
Modeled average annual subbasin export rates for sediment and nutrients are presented in 
Table 14.  These estimates are average annual rates of upland generated sediment and 
nutrients carried to each subbasin outflow point, and do not include sediment and 
nutrients trapped by ponds and reservoirs, or sediment and nutrients deposited or 
degraded from tributary and stream reaches within each subbasin.  Highest sediment 
export rates are estimated for subbasin 13 (1.07 t/ha, Walnut river Arm), subbasin 24 
(0.99 t/ha, Cole Creek Arm), and subbasin 19 (0.91 t/ha, Walnut River Arm).  Ranking of 
all subbasins (51) based on sediment export rate shows that of the ten highest rates six are 
attributed to subbasins in the Walnut River Arm (subbasins 13,19, 4, 18, 17, and 9) of the 
watershed, three in the Cole/Gilmore Creek Arm (subbasins 24, 16, and 7), and one in the 
Durechen Creek Arm (subbasin 32) .  Sediment export rates by subbasin are presented 
graphically in Figure 13. 
  
Tabular summaries of simulated average annual export rates for sediment, organic 
nitrogen, organic phosphorus, sediment-bound phosphorus, nitrate, soluble phosphorus, 
total nitrogen, and total phosphorus for the full watershed, by land use, are presented in 
Table 15.  Highest rates of sediment and nutrient yields are predicted for row crop 
agriculture (3.88 t/ha sediment, 13.72 kg/ha total nitrogen, and 2.93 kg/ha total 
phosphorus) and urban commercial/industrial/transportation (1.40 t/ha sediment, 5.30 
kg/ha total nitrogen, and 1.23 kg/ha total phosphorus) land uses.  Lowest export rates for 
sediment and nutrients are predicted for forested areas and wetlands.  Land uses receiving 
fertilizers as either manure or commercial fertilizers contribute significant quantities of 
soluble nutrients (nitrate and soluble phosphorus). 
 
The model allows extraction of estimated sediment and nutrient export rates by land use 
for each individual subbasin.  These data are presented in Table 16.  The simulated 
highest ten sediment export rates by subbasin and land use are all row crop agriculture, 
with two in the Walnut River Arm (subbasins 13, and 26), two in the Cole Creek Arm 
(subbasins 24 and 30), one in the Durechen Creek Arm (subbasin 32), three in the Satchel 
Creek Arm (subbasins 33, 35, and 40), the El Dorado Lake subbasin (48), and one in the 
Bemis Creek Arm (subbasin 51). 
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Estimated average annual loads of sediment and nutrients for the full watershed 
transported to the outflow of El Dorado Lake by land use are presented in Table 17.  
Average annual loads are calculated as export rate, discussed above, multiplied by area of 
the land use within the watershed.  Highest average annual sediment loads are estimated 
from row crop agriculture (13,111 t/yr, 69% of the total watershed upland sediment load) 
and range (4,833 t/yr, 25% of the total watershed upland sediment load).  
 
Average annual loads of sediment and nutrients were calculated for each subbasin (Table 
18).  The highest average annual subbasin sediment load is 2,555 t/yr for subbasin 48, the 
subbasin including El Dorado Lake and adjacent area.  The next highest average annual 
sediment load is attributed to subbasin 32 (2,062 t/yr, at the mouth of the Durechen Creek 
Arm).  The third highest average annual sediment load, 1,081 t/yr, is attributed to 
subbasin 24 in the Cole Creek Arm.  Based on average annual subbasin loading 
calculations, the Walnut River Arm delivers 5,475 t/yr sediment to El Dorado Lake from 
upland sources; the Cole Creek Arm delivers 3,570 t/yr; the Durechen Creek Arm 
delivers 2,895 t/yr; Bemis Creek Arm 2,723 t/yr; Satchel Creek Arm 1,819 t/yr; and the 
El Dorado Lake area 2,555 t/yr.  The model predicts an average annual sediment load of 
19,037 t/yr delivered to El Dorado Lake from upland areas in the watershed with 28.75% 
from the Walnut River Arm, 18.76% from the Cole Creek Arm, 15.21% from the 
Durechen Creek Arm, 14.32 % from the Bemis Creek Arm, 9.56% from the Satchel 
Creek Arm, and the remaining 13.41% from the El Dorado Lake subbasin.  This 
information is presented in tabular form in Table 19 and graphically in Figure 14.  
 
Subbasin sediment and nutrient loading is detailed by land use in Table 20.  The highest 
sediment load contributing land use, by subbasin, is row crop agriculture in subbasin 32 
(1,845 t/yr in the Durechen Creek Arm) followed closely row crop agriculture in subbasin 
48 (1,555 t/yr in the El Dorado Lake subbasin).  Nine of the highest ten average annual 
sediment load contributions by land use, by subbasin, are from row crop agriculture.  The 
single exception is range land in subbasin 48 (El Dorado Lake area) contributing 881 t/yr. 
 
Estimated Sediment Loading to El Dorado Lake  
 
The ArcView SWAT 2000 model of the El Dorado Lake watershed was calibrated to 
provide a realistic estimate of sediment delivered to El Dorado Lake.  Based on historic 
sedimentation information discussed above, the base-case scenario for net sediment 
deposition in El Dorado Lake averages 146,520 t/yr.  This estimate is significantly larger 
than the totaled estimated sum of average annual sediment loading from each subbasin 
within the watershed (19,039 t/yr, see Table 19).  Estimates of subbasin level upland 
sediment and nutrient export rates and loads do not account for progressive movement 
(deposition/degradation) of channel transported sediments moved downstream by 
significant runoff events.  The mass of sediment and nutrients moving into and out of 
each modeled stream reach (corresponding to subbasins) is dependent upon 
concentration, discharge, and slope and are tracked by the model.  This information can 
be extracted from reach output files, and the reservoir output file.   
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As an example, reach 11 (subbasin 11 in the Cole/Gilmore Creek Tributary Arm) was 
simulated to receive 900 t/yr sediment on an average annual basis.  Of this total sediment 
input to the reach 520 t/yr can be attributed to upland generated sediment from subbasin 
7; 145 t/yr from subbasin 8; and the remaining 235 t/yr is upland generated sediment 
from subbasin 11.  Modeled annual average sediment moving out of reach 11 was 3,653 
t/yr.  The annual average difference (3,653 – 900) of 2,754 t/yr can be attributed to 
channel sediment moved out of reach 11 during storm events.  Table 21 details this 
information for each reach in the watershed and indicates that a majority of the sediment 
that reaches El Dorado Lake is due to channel degradation.  Of the estimated annual 
average 149,700 t/yr sediment reaching El Dorado Lake, 130,660 t/yr (87.3%) is 
attributed, in this modeling effort, to sediment transport within (degradation of) stream 
channels.  Upland sources contribute an estimated 19,040 t/yr (12.7%) to the lake each 
year. 
 
The model, as constructed, is not capable of precisely identifying georeferenced sub-
reach locations where degradation occurs, but can identify approximate subbasin reaches 
susceptible to degradation.  A graphic identifying relative reach sediment contribution to 
total average annual lake load is included in Figure 15. 
   
Filter Strips on AG lands 
 
The effect of various filter-strip widths around crop lands, the land uses with the highest 
estimated sediment yield per unit area (3.6 t/ha), was modeled to estimate the potential 
reduction of net sediment load to the lake.  The SWAT model assumes these filter strips 
are standard grass buffer areas capable of filtering out a fraction of pollutant loads 
passing over/through them with trapping efficiency varying with width.  Based on 
conversations with local and national NRCS personnel, filter (buffer) strip widths likely 
to be implemented in the El Dorado Lake watershed range from 30 to 120 feet.  SWAT 
model runs were implemented using 30, 60, 90, and 120 foot filter strip widths around 
crop land uses and results of each were compared to the base-case scenario of net 
sediment load delivered to the lake.  Results are included in Table 22 and Table 23 
below.   
 
The modeled effect of filter strips around crop lands showed a fairly dramatic reduction 
of the rate of sediment and nutrient yields.  Thirty (30) foot filter strips were predicted to 
reduce cropland sediment yield by about 70% (3.62 t/ha in the base scenario to 1.07 t/ha 
with 30 ft. filter strips).  Nutrient export rates from crop land were similarly reduced with 
30 ft filter strips (Table 22).  Applying filter strips to crop lands was predicted to reduce 
sediment mass delivered to El Dorado Lake, with greater reductions given wider filter 
strip widths.  Modeled reductions of sediment loads to the lake for filter strip widths of 
30, 60, 90, and 120 feet were 4.10%, 5.05%, 5.72%, and 5.85%, respectively.  Included 
in Table 23 are estimates of El Dorado Lake conservation volume storage loss under each 
of these scenarios, and estimates of extended reservoir life compared to USACE 100 year 
life design.  Maximum annual average conservation volume storage loss reduction (~ 7 
ac-ft) and extended reservoir life (~7 years) were associated with 120 foot filter strip 
widths. 
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A notable effect of modeling the variable filter width strips was that while upland 
sediment load contribution to lake sediment loading was dramatically reduced with 
increasing filter strip width (19,039 t/yr in the base scenario compared to 5,344 t/yr with 
120 foot filter strips), channel sediment (degradation) contributions to lake sediment load 
increased, both in proportion and mass delivered to the lake.  As surface runoff sediment 
concentration is reduced via effective application of filter strips, water reaching the 
stream channel is capable of carrying more sediment, and channel degradation occurs. 
    
Sediment basin location and design would require intensive study to determine physical 
characteristics of the sediment, hydraulic characteristics of the basin(s), inflow 
sedimentgraph, inflow hydrograph, basin geometry, and chemistry of the water and 
sediment.  A host of factors can affect sediment basin performance including particle size 
distribution, basin hydraulic response, detention storage time, basin shape, dead storage, 
basin type (permanent or non-permanent pool), water chemistry, and sediment scour 
(Haan et al., 1994). 
 
 
Conclusions 
 
If concerted efforts are made to reduce sediment loading to El Dorado Lake, management 
measures and/or sediment trapping physical structures would be most effective if they 
were employed in areas of the watershed, or tributary arms of the lake, 
contributing/receiving the highest sediment loads.  Based on the data available for this 
modeling effort, and results discussed above, sediment loading to the lake could be 
significantly reduced by focusing efforts on several key areas of the watershed.   
 
The Walnut River Arm of the lake is estimated to contribute nearly 29% of the upland 
generated average annual sediment load to the lake as a whole.  The next highest 
sediment contributing tributary arm is Cole/Gilmore Creek accounting for about 19% of 
the total upland sediment load on an average annual basis.  The Durechen Creek tributary 
arm contributes 15.2% of the total sediment load to the lake with 11% of the total load 
attributed to subbasin 32, at the mouth of the creek. 
 
Key contributing subbasins within each tributary arm of the lake can be extracted from 
data in Table 19.  In the Bemis/Shady Creek tributary arm, four subbasins (43, 44, 50, 
and 51) each contribute greater than 1.5% of the average annual upland generated total 
sediment load to El Dorado Lake.  Efforts to capture sediment from this area may require 
several structures focused on the mouths of Bemis and Shady Creeks as they enter the 
lake.   
 
The Cole/Gilmore Creek tributary arm was shown to have five subbasins (7, 15, 23, 24, 
and 30) contributing greater than 1.5% of the average annual upland generated total 
sediment load.  Again, several structures may be required to effectively reduce sediment 
loading, although a single properly sized and engineered trap located at the headwater or 
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mouth of subbasin 29 could effectively reduce loading from four (7, 15, 23, and 24) of 
the five subbasins.   
 
Modeling indicated that the Durechen tributary arm had only two subbasins contributing 
greater than 1.5% of the average annual upland generated total sediment load (22 and 32), 
and a single structure at the mouth of Durechen Creek could potentially reduce the 15.2% 
of total lake load contributed by this arm. 
 
Similarly, modeling indicated that the Satchel Creek tributary arm had only two 
subbasins contributing greater than 1.5% of the t average annual upland generated total 
sediment load (35 and 40), and a single structure at the mouth of Satchel Creek could 
potentially reduce the 9.6% total upland lake sediment load contributed by this arm. 
 
The Walnut River tributary arm of the lake was shown to have nine subbasins 
contributing greater than 1.5% of the average annual upland generated total sediment 
load (5, 9, 10, 13, 14, 17, 18, 25, and 31).  Efforts to reduce sediment loading from this 
arm could be effected using a single structure near the mouth of the Walnut River as it 
enters El Dorado Lake in subbasin 31. 
 
The El Dorado Lake area, modeled as subbasin 48, is the largest of the subbasins 
modeled, and hence its contribution to the average annual upland generated total 
sediment load received by the lake is similarly large (>13%).  Efforts to reduce sediment 
loading from this subbasin would need to be more diverse and employ best land 
management practices since input to the lake is distributed over the shoreline perimeter of 
the lake. 
 
Further investigation of basin sediment movement and transport characteristics is 
important for effective application of sediment reduction measures.  Evidence that 
channel degradation contributes significant quantities of the total sediment load to El 
Dorado Lake influences decisions for locating sediment storage basins/traps.  Locations 
of sediment near tributary arms of the lake could be most effective in slowing sediment 
movement to the lake. 
 
Potential Limitations and Significant Sources of Uncertainty 
 
The SWAT nonpoint source model of the El Dorado Lake Watershed is a system of data 
and equations that represent a simplification of real processes.  Construction of the 
model, and its application, requires many assumptions.  An essential component of any 
modeling project is to identify limitations and significant sources of uncertainty.  For this 
application, the following are some issues that may add to the uncertainty of predictions: 
 

 Errors in, temporal accuracy, and scale of, GIS data contribute to uncertainty of 
modeled output.  For example, topographic parameters were estimated using 30-
meter resolution elevation data and were averaged over defined subbasins in the 
watershed.  NLCD land use/cover classifications were based on Thematic Mapper 
imagery collected from 1988 to 1994 and significant changes in land use may 
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have occurred since data were gathered.  Initial soil nutrient concentrations were 
estimated based on soils database information since detailed soil test nutrient data 
was not acquired for the various land uses in the watershed.   

 
 The functional modeling units of the SWAT model are combinations of specific 

land uses and soil types (HRUs) within hyrdrologically defined subbasins of the 
larger watershed.  In order to reduce the complexity of the model, not every 
possible combination of land use and soil type is modeled.  Certain land use/soil 
combinations, occupying subbasin land areas less than modeled restrictions, may 
contribute significantly to sediment and nutrient export, and are ignored by the 
model. 

 
 Weather data input into the model was collected at relatively few points in the 

basin.  Rainfall, the driving force in the model, can be highly variable, and the 
limited number of weather stations used in this study may not effectively describe 
the actual quantity and variability across the basin. 

 
 Accurate modeling of water bodies (ponds, streams, lakes and reservoirs) is 

critically important in accurately determining sediment and nutrient export, and 
this effort was limited by available information.  Relatively good morphometric 
data were available for El Dorado Lake, but, other reservoir, and pond inputs 
(morphometric and water quality data) were estimated based on digital land 
use/cover data and best professional judgment. 

 
 Nutrient inputs to modeled subbasins were estimated from county level animal 

census data and county level commercial fertilizer sales.  Actual animal densities 
and fertilizer use by subbasin may vary significantly from area-weighted methods 
used to make estimates. 

 
 Calibration of hydrology, sediment and nutrient export was performed with 

limited field observations.      
 

 The simulation model calculates pollutant export estimates based on 
representations of current land use and management conditions in the basin and 
historical weather data.  Model results do not represent a historical summary of 
actual sediment and nutrient export in the basin.  Land use changes over time are 
not represented in the present modeling effort.  

 
 Point source nutrient inputs were not included in the present modeling effort.  

Numerous minor permitted facilities (e.g. industrial facilities, small 
municipalities, CAFOs) and septic systems were not modeled. 

 
 Reported annual average values for runoff, sediment and nutrient export and load 

are annual average estimates and likely have a high degree of error associated 
with them.  A higher degree of confidence may be placed in relative values. 
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Table 1.  Unit Conversions. 

1 Square Kilometer (km2) = 100 Hectares (ha) 

1 Hectare (ha) = 2.471 Acres (ac) 

1 Kilogram (kg) = 2.205 Pounds (lbs) 

1 Metric ton (t) = 1000 kg  = 1.103 Short Tons (T) 

1 Millimeter (mm) = 0.0394 Inches (in) 

1 Meter (m) = 1000 mm = 3.281 Feet (ft) 

1 Kilometer (km) = 1000 m = 0.6214 Miles (mi) 

1 Kilogram per hectare (kg/ha) = 0.8924 Pounds per acre (lb/ac) 

1 Metric ton per hectare (t/ha) = 0.4462 Short Tons per acre (T/ac) 

1 hectare-meter (ha-m) = 8.104 acre-feet (ac-ft) 

1 Cubic meter per second (cms) = 35.31 Cubic feet per second (cfs) 
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Table 2. Land use/cover in the El Dorado Lake Watershed derived from USGS NLCD with 
corresponding SWAT model land use codes. 

Description SWAT Land
Use Code Modeled as … Area 

(ha) 
Area 
(ac) 

Percent
Cover

Open Water WATR Reservoirs and ponds 3,794.4 9,376.2 5.97 
Low Density Residential URLD Urban, low intensity residential 26.4 65.2 0.04 
High Density Residential URHD Urban, high intensity residential 10.5 26.0 0.02 

Commercial/Industrial/Transportation UCOM Urban, commercial and industrial property 232.0 573.3 0.37 
Bare Rock/Sand/Clay BARE Bare soil/rock 15.9 39.4 0.03 

Deciduous Forest FRSD Deciduous Forest 371.0 916.6 0.58 
Evergreen Forest FRSE Evergreen Forest 8.6 21.2 0.01 

Mixed Forest FRST Mixed Forest 26.0 64.2 0.04 
Shrubland RNGB Brushy Range 1,687.1 4,169.0 2.66 

Grasslands/Herbaceous RNGE Range 46,185.4 114,126.5 72.70 

Pasture/Hay PAST Pasture, managed 
And/or improved 6,700.4 16,556.9 10.55 

Row Crops AGRR Cropland, row crops 3,366.1 8,317.7 5.30 
Small Grains AGRC Cropland, close grown 500.8 1,237.6 0.79 

Urban/Recreational Grasses BERM Grass, Bermuda 79.9 197.5 0.13 
Woody Emergents WETF Woody wetland 12.2 30.3 0.02 

Emergent Herbaceous Wetlands WETN Herbaceous wetland 512.2 1,265.6 0.81 
Total   63,528.9 156,983.2 100.02 

 

Table 3. COOP weather stations in and near the El Dorado Lake Watershed with daily 
precipitation and temperature data. 

Station ID Name Longitude Latitude
Elevation

(m) POR County, State 
141173 Burns -96.88 38.08 457 1975 – 2004 Marion, KS 
141351 Cassoday -96.62 38.03 445 1948 – 2004 Butler, KS 
142401 El Dorado -96.85 37.82 408 1904 – 2004 Butler, KS 
146979 Rosalia -96.62 37.82 465 1953 - 2004 Butler, KS 

 

Table 4.  USGS gaging stations in the El Dorado Lake Watershed. 

USGS ID Description Latitude Longitude
Drainage

Area 
(mi2) 

Gage Datum 
(ft) 

(NGDV29) 
POR 

07146570 Cole Creek near DeGraff, KS 37º56'50" 96º46'50" 30 1,332.83 1961-1981
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Table 5. Modeled subbasins in the El Dorado Lake Watershed and corresponding SWAT 
subbasin numbers. 

Centroid (DD NAD83) 14 Digit 
HUC 

Tributary 
Arm 

SUBBASIN 
# Longitude Latitude 

AREA 
(ac) 

Mean Elev. 
(ft MSL) 

11030017030010 Walnut River Arm 1 -96.66878 38.07613 1,764 1,480 
11030017030010 Walnut River Arm 2 -96.64793 38.07652 1,649 1,487 
11030017030010 Walnut River Arm 3 -96.62149 38.06703 3,565 1,490 
11030017030010 Walnut River Arm 4 -96.66463 38.05123 106 1,438 
11030017030010 Walnut River Arm 5 -96.62629 38.04538 2,549 1,481 
11030017030010 Walnut River Arm 6 -96.58684 38.03250 4,644 1,519 
11030017030010 Walnut River Arm 9 -96.67745 38.05178 1,710 1,453 
11030017030010 Walnut River Arm 10 -96.64827 38.02877 1,641 1,472 
11030017030010 Walnut River Arm 13 -96.72714 38.04641 2,029 1,463 
11030017030010 Walnut River Arm: School Branch 14 -96.70603 38.05884 3,979 1,468 
11030017030010 Walnut River Arm: School Branch 17 -96.73379 38.02101 1,203 1,429 
11030017030010 Walnut River Arm 18 -96.68612 38.01944 4,739 1,438 
11030017030010 Walnut River Arm 19 -96.72453 38.00372 92 1,387 
11030017030010 Walnut River Arm 20 -96.70354 37.99403 1,749 1,432 
11030017030010 Walnut River Arm 25 -96.73913 37.99200 3,511 1,404 
11030017030010 Walnut River Arm 26 -96.71252 37.97237 1,637 1,420 
11030017030010 Walnut River Arm 31 -96.74826 37.95918 2,070 1,379 
11030017030020 Cole Creek Arm 7 -96.77443 38.06786 2,376 1,470 
11030017030020 Cole Creek Arm 8 -96.75762 38.05661 1,411 1,473 
11030017030020 Cole Creek Arm 11 -96.78372 38.04550 1,418 1,448 
11030017030020 Cole Creek Arm 12 -96.75101 38.04097 1,392 1,459 
11030017030020 Cole Creek Arm 15 -96.80722 38.03884 4,189 1,461 
11030017030020 Cole Creek Arm 16 -96.76463 38.02018 875 1,423 
11030017030020 Cole Creek Arm 23 -96.80243 38.00091 3,679 1,431 
11030017030020 Cole Creek Arm 24 -96.77036 37.99400 2,707 1,403 
11030017030020 Cole Creek Arm 29 -96.78344 37.96322 1,561 1,376 
11030017030020 Cole Creek Arm: Gilmore Creek 30 -96.80979 37.96392 2,791 1,408 
11030017030030 Durechen Creek Arm 21 -96.62734 38.01010 1,575 1,491 
11030017030030 Durechen Creek Arm 22 -96.59977 38.00057 4,167 1,509 
11030017030030 Durechen Creek Arm 27 -96.66691 37.98573 3,852 1,445 
11030017030030 Durechen Creek Arm 28 -96.62177 37.96699 7,781 1,481 
11030017030030 Durechen Creek Arm 32 -96.71101 37.93998 7,260 1,399 
11030017030040 Satchel Creek Arm 33 -96.61618 37.93603 3,313 1,484 
11030017030040 Satchel Creek Arm 34 -96.64275 37.92030 392 1,442 
11030017030040 Satchel Creek Arm 35 -96.60064 37.91028 4,541 1,492 
11030017030040 Satchel Creek Arm 36 -96.66337 37.90462 1,643 1,428 
11030017030040 Satchel Creek Arm 37 -96.66098 37.93249 1,907 1,441 
11030017030040 Satchel Creek Arm 38 -96.65164 37.92007 408 1,437 
11030017030040 Satchel Creek Arm 39 -96.63601 37.89918 1,326 1,461 
11030017030040 Satchel Creek Arm 40 -96.70666 37.90053 6,341 1,398 
11030017030050 Bemis Creek Arm 41 -96.64690 37.88115 1,370 1,453 
11030017030050 Bemis Creek Arm 42 -96.62039 37.87590 3,259 1,480 
11030017030050 Bemis Creek Arm 43 -96.68954 37.86857 3,965 1,410 
11030017030050 Bemis Creek Arm: Harrison Creek 44 -96.68978 37.84086 2,452 1,407 
11030017030050 Bemis Creek Arm: Lower Branch 45 -96.59677 37.85209 5,019 1,526 
11030017030050 Bemis Creek Arm: Harrison Creek 46 -96.61005 37.83689 1,857 1,515 
11030017030050 Bemis Creek Arm 47 -96.72871 37.85261 642 1,363 
11030017030050 Bemis Creek Arm: Harrison Creek 49 -96.65746 37.85364 808 1,433 
11030017030050 Bemis Creek Arm: Harrison Creek 50 -96.63556 37.82756 4,076 1,484 
11030017030050 Bemis Creek Arm: Shady Creek 51 -96.69857 37.82278 4,452 1,423 
11030017030060 El Dorado Lake Area 48 -96.78071 37.88751 23,541 1,353 

 Total Watershed Area    156,983  
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Table 6.  Pertinent data for El Dorado Lake. 

Lake 
Name 

 

Operational 
Date 

 

Area 
Flood 
Pool 
(ha) 

Volume
Flood 
Pool 

(ha-m) 

Area 
Conservation 

Pool 
(ha) 

Volume 
Conservation 

Pool 
(ha-m) 

Municipal 
Water Use 

(ha-m/mon) 
El Dorado Lake June-81 4,847 30,465 3,399 19,982 252.14 

Data from USACE (2004) and USACE (2006).   
 
 
Table 7. Livestock inventory estimates in counties within the El Dorado Lake Watershed. 

County FIPS 
Code 

Cattle/calves 
Inventory 

Hogs/pigs 
Inventory 

Sheep/lambs 
Inventory 

Horses 
Inventory 

Butler 20015 120,671 42,266 6,672 1,631 
Chase 20017 53,943 8,999 430 513 

1992 USDA-NASS (1995) data from Puckett et al. (1998). 
 
 
Table 8.  Animal waste characterization. 

 
Beef 

Per 1000 kg 
Swine 

Per 1000 kg 
Sheep 

Per 1000 kg 
Horse 

Per 1000 kg 
Manure (fresh) Weight (kg/d) 58 80.5 40 51 

Nitrogen as N (kg/d) 0.32 0.45 0.45 0.3 
Phosphorus as P (kg/d) 0.098 0.135 0.08 0.071 
N Available (Fraction) 0.5 0.25 0.5 0.5 
P Available (Fraction) 1 1 1 1 

Average animal weights:  beef, 420 kg; swine, 50 kg; sheep, 27 kg; and horse, 450 kg. 
Data from Lander and Moffit (1998), USDA-SCS (1992), and ASAE (1991). 
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Table 9. Estimates of livestock generated nitrogen and phosphorus for counties within the El 

Dorado Lake Watershed. 

Animal Manure 
Nitrogen 

Animal Manure 
Phosphorus  

County 
FIPS 
Code (kg/yr) (T/yr) (kg/yr) (T/yr) 

Butler 20015 5,693,000 6,277 1,836,800 2,025 
Chase 20017 2,308,000 2,545 706,800 779 

1992 data from Puckett et al. (1998). 

 

 
Table 10. Estimates of commercial fertilizers sold by county included in the El Dorado Lake 

Watershed. 

Nitrogen Phosphorus 
County FIPS 

Code 

County 
Area 
(ha) (kg/yr) (T/yr) (kg/yr) (T/yr) 

Butler 20015 374,761 7,570,456 8,347 867,495 956 
Chase 20017 201,386 957,987 1,056 109,674 121 

1991 data from Battaglin and Goolsby (1994). 
 
 
Table 11. SWAT hydrologic calibration results at USGS gaging stations with unregulated flow 

in the El Dorado Lake Watershed. 

USGS 
Gage 

Comparison 
Period 

Of 
Record 

Compared 
Flow 

Measured
Annual 
Mean 
*(cms) 

SWAT
Annual
Mean 
*(cms)

 
Annual 

Correlation
(r2) 

 
Nash-Sutcliffe 

Efficiency 
(NSE) 

Relative 
Annual 

Difference
 (%) 

Total Flow 0.45 0.43 0.88 0.75 -5.11 
Base Flow 0.05 0.04 0.73 0.27 -13.8 07146570 1962 – 1979 

Surface Flow 0.41 0.40 0.89 0.78 -2.94 
*1 cms = 35.31 cfs  
 
 
Table 12. Comparisons of measured  and simulated El Dorado Lake Inflows and Outflows 

(USACE Data). 

USGS Gage ID 

Comparison 
Period 

Of 
Record 

Measured 
Annual 
Mean 
*(cms) 

SWAT 
Annual
Mean 
*(cms) 

 
Annual 

Correlation 
(r2) 

 
Nash-Sutcliffe 

Efficiency 
(NSE) 

Relative 
Annual 

Difference 
 (%) 

Inflow 1995 - 2004 4.69 4.38 0.97 0.92 -6.75 
Outflow 1995 - 2004 3.46 3.12 0.97 0.89 -9.71 

*1 cms = 35.31 cfs  
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Table 14. Estimated average annual sediment and nutrient export rates by subbasin in the El 
Dorado Lake watershed (WR = Walnut River Arm, CC = Cole Creek Arm, DC = 
Durechen Creek Arm, SC = Satchel Creek Arm, BC = Bemis Creek Arm, and ED = 
El Dorado Lake and adjacent area). 

Tributary 
Arm 

Subbasin 
# 

Area 
km

2
 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

WR 1 7.138 145.94 0.113 0.43 0.06 0.012 0.67 0.003 
WR 2 6.672 136.00 0.135 0.59 0.09 0.021 0.90 0.011 
WR 3 14.425 148.36 0.249 0.84 0.13 0.041 0.67 0.009 
WR 4 0.429 92.01 0.778 3.33 0.55 0.185 0.72 0.019 
WR 5 10.316 145.12 0.255 0.89 0.15 0.043 0.91 0.017 
WR 6 18.795 145.76 0.067 0.30 0.04 0.008 0.91 0.006 
CC 7 9.617 177.85 0.541 2.00 0.29 0.102 0.94 0.016 
CC 8 5.710 173.10 0.253 1.04 0.15 0.038 1.01 0.010 
WR 9 6.918 115.87 0.526 1.95 0.32 0.108 0.78 0.018 
WR 10 6.643 140.54 0.518 1.75 0.31 0.101 0.95 0.015 
CC 11 5.738 164.46 0.409 1.65 0.27 0.083 1.28 0.023 
CC 12 5.633 152.77 0.110 0.53 0.07 0.009 0.82 0.006 
WR 13 8.212 116.30 1.071 3.96 0.66 0.220 0.85 0.016 
WR 14 16.103 117.14 0.358 1.44 0.24 0.077 0.82 0.015 
CC 15 16.951 173.96 0.278 1.03 0.15 0.043 0.92 0.008 
CC 16 3.542 152.52 0.641 2.38 0.38 0.117 1.13 0.017 
WR 17 4.870 115.36 0.557 1.91 0.33 0.108 0.87 0.012 
WR 18 19.176 114.90 0.560 1.97 0.33 0.117 0.74 0.012 
WR 19 0.373 60.95 0.914 3.53 0.57 0.205 0.46 0.014 
WR 20 7.079 148.95 0.135 0.49 0.08 0.019 0.80 0.007 
DC 21 6.376 147.86 0.126 0.52 0.09 0.022 0.97 0.017 
DC 22 16.862 150.91 0.195 0.73 0.12 0.036 0.91 0.011 
CC 23 14.890 187.09 0.266 1.04 0.17 0.045 1.22 0.011 
CC 24 10.956 136.31 0.986 3.30 0.56 0.186 1.10 0.026 
WR 25 14.207 101.94 0.256 0.95 0.15 0.048 0.66 0.009 
WR 26 6.623 152.89 0.211 0.69 0.12 0.030 0.79 0.008 
DC 27 15.587 134.57 0.161 0.64 0.10 0.027 0.72 0.008 
DC 28 31.488 140.45 0.055 0.23 0.03 0.006 0.75 0.007 
CC 29 6.318 127.62 0.236 0.95 0.16 0.046 0.97 0.032 
CC 30 11.293 169.84 0.253 0.96 0.15 0.038 1.24 0.017 
WR 31 8.376 103.88 0.452 1.80 0.30 0.098 0.73 0.015 
DC 32 29.380 131.94 0.702 2.11 0.36 0.114 0.85 0.011 
SC 33 13.406 137.54 0.188 0.69 0.11 0.030 0.85 0.009 
SC 34 1.588 158.84 0.140 0.58 0.08 0.013 0.94 0.005 
SC 35 18.378 162.57 0.182 0.74 0.12 0.027 1.06 0.015 
SC 36 6.651 157.29 0.169 0.72 0.11 0.022 0.96 0.011 
SC 37 7.718 152.75 0.078 0.33 0.05 0.008 0.86 0.006 
SC 38 1.650 173.26 0.145 0.64 0.09 0.014 1.04 0.006 
SC 39 5.368 165.52 0.227 0.91 0.15 0.042 0.99 0.019 
SC 40 25.662 160.40 0.348 1.14 0.19 0.052 0.89 0.014 
BC 41 5.546 160.66 0.098 0.45 0.07 0.017 1.03 0.026 
BC 42 13.188 156.53 0.064 0.26 0.03 0.005 0.75 0.008 
BC 43 16.046 168.58 0.202 0.74 0.12 0.028 0.99 0.013 
BC 44 9.924 157.29 0.489 1.71 0.28 0.082 0.83 0.015 
BC 45 20.312 151.49 0.069 0.32 0.04 0.006 0.82 0.007 
BC 46 7.516 158.44 0.083 0.54 0.08 0.011 1.10 0.018 
BC 47 2.599 118.84 0.448 1.72 0.28 0.082 0.78 0.016 
ED 48 95.266 103.04 0.268 1.01 0.17 0.044 0.74 0.011 
BC 49 3.269 130.18 0.355 1.25 0.22 0.066 0.78 0.019 
BC 50 16.495 166.00 0.327 1.12 0.18 0.051 0.74 0.015 
BC 51 18.015 174.90 0.446 1.45 0.25 0.074 1.08 0.020 
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Table 16. Estimated average annual sediment and nutrient export rates by land use for each 
subbasin in the El Dorado Lake Watershed (AGRR = Row Crop, AGRC = Small 
Grain, BERM = Urban Grass, PAST = Pasture, RNGB = Brushy Range, RNGE = 
Range, UCOM = Urban Commercial/Industrial/Transportation, URLD = Urban 
Low Density, WATR = Water (ponds and reservoirs), WETN = Wetland).  

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

WR 1 AGRR 0.084 1.181 165.443 2.882 10.104 1.524 0.543 0.933 0.014 
WR 1 PAST 0.135 1.892 71.220 0.023 0.104 0.026 0.011 0.596 0.041 
WR 1 RNGB 0.297 4.164 143.239 0.078 0.275 0.032 0.006 0.573 0.003 
WR 1 RNGE 6.523 91.391 149.547 0.083 0.323 0.039 0.006 0.679 0.003 
WR 1 WATR 0.098 1.372 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

WR 1 Sum 7.138 100.000 145.938 0.113 0.428 0.055 0.012 0.667 0.003 

            
WR 2 AGRR 0.092 1.382 160.116 4.064 13.809 2.494 0.869 1.367 0.026 
WR 2 PAST 0.498 7.471 61.846 0.025 0.149 0.044 0.019 0.840 0.073 
WR 2 RNGB 0.139 2.080 134.699 0.071 0.346 0.050 0.008 0.815 0.005 
WR 2 RNGE 5.942 89.067 141.876 0.085 0.423 0.061 0.009 0.895 0.005 

WR 2 Sum 6.672 100.000 136.000 0.135 0.586 0.093 0.021 0.896 0.011 

            
WR 3 AGRR 0.815 5.651 161.609 3.015 9.964 1.648 0.577 0.940 0.015 
WR 3 PAST 0.987 6.840 85.782 0.032 0.144 0.039 0.016 0.751 0.053 
WR 3 RNGB 0.870 6.033 176.157 0.097 0.347 0.045 0.008 0.723 0.003 
WR 3 RNGE 11.170 77.433 151.616 0.071 0.264 0.034 0.005 0.659 0.003 
WR 3 UCOM 0.201 1.392 382.622 1.141 3.180 0.613 0.194 1.079 0.124 
WR 3 WATR 0.382 2.651 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

WR 3 Sum 14.425 100.000 148.355 0.250 0.843 0.134 0.041 0.673 0.009 

            
WR 4 AGRR 0.149 34.783 103.034 2.176 9.222 1.524 0.518 0.825 0.022 
WR 4 FRSD 0.021 4.823 11.224 0.001 0.006 0.001 0.001 0.060 0.000 
WR 4 PAST 0.078 18.242 55.771 0.020 0.105 0.031 0.013 0.664 0.049 
WR 4 RNGB 0.006 1.479 92.732 0.038 0.191 0.028 0.004 0.618 0.004 
WR 4 RNGE 0.162 37.728 102.473 0.045 0.258 0.037 0.005 0.708 0.006 
WR 4 WETN 0.013 2.944 184.091 0.014 0.073 0.013 0.002 1.091 0.003 

WR 4 Sum 0.429 100.000 92.007 0.778 3.329 0.551 0.185 0.719 0.019 

            
WR 5 AGRR 0.344 3.337 140.835 4.207 12.889 2.239 0.821 1.122 0.022 
WR 5 BERM 0.137 1.329 140.935 0.160 0.532 0.095 0.021 0.753 0.014 
WR 5 PAST 0.862 8.359 71.406 0.032 0.160 0.047 0.020 0.873 0.068 
WR 5 RNGB 0.478 4.630 131.952 0.077 0.345 0.049 0.009 0.778 0.004 
WR 5 RNGE 8.018 77.723 144.173 0.076 0.358 0.051 0.008 0.890 0.005 
WR 5 UCOM 0.327 3.167 380.931 1.386 4.134 0.859 0.223 1.644 0.192 
WR 5 URLD 0.150 1.455 161.262 0.228 0.642 0.127 0.027 0.797 0.022 

WR 5 Sum 10.316 100.000 145.115 0.255 0.885 0.151 0.043 0.912 0.017 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

WR 6 PAST 0.714 3.798 80.404 0.032 0.168 0.049 0.021 1.039 0.075 
WR 6 RNGB 0.711 3.783 142.258 0.079 0.349 0.049 0.009 0.853 0.004 
WR 6 RNGE 16.538 87.992 156.061 0.071 0.318 0.046 0.007 0.957 0.004 
WR 6 WATR 0.832 4.427 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

WR 6 Sum 18.795 100.000 145.756 0.067 0.299 0.044 0.007 0.914 0.006 

            
CC 7 AGRC 1.267 13.172 223.810 1.072 3.504 0.458 0.192 1.048 0.013 
CC 7 AGRR 1.323 13.756 195.329 2.512 9.737 1.463 0.506 1.103 0.017 
CC 7 PAST 1.232 12.813 121.426 0.053 0.212 0.055 0.026 1.058 0.074 
CC 7 RNGB 0.178 1.848 167.087 0.057 0.211 0.027 0.005 0.722 0.003 
CC 7 RNGE 5.474 56.921 180.698 0.081 0.291 0.037 0.006 0.872 0.004 
CC 7 WATR 0.143 1.490 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

CC 7 Sum 9.617 100.000 177.852 0.541 1.997 0.290 0.102 0.935 0.016 

            
CC 8 AGRR 0.187 3.269 176.306 3.825 14.044 2.197 0.748 1.098 0.018 
CC 8 PAST 0.321 5.620 98.483 0.074 0.307 0.088 0.044 0.964 0.080 
CC 8 RNGB 0.092 1.610 151.731 0.091 0.408 0.054 0.009 0.793 0.005 
CC 8 RNGE 5.110 89.501 178.050 0.137 0.618 0.081 0.012 1.011 0.005 

CC 8 Sum 5.710 100.000 173.097 0.253 1.036 0.150 0.038 1.008 0.010 

            
WR 9 AGRC 0.217 3.140 128.790 1.222 3.535 0.533 0.232 0.778 0.010 
WR 9 AGRR 0.937 13.537 124.913 3.174 11.460 1.922 0.678 0.918 0.020 
WR 9 FRSD 0.141 2.032 11.263 0.002 0.007 0.001 0.001 0.052 0.000 
WR 9 PAST 1.411 20.398 58.322 0.027 0.148 0.042 0.018 0.672 0.058 
WR 9 RNGB 0.105 1.518 111.500 0.058 0.264 0.037 0.007 0.605 0.004 
WR 9 RNGE 4.108 59.375 136.582 0.087 0.423 0.060 0.009 0.819 0.005 

WR 9 Sum 6.918 100.000 115.867 0.526 1.948 0.322 0.108 0.782 0.018 

            
WR 10 AGRR 0.757 11.393 147.229 3.834 12.437 2.188 0.797 1.249 0.024 
WR 10 PAST 0.434 6.535 70.992 0.028 0.148 0.043 0.018 0.893 0.067 
WR 10 RNGB 0.238 3.586 145.681 0.079 0.331 0.046 0.009 0.885 0.005 
WR 10 RNGE 5.136 77.310 141.517 0.069 0.334 0.048 0.008 0.903 0.005 
WR 10 UCOM 0.078 1.176 381.797 1.962 4.405 1.202 0.230 1.778 0.305 

WR 10 Sum 6.643 100.000 140.535 0.518 1.748 0.305 0.101 0.951 0.015 

            
CC 11 AGRC 0.184 3.201 211.372 1.507 5.008 0.760 0.317 1.449 0.021 
CC 11 AGRR 0.434 7.559 171.081 3.513 13.335 2.258 0.762 1.368 0.026 
CC 11 PAST 0.917 15.972 94.958 0.062 0.285 0.087 0.040 1.128 0.091 
CC 11 RNGB 0.146 2.551 167.834 0.082 0.418 0.059 0.010 1.157 0.008 
CC 11 RNGE 4.058 70.717 177.208 0.117 0.605 0.086 0.013 1.300 0.008 

CC 11 Sum 5.738 100.000 164.462 0.408 1.653 0.271 0.083 1.278 0.023 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

CC 12 RNGB 0.092 1.636 117.437 0.060 0.305 0.041 0.006 0.543 0.004 
CC 12 RNGE 5.425 96.303 156.639 0.113 0.550 0.071 0.010 0.844 0.006 
CC 12 WATR 0.116 2.060 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

CC 12 Sum 5.633 100.000 152.770 0.110 0.534 0.070 0.009 0.822 0.006 

            
WR 13 AGRC 0.280 3.412 151.707 1.922 6.441 0.966 0.418 0.977 0.015 
WR 13 AGRR 1.705 20.758 123.749 4.537 16.186 2.749 0.947 0.977 0.023 
WR 13 PAST 0.808 9.835 51.638 0.031 0.183 0.056 0.022 0.571 0.061 
WR 13 RNGE 5.419 65.996 121.769 0.091 0.551 0.077 0.010 0.846 0.007 

WR 13 Sum 8.212 100.000 116.304 1.070 3.961 0.660 0.219 0.851 0.016 

            
WR 14 AGRR 1.352 8.397 136.543 3.633 13.608 2.328 0.823 1.049 0.025 
WR 14 PAST 1.570 9.750 59.341 0.030 0.177 0.051 0.022 0.771 0.074 
WR 14 RNGB 0.618 3.835 110.451 0.069 0.383 0.055 0.007 0.660 0.004 
WR 14 RNGE 12.563 78.018 122.609 0.061 0.341 0.048 0.007 0.804 0.007 

WR 14 Sum 16.102 100.000 117.145 0.359 1.441 0.240 0.077 0.816 0.015 

            
CC 15 AGRR 0.962 5.674 164.878 3.241 11.166 1.769 0.609 0.921 0.015 
CC 15 PAST 0.871 5.139 89.286 0.042 0.183 0.051 0.022 0.737 0.057 
CC 15 RNGB 0.482 2.845 162.698 0.082 0.375 0.050 0.008 0.783 0.005 
CC 15 RNGE 14.312 84.427 184.052 0.106 0.440 0.058 0.008 0.953 0.005 
CC 15 WATR 0.325 1.915 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

CC 15 Sum 16.951 100.000 173.962 0.278 1.025 0.153 0.043 0.917 0.008 

            
CC 16 AGRC 0.177 5.008 187.118 1.472 4.870 0.727 0.292 1.239 0.016 
CC 16 AGRR 0.512 14.457 125.230 3.394 11.968 1.951 0.631 0.879 0.017 
CC 16 PAST 0.461 13.029 61.633 0.033 0.177 0.052 0.023 0.688 0.061 
CC 16 RNGB 0.050 1.401 179.622 0.090 0.443 0.063 0.010 1.280 0.007 
CC 16 RNGE 2.341 66.105 173.202 0.108 0.573 0.081 0.012 1.266 0.008 

CC 16 Sum 3.541 100.000 152.518 0.641 2.382 0.380 0.117 1.134 0.017 

            
WR 17 AGRR 0.572 11.747 105.271 4.195 12.880 2.297 0.850 0.887 0.020 
WR 17 FRSD 0.070 1.431 16.984 0.003 0.012 0.002 0.001 0.093 0.000 
WR 17 PAST 0.247 5.076 55.187 0.028 0.159 0.048 0.021 0.762 0.064 
WR 17 RNGB 0.079 1.618 109.627 0.061 0.334 0.048 0.007 0.713 0.005 
WR 17 RNGE 3.902 80.128 122.518 0.077 0.475 0.067 0.009 0.890 0.008 

WR 17 Sum 4.870 100.000 115.356 0.557 1.908 0.327 0.108 0.869 0.012 

            
WR 18 AGRC 0.377 1.966 110.856 1.021 3.158 0.477 0.222 0.627 0.010 
WR 18 AGRR 2.983 15.558 117.344 3.187 10.916 1.862 0.686 0.858 0.019 
WR 18 FRSD 0.267 1.390 11.229 0.002 0.007 0.001 0.001 0.051 0.000 
WR 18 PAST 3.424 17.855 40.200 0.019 0.097 0.029 0.012 0.434 0.037 
WR 18 RNGB 0.378 1.971 154.491 0.101 0.384 0.052 0.011 0.857 0.004 
WR 18 RNGE 11.747 61.261 137.258 0.064 0.293 0.041 0.006 0.810 0.004 

WR 18 Sum 19.176 100.000 114.899 0.560 1.965 0.331 0.117 0.737 0.012 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

WR 19 AGRR 0.149 40.044 90.111 2.258 8.689 1.409 0.505 0.727 0.018 
WR 19 FRSD 0.056 15.053 11.247 0.001 0.006 0.001 0.001 0.060 0.000 
WR 19 PAST 0.127 33.975 16.166 0.006 0.037 0.012 0.005 0.131 0.019 
WR 19 RNGE 0.041 10.928 161.756 0.073 0.319 0.047 0.008 1.067 0.004 

WR 19 Sum 0.373 100.000 60.945 0.914 3.528 0.574 0.205 0.461 0.014 

            
WR 20 AGRR 0.123 1.732 141.288 2.428 7.984 1.444 0.546 1.050 0.020 
WR 20 PAST 0.197 2.787 66.571 0.023 0.118 0.034 0.014 0.727 0.058 
WR 20 RNGB 0.276 3.894 129.562 0.069 0.268 0.036 0.007 0.656 0.004 
WR 20 RNGE 6.311 89.151 150.731 0.080 0.324 0.045 0.007 0.804 0.003 
WR 20 UCOM 0.097 1.368 381.580 1.265 3.555 0.788 0.182 1.452 0.185 
WR 20 WATR 0.076 1.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

WR 20 Sum 7.078 100.000 148.946 0.134 0.490 0.079 0.019 0.801 0.007 

            
DC 21 AGRR 0.126 1.969 150.621 2.689 10.091 1.715 0.588 1.148 0.021 
DC 21 PAST 0.922 14.465 106.966 0.051 0.252 0.073 0.030 1.382 0.097 
DC 21 RNGB 0.190 2.976 141.586 0.048 0.230 0.033 0.005 0.816 0.004 
DC 21 RNGE 5.138 80.590 155.359 0.080 0.343 0.049 0.008 0.899 0.004 

DC 21 Sum 6.376 100.000 147.855 0.126 0.518 0.084 0.022 0.972 0.017 

            
DC 22 AGRR 0.816 4.841 161.153 2.904 10.399 1.777 0.605 1.201 0.020 
DC 22 PAST 1.780 10.555 86.262 0.034 0.166 0.048 0.019 1.023 0.074 
DC 22 RNGB 0.491 2.909 123.540 0.047 0.224 0.032 0.005 0.663 0.004 
DC 22 RNGE 13.776 81.695 159.635 0.060 0.249 0.035 0.006 0.884 0.003 

DC 22 Sum 16.862 100.000 150.914 0.194 0.731 0.120 0.036 0.908 0.011 

            
CC 23 AGRR 0.591 3.972 180.210 3.813 13.741 2.332 0.778 1.391 0.023 
CC 23 PAST 1.312 8.813 91.343 0.057 0.261 0.077 0.034 1.003 0.076 
CC 23 RNGB 0.314 2.112 155.429 0.096 0.469 0.067 0.010 0.994 0.006 
CC 23 RNGE 12.672 85.104 198.106 0.127 0.541 0.078 0.013 1.241 0.004 

CC 23 Sum 14.890 100.000 187.086 0.266 1.039 0.167 0.045 1.220 0.011 

            
CC 24 AGRR 2.224 20.300 153.106 4.561 14.593 2.501 0.858 1.160 0.021 
CC 24 FRSD 0.139 1.273 18.392 0.003 0.013 0.002 0.001 0.094 0.000 
CC 24 PAST 2.694 24.587 59.766 0.035 0.195 0.057 0.026 0.742 0.069 
CC 24 RNGB 0.112 1.022 158.788 0.082 0.458 0.065 0.009 1.145 0.008 
CC 24 RNGE 5.787 52.818 167.897 0.097 0.535 0.075 0.011 1.260 0.009 

CC 24 Sum 10.956 100.000 136.312 0.986 3.298 0.562 0.187 1.096 0.026 

            
WR 25 AGRC 0.420 2.954 78.067 0.773 2.167 0.335 0.165 0.444 0.008 
WR 25 AGRR 0.896 6.303 94.506 2.779 9.280 1.575 0.574 0.698 0.016 
WR 25 FRSD 0.156 1.099 11.214 0.002 0.008 0.001 0.001 0.054 0.000 
WR 25 PAST 3.093 21.772 13.390 0.008 0.039 0.014 0.006 0.117 0.015 
WR 25 RNGB 0.207 1.455 149.095 0.091 0.404 0.057 0.010 0.891 0.004 
WR 25 RNGE 9.436 66.417 133.205 0.083 0.429 0.061 0.009 0.851 0.006 

WR 25 Sum 14.207 100.000 101.941 0.256 0.948 0.153 0.048 0.661 0.009 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

WR 26 AGRR 0.136 2.060 169.227 4.432 12.804 2.288 0.825 1.226 0.020 
WR 26 PAST 0.150 2.266 67.482 0.029 0.133 0.037 0.015 0.629 0.044 
WR 26 RNGB 0.317 4.793 143.605 0.093 0.363 0.050 0.009 0.717 0.004 
WR 26 RNGE 5.738 86.639 150.713 0.094 0.373 0.052 0.008 0.780 0.003 
WR 26 UCOM 0.138 2.087 382.032 1.603 3.971 0.901 0.235 1.419 0.200 
WR 26 WATR 0.069 1.044 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
WR 26 WETN 0.074 1.112 219.307 0.016 0.073 0.012 0.002 0.962 0.002 

WR 26 Sum 6.623 100.000 152.886 0.211 0.691 0.115 0.030 0.790 0.008 

            
DC 27 AGRR 0.643 4.128 118.270 2.244 8.731 1.405 0.469 0.725 0.015 
DC 27 PAST 1.894 12.149 48.810 0.019 0.095 0.027 0.011 0.471 0.040 
DC 27 RNGB 0.484 3.102 141.070 0.073 0.312 0.044 0.007 0.699 0.003 
DC 27 RNGE 12.383 79.441 147.365 0.080 0.328 0.046 0.007 0.754 0.004 
DC 27 WETN 0.184 1.179 195.972 0.015 0.074 0.013 0.002 0.833 0.002 

DC 27 Sum 15.587 100.000 134.568 0.161 0.643 0.099 0.027 0.717 0.008 

            
DC 28 PAST 2.070 6.574 73.535 0.029 0.135 0.039 0.016 0.747 0.053 
DC 28 RNGB 0.895 2.843 134.794 0.061 0.264 0.037 0.006 0.650 0.003 
DC 28 RNGE 28.120 89.305 147.564 0.058 0.238 0.033 0.005 0.759 0.004 
DC 28 WATR 0.402 1.278 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

DC 28 Sum 31.488 100.000 140.448 0.055 0.229 0.033 0.006 0.746 0.007 

            
CC 29 AGRC 0.120 1.898 173.070 1.394 4.693 0.691 0.274 1.029 0.014 
CC 29 AGRR 0.248 3.927 124.917 3.672 13.406 2.162 0.674 0.822 0.016 
CC 29 FRSD 0.132 2.087 18.382 0.003 0.012 0.002 0.001 0.087 0.000 
CC 29 PAST 2.402 38.021 65.931 0.034 0.186 0.054 0.024 0.775 0.071 
CC 29 RNGE 3.299 52.212 174.592 0.100 0.502 0.071 0.010 1.173 0.007 
CC 29 WETN 0.117 1.854 151.806 0.011 0.069 0.013 0.001 0.735 0.003 

CC 29 Sum 6.318 100.000 127.615 0.236 0.950 0.156 0.046 0.974 0.032 

            
CC 30 AGRR 0.203 1.794 178.028 6.938 18.990 3.271 1.116 1.471 0.022 
CC 30 PAST 1.403 12.421 78.233 0.059 0.324 0.095 0.041 0.986 0.086 
CC 30 RNGE 9.688 85.785 182.935 0.141 0.672 0.095 0.015 1.269 0.006 

CC 30 Sum 11.293 100.000 169.843 0.253 0.958 0.152 0.038 1.238 0.017 

            
WR 31 AGRR 1.342 16.018 90.300 2.457 9.288 1.564 0.559 0.675 0.018 
WR 31 FRSD 0.121 1.445 11.217 0.002 0.009 0.001 0.001 0.056 0.000 
WR 31 PAST 1.634 19.503 32.969 0.017 0.108 0.033 0.015 0.414 0.042 
WR 31 RNGB 0.248 2.957 136.190 0.095 0.417 0.058 0.011 0.833 0.005 
WR 31 RNGE 5.032 60.078 131.161 0.088 0.466 0.066 0.009 0.866 0.006 

WR 31 Sum 8.376 100.000 103.881 0.453 1.801 0.298 0.098 0.735 0.015 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

DC 32 AGRR 3.413 11.616 152.317 5.406 15.320 2.690 0.903 1.209 0.019 
DC 32 FRSD 0.326 1.108 11.202 0.002 0.009 0.001 0.001 0.053 0.000 
DC 32 PAST 3.493 11.890 63.382 0.038 0.192 0.055 0.022 0.731 0.054 
DC 32 RNGB 0.809 2.752 106.425 0.064 0.319 0.046 0.007 0.627 0.005 
DC 32 RNGE 21.339 72.633 142.715 0.093 0.406 0.058 0.009 0.835 0.003 

DC 32 Sum 29.380 100.000 131.941 0.702 2.106 0.363 0.115 0.852 0.011 

            
SC 33 AGRR 0.382 2.847 177.485 4.339 13.232 2.363 0.805 1.436 0.021 
SC 33 PAST 0.754 5.626 73.958 0.025 0.135 0.039 0.016 0.867 0.065 
SC 33 RNGB 0.279 2.079 108.734 0.041 0.219 0.031 0.005 0.622 0.005 
SC 33 RNGE 11.843 88.340 142.699 0.070 0.337 0.048 0.007 0.850 0.005 
SC 33 WATR 0.148 1.107 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

SC 33 Sum 13.406 100.000 137.535 0.188 0.686 0.112 0.030 0.854 0.009 

            
SC 34 PAST 0.029 1.805 75.637 0.013 0.074 0.020 0.009 0.708 0.067 
SC 34 RNGB 0.033 2.089 199.488 0.048 0.227 0.032 0.006 1.222 0.005 
SC 34 RNGE 1.258 79.256 189.205 0.174 0.717 0.103 0.016 1.114 0.004 
SC 34 WATR 0.243 15.282 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
SC 34 WETN 0.025 1.569 213.783 0.017 0.081 0.014 0.002 1.137 0.003 

SC 34 Sum 1.588 100.000 158.841 0.140 0.575 0.083 0.013 0.939 0.005 

            
SC 35 AGRR 0.361 1.963 199.631 4.244 13.201 2.425 0.768 1.460 0.019 
SC 35 PAST 1.457 7.928 104.917 0.067 0.317 0.092 0.044 1.240 0.106 
SC 35 RNGB 0.397 2.161 127.133 0.064 0.352 0.050 0.007 0.741 0.005 
SC 35 RNGE 15.941 86.740 170.149 0.106 0.511 0.073 0.010 1.061 0.007 
SC 35 WATR 0.222 1.207 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

SC 35 Sum 18.378 100.000 162.573 0.182 0.735 0.119 0.027 1.063 0.015 

            
SC 36 AGRR 0.090 1.351 117.824 2.713 10.334 1.698 0.510 0.736 0.014 
SC 36 FRSD 0.083 1.242 22.064 0.003 0.015 0.002 0.001 0.109 0.000 
SC 36 PAST 0.854 12.846 50.273 0.031 0.146 0.045 0.022 0.433 0.049 
SC 36 RNGB 0.123 1.856 130.759 0.061 0.302 0.043 0.007 0.757 0.005 
SC 36 RNGE 5.429 81.628 177.071 0.155 0.675 0.097 0.015 1.066 0.005 
SC 36 WETN 0.072 1.078 185.618 0.014 0.071 0.012 0.001 0.924 0.003 

SC 36 Sum 6.651 100.000 157.290 0.169 0.716 0.109 0.022 0.961 0.011 

            
SC 37 PAST 0.299 3.876 105.140 0.046 0.222 0.062 0.025 1.214 0.083 
SC 37 RNGB 0.160 2.079 107.999 0.041 0.199 0.028 0.005 0.572 0.004 
SC 37 RNGE 7.170 92.904 157.609 0.082 0.337 0.047 0.007 0.858 0.003 
SC 37 WATR 0.088 1.140 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

SC 37 Sum 7.718 100.000 152.747 0.079 0.325 0.047 0.008 0.856 0.006 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

SC 38 PAST 0.030 1.818 30.519 0.013 0.078 0.022 0.011 0.203 0.031 
SC 38 RNGB 0.047 2.865 109.179 0.038 0.227 0.033 0.005 0.621 0.005 
SC 38 RNGE 1.548 93.827 180.728 0.153 0.672 0.097 0.014 1.085 0.005 
SC 38 WATR 0.025 1.490 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

SC 38 Sum 1.650 100.000 173.255 0.145 0.639 0.092 0.014 1.039 0.006 

            
SC 39 AGRR 0.296 5.517 179.223 2.666 10.115 1.754 0.555 1.147 0.018 
SC 39 PAST 0.670 12.483 116.158 0.059 0.268 0.078 0.037 1.257 0.108 
SC 39 RNGB 0.093 1.737 149.053 0.049 0.281 0.040 0.005 0.820 0.006 
SC 39 RNGE 4.141 77.142 175.557 0.093 0.403 0.057 0.008 0.966 0.005 
SC 39 WATR 0.102 1.907 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
SC 39 WETN 0.065 1.214 256.076 0.017 0.084 0.013 0.002 1.146 0.002 

SC 39 Sum 5.368 100.000 165.515 0.227 0.908 0.151 0.042 0.993 0.019 

            
SC 40 AGRR 1.362 5.307 152.378 4.438 13.337 2.281 0.703 0.910 0.013 
SC 40 FRSD 0.279 1.088 34.669 0.005 0.021 0.003 0.001 0.152 0.000 
SC 40 PAST 4.168 16.240 90.905 0.068 0.280 0.079 0.036 0.764 0.065 
SC 40 RNGB 0.599 2.335 161.239 0.120 0.505 0.072 0.011 0.825 0.004 
SC 40 RNGE 18.695 72.850 180.301 0.135 0.516 0.073 0.012 0.949 0.003 
SC 40 WATR 0.281 1.095 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
SC 40 WETN 0.278 1.085 189.841 0.015 0.074 0.012 0.001 0.830 0.002 

SC 40 Sum 25.662 100.000 160.400 0.348 1.142 0.189 0.052 0.894 0.014 

            
BC 41 AGRR 0.073 1.309 159.786 1.198 5.561 0.920 0.297 0.988 0.021 
BC 41 PAST 1.110 20.016 112.123 0.055 0.250 0.072 0.035 1.223 0.107 
BC 41 RNGB 0.164 2.962 187.748 0.089 0.409 0.058 0.008 1.034 0.006 
BC 41 RNGE 4.061 73.224 174.432 0.093 0.422 0.060 0.008 0.988 0.006 
BC 41 WATR 0.074 1.343 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
BC 41 WETN 0.064 1.146 247.717 0.018 0.089 0.015 0.002 1.141 0.002 

BC 41 Sum 5.546 100.000 160.661 0.098 0.445 0.072 0.017 1.025 0.026 

            
BC 42 PAST 1.041 7.891 80.407 0.029 0.117 0.029 0.014 0.544 0.050 
BC 42 RNGB 0.239 1.814 152.597 0.055 0.242 0.031 0.004 0.628 0.004 
BC 42 RNGE 11.715 88.832 165.948 0.068 0.276 0.034 0.004 0.780 0.005 
BC 42 WATR 0.193 1.463 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

BC 42 Sum 13.188 100.000 156.527 0.063 0.258 0.034 0.005 0.747 0.008 

            
BC 43 AGRR 0.278 1.733 156.896 4.203 13.008 2.262 0.701 1.002 0.015 
BC 43 FRSD 0.167 1.042 22.011 0.003 0.014 0.002 0.001 0.102 0.000 
BC 43 PAST 2.091 13.030 89.352 0.064 0.285 0.082 0.038 0.876 0.076 
BC 43 RNGB 0.272 1.698 171.874 0.125 0.536 0.077 0.012 0.934 0.004 
BC 43 RNGE 13.238 82.498 183.125 0.144 0.565 0.080 0.013 1.014 0.003 

BC 43 Sum 16.046 100.000 168.583 0.202 0.738 0.117 0.028 0.985 0.013 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

BC 44 AGRC 0.292 2.941 104.284 0.951 3.161 0.434 0.151 0.459 0.006 
BC 44 AGRR 0.996 10.034 155.560 3.435 11.659 1.987 0.626 0.905 0.015 
BC 44 FRSD 0.167 1.685 54.863 0.010 0.032 0.004 0.001 0.229 0.001 
BC 44 PAST 1.761 17.747 81.868 0.057 0.246 0.071 0.033 0.674 0.063 
BC 44 RNGB 0.298 3.005 153.250 0.100 0.450 0.064 0.010 0.753 0.004 
BC 44 RNGE 6.125 61.720 186.561 0.166 0.623 0.089 0.014 0.918 0.003 
BC 44 WATR 0.100 1.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

BC 44 WETN 0.184 1.857 183.436 0.014 0.063 0.011 0.001 0.757 0.002 

            
BC 45 PAST 0.436 2.147 64.973 0.031 0.135 0.038 0.019 0.476 0.050 
BC 45 RNGB 0.652 3.209 115.679 0.045 0.257 0.034 0.004 0.540 0.004 
BC 45 RNGE 18.899 93.045 157.329 0.072 0.336 0.045 0.005 0.849 0.006 
BC 45 WATR 0.325 1.600 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

BC 45 Sum 20.312 100.000 151.493 0.069 0.324 0.044 0.005 0.817 0.007 

            
BC 46 PAST 0.802 10.672 101.492 0.040 0.212 0.060 0.028 1.039 0.098 
BC 46 RNGB 0.248 3.304 136.473 0.068 0.459 0.067 0.008 0.874 0.007 
BC 46 RNGE 6.360 84.617 165.928 0.090 0.590 0.085 0.009 1.121 0.008 
BC 46 WETN 0.106 1.407 191.749 0.011 0.063 0.012 0.001 0.999 0.003 

BC 46 Sum 7.516 100.000 158.442 0.083 0.538 0.081 0.011 1.102 0.018 

            
BC 47 AGRR 0.307 11.795 101.416 3.072 11.340 1.855 0.585 0.670 0.015 
BC 47 FRSD 0.094 3.627 25.508 0.004 0.021 0.003 0.001 0.138 0.001 
BC 47 PAST 0.639 24.576 46.448 0.030 0.153 0.044 0.021 0.389 0.046 
BC 47 RNGB 0.106 4.084 166.887 0.115 0.599 0.087 0.012 1.139 0.007 
BC 47 RNGE 1.379 53.063 162.832 0.139 0.600 0.087 0.014 1.032 0.004 
BC 47 WATR 0.046 1.762 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
BC 47 WETN 0.028 1.093 120.516 0.008 0.048 0.008 0.001 0.660 0.003 

BC 47 Sum 2.599 100.000 118.838 0.449 1.719 0.280 0.082 0.781 0.016 

            
ED 48 AGRR 3.097 3.251 121.167 5.021 15.433 2.659 0.888 0.892 0.017 
ED 48 PAST 7.156 7.512 96.584 0.104 0.506 0.154 0.067 1.210 0.098 
ED 48 RNGB 2.470 2.593 172.793 0.181 0.893 0.127 0.019 1.179 0.007 
ED 48 RNGE 49.556 52.018 167.951 0.178 0.856 0.123 0.018 1.131 0.006 
ED 48 WATR 32.988 34.627 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

ED 48 Sum 95.267 100.000 103.038 0.268 1.008 0.165 0.044 0.739 0.011 

            
BC 49 AGRR 0.264 8.087 136.975 3.368 10.556 1.867 0.659 0.844 0.016 
BC 49 FRSD 0.067 2.050 25.505 0.005 0.021 0.003 0.001 0.115 0.001 
BC 49 PAST 0.841 25.735 67.994 0.040 0.185 0.054 0.025 0.565 0.058 
BC 49 RNGB 0.135 4.124 156.925 0.085 0.488 0.070 0.009 0.918 0.007 
BC 49 RNGE 1.902 58.176 156.342 0.117 0.563 0.081 0.011 0.879 0.005 
BC 49 WETN 0.060 1.827 199.863 0.010 0.048 0.008 0.001 0.925 0.002 

BC 49 Sum 3.269 100.000 130.176 0.355 1.250 0.215 0.066 0.782 0.019 
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Table 16. (Continued) 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 
km2 

Percent 
Area 

Runoff 
mm 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

BC 50 AGRC 0.170 1.030 232.283 1.955 5.309 0.764 0.300 0.985 0.012 
BC 50 AGRR 1.018 6.170 184.618 3.372 10.996 1.822 0.585 0.877 0.012 
BC 50 FRSD 0.260 1.579 62.481 0.009 0.030 0.004 0.001 0.207 0.000 
BC 50 PAST 2.939 17.816 105.419 0.053 0.211 0.057 0.027 0.751 0.063 
BC 50 RNGB 0.615 3.729 171.145 0.104 0.405 0.055 0.008 0.658 0.003 
BC 50 RNGE 11.005 66.715 183.765 0.127 0.504 0.067 0.009 0.754 0.004 
BC 50 WATR 0.230 1.394 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
BC 50 WETN 0.259 1.568 221.029 0.011 0.048 0.008 0.001 0.722 0.002 

BC 50 Sum 16.495 100.000 165.997 0.326 1.123 0.178 0.051 0.740 0.015 

            
BC 51 AGRC 0.268 1.490 219.140 2.223 6.091 0.918 0.363 1.321 0.017 
BC 51 AGRR 1.131 6.280 194.633 4.704 14.145 2.528 0.820 1.378 0.018 
BC 51 FRSD 0.190 1.054 44.327 0.006 0.024 0.003 0.001 0.208 0.001 
BC 51 PAST 2.891 16.046 119.436 0.093 0.392 0.113 0.052 1.242 0.102 
BC 51 RNGB 0.733 4.070 156.701 0.108 0.463 0.066 0.011 0.849 0.004 
BC 51 RNGE 12.585 69.858 187.284 0.140 0.556 0.079 0.012 1.045 0.004 
BC 51 WETN 0.216 1.201 213.785 0.019 0.089 0.014 0.002 1.011 0.003 

BC 51 Sum 18.015 100.000 174.900 0.446 1.451 0.249 0.074 1.084 0.020 
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Table 18. Model predicted average annual sediment and nutrient loads for the El Dorado 
Lake Watershed by subbasin.  

Tributary 
Arm 

Subbasin 
# 

Area 
ha 

Runoff 
m3/yr 

Sediment 
t/ha 

Org. N 
kg/ha 

Org. P 
kg/ha 

Sed. P 
kg/ha 

Nitrate 
kg/ha 

Sol. P 
kg/ha 

WR 1 713.79 10,430 81 305 39 9 476 2 
WR 2 667.16 9,080 90 391 62 14 597 7 
WR 3 1,442.52 21,410 360 1,215 193 59 971 13 
WR 4 42.94 390 33 143 24 8 31 1 
WR 5 1,031.58 14,960 263 913 156 44 941 17 
WR 6 1,879.47 27,390 125 563 83 14 1,718 12 
CC 7 961.65 17,110 520 1,921 279 98 899 15 
CC 8 570.95 9,890 145 592 86 22 575 5 
WR 9 691.84 8,020 364 1,348 223 75 541 13 
WR 10 664.30 9,340 344 1,161 203 67 632 10 
CC 11 573.84 9,440 234 948 156 48 734 13 
CC 12 563.31 8,610 62 301 39 5 463 3 
WR 13 821.17 9,560 879 3,253 542 180 699 13 
WR 14 1,610.24 18,860 577 2,320 387 124 1,314 24 
CC 15 1,695.14 29,490 471 1,738 260 73 1,554 13 
CC 16 354.15 5,390 227 844 135 41 401 6 
WR 17 486.99 5,620 271 929 159 53 423 6 
WR 18 1,917.61 22,030 1,074 3,768 634 225 1,413 24 
WR 19 37.27 230 34 131 21 8 17 1 
WR 20 707.84 10,540 95 347 56 14 567 5 
DC 21 637.56 9,430 80 330 54 14 619 11 
DC 22 1,686.22 25,460 327 1,232 203 61 1,531 19 
CC 23 1,488.96 27,860 397 1,547 249 67 1,817 17 
CC 24 1,095.58 14,950 1,081 3,613 616 204 1,201 29 
WR 25 1,420.73 14,490 364 1,347 218 69 940 12 
WR 26 662.31 10,130 140 458 76 20 523 6 
DC 27 1,558.70 20,970 251 1,002 154 42 1,118 13 
DC 28 3,148.78 44,230 174 722 103 18 2,348 22 
CC 29 631.81 8,060 149 600 99 29 615 20 
CC 30 1,129.33 19,180 285 1,082 172 43 1,398 19 
WR 31 837.55 8,700 379 1,508 250 82 615 12 
DC 32 2,937.98 38,760 2,062 6,188 1,066 337 2,502 32 
SC 33 1,340.56 18,440 252 920 150 40 1,144 12 
SC 34 158.76 2,520 22 91 13 2 149 1 
SC 35 1,837.79 29,870 335 1,351 219 50 1,954 27 
SC 36 665.08 10,460 112 476 72 15 639 7 
SC 37 771.75 11,780 61 251 36 6 661 5 
SC 38 164.98 2,860 24 105 15 2 171 1 
SC 39 536.75 8,890 122 488 81 22 533 10 
SC 40 2,566.17 41,180 892 2,930 484 134 2,293 36 
BC 41 554.58 8,910 54 247 40 9 568 14 
BC 42 1,318.78 20,640 84 341 44 7 986 11 
BC 43 1,604.61 27,060 324 1,184 188 45 1,581 21 
BC 44 992.42 15,610 485 1,693 280 82 825 15 
BC 45 2,031.20 30,760 140 657 89 11 1,660 14 
BC 46 751.59 11,900 62 404 61 8 828 13 
BC 47 259.92 3,090 117 447 73 21 203 4 
ED 48 9,526.68 98,160 2,555 9,603 1,574 418 7,036 106 
BC 49 326.86 4,250 116 409 70 22 256 6 
BC 50 1,649.53 27,370 539 1,853 293 83 1,220 24 
BC 51 1,801.52 31,500 804 2,613 448 134 1,954 37 
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Table 19. Distribution of estimated average annual upland sediment loads within tributary 
arms and the full El Dorado Lake Watershed. 

Tributary 
Arm 

Subbasin 
# 

Sediment 
t/yr 

Tributary 
Arm Total 

% Tributary 
Arm Total 

% Watershed 
Total 

% Watershed 
From 

Tributary Arm 
41 54.3 2,726.0 1.99% 0.29% 14.32% 
42 84.4  3.10% 0.44%  
43 324.1  11.89% 1.70%  
44 485.3  17.80% 2.55%  
45 140.2  5.14% 0.74%  
46 62.4  2.29% 0.33%  
47 116.4  4.27% 0.61%  
49 116.0  4.26% 0.61%  
50 539.4  19.79% 2.83%  

B
em

is
 C

re
ek

  

51 803.5  29.47% 4.22%  
7 520.3 3,570.8 14.57% 2.73% 18.76% 
8 144.5  4.05% 0.76%  
11 234.7  6.57% 1.23%  
12 62.0  1.74% 0.33%  
15 471.2  13.20% 2.48%  
16 227.0  6.36% 1.19%  
23 396.1  11.09% 2.08%  
24 1,080.3  30.25% 5.67%  
29 149.1  4.18% 0.78%  

C
ol

e 
C

re
ek

 

30 285.7  8.00% 1.50%  
21 80.3 2,895.8 2.77% 0.42% 15.21% 
22 328.8  11.35% 1.73%  
27 251.0  8.67% 1.32%  
28 173.2  5.98% 0.91%  D

ur
ec

he
n 

C
re

ek
 

32 2,062.5  71.22% 10.83%  
El Dorado Lake 48 2,553.1 2,553.1 100.00% 13.41% 13.41% 

33 252.0 1,820.1 13.85% 1.32% 9.56% 
34 22.2  1.22% 0.12%  
35 334.5  18.38% 1.76%  
36 112.4  6.18% 0.59%  
37 60.2  3.31% 0.32%  
38 23.9  1.31% 0.13%  
39 121.8  6.69% 0.64%  

Sa
tc

he
l C

re
ek

 

40 893.0  49.06% 4.69%  
1 80.7 5,473.0 1.47% 0.42% 28.75% 
2 90.1  1.65% 0.47%  
3 359.2  6.56% 1.89%  
4 33.4  0.61% 0.18%  
5 263.1  4.81% 1.38%  
6 125.9  2.30% 0.66%  
9 363.9  6.65% 1.91%  
10 344.1  6.29% 1.81%  
13 879.5  16.07% 4.62%  
14 576.5  10.53% 3.03%  
17 271.2  4.96% 1.42%  
18 1,073.9  19.62% 5.64%  
19 34.1  0.62% 0.18%  
20 95.6  1.75% 0.50%  
25 363.7  6.65% 1.91%  
26 139.7  2.55% 0.73%  

W
al

nu
t R

iv
er

 

31 378.6  6.92% 1.99%  

Totals  19,039 19,039  100% 100% 
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Table 20. Estimated average annual sediment and nutrient loads by land use for each modeled 

subbasin in the El Dorado Lake Watershed 
Tributary 

Arm 
Subbasin 

# 
SWAT 

LU 
Area 

ha 
Percent 

Area 
Runoff 

m3 
Sediment 

t/yr 
Org. N 
kg/yr 

Org. P
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

WR 1 AGRR 8.43 1.18 140 24.30 85.18 12.84 4.58 7.87 0.11
WR 1 PAST 13.51 1.89 100 0.32 1.40 0.35 0.15 8.05 0.56
WR 1 RNGB 29.72 4.16 430 2.30 8.16 0.96 0.17 17.03 0.08
WR 1 RNGE 652.34 91.39 9,760 53.84 210.71 25.33 3.74 443.08 1.65
WR 1 WATR 9.79 1.37 0 0.00 0.00 0.00 0.00 0.00 0.00

WR 1 Sum 713.79 100.00 10,430 80.76 305.45 39.48 8.64 476.03 2.40

 
WR 2 AGRR 9.22 1.38 150 37.47 127.29 22.99 8.01 12.60 0.24
WR 2 PAST 49.85 7.47 310 1.27 7.42 2.17 0.97 41.85 3.64
WR 2 RNGB 13.87 2.08 190 0.99 4.80 0.69 0.11 11.31 0.06
WR 2 RNGE 594.22 89.07 8,430 50.48 251.58 36.16 5.20 531.71 3.24

WR 2 Sum 667.16 100.00 9,080 90.21 391.09 62.01 14.29 597.47 7.18

 
WR 3 AGRR 81.51 5.65 1,320 245.78 812.18 134.34 47.07 76.61 1.22
WR 3 PAST 98.67 6.84 850 3.19 14.18 3.80 1.61 74.10 5.20
WR 3 RNGB 87.02 6.03 1,530 8.48 30.21 3.89 0.69 62.93 0.26
WR 3 RNGE 1,116.99 77.43 16,940 79.66 294.99 38.44 6.06 736.11 3.54
WR 3 UCOM 20.08 1.39 770 22.91 63.87 12.31 3.89 21.67 2.50
WR 3 WATR 38.24 2.65 0 0.00 0.00 0.00 0.00 0.00 0.00

WR 3 Sum 1,442.52 100.00 21,410 360.02 1,215.43 192.78 59.32 971.42 12.72

 
WR 4 AGRR 14.94 34.78 150 32.49 137.73 22.77 7.74 12.33 0.33
WR 4 FRSD 2.07 4.82 0 0.00 0.01 0.00 0.00 0.12 0.00
WR 4 PAST 7.83 18.24 40 0.16 0.82 0.24 0.10 5.20 0.38
WR 4 RNGB 0.64 1.48 10 0.02 0.12 0.02 0.00 0.39 0.00
WR 4 RNGE 16.20 37.73 170 0.73 4.18 0.60 0.09 11.46 0.10
WR 4 WETN 1.26 2.94 20 0.02 0.09 0.02 0.00 1.38 0.00

WR 4 Sum 42.94 100.00 390 33.42 142.95 23.65 7.93 30.88 0.81

 
WR 5 AGRR 34.42 3.34 480 144.80 443.62 77.08 28.25 38.61 0.75
WR 5 BERM 13.71 1.33 190 2.19 7.29 1.30 0.29 10.32 0.19
WR 5 PAST 86.23 8.36 620 2.72 13.84 4.03 1.71 75.29 5.82
WR 5 RNGB 47.77 4.63 630 3.69 16.49 2.33 0.41 37.17 0.20
WR 5 RNGE 801.78 77.72 11,560 60.86 286.69 41.16 6.05 713.44 3.64
WR 5 UCOM 32.67 3.17 1,240 45.28 135.04 28.07 7.29 53.72 6.27
WR 5 URLD 15.01 1.45 240 3.42 9.63 1.91 0.41 11.95 0.32

WR 5 Sum 1,031.58 100.00 14,960 262.96 912.60 155.88 44.41 940.50 17.19

 
WR 6 PAST 71.38 3.80 570 2.28 11.99 3.50 1.48 74.18 5.37
WR 6 RNGB 71.11 3.78 1,010 5.64 24.79 3.50 0.65 60.63 0.29
WR 6 RNGE 1,653.78 87.99 25,810 117.48 525.73 76.18 11.80 1,583.06 5.90
WR 6 WATR 83.20 4.43 0 0.00 0.00 0.00 0.00 0.00 0.00

WR 6 Sum 1,879.47 100.00 27,390 125.40 562.51 83.18 13.93 1,717.87 11.56
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent 
Area 

Runoff 
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P 
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

CC 7 AGRC 126.67 13.17 2,840 135.83 443.85 58.07 24.38 132.79 1.59
CC 7 AGRR 132.29 13.76 2,580 332.32 1,288.03 193.59 66.97 145.97 2.23
CC 7 PAST 123.22 12.81 1,500 6.58 26.12 6.80 3.20 130.38 9.16
CC 7 RNGB 17.77 1.85 300 1.01 3.74 0.47 0.08 12.83 0.06
CC 7 RNGE 547.38 56.92 9,890 44.14 159.14 20.03 3.41 477.18 2.13
CC 7 WATR 14.33 1.49 0 0.00 0.00 0.00 0.00 0.00 0.00

CC 7 Sum 961.65 100.00 17,110 519.88 1,920.88 278.96 98.04 899.15 15.17

 
CC 8 AGRR 18.67 3.27 330 71.40 262.13 41.01 13.97 20.49 0.34
CC 8 PAST 32.09 5.62 320 2.37 9.84 2.83 1.43 30.93 2.56
CC 8 RNGB 9.19 1.61 140 0.83 3.75 0.49 0.08 7.29 0.05
CC 8 RNGE 511.00 89.50 9,100 70.07 315.85 41.23 6.12 516.63 2.51

CC 8 Sum 570.95 100.00 9,890 144.67 591.57 85.56 21.60 575.34 5.46

 
WR 9 AGRC 21.73 3.14 280 26.55 76.80 11.57 5.04 16.91 0.22
WR 9 AGRR 93.65 13.54 1,170 297.27 1,073.24 179.99 63.49 85.97 1.91
WR 9 FRSD 14.06 2.03 20 0.03 0.10 0.01 0.01 0.73 0.00
WR 9 PAST 141.12 20.40 820 3.86 20.82 5.98 2.51 94.83 8.16
WR 9 RNGB 10.50 1.52 120 0.61 2.78 0.39 0.07 6.35 0.04
WR 9 RNGE 410.78 59.37 5,610 35.56 173.81 24.70 3.58 336.46 2.19

WR 9 Sum 691.84 100.00 8,020 363.88 1,347.55 222.64 74.70 541.25 12.52

 
WR 10 AGRR 75.68 11.39 1,110 290.18 941.30 165.61 60.33 94.50 1.80
WR 10 PAST 43.41 6.53 310 1.21 6.42 1.86 0.79 38.76 2.91
WR 10 RNGB 23.82 3.59 350 1.89 7.88 1.10 0.22 21.10 0.11
WR 10 RNGE 513.57 77.31 7,270 35.38 171.36 24.75 3.95 463.76 2.54
WR 10 UCOM 7.81 1.18 300 15.33 34.42 9.39 1.80 13.89 2.39

WR 10 Sum 664.30 100.00 9,340 343.99 1,161.38 202.71 67.09 632.01 9.75

 
CC 11 AGRC 18.37 3.20 390 27.67 91.97 13.95 5.82 26.61 0.38
CC 11 AGRR 43.38 7.56 740 152.40 578.43 97.96 33.05 59.33 1.11
CC 11 PAST 91.65 15.97 870 5.65 26.11 7.96 3.64 103.35 8.33
CC 11 RNGB 14.64 2.55 250 1.20 6.11 0.87 0.14 16.93 0.12
CC 11 RNGE 405.80 70.72 7,190 47.43 245.65 34.83 5.22 527.41 3.23

CC 11 Sum 573.84 100.00 9,440 234.35 948.27 155.57 47.87 733.63 13.17

 
CC 12 RNGB 9.22 1.64 110 0.56 2.81 0.38 0.06 5.00 0.04
CC 12 RNGE 542.49 96.30 8,500 61.37 298.16 38.78 5.22 458.11 3.12
CC 12 WATR 11.61 2.06 0 0.00 0.00 0.00 0.00 0.00 0.00

CC 12 Sum 563.31 100.00 8,610 61.93 300.97 39.16 5.28 463.11 3.16

 
WR 13 AGRC 28.02 3.41 430 53.86 180.44 27.08 11.71 27.36 0.42
WR 13 AGRR 170.46 20.76 2,110 773.36 2,759.03 468.66 161.50 166.57 3.94
WR 13 PAST 80.76 9.83 420 2.53 14.74 4.51 1.77 46.11 4.96
WR 13 RNGE 541.93 66.00 6,600 49.13 298.38 41.88 5.19 458.58 4.02

WR 13 Sum 821.17 100.00 9,560 878.88 3,252.59 542.13 180.17 698.62 13.34
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent 
Area 

Runoff
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

WR 14 AGRR 135.22 8.40 1,850 491.21 1,840.00 314.75 111.34 141.82 3.35
WR 14 PAST 156.99 9.75 930 4.71 27.79 8.01 3.45 121.04 11.62
WR 14 RNGB 61.76 3.84 680 4.25 23.63 3.38 0.43 40.73 0.28
WR 14 RNGE 1,256.27 78.02 15,400 77.16 428.92 60.81 8.29 1,010.33 8.79

WR 14 Sum 1,610.24 100.00 18,860 577.33 2,320.34 386.95 123.51 1,313.92 24.04

 
CC 15 AGRR 96.19 5.67 1,590 311.76 1,074.02 170.13 58.62 88.61 1.43
CC 15 PAST 87.11 5.14 780 3.62 15.95 4.43 1.94 64.16 4.98
CC 15 RNGB 48.23 2.85 780 3.93 18.10 2.41 0.37 37.77 0.22
CC 15 RNGE 1,431.15 84.43 26,340 151.47 629.56 82.71 12.16 1,363.25 6.76
CC 15 WATR 32.46 1.92 0 0.00 0.00 0.00 0.00 0.00 0.00

CC 15 Sum 1,695.14 100.00 29,490 470.78 1,737.63 259.68 73.09 1,553.79 13.39

 
CC 16 AGRC 17.74 5.01 330 26.11 86.37 12.90 5.18 21.97 0.29
CC 16 AGRR 51.20 14.46 640 173.78 612.74 99.87 32.32 45.02 0.89
CC 16 PAST 46.14 13.03 280 1.54 8.15 2.38 1.06 31.76 2.81
CC 16 RNGB 4.96 1.40 90 0.45 2.20 0.31 0.05 6.35 0.04
CC 16 RNGE 234.11 66.11 4,050 25.28 134.10 19.05 2.78 296.34 1.95

CC 16 Sum 354.15 100.00 5,390 227.16 843.56 134.51 41.39 401.44 5.98

 
WR 17 AGRR 57.21 11.75 600 239.98 736.86 131.42 48.64 50.77 1.16
WR 17 FRSD 6.97 1.43 10 0.02 0.08 0.01 0.01 0.65 0.00
WR 17 PAST 24.72 5.08 140 0.70 3.94 1.19 0.51 18.83 1.58
WR 17 RNGB 7.88 1.62 90 0.48 2.63 0.38 0.06 5.62 0.04
WR 17 RNGE 390.21 80.13 4,780 30.23 185.53 26.20 3.32 347.17 3.18

WR 17 Sum 486.99 100.00 5,620 271.41 929.04 159.20 52.54 423.04 5.96

 
WR 18 AGRC 37.69 1.97 420 38.47 119.01 17.98 8.38 23.65 0.37
WR 18 AGRR 298.34 15.56 3,500 950.89 3,256.87 555.62 204.80 256.09 5.71
WR 18 FRSD 26.66 1.39 30 0.05 0.19 0.03 0.03 1.36 0.00
WR 18 PAST 342.39 17.85 1,380 6.59 33.18 9.82 4.15 148.74 12.63
WR 18 RNGB 37.79 1.97 580 3.82 14.51 1.96 0.42 32.38 0.15
WR 18 RNGE 1,174.74 61.26 16,120 74.66 344.65 48.44 7.37 951.21 4.82

WR 18 Sum 1,917.61 100.00 22,030 1,074.48 3,768.41 633.85 225.15 1,413.43 23.68

 
WR 19 AGRR 14.92 40.04 130 33.69 129.66 21.03 7.53 10.86 0.27
WR 19 FRSD 5.61 15.05 10 0.01 0.03 0.01 0.01 0.34 0.00
WR 19 PAST 12.66 33.98 20 0.08 0.47 0.15 0.06 1.66 0.24
WR 19 RNGE 4.07 10.93 70 0.30 1.30 0.19 0.03 4.34 0.01

WR 19 Sum 37.27 100.00 230 34.08 131.46 21.38 7.63 17.20 0.52
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent 
Area 

Runoff
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

WR 20 AGRR 12.26 1.73 170 29.77 97.89 17.70 6.70 12.88 0.24
WR 20 PAST 19.73 2.79 130 0.44 2.33 0.67 0.28 14.34 1.14
WR 20 RNGB 27.57 3.89 360 1.89 7.40 1.00 0.20 18.08 0.10
WR 20 RNGE 631.05 89.15 9,510 50.75 204.49 28.61 4.65 507.33 1.89
WR 20 UCOM 9.68 1.37 370 12.25 34.42 7.63 1.76 14.06 1.79
WR 20 WATR 7.56 1.07 0 0.00 0.00 0.00 0.00 0.00 0.00

WR 20 Sum 707.84 100.00 10,540 95.10 346.53 55.61 13.59 566.69 5.16

 
DC 21 AGRR 12.55 1.97 190 33.75 126.67 21.53 7.38 14.41 0.26
DC 21 PAST 92.23 14.47 990 4.66 23.26 6.74 2.73 127.47 8.98
DC 21 RNGB 18.98 2.98 270 0.91 4.36 0.62 0.10 15.48 0.07
DC 21 RNGE 513.81 80.59 7,980 40.95 175.99 24.93 3.88 462.09 1.81

DC 21 Sum 637.56 100.00 9,430 80.27 330.28 53.82 14.09 619.45 11.12

 
DC 22 AGRR 81.63 4.84 1,320 237.02 848.86 145.07 49.36 98.01 1.66
DC 22 PAST 177.99 10.56 1,540 6.02 29.60 8.49 3.47 182.14 13.21
DC 22 RNGB 49.05 2.91 610 2.33 10.99 1.55 0.23 32.50 0.18
DC 22 RNGE 1,377.55 81.69 21,990 82.12 342.88 47.96 7.99 1,217.88 4.13

DC 22 Sum 1,686.22 100.00 25,460 327.49 1,232.33 203.07 61.05 1,530.53 19.18

 
CC 23 AGRR 59.14 3.97 1,070 225.51 812.66 137.91 46.01 82.26 1.37
CC 23 PAST 131.22 8.81 1,200 7.43 34.30 10.14 4.45 131.56 9.91
CC 23 RNGB 31.44 2.11 490 3.03 14.74 2.12 0.33 31.27 0.19
CC 23 RNGE 1,267.16 85.10 25,100 160.53 684.95 98.36 16.21 1,572.05 5.51

CC 23 Sum 1,488.96 100.00 27,860 396.50 1,546.65 248.53 67.00 1,817.14 16.98

 
CC 24 AGRR 222.40 20.30 3,410 1,014.28 3,245.50 556.33 190.89 257.91 4.70
CC 24 FRSD 13.95 1.27 30 0.04 0.18 0.03 0.01 1.31 0.00
CC 24 PAST 269.37 24.59 1,610 9.40 52.63 15.47 7.04 199.90 18.52
CC 24 RNGB 11.19 1.02 180 0.92 5.13 0.72 0.11 12.81 0.09
CC 24 RNGE 578.66 52.82 9,720 55.98 309.49 43.64 6.30 728.86 5.34

CC 24 Sum 1,095.58 100.00 14,950 1,080.62 3,612.93 616.19 204.35 1,200.79 28.65

 
WR 25 AGRC 41.97 2.95 330 32.42 90.95 14.07 6.93 18.62 0.33
WR 25 AGRR 89.55 6.30 850 248.83 831.04 141.01 51.39 62.50 1.47
WR 25 FRSD 15.62 1.10 20 0.03 0.12 0.02 0.02 0.84 0.00
WR 25 PAST 309.32 21.77 410 2.33 11.99 4.20 1.86 36.12 4.67
WR 25 RNGB 20.67 1.45 310 1.88 8.35 1.17 0.21 18.41 0.09
WR 25 RNGE 943.61 66.42 12,570 78.50 404.91 57.58 8.26 803.24 5.61

WR 25 Sum 1,420.73 100.00 14,490 363.99 1,347.36 218.05 68.67 939.73 12.17
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent 
Area 

Runoff
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

WR 26 AGRR 13.65 2.06 230 60.48 174.72 31.23 11.26 16.74 0.27
WR 26 PAST 15.01 2.27 100 0.43 1.99 0.55 0.22 9.44 0.65
WR 26 RNGB 31.74 4.79 460 2.96 11.53 1.57 0.30 22.75 0.12
WR 26 RNGE 573.82 86.64 8,650 53.90 214.07 30.08 4.83 447.69 1.72
WR 26 UCOM 13.82 2.09 530 22.16 54.90 12.45 3.25 19.62 2.77
WR 26 WATR 6.91 1.04 0 0.00 0.00 0.00 0.00 0.00 0.00
WR 26 WETN 7.36 1.11 160 0.12 0.53 0.09 0.01 7.09 0.02

WR 26 Sum 662.31 100.00 10,130 140.05 457.74 75.97 19.87 523.33 5.55

 
DC 27 AGRR 64.35 4.13 760 144.42 561.80 90.39 30.20 46.65 0.98
DC 27 PAST 189.37 12.15 920 3.60 17.98 5.11 2.07 89.20 7.58
DC 27 RNGB 48.35 3.10 680 3.53 15.07 2.12 0.35 33.79 0.15
DC 27 RNGE 1,238.25 79.44 18,250 98.84 405.87 56.59 8.94 933.12 4.39
DC 27 WETN 18.38 1.18 360 0.28 1.36 0.23 0.03 15.31 0.04

DC 27 Sum 1,558.70 100.00 20,970 250.67 1,002.08 154.44 41.59 1,118.07 13.14

 
DC 28 PAST 207.02 6.57 1,520 6.04 27.92 8.00 3.22 154.71 11.06
DC 28 RNGB 89.52 2.84 1,210 5.46 23.61 3.30 0.51 58.17 0.27
DC 28 RNGE 2,812.01 89.30 41,500 162.91 670.43 91.62 14.06 2,135.36 10.33
DC 28 WATR 40.24 1.28 0 0.00 0.00 0.00 0.00 0.00 0.00

DC 28 Sum 3,148.78 100.00 44,230 174.41 721.96 102.92 17.79 2,348.24 21.66

 
CC 29 AGRC 11.99 1.90 210 16.72 56.29 8.28 3.29 12.34 0.16
CC 29 AGRR 24.81 3.93 310 91.11 332.66 53.65 16.73 20.39 0.40
CC 29 FRSD 13.19 2.09 20 0.04 0.16 0.03 0.01 1.15 0.00
CC 29 PAST 240.22 38.02 1,580 8.09 44.57 12.98 5.75 186.20 17.02
CC 29 RNGE 329.88 52.21 5,760 33.15 165.61 23.42 3.46 386.79 2.31
CC 29 WETN 11.72 1.85 180 0.13 0.81 0.15 0.01 8.61 0.04

CC 29 Sum 631.81 100.00 8,060 149.24 600.10 98.51 29.25 615.48 19.93

 
CC 30 AGRR 20.27 1.79 360 140.60 384.84 66.29 22.62 29.81 0.44
CC 30 PAST 140.27 12.42 1,100 8.31 45.50 13.29 5.82 138.30 11.99
CC 30 RNGE 968.79 85.78 17,720 136.30 651.43 92.43 14.77 1,229.80 6.25

CC 30 Sum 1,129.33 100.00 19,180 285.21 1,081.77 172.01 43.21 1,397.91 18.68

 
WR 31 AGRR 134.16 16.02 1,210 329.67 1,246.07 209.78 74.97 90.61 2.42
WR 31 FRSD 12.10 1.44 10 0.02 0.11 0.01 0.01 0.68 0.00
WR 31 PAST 163.35 19.50 540 2.86 17.61 5.35 2.39 67.63 6.88
WR 31 RNGB 24.76 2.96 340 2.34 10.32 1.44 0.27 20.63 0.12
WR 31 RNGE 503.18 60.08 6,600 44.14 234.36 33.33 4.77 435.64 3.05

WR 31 Sum 837.55 100.00 8,700 379.03 1,508.47 249.91 82.41 615.19 12.47
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent 
Area 

Runoff
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

DC 32 AGRR 341.29 11.62 5,200 1,845.09 5,228.32 918.23 308.07 412.44 6.46
DC 32 FRSD 32.57 1.11 40 0.07 0.29 0.03 0.03 1.73 0.00
DC 32 PAST 349.34 11.89 2,210 13.15 66.98 19.36 7.80 255.46 18.83
DC 32 RNGB 80.86 2.75 860 5.20 25.83 3.71 0.57 50.70 0.38
DC 32 RNGE 2,133.94 72.63 30,450 198.24 866.58 124.38 20.19 1,782.06 6.75

DC 32 Sum 2,937.98 100.00 38,760 2,061.75 6,188.00 1,065.71 336.66 2,502.39 32.42

 
SC 33 AGRR 38.16 2.85 680 165.58 504.98 90.18 30.74 54.80 0.79
SC 33 PAST 75.42 5.63 560 1.92 10.17 2.92 1.18 65.39 4.93
SC 33 RNGB 27.88 2.08 300 1.13 6.09 0.87 0.14 17.35 0.13
SC 33 RNGE 1,184.25 88.34 16,900 83.28 398.64 56.27 8.18 1,006.80 5.93
SC 33 WATR 14.85 1.11 0 0.00 0.00 0.00 0.00 0.00 0.00

SC 33 Sum 1,340.56 100.00 18,440 251.91 919.88 150.24 40.24 1,144.34 11.78

 
SC 34 PAST 2.87 1.80 20 0.04 0.21 0.06 0.03 2.03 0.19
SC 34 RNGB 3.32 2.09 70 0.16 0.75 0.11 0.02 4.05 0.02
SC 34 RNGE 125.83 79.26 2,380 21.95 90.17 13.01 2.06 140.16 0.52
SC 34 WATR 24.26 15.28 0 0.00 0.00 0.00 0.00 0.00 0.00
SC 34 WETN 2.49 1.57 50 0.04 0.20 0.03 0.00 2.83 0.01

SC 34 Sum 158.76 100.00 2,520 22.19 91.33 13.21 2.11 149.07 0.74

 
SC 35 AGRR 36.09 1.96 720 153.15 476.36 87.51 27.70 52.69 0.69
SC 35 PAST 145.71 7.93 1,530 9.83 46.15 13.44 6.43 180.70 15.43
SC 35 RNGB 39.72 2.16 500 2.56 13.98 1.99 0.28 29.42 0.22
SC 35 RNGE 1,594.10 86.74 27,120 169.08 814.73 116.22 15.73 1,691.41 10.85
SC 35 WATR 22.18 1.21 0 0.00 0.00 0.00 0.00 0.00 0.00

SC 35 Sum 1,837.79 100.00 29,870 334.62 1,351.22 219.16 50.14 1,954.22 27.19

 
SC 36 AGRR 8.98 1.35 110 24.37 92.83 15.25 4.58 6.61 0.13
SC 36 FRSD 8.26 1.24 20 0.02 0.12 0.02 0.01 0.90 0.00
SC 36 PAST 85.43 12.85 430 2.68 12.50 3.83 1.89 36.99 4.22
SC 36 RNGB 12.34 1.86 160 0.75 3.73 0.53 0.09 9.34 0.06
SC 36 RNGE 542.89 81.63 9,610 84.22 366.65 52.73 8.03 578.79 2.85
SC 36 WETN 7.17 1.08 130 0.10 0.51 0.08 0.01 6.63 0.02

SC 36 Sum 665.08 100.00 10,460 112.14 476.34 72.44 14.61 639.26 7.28

 
SC 37 PAST 29.92 3.88 310 1.37 6.63 1.86 0.75 36.32 2.48
SC 37 RNGB 16.05 2.08 170 0.66 3.20 0.45 0.07 9.18 0.06
SC 37 RNGE 716.99 92.90 11,300 58.63 241.29 33.82 5.25 615.18 2.15
SC 37 WATR 8.80 1.14 0 0.00 0.00 0.00 0.00 0.00 0.00

SC 37 Sum 771.75 100.00 11,780 60.66 251.12 36.13 6.07 660.68 4.69
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent
Area 

Runoff
m3 

Sediment
t/yr 

Org. N 
kg/yr 

Org. P 
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr

SC 38 PAST 3.00 1.82 10 0.04 0.23 0.07 0.03 0.61 0.09
SC 38 RNGB 4.73 2.86 50 0.18 1.07 0.16 0.02 2.94 0.02
SC 38 RNGE 154.79 93.83 2,800 23.65 104.07 14.99 2.22 167.90 0.84
SC 38 WATR 2.46 1.49 0 0.00 0.00 0.00 0.00 0.00 0.00

SC 38 Sum 164.98 100.00 2,860 23.87 105.37 15.22 2.27 171.45 0.95

 
SC 39 AGRR 29.61 5.52 530 78.94 299.52 51.95 16.43 33.97 0.54
SC 39 PAST 67.00 12.48 780 3.96 17.96 5.20 2.46 84.21 7.23
SC 39 RNGB 9.33 1.74 140 0.46 2.62 0.37 0.05 7.65 0.06
SC 39 RNGE 414.06 77.14 7,270 38.46 166.86 23.65 3.36 399.92 2.11
SC 39 WATR 10.23 1.91 0 0.00 0.00 0.00 0.00 0.00 0.00
SC 39 WETN 6.52 1.21 170 0.11 0.55 0.09 0.01 7.47 0.02

SC 39 Sum 536.75 100.00 8,890 121.93 487.51 81.26 22.31 533.22 9.96

 
SC 40 AGRR 136.18 5.31 2,080 604.38 1,816.20 310.65 95.79 123.96 1.83
SC 40 FRSD 27.92 1.09 100 0.14 0.58 0.07 0.03 4.26 0.00
SC 40 PAST 416.76 16.24 3,790 28.18 116.65 33.03 15.14 318.59 27.25
SC 40 RNGB 59.91 2.33 970 7.16 30.27 4.29 0.69 49.43 0.21
SC 40 RNGE 1,869.46 72.85 33,710 251.86 964.27 135.96 22.28 1,773.79 6.21
SC 40 WATR 28.10 1.09 0 0.00 0.00 0.00 0.00 0.00 0.00
SC 40 WETN 27.83 1.08 530 0.43 2.05 0.34 0.04 23.09 0.06

SC 40 Sum 2,566.17 100.00 41,180 892.15 2,930.02 484.34 133.97 2,293.12 35.56

 
BC 41 AGRR 7.26 1.31 120 8.70 40.38 6.68 2.16 7.17 0.15
BC 41 PAST 111.00 20.02 1,240 6.08 27.80 8.05 3.84 135.80 11.87
BC 41 RNGB 16.43 2.96 310 1.46 6.72 0.96 0.14 16.98 0.09
BC 41 RNGE 406.08 73.22 7,080 37.78 171.36 24.34 3.30 401.17 2.32
BC 41 WATR 7.45 1.34 0 0.00 0.00 0.00 0.00 0.00 0.00
BC 41 WETN 6.35 1.15 160 0.12 0.57 0.09 0.01 7.25 0.02

BC 41 Sum 554.58 100.00 8,910 54.14 246.83 40.12 9.45 568.37 14.45

 
BC 42 PAST 104.06 7.89 840 3.06 12.15 3.06 1.49 56.60 5.18
BC 42 RNGB 23.92 1.81 360 1.30 5.80 0.75 0.11 15.01 0.09
BC 42 RNGE 1,171.50 88.83 19,440 79.22 322.80 40.38 5.10 914.08 5.47
BC 42 WATR 19.30 1.46 0 0.00 0.00 0.00 0.00 0.00 0.00

BC 42 Sum 1,318.78 100.00 20,640 83.58 340.75 44.19 6.70 985.69 10.74

 
BC 43 AGRR 27.80 1.73 440 116.86 361.62 62.88 19.48 27.86 0.41
BC 43 FRSD 16.71 1.04 40 0.05 0.23 0.03 0.02 1.70 0.00
BC 43 PAST 209.08 13.03 1,870 13.37 59.54 17.06 8.01 183.22 15.96
BC 43 RNGB 27.24 1.70 470 3.40 14.61 2.09 0.33 25.43 0.11
BC 43 RNGE 1,323.77 82.50 24,240 190.37 748.28 106.07 17.03 1,342.57 4.51

BC 43 Sum 1,604.61 100.00 27,060 324.05 1,184.28 188.13 44.87 1,580.78 20.99
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent
Area 

Runoff 
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P 
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P 
kg/yr 

BC 44 AGRC 29.19 2.94 300 27.77 92.27 12.68 4.41 13.40 0.18
BC 44 AGRR 99.58 10.03 1,550 342.05 1,161.00 197.90 62.34 90.16 1.45
BC 44 FRSD 16.72 1.68 90 0.16 0.54 0.07 0.02 3.83 0.02
BC 44 PAST 176.13 17.75 1,440 10.12 43.24 12.50 5.82 118.78 11.16
BC 44 RNGB 29.82 3.00 460 2.99 13.42 1.92 0.29 22.45 0.12
BC 44 RNGE 612.52 61.72 11,430 101.87 381.86 54.46 8.80 562.44 2.13
BC 44 WATR 10.03 1.01 0 0.00 0.00 0.00 0.00 0.00 0.00
BC 44 WETN 18.43 1.86 340 0.26 1.16 0.19 0.03 13.95 0.04

BC 44 Sum 992.42 100.00 15,610 485.22 1,693.49 279.72 81.71 825.01 15.10

 
BC 45 PAST 43.60 2.15 280 1.33 5.90 1.64 0.85 20.76 2.20
BC 45 RNGB 65.17 3.21 750 2.96 16.75 2.22 0.27 35.20 0.26
BC 45 RNGE 1,889.93 93.05 29,730 135.31 634.71 84.88 9.76 1,604.01 11.76
BC 45 WATR 32.50 1.60 0 0.00 0.00 0.00 0.00 0.00 0.00

BC 45 Sum 2,031.20 100.00 30,760 139.60 657.36 88.74 10.88 1,659.97 14.22

 
BC 46 PAST 80.21 10.67 810 3.18 16.97 4.82 2.22 83.30 7.83
BC 46 RNGB 24.83 3.30 340 1.70 11.39 1.66 0.20 21.70 0.17
BC 46 RNGE 635.97 84.62 10,550 57.12 375.36 54.23 5.52 712.73 5.16
BC 46 WETN 10.58 1.41 200 0.12 0.67 0.12 0.01 10.57 0.03

BC 46 Sum 751.59 100.00 11,900 62.12 404.39 60.83 7.95 828.30 13.19

 
BC 47 AGRR 30.66 11.80 310 94.19 347.67 56.88 17.95 20.55 0.45
BC 47 FRSD 9.43 3.63 20 0.04 0.20 0.03 0.01 1.30 0.01
BC 47 PAST 63.88 24.58 300 1.89 9.77 2.79 1.33 24.83 2.94
BC 47 RNGB 10.62 4.08 180 1.22 6.36 0.92 0.12 12.09 0.08
BC 47 RNGE 137.92 53.06 2,250 19.22 82.71 12.01 1.98 142.33 0.60
BC 47 WATR 4.58 1.76 0 0.00 0.00 0.00 0.00 0.00 0.00
BC 47 WETN 2.84 1.09 30 0.02 0.14 0.02 0.00 1.87 0.01

BC 47 Sum 259.92 100.00 3,090 116.58 446.85 72.65 21.39 202.97 4.09

 
ED 48 AGRR 309.70 3.25 3,750 1,554.91 4,779.79 823.50 275.11 276.23 5.22
ED 48 PAST 715.61 7.51 6,910 74.25 361.85 109.85 47.60 865.60 69.95
ED 48 RNGB 247.02 2.59 4,270 44.73 220.52 31.48 4.78 291.15 1.69
ED 48 RNGE 4,955.55 52.02 83,230 880.76 4,240.89 608.70 90.20 5,603.33 28.64
ED 48 WATR 3,298.80 34.63 0 0.00 0.00 0.00 0.00 0.00 0.00

ED 48 Sum 9,526.68 100.00 98,160 2,554.65 9,603.05 1,573.53 417.69 7,036.31 105.50

 
BC 49 AGRR 26.43 8.09 360 89.03 279.04 49.36 17.41 22.30 0.42
BC 49 FRSD 6.70 2.05 20 0.03 0.14 0.02 0.01 0.77 0.01
BC 49 PAST 84.12 25.74 570 3.39 15.60 4.51 2.12 47.51 4.84
BC 49 RNGB 13.48 4.12 210 1.15 6.58 0.95 0.11 12.37 0.09
BC 49 RNGE 190.16 58.18 2,970 22.24 107.00 15.46 2.05 167.22 0.94
BC 49 WETN 5.97 1.83 120 0.06 0.29 0.05 0.01 5.52 0.01

BC 49 Sum 326.86 100.00 4,250 115.90 408.65 70.35 21.71 255.69 6.31
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Table 20. (Continued) 

Tributary 
Arm 

Subbasin 
# 

SWAT 
LU 

Area 
ha 

Percent 
Area 

Runoff
m3 

Sediment 
t/yr 

Org. N 
kg/yr 

Org. P
kg/yr 

Sed. P 
kg/yr 

Nitrate 
kg/yr 

Sol. P
kg/yr 

BC 50 AGRC 16.99 1.03 390 33.22 90.22 12.98 5.10 16.74 0.20
BC 50 AGRR 101.77 6.17 1,880 343.23 1,119.07 185.46 59.51 89.26 1.26
BC 50 FRSD 26.04 1.58 160 0.23 0.77 0.09 0.03 5.40 0.01
BC 50 PAST 293.87 17.82 3,100 15.44 61.90 16.86 7.85 220.56 18.65
BC 50 RNGB 61.51 3.73 1,050 6.38 24.93 3.40 0.50 40.44 0.18
BC 50 RNGE 1,100.48 66.71 20,220 139.77 554.85 74.22 10.42 829.27 4.07
BC 50 WATR 23.00 1.39 0 0.00 0.00 0.00 0.00 0.00 0.00
BC 50 WETN 25.86 1.57 570 0.28 1.25 0.21 0.02 18.68 0.05

BC 50 Sum 1,649.53 100.00 27,370 538.55 1,852.99 293.22 83.43 1,220.35 24.42

 
BC 51 AGRC 26.84 1.49 590 59.66 163.50 24.64 9.76 35.46 0.47
BC 51 AGRR 113.13 6.28 2,200 532.17 1,600.24 285.97 92.72 155.91 2.04
BC 51 FRSD 18.99 1.05 80 0.11 0.46 0.06 0.02 3.94 0.02
BC 51 PAST 289.08 16.05 3,450 26.74 113.44 32.64 15.09 358.91 29.45
BC 51 RNGB 73.33 4.07 1,150 7.95 33.97 4.83 0.80 62.26 0.29
BC 51 RNGE 1,258.51 69.86 23,570 176.54 699.75 99.43 15.18 1,315.18 4.42
BC 51 WETN 21.64 1.20 460 0.40 1.92 0.31 0.04 21.89 0.05

BC 51 Sum 1,801.52 100.00 31,500 803.57 2,613.28 447.88 133.61 1,953.55 36.74
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Table 21. Estimates of annual average contributions of sediment loads to El Dorado Lake 

from upland and channel sources by modeled subbasin/reach. 

Tributary 
Arm 

Subbasin/ 
Reach 

# 

Upland 
Sediment 

t/yr 

Channel 
Sediment 

t/yr 

Tributary 
Arm Total 

t/yr 

% Lake Input 
from 

Tributary Arm 
41 54 0 21,633 14.5% 
42 84 0   
43 324 1,855   
44 485 3,254   
45 140 0   
46 62 0   
47 116 10,901   
49 116 2,899   
50 539 0   

B
em

is
 C

re
ek

  

51 803 0   
7 520 0 17,096 11.4% 
8 144 0   

11 235 2,754   
12 62 0   
15 471 0   
16 227 2,381   
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Figure 8. Comparison of measured and SWAT simulated mean annual base, surface, and 

total discharge at USGS 07146570.
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Figure 9. Comparison of measured and SWAT estimated average annual inflow to (top) and 
outflow from (bottom) El Dorado Lake from 1995 through 2004 
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Figure 10. Comparison of measured and modeled Total Suspended Solids concentrations in 

tributaries to El Dorado Lake.  Measured data (personal communication from 
William Langley at Butler County Community College) was summarized for the 
period from 1994 through 2004 and is indicated by Box-and-Whiskers over stream 
names.  SWAT modeled estimates follow each stream name and are indicated by 
corresponding subbasin numbers.  The box represents the inter-quartile range with 
whiskers indicating minimum and maximum.  The median is represented as a 
horizontal bar and the mean is represented as an open circle. 
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Figure 11. Comparison of measured and modeled total phosphorus as P (top) and nitrate + 

ammonia (bottom) concentrations in tributaries to El Dorado Lake.  Measured data 
(personal communication from William Langley at Butler County Community 
College) was summarized for the period from 1994 through 2004 and is indicated by 
Box-and-Whiskers over stream names.  SWAT modeled estimates follow each 
stream name and are indicated by corresponding subbasin numbers.  The box 
represents the inter-quartile range with whiskers indicating minimum and 
maximum.  The median is represented as a horizontal bar and the mean is 
represented as an open circle. 
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APPENDIX C 
 

TOTAL MAXIMUM DAILY LOADS (TMDL) FACTS 
 



 



TMDL FACTS 
Source: Conservation Technology Information Center, 
http://www2.ctic.purdue.edu/kyw/tmdl/tmdlhome.html 
 
Total Maximum Daily Load (TMDL) is the amount of a particular pollutant that a 
particular stream, lake, estuary or other water body can 'handle' without violating state 
water quality standards. Of course, this is a greatly simplified explanation!  
 
Once a TMDL is established, responsibility for reducing pollution among both point 
sources (pipes) and diffuse sources is assigned. Diffuse "sources" include, but are not 
limited to run-off (urban, agricultural, forestry, etc.), leaking underground storage tanks, 
unconfined aquifers, septic systems, stream channel alteration, and damage to a riparian 
area.   
 
Ultimately this responsibility lies on the shoulders of everyone who lives works or plays 
in a watershed that drains into an impaired water body. However, according the the Clean 
Water Act, EPA is responsible ... if the states forgo their responsibility. 
 
An overview of the TMDL process. 

 Identify waters that do not meet water quality standards. In this process, the state 
identifies the particular pollutant(s) causing the water not to meet standards. 

 Prioritize waters that do not meet standards for TMDL development (for example, 
waters with high naturally occurring "pollution" will fall to the bottom of the list). 

 Establish TMDLs (set the amount of pollutant that needs to be reduced and assign 
responsibilities) for priority waters to meet state water quality standards. A 
separate TMDL is set to address each pollutant with concentrations over the 
standards. 

 Strategy to reduce pollution and assess progress made during implementation of 
the strategy. This is when a watershed partnership most likely will want to get 
involved. If the partnership has already developed a plan of action, it should be 
shared with the state. In fact, several states have incorporated watershed 
partnership plans in the state's  
_______________________________ 

TMDLs for the state of Kansas can be found at:  
http://www.kdheks.gov/tmdl/  
 
TMDLs for the Walnut River Basin can be found at: 
http://www.kdheks.gov/tmdl/walnut.htm  
 
The two TMDLS for El Dorado Lake are shown next.  The TMDLs were developed by 
the Kansas Department of Health and Environment (KDHE).  The TMDLs were 
approved by the Environmental Protection Agency (EPA) on 20 September 2002. 

http://www2.ctic.purdue.edu/kyw/tmdl/tmdlhome.html
http://www.kdheks.gov/tmdl/
http://www.kdheks.gov/tmdl/walnut.htm
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WALNUT RIVER BASIN TOTAL MAXIMUM DAILY LOAD

Water Body: El Dorado Lake
Water Quality Impairment: Eutrophication

Subbasin:  Upper Walnut

Counties: Butler and Chase

HUC 8: 11030017

HUC 11 (HUC 14): 030 (010, 020, 030, 040, 050, 060)

Ecoregion: Flint Hills (28)

Drainage Area: Approximately 241.9 square miles.

Conservation Pool: Area = 7,467 acres
Watershed Area:Lake Surface Area = 18:1
Maximum Depth = 15.5 meters (50.9 feet)
Mean Depth = 6.3 meters (21 feet)
Retention Time = 2.4 years (28.8 months)

Designated Uses: Primary and Secondary Contact Recreation; Expected Aquatic Life
Support; Drinking Water; Industrial Water Supply Use; Food Procurement

Authority: Federal (U.S. Army Corps of Engineers), State (Kansas Water Office)

1998 303d Listing: Table 4 - Water Quality Limited Lakes

Impaired Use: All uses are impaired to a degree by eutrophication

Water Quality Standard: Nutrients - Narrative:  The introduction of plant nutrients into
streams, lakes, or wetlands from artificial sources shall be controlled to
prevent the accelerated succession or replacement of aquatic biota or 
the production of undesirable quantities or kinds of aquatic life.  
(KAR 28-16-28e(c)(2)(B)).

The introduction of plant nutrients into surface waters designated for
            primary or secondary contact recreational use shall be controlled to 

prevent the development of objectionable concentrations of algae or    
algal by-products or nuisance growths of submersed, floating, or 
emergent aquatic vegetation. (KAR 28-16-28e(c)(7)(A)).
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2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT

Level of Eutrophication: Argillotrophic, Trophic State Index = 42.72

Monitoring Sites:  Station 033001 in El Dorado Lake (Figure 1). 

Period of Record Used: Five surveys during 1987 - 1999 and Kansas Biological Survey (2000)

Figure 1

Current Condition: El Dorado Lake has chlorophyll a concentrations averaging 3.45 ppb.
(Appendix A). This relates to a Trophic State Index of 42.72.  Sampling done by KDHE shows
that the total phosphorus concentrations have increased over time.  The total phosphorus
concentration was below the detection limit in 1987, and by 1999, the concentrations had reached
an average of 75 ppb. The Total Kjeldahl Nitrogen concentrations average 0.37 mg/L; nitrate
concentrations average 0.29 mg/L; and nitrite is often below the detection limit.  Light is
indicated to be the primary limiting nutrient (Appendix B).  Surface water in El Dorado Lake has
high turbidity, dominated by inorganic materials because the lake receives a steady inflow of silt. 
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Bioassays preformed by the Kansas Biological Survey indicate the lake is co-limited by
phosphorus and nitrogen.  The chlorophyll a to total phosphorus yield is low; the algal
production is reduced because light cannot penetrate through the turbid water.  

There is an accompanying TMDL for sediment in El Dorado Lake.  The chlorophyll a levels will
rise when the turbidity decreases and the Secchi disc depth increases, if current phosphorus and
nitrogen levels in the lake are not reduced simultaneously.  (See the Response Curves in
Appendix C). Because the nutrient concentrations in the lake are so elevated, algal blooms may
been seen as the clarity improves even though measures are being taken to decrease the nutrient
load. If the clarity (Secchi Disc Depth) of the lake does not improve, then a gradual decline in the
chlorophyll a concentration will be seen. Assessment of the eutrophication impairment is based
on modeling rather than direct measurement.  

The Trophic State Index is derived from the chlorophyll a concentration.  Trophic state
assessments of potential algal productivity were made based on chlorophyll a concentrations,
nutrient levels and values of the Carlson Trophic State Index (TSI). Generally, some degree of
eutrophic conditions is seen with chlorophyll a concentrations over 7 �g/l and hypereutrophy
occurs at levels over 30 �g/l.  The Carlson TSI, derives from the chlorophyll concentrations and
scales the trophic state as follows:

1. Oligotrophic TSI < 40
2. Mesotrophic TSI: 40 - 49.99
3. Slightly Eutrophic TSI: 50 - 54.99
4. Fully Eutrophic TSI: 55 - 59.99
5. Very Eutrophic TSI: 60 - 63.99
6. Hypereutrophic TSI: � 64

In 2000, the Kansas Biological Survey collected data monthly at ten stations (Figure 2) in El
Dorado Lake.  A summary of those results is included in the below table. 

Averages of Kansas Biological Survey Samples at the Ten Stations  
Location - Zone Total Phosphorus

(�g/L)
Total Nitrogen
(mg/L)

Chlorophyll a
(�g/L)

Walnut River Arm (Station 1) - Riverine 87 0.52 16.42

Walnut River Arm  (Station 2) - Transitional 58 0.44 11.07

Walnut River Arm  (Station 3) - Transitional 52 0.42 8.92

Walnut River Arm  (Station 4) - Transitional 45 0.38 7.57

Satchel Creek Arm  (Station 5) - Riverine 60 0.42 12.56

 Satchel Creek Arm (Station 6) - Transitional 47 0.41 7.61

 Main Basin (Station 7) - Lacustrine 46 0.41 5.70
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Bemis Creek Arm (Station 8) - Lacustrine 47 0.39 3.59

Bemis Creek Arm (Stations 9) - Riverine 70 0.45 12.18

Bemis Creek Arm (Stations 10) - Transitional 64 0.41 12.44

Lake Average in 2000 58 0.43 9.81

Figure 2

The data are converted to loads by the following method.  To determine the inflow into both
arms of the lake, the proportion of the subwatershed to the entire watershed was multiplied times
the inflow data from the U. S. Army Corps of Engineers. The load was calculated by multiplying
the subwatershed inflow times the average concentration times a conversion factor.  From this
calculation, it is evident that the Walnut River subwatershed is making the greatest contribution
to the phosphorus and nitrogen loads.  The Bemis Creek subwatershed is a secondary contributor;
and the Satchel Creek subwatershed is a tertiary contributor.
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Loads Calculated from the Kansas Biological Survey Sample Data
Location - Zone Drainage Area Total Phosphorus Load Total Nitrogen Load 

Walnut River Arm  (Station 2) 153 mi2 1.5 lbs/day 11.5 lbs/day
Satchel Creek Arm  (Station 5) 37 mi2 0.4 lbs/day 2.7 lbs/day
Bemis Creek Arm (Stations 9) 52 mi2 0.6 lbs/day 4.0 lbs/day 

Interim Endpoints of Water Quality (Implied Load Capacity) at El Dorado Lake over 2007
- 2011:
In order to improve the trophic condition of the lake from its current Argillotrophic status, the
desired endpoint will be to maintain summer chlorophyll a concentrations below 12 �g/L.  Total
Nitrogen concentration in the lake should be maintained below 0.62 mg/L.  A regression of  2000
- 2001 lake data and 1997 - 2000 wetland data was used to determine the current, in-lake
nitrogen concentration and to calculate how much of a nutrient reduction was need to meet water
quality standards.  

To ensure the clarity of the water, the desired Secchi disc depth endpoint will be summer average
readings greater than 1 m in the main body of the lake near the dam.  Both the chlorophyll a and
Secchi disc depth endpoints must be met in order to comply with the Water Quality Standards.

3. SOURCE INVENTORY AND ASSESSMENT

NPDES: Two NPDES permitted facilities are located within the watershed (Figure 3).  Both are
non-overflowing lagoons that are prohibited from discharging and may contribute a nutrient load
under extreme precipitation events (flow durations exceeded under 5 percent of the time).  Such
events would not occur at a frequency or for a duration sufficient to cause an impairment in the
watershed.  According to projections of future water use and resulting wastewater, both look to
have sufficient treatment capacity available. 

Waste Treatment Plants in the El Dorado Lake Watershed
Name Type Design Capacity

(MGD)
Expiration Date

Cassoday Wastewater Treatment Plant 3-cell lagoon 0.027 2006

Butler County Sewer District No. 9
Wastewater Treatment Facility

4-cell lagoon 0.0275 2006

Land Use: The watershed around El Dorado Lake has a moderate potential for nonpoint source
pollutants.  An annual phosphorus load of 368,201 pounds per year is necessary to correspond to
the concentrations seen in the lake.

One source of phosphorus within El Dorado Lake is probably runoff from agricultural lands
where phosphorus has been applied.  The Walnut River has the greatest amount of cropland (20.9
square miles), while there are 5.6 square miles of cropland in the Bemis Creek subwatershed and
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2.2 square miles of cropland in the Satchel Creek subwatershed. Land use coverage analysis
indicates that 11.9% of the watershed is cropland (Figure 4). 
Figure 3

Phosphorus from animal waste is a contributing factor.  Eighty-one percent of land around the
lake is grassland; the grazing density of livestock is high in winter and low in summer.  Animal
waste, from confined animal feeding operations, adds to the phosphorus load going into El
Dorado Lake (Figure 3).  There are one beef and one swine animal feeding operations in the
watershed.  All permitted livestock facilities have waste management systems designed to
minimize runoff entering their operations or detaining runoff emanating from their areas.  Such
systems are designed for the 25 year, 24 hour rainfall/runoff event, which would be indicative of
flow durations well under 10 percent of the time.  NPDES permits, also non-discharging, are
issued for facilities with more than 1,000 animal units.  None of the facilities in the watershed are
of this size.  Potential animal units for all facilities in the watershed total 1,026.  The actual
number of animal units on site is variable, but typically less than potential numbers.

The largest town in the watershed is Cassoday.  The City of Cassoday anticipates no population
growth between 2000 and 2020.  Less than one percent of the watershed is urban; stormwater
runoff and urban fertilizer applications are a minor contributing factor. All of the urban land is
located in the Walnut River (0.14 square mile) and Bemis Creek (0.17 square mile)
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subwatersheds.  El Dorado Lake is the primary source of drinking water for residents of Butler
County.

Figure 4

A potential source is septic systems located around the lake.  Failing septic systems can be a
significant source of nutrients.  The following number of septic systems is present within the
counties:  Butler(5641) and Chase (716).

Contributing Runoff:  The watershed’s average soil permeability is 0.5 inches/hour according
to NRCS STATSGO database.  About 99.1% of the watershed produces runoff even under
relatively low (1.5'’/hr) potential runoff conditions.  Runoff is chiefly generated as infiltration
excess with rainfall intensities greater than soil permeabilities.  As the watersheds’ soil profiles
become saturated, excess overland flow is produced. Generally, storms producing less than
0.5"/hr of rain will generate runoff from 94.5% of this watershed, chiefly along the stream
channels.

Background Levels: One percent of land in the watershed is woodland; leaf litter may be
contributing to the nutrient loading.  The atmospheric phosphorus and geological formations (i.e.,



 8

soil and bedrock) may contribute to phosphorus loads.  Carp may cause some resuspension of
sediment.

4. ALLOCATION OF POLLUTANT REDUCTION RESPONSIBILITY
While light is the limiting factor in El Dorado Lake, Total Phosphorus is allocated under this
TMDL, because a phosphorus reduction will have a large effect on the managing the algal
community.  The Load Capacity is 70,798 pounds per year of phosphorus and was calculated
using the CNET model. More detailed assessment of sources and confirmation of the trophic
state of the lake must be completed before detailed allocations can be made.  The general
inventory of sources within the drainage does provide some guidance as to areas of load
reduction.  Because of atmospheric deposition, initial allocations of nitrogen will be based on a
proportional decrease in nitrogen between the current condition and the desired endpoint.

Point Sources:  A current Wasteload Allocation of zero is established by this TMDL because of
the lack of discharging point sources in the watershed.  Should future point sources be proposed
in the watershed and discharge into the impaired segments, the current Wasteload Allocation will
be revised by adjusting current load allocations to account for the presence and impact of these
new point source dischargers.  As previously noted in the inventory and assessment section,
sources such as non-discharging permitted municipal and agricultural facilities located within the
watershed do not discharge with sufficient frequency or duration to cause an impairment in the
lake.

Nonpoint Sources: Water quality violations are predominantly due to nonpoint source
pollutants.  Background levels may be attributed to leaf litter and geological sources. The
assessment suggests that cropland and animal waste contribute to the elevated total phosphorus
concentrations in the lake.  Generally a Load Allocation of 63,718 pounds of total phosphorus
per year, leading to an 80.8% reduction, is necessary to reach the endpoint. A proportional
decrease of 6% in nitrogen loading will allow the total nitrogen endpoint to be achieved.

Defined Margin of Safety: The margin of safety provides some hedge against the uncertainty of
variable annual total phosphorus load and the chlorophyll a endpoint.  Therefore, the margin of
safety will be 7,080 pounds per year of total phosphorus taken from the load capacity subtracted
to compensate for the lack of knowledge about the relationship between the allocated loadings
and the resulting water quality. For nitrogen, the margin of safety will be an additional 1%
reduction in nitrogen to ensure that the endpoint is reached.

State Water Plan Implementation Priority: Because El Dorado Lake is a federal reservoir with
a relatively small watershed and a large regional benefit for recreation and municipal water
supply, this TMDL will be a High Priority for implementation.

Unified Watershed Assessment Priority Ranking: This watershed lies within the Upper
Walnut (HUC 8: 11030017) with a priority ranking of 44 (Medium Priority for restoration).
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Priority HUC 11s: The watershed is within HUC 11 (030).  The Walnut River subwatershed
should take priority.  Secondary focus should be placed the Bemis Creek subwatershed, and
tertiary focus should be placed the Satchel Creek subwatershed. 

5. IMPLEMENTATION

Desired Implementation Activities
There is a very good potential that agricultural best management practices will allow full use
support to take place in El Dorado Lake.  Some of the recommended agricultural practices are as
follows:

1. Implement soil sampling to recommend appropriate fertilizer applications on cropland.
2. Maintain conservation tillage and contour farming to minimize cropland erosion. 
3. Install grass buffer strips along streams.
4. Reduce activities within riparian areas.  
5. Implement nutrient management plans to manage manure application to land. 

Implementation Programs Guidance

Nonpoint Source Pollution Technical Assistance - KDHE
a. Support Section 319 demonstration projects for reduction of sediment runoff
from agricultural activities as well as nutrient management, including the El
Dorado Lake Water Quality Protection Project.
b. Provide technical assistance on practices geared to establishment of vegetative
buffer strips.
c. Provide technical assistance on nutrient management in vicinity of streams.
d.  Update and implement nutrient and sediment abatement strategies.
e.  Develop a Watershed Restoration and Protection Strategy for HUC 11030017.

Butler County Conservation District
a.  Continue to educate residents and landowners about nonpoint source pollution.

Water Resource Cost Share Nonpoint Source Pollution Control Program - SCC
a. Apply conservation farming practices, including terraces and waterways,
sediment control basins, and constructed wetlands.
b. Provide sediment control practices to minimize erosion and sediment and
nutrient transport.

Riparian Protection Program - SCC
a. Establish or reestablish natural riparian systems, including vegetative filter
strips and streambank vegetation.
b. Develop riparian restoration projects.
c. Promote wetland construction to assimilate nutrient loadings.
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Buffer Initiative Program - SCC
a. Install grass buffer strips near streams, particularly by the Walnut River
subwatershed.
b. Leverage Conservation Reserve Enhancement Program to hold riparian land out
of production.

Extension Outreach and Technical Assistance - Kansas State University
a. Continue to educate residents and landowners about nonpoint source pollution.

            b. Educate agricultural producers on sediment, nutrient, and pasture management. 
c. Educate livestock producers on livestock waste management and manure
applications and nutrient management planning.
d. Provide technical assistance on livestock waste management systems and
nutrient management plans.
e. Provide technical assistance on buffer strip design and minimizing cropland
runoff.
f. Encourage annual soil testing to determine capacity of field to hold phosphorus.

Time Frame for Implementation: Pollutant reduction practices should be installed within the
priority subwatersheds during the years 2002-2007, with minor followup implementation,
including other subwatersheds over 2007-2011.

Targeted Participants: Primary participants for implementation will be agricultural producers
within the drainage of the lake.  Initial work in 2002 should include local assessments by
conservation district personnel and county extension agents to locate within the lake drainage:

1. Total row crop acreage
2. Cultivation alongside lake
3. Drainage alongside or through animal feeding lots
4. Livestock use of riparian areas       
5. Fields with manure applications                                             

Milestone for 2007: The year 2007 marks the midpoint of the ten-year implementation window
for the watershed.  At that point in time, sampled data from El Dorado Lake should indicate
evidence of reduced phosphorus levels in the conservation pool elevations relative to the
conditions seen over 1987-1999.  

Delivery Agents: The primary delivery agents for program participation will be conservation
districts for programs of the State Conservation Commission and the Natural Resources
Conservation Service.  Producer outreach and awareness will be delivered by Kansas State
Extension and the Butler County Conservation District. 
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Reasonable Assurances: 

Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollutants.

1. K.S.A. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficial uses of the waters of the state through required treatment of sewage
and established water quality standards and to require permits by persons having a
potential to discharge pollutants into the waters of the state.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programs to
assist the protection, conservation and management of soil and water resources in the
state, including riparian areas.

3. K.S.A. 75-5657 empowers the State Conservation Commission to provide financial
assistance for local project work plans developed to control nonpoint source pollution.

4. K.S.A. 82a-901, et seq. empowers the Kansas Water Office to develop a state water
plan directing the protection and maintenance of surface water quality for the waters of
the state.

5. K.S.A. 82a-951 creates the State Water Plan Fund to finance the implementation of the
Kansas Water Plan.

6. The Kansas Water Plan and the Walnut Basin Plan provide the guidance to state
agencies to coordinate programs intent on protecting water quality and to target those
programs to geographic areas of the state for high priority in implementation.

                                                                                                                      
Funding: The State Water Plan Fund annually generates $16-18 million and is the primary
funding mechanism for implementing water quality protection and pollutant reduction activities
in the state through the Kansas Water Plan.  The state water planning process, overseen by the
Kansas Water Office, coordinates and directs programs and funding toward watersheds and water
resources of highest priority. Typically, the state allocates at least 50% of the fund to programs
supporting water quality protection. This watershed and its TMDL are a High Priority
consideration. 

Effectiveness: Nutrient control has been proven effective through conservation tillage, contour
farming and use of grass waterways and buffer strips.  The key to success will be widespread
utilization of conservation farming and installation of buffer strips within the watersheds cited in
this TMDL. 

6. MONITORING
Additional data, to establish nutrient ratios, source loading and further determine mean summer
lake trophic condition, would be of value prior to 2007.  Further sampling and evaluation should
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occur once before 2007 and twice between 2007 and 2011.  Some monitoring of tributary levels
of nutrients will help direct abatement efforts toward major contributors.  

7. FEEDBACK

Public Meetings: Public meetings to discuss TMDLs in the Walnut Basin were held January 10 
and March 7, 2002 in Augusta.  An active Internet Web site was established at
http://www.kdhe.state.ks.us/tmdl/ to convey information to the public on the general
establishment of TMDLs and specific TMDLs for the Walnut Basin.

Public Hearing: A Public Hearing on the TMDLs of the Walnut Basin was held in Augusta on
June 5, 2002.

Basin Advisory Committee: The Walnut Basin Advisory Committee met to discuss the TMDLs
in the basin on October 4, 2001, January 10, March 7, and June 5, 2002.

Discussion with Interest Groups: Meetings to discuss TMDLs with interest groups include:
Kansas Farm Bureau: February 27 in El Dorado
Walnut Basin Ecosystem Restoration Feasibility Study Meetings in Whitewater,
Winfield, and Augusta

Milestone Evaluation: In 2007, evaluation will be made as to the degree of implementation
which has occurred within the watershed and current condition of El Dorado Lake.  Subsequent
decisions will be made regarding the implementation approach and follow up of additional
implementation in the watershed. 

Consideration for 303(d) Delisting: The lake will be evaluated for delisting under Section
303(d), based on the monitoring data over the period 2007-2011.  Therefore, the decision for
delisting will come about in the preparation of the 2012 303(d) list.  Should modifications be
made to the applicable water quality criteria during the ten-year implementation period,
consideration for delisting, desired endpoints of this TMDL and implementation activities may
be adjusted accordingly.

Incorporation into Continuing Planning Process, Water Quality Management Plan and the
Kansas Water Planning Process: Under the current version of the Continuing Planning
Process, the next anticipated revision will come in 2003 which will emphasize revision of the
Water Quality Management Plan.  At that time, incorporation of this TMDL will be made into
both documents.  Recommendations of this TMDL will be considered in Kansas Water Plan
implementation decisions under the State Water Planning Process for Fiscal Years 2003-2007.  
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Appendix B - Trophic State Index Plots

The Trophic State Index plots indicate that light is the primary limiting factor, due to clay
turbidity.  This is inferred by examining the relationship between the TSI(SD)-TSI(Chl) and
TSI(TP)-TSI(Chl) or TSI(TN)-TSI(Chl).  The deviation of chlorophyll a from the sediment load
indicates the degree of light penetration, while the difference between chlorophyll a and
phosphorus, or chlorophyll a and nitrogen indicates the level of phosphorus or nitrogen
limitation. Therefore, if the final plot is in the first quadrant, it shows that the transparency of the
water is impaired due to the presence of small particles, and that phosphorus and  nitrogen do not
limit algae growth.  The positive slope of the graph also indicates a correlation between
phosphorus and transparency which is found when phosphorus is bound to non algal particles.
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Appendix C - Response Curves

Secchi Disc Depth (SDD) is a measure of clarity in a lake.  As more light is able to penetrate the
water column, the growth rate of the algae and thus the chlorophyll a concentration increases. 
The Total Phosphorus load must be reduced simultaneously to keep the algal community from
increasing to nuisance levels.
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Appendix D - Input for CNET Model

Parameter Value Input into
CNET Model

Drainage Area (km2) 626.57 

Precipitation (m/yr) 0.81 

Evaporation (m/yr) 1.43 

Unit Runoff (m/yr) 0.17 

Surface Area (km2) 30.22 

Mean Depth (m) 6.30 

Depth of Mixed Layer (m) 5.34 

Depth of Hypolimnion (m) 1.72 

Observed Phosphorus (ppb) 43.33 

Observed Chlorophyl-a (ppb) 3.447 

Observed Secchi Disc Depth (m) 0.58 

Output from CNET Model

Parameter Output from
CNET Model

Load Capacity (LC)* 70,798 lb/yr

Waste Load Allocation (WLA) 0 lb/yr

Load Allocation (LA) 63,718 lb/yr

Margin of Safety (MOS) 7,080 lb/yr
*LC = WLA + LA + MOS

Approved September 30, 2002
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Figure 29.   Kansas Biological Survey
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WALNUT RIVER BASIN TOTAL MAXIMUM DAILY LOAD

Water Body: El Dorado Lake
Water Quality Impairment: Siltation

Subbasin:  Upper Walnut

Counties: Butler and Chase

HUC 8: 11030017

HUC 11 (HUC 14): 030 (010, 020, 030, 040, 050, 060)

Ecoregion: Flint Hills (28)

Drainage Area: Approximately 241.9 square miles.

Conservation Pool: Area = 7,467 acres
Watershed Area: Lake Surface Area = 18:1
Maximum Depth = 15.5 meters (50.9 feet)
Mean Depth = 6.3 meters (21 feet)
Retention Time = 2.4 years (28.8 months)

Designated Uses: Primary and Secondary Contact Recreation; Expected Aquatic Life
Support; Drinking Water; Industrial Water Supply Use; Food Procurement

Authority: Federal (U.S. Army Corps of Engineers), State (Kansas Water Office)

1998 303d Listing: Table 4 - Water Quality Limited Lakes

Impaired Use: Expected Aquatic Life Support and Primary and Secondary Contact
Recreation

Water Quality Standard: Suspended solids - Narrative: Suspended solids added to surface
waters by artificial sources 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.
(KAR 28-16-28e(c)(2)(D)).

2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT

Monitoring Sites:  Station 033001 in El Dorado Lake. (Figure 1)

Period of Record Used: Five surveys during 1987 - 1999 and Kansas Biological Survey (2000)
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Figure 1

Current Condition:  Surface water in El Dorado Lake has high turbidity, dominated by
inorganic materials because the lake receives a sporadic inflow of silt, associated with occasional
runoff events in the Flint Hills comprising the lake’s drainage area. The turbidity has increased
over the period of record, notably in 1993, after major inflows occurred in May of that year.  The
1993 and 1999 surveys were conducted after substantial spring runoff events.  The lake is light
limited (Appendix B).  Based on samples taken by KDHE, the average transparency (Secchi Disc
depth) is 58 cm, the average turbidity is 26.2 formazin turbidity units, and the average total
suspended solid concentration is 17 mg/L (Appendix A and table below).  Lakes are considered
to have a siltation problem if they meet the following criteria: chronically turbid, trophic state
index plots indicate light limitation, average chlorophyll a concentrations less than 7.2 ppb, and
Secchi Disc Depth less than 0.5 meters.  El Dorado Lake is deemed to be argillotrophic, as its
average chlorophyll a concentration is 3.45 ppb (TSI = 42.7), while its average total phosphorus
concentration is 75 ppb.
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Averages of KDHE Lake Monitoring Samples
DATE Average Total

Suspended Solids (mg/L)
Average Turbidity

(formazin turbidity units)
Secchi Depth

(m)
Maximum Lake Elevation in

30 days before survey
9/9/87 8
6/4/90 7.5 1.00 1339.72
6/2/93 23 30.5 0.50 1344.98
6/3/96 14 21.0 0.45 1335.80
6/22/99 21 46.0 0.35 1340.55

In 2000, the Kansas Biological Survey collected data monthly at ten stations (Figure 2) in El
Dorado Lake.  A summary of those results is included in the below table. 

Averages of Kansas Biological Survey Samples at the Ten Stations  
Location Average Total

Suspended
Solids (mg/L)

Average Turbidity
(formazin turbidity
units)

Secchi
Depth (m)

Walnut River Arm (Station 1) - Riverine 39 90.8 0.41

Walnut River Arm  (Station 2) - Transitional 25 47.9 0.49

Walnut River Arm  (Station 3) - Transitional 22 41.2 0.54

Walnut River Arm  (Station 4) - Transitional 21 41.7 0.64

Satchel Creek Arm  (Station 5) - Riverine 25 54.2 0.51

Satchel Creek Arm (Station 6) - Transitional 22 35.8 0.52

Main Basin (Station 7) - Lacustrine 25 34.7 0.61

Bemis Creek Arm (Station 8) - Lacustrine 20 33.1 0.58

Bemis Creek Arm (Stations 9) - Riverine 41 56.4 0.32

Bemis Creek Arm (Stations 10) - Transitional 34 70.0 0.32

Lake Average for 2000 27 50.6 0.49

From this data, it appears that the Walnut River subwatershed is making the greatest contribution
to the turbidity of the lake.  Bemis Creek is also a significant contributor to the sedimentation
load. 

The data are converted to loads by the following method.  To determine the inflow into both
arms of the lake, the proportion of the subwatershed to the entire watershed was multiplied times
the inflow data from the U. S. Army Corps of Engineers. The load was calculated by multiplying
the subwatershed inflow times the average concentration times a conversion factor.  From this
calculation,  it is evident that the Walnut River subwatershed is making the greatest contribution
to the total suspended solids load.  The Bemis Creek subwatershed is a secondary contributor;
and the Satchel Creek subwatershed is a tertiary contributor.  
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Loads Calculated from the Kansas Biological Survey Sample Data
Location - Zone Drainage Area Total Suspended Solids Load

Walnut River Arm  (Station 2) 153 mi2 656 lbs/day 
Satchel Creek Arm  (Station 5) 37 mi2 158 lbs/day 
Bemis Creek Arm (Stations 9) 52 mi2 368 lbs/day 

Figure 2

The reservoir construction was completed in 1981 and had a conservation storage capacity of
163,929 acre-feet.  The subsequent survey was taken of the lake bathymetry in 1989, indicating a
conservation storage capacity of 161,929 acre-feet.  The loss of 2,000 acre-feet of storage over 8
years represents an average annual loss of 250 acre-feet per year.  At an average annual rate of
250 acre-feet per year, the estimated life span of the lake would be 648 years.

The reservoir construction was completed in 1981 and had a conservation storage capacity of
163,929 acre-feet.  The subsequent survey was taken of the lake bathymetry in 1989, indicating a
conservation storage capacity of 161,929 acre-feet.  The loss of 2,000 acre-feet of storage over 8
years represents an average annual loss of 250 acre-feet per year.   The Tulsa District of the
Corps of Engineers indicates the sediment storage of the lake is 17,400 acre-feet, designed to be
filled over 100 years.  At the initial rate of sedimentation, the sediment storage will be filled in
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70 years.

Interim Endpoints of Water Quality (Implied Load Capacity) at El Dorado Lake over 2007
- 2011:
In order to improve the quality of the water column, the endpoint for El Dorado Lake will be an
increase in average transparency as measured by Secchi Disc Depth of 1 meter.  Current turbidity
impairments have reduced the current Secchi Disc depth to one-third of this endpoint, leading to
an argillotrophic condition in the lake, which impedes primary productivity and dampens the
support of aquatic life within the lake.Some reduction in phosphorus loading to the lake will be
expected as a result of reducing sediment loads to the lake.  Phosphorus is typically attached to
sediment, and while the proportional reduction in phosphorus may be greater than that for
sediment, simultaneous control of both pollutants should help the lake achieve its Secchi Disk
Depth endpoint.

Sediment accumulation in the lake reduces the reservoir volume, and limits accessibility to
portions of the lake which have silted in.  Additionally, accumulated sediment contributes to
recycling of nutrients within the lake.  Therefore, reduction of the sediment accumulation rate
improves the quality of the lake and extends the utility as a water supply and recreation facility. 
Given that the initial rate of sedimentation exceeded the design rate, the second endpoint shall be
reducing the average sediment rate from 250 acre-feet per year, to 174 acre-feet per year, a 30
percent decrease.  Assuming the initial rate of storage loss continued from 1989 to 2002, El
Dorado Lake would have 158,679 acre-feet now.  By 2011, at the initial rate, the storage would
be 156,429 acre-feet.  Under this TMDL, with a reduction in sediment rate, the anticipated
storage in 2011 would be 157,113 acre-feet. For reference, if the lake had lost storage at its
design rate since dam closure, the storage of the conservation pool would be 158,709 acre-feet.  

Because of the inter-annual carryover feature of El Dorado storage, seasonal variation in the
endpoint is not established by this TMDL.  It can be anticipated that reduction in sediment
loading to the lake will be most prevalent during the spring runoff events. This endpoint can be
reached as a result of expected reductions in loading from the various sources in the watershed
resulting from implementation of corrective actions and Best Management Practices, as directed
by this TMDL.  Achievement of the endpoints indicates loads are within expectations for the
lake, therefore the narrative water quality standard pertaining to suspended solids would be
attained.

3. SOURCE INVENTORY AND ASSESSMENT

NPDES: Two permitted facilities are located within the watershed (Figure 3).  Both are non-
overflowing lagoons that are prohibited from discharging but may contribute some sediment load
under extreme precipitation events (flow durations exceeded 1 - 5 percent of the time). 
According to projections of future water use and resulting wastewater, both look to have
sufficient treatment capacity available. 
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Name Type Design Flow (MGD) Expiration Date

Cassoday Wastewater Treatment Plant 3-cell lagoon 0.027 2006

Butler County Sewer District No. 9
Wastewater Treatment Facility

4-cell lagoon 0.0275 2006

Figure 3

Land Use: The siltation impairment is most likely due to cropland that is adjacent to the streams
that drain into El Dorado Lake. Soil from exposed land runs-off into the lake, increasing the
turbidity and concentration of total suspended solids and decreasing the transparency.  Land use
coverage analysis indicates that 11.9% of the watershed is cropland, and 80.8 % is grassland
(Figure 4).  The Walnut River has the greatest amount of cropland (20.9 square miles), while
there are 5.6 square miles of cropland in the Bemis Creek subwatershed and 2.2 square miles of
cropland in the Satchel Creek subwatershed. More woodland and grassland buffers are needed
around the streams to prevent erosion.
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Sediment from urban land may get transported into the watershed.  However, this source is
probably not a major contributor because there is minimal urban land (less than 1% of the
watershed) around the lake, and population projections for the county to the year 2020 indicate
no growth in population. All of the urban land is located in the Walnut River (0.14 square mile)
and Bemis Creek (0.17 square mile) subwatersheds.  

Contributing Runoff:  The watershed’s average soil permeability is 0.5 inches/hour according
to NRCS STATSGO database.  About 99.1% of the watershed produces runoff even under
relatively low (1.5'’/hr) potential runoff conditions.  Runoff is chiefly generated as infiltration
excess with rainfall intensities greater than soil permeabilities.  As the watersheds’ soil profiles
become saturated, excess overland flow is produced. Generally, storms producing less than
0.5"/hr of rain will generate runoff from 94.5% of this watershed, chiefly along the stream
channels.

Background Levels: Carp may cause some resuspension of sediment.  Background levels of
total suspended solids come from stream channels. Sediment becomes suspended during high
flow events as soil along the banks is eroded. 

Figure 4
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4. ALLOCATION OF POLLUTANT REDUCTION RESPONSIBILITY

The goal of this TMDL is to reduce the current sedimentation rate to its original design rate, and
therefore the Load Capacity of El Dorado Lake, from is 250 acre-feet per year to 174 acre-feet. 
Assuming a bulk density of the sediment of 58 pounds per cubic foot, the load capacity is about
220,000 tons per year.  More detailed assessment of sources and confirmation of the sediment
delivery must be completed before detailed allocations can be made.  The general inventory of
sources within the drainage does provide some guidance as to areas to focus load reduction.

Point Sources:  A current Wasteload Allocation of zero is established by this TMDL because of
the lack of discharging point sources in the watershed.  Should future point sources be proposed
in the watershed and discharge into the impaired segments, the current Wasteload Allocation will
be revised by adjusting current load allocations to account for the presence and impact of these
new point source dischargers.  As previously noted in the inventory and assessment section,
sources such as non-discharging permitted municipal facilities located within the watershed do
not discharge with sufficient frequency or duration to cause an impairment in the lake.

Nonpoint Sources: Siltation loading comes predominantly exclusively from nonpoint sources. 
Given the runoff characteristics of the watershed, overland runoff can easily carry sediment into
the lake. The Load Allocation will be set at 220,000 tons per year, a 30 percent reduction from
the initial sediment loading seen between 1981-1989.

Defined Margin of Safety: Because of the unknown relationship between actual sediment
loading and resulting in-lake water clarity and because the annual loading rate will vary greatly
over time, the Margin of Safety will be implicit based on the assumption that watershed
treatment will effect a 30% reduction over the long term, but will be more effective during the
moderate or low rainfall years and this should offset the occasional major runoff event. 
Furthermore, because it is likely the lake has not endured constant loading since 1989 at the 250
acre-feet rate seen from 1981-1989, the current lake storage is likely to be in better condition
than what is presupposed under this TMDL. 

State Water Plan Implementation Priority: Because El Dorado Lake is a federal reservoir with
a small watershed and a large regional benefit for recreation and water supply, this TMDL will be
a High Priority for implementation.

Unified Watershed Assessment Priority Ranking: This watershed lies within the Upper
Walnut (HUC 8: 11030017) with a priority ranking of 44 (Medium Priority for restoration).

Priority HUC 11s: The watershed is within HUC 11 (030).  The Walnut River subwatershed
should take priority.  Secondary focus should be placed the Bemis Creek subwatershed, and
tertiary focus should be placed the Satchel Creek subwatershed.  
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5. IMPLEMENTATION

Desired Implementation Activities
There is a very good potential that agricultural best management practices will improve the water
quality in El Dorado Lake.  Some of the recommended agricultural practices are as follows:

1. Maintain conservation tillage and contour farming to minimize cropland erosion. 
2. Install grass buffer strips along streams.
3. Reduce activities within riparian areas.  

Additionally, plans for reassessing the conservation pool after 2010 should be made to reclaim
storage lost to sediment.

Implementation Programs Guidance

Nonpoint Source Pollution Technical Assistance - KDHE
a. Support Section 319 demonstration projects for reduction of sediment runoff
from agricultural activities as well as nutrient management.
b. Provide technical assistance on practices geared to establishment of vegetative
buffer strips.
c.  Update and implement nutrient and sediment abatement strategies.
d.  Develop a Watershed Restoration and Protection Strategy for HUC 11030017.

Butler County Conservation District
a.  Continue to educate residents and landowners about nonpoint source pollution.

Water Resource Cost Share and Nonpoint Source Pollution Control Program - SCC
a. Apply conservation farming practices, including terraces and waterways,
sediment control basins, and constructed wetlands.
b. Provide sediment control practices to minimize erosion and sediment and
nutrient transport.

Riparian Protection Program - SCC
a. Establish or reestablish natural riparian systems, including vegetative filter
strips and streambank vegetation.
b. Develop riparian restoration projects.

Buffer Initiative Program - SCC
a. Install grass buffer strips near streams.
b. Leverage Conservation Reserve Enhancement Program to hold riparian land out
of production.

Extension Outreach and Technical Assistance - Kansas State University
            a. Educate agricultural producers on sediment, nutrient, and pasture management. 
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b. Provide technical assistance on buffer strip design and minimizing cropland
runoff.
c. Continue to educate residents and landowners about nonpoint source pollution.

Reservoir Management Program - KWO
a.  Coordinate a comprehensive bathymetric survey of the lake by 2010 with the
Tulsa District, Corps of Engineers
b.  Initiate planning for a reservoir pool raise after 2010 to reclaim conservation
storage lost to sediment which was to have deposited in the flood control storage.

Time Frame for Implementation: Pollutant reduction practices should be installed within the
priority subwatersheds during the years 2002-2007, with minor followup implementation,
including other subwatersheds over 2007-2011.

Targeted Participants: Primary participants for implementation will be agricultural producers
within the drainage of the lake.  Initial work in 2002 should include local assessments by
conservation district personnel and county extension agents to locate within the lake drainage:

1. Total row crop acreage
2. Cultivation alongside lake

Milestone for 2007: The year 2007 marks the midpoint of the ten-year implementation window
for the watershed.  At that point in time, sampled data from El Dorado Lake should indicate
evidence of reduced siltation rates in the conservation pool elevations relative to the conditions
seen over 1987-1999.  

Delivery Agents: The primary delivery agents for program participation will be conservation
districts for programs of the State Conservation Commission and the Natural Resources
Conservation Service.  Producer outreach and awareness will be delivered by Kansas State
Extension and the Butler County Conservation District. 

Reasonable Assurances: 

Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollutants.

1. K.S.A. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficial uses of the waters of the state through required treatment of sewage
and established water quality standards and to require permits by persons having a
potential to discharge pollutants into the waters of the state.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programs to
assist the protection, conservation and management of soil and water resources in the
state, including riparian areas.
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3. K.S.A. 75-5657 empowers the State Conservation Commission to provide financial
assistance for local project work plans developed to control nonpoint source pollution.

4. K.S.A. 82a-901, et seq. empowers the Kansas Water Office to develop a state water
plan directing the protection and maintenance of surface water quality for the waters of
the state.

5. K.S.A. 82a-951 creates the State Water Plan Fund to finance the implementation of the
Kansas Water Plan.

6. The Kansas Water Plan and the Walnut Basin Plan provide the guidance to state
agencies to coordinate programs intent on protecting water quality and to target those
programs to geographic areas of the state for high priority in implementation.

                                                                                                                     
Funding: The State Water Plan Fund annually generates $16-18 million and is the primary
funding mechanism for implementing water quality protection and pollutant reduction activities
in the state through the Kansas Water Plan.  The state water planning process, overseen by the
Kansas Water Office, coordinates and directs programs and funding toward watersheds and water
resources of highest priority. Typically, the state allocates at least 50% of the fund to programs
supporting water quality protection. This watershed and its TMDL are a High Priority
consideration. 

Effectiveness: Sediment control has been proven effective through conservation tillage, contour
farming, and use of grass waterways and buffer strips.  The key to success will be widespread
utilization of conservation farming within the watersheds cited in this TMDL. 

6. MONITORING
Additional data, to establish sediment loading and further determine mean summer lake trophic
condition, would be of value prior to 2007.  Further sampling and evaluation should occur once
before 2007 and twice between 2007 and 2011.  Some monitoring of tributary levels of sediment
will help direct abatement efforts toward major contributors.  A sediment-bathymetric survey of
the lake should be conducted before 2010 to ascertain the available storage in the conservation
pool.

7. FEEDBACK

Public Meetings: Public meetings to discuss TMDLs in the Walnut Basin were held January 10 
and March 7, 2002 in Augusta.  An active Internet Web site was established at
http://www.kdhe.state.ks.us/tmdl/ to convey information to the public on the general
establishment of TMDLs and specific TMDLs for the Walnut Basin.

Public Hearing: A Public Hearing on the TMDLs of the Walnut Basin was held in Augusta on
June 5, 2002.
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Basin Advisory Committee: The Walnut Basin Advisory Committee met to discuss the TMDLs
in the basin on October 4, 2001, January 10, March 7, and June 5, 2002.

Discussion with Interest Groups: Meetings to discuss TMDLs with interest groups include:
Kansas Farm Bureau: February 27 in El Dorado
Walnut Basin Ecosystem Restoration Feasibility Study Meetings in Whitewater,
Winfield, and Augusta

Milestone Evaluation: In 2007, evaluation will be made as to the degree of implementation
which has occurred within the watershed and current condition of El Dorado Lake.  Subsequent
decisions will be made regarding the implementation approach and follow up of additional
implementation in the watershed. 

Consideration for 303(d) Delisting: The lake will be evaluated for delisting under Section
303(d), based on the monitoring data over the period 2007-2011.  Therefore, the decision for
delisting will come about in the preparation of the 2012 303(d) list.  Should modifications be
made to the applicable water quality criteria during the ten-year implementation period,
consideration for delisting, desired endpoints of this TMDL and implementation activities may
be adjusted accordingly.

Incorporation into Continuing Planning Process, Water Quality Management Plan and the
Kansas Water Planning Process: Under the current version of the Continuing Planning
Process, the next anticipated revision will come in 2003 which will emphasize revision of the
Water Quality Management Plan.  At that time, incorporation of this TMDL will be made into
both documents.  Recommendations of this TMDL will be considered in Kansas Water Plan
implementation decisions under the State Water Planning Process for Fiscal Years 2003-2007.  
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Appendix A - Boxplots
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Appendix B - Trophic State Index Plots

The Trophic State Index plots indicate that light is the primary limiting factor, due to clay
turbidity.  This is inferred by examining the relationship between the TSI(SD) - TSI(Chl) and
TSI(TP)-TSI(Chl) or TSI(TN)-TSI(Chl).  The deviation of chlorophyll from the sediment load
indicates the degree of light penetration, while the difference between chlorophyll and
phosphorus, or chlorophyll and nitrogen indicates the level of phosphorus or nitrogen limitation.
Therefore, if the final plot is in the first quadrant, it shows that the transparency of the water is
impaired due to the presence of small particles, and that phosphorus and  nitrogen do not limit
algae growth.  The positive slope of the graph also indicates a correlation between phosphorus
and transparency which is found when phosphorus is bound to non algal particles.

Approved September 30, 2002
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Walnut River Basin 

El Dorado Lake Watershed, Kansas 

Environmental Setting 

 

PURPOSE, NEED, AND SCOPE 

The El Dorado Lake watershed is located within the Walnut River Basin which 
covers an area of approximately 2,380 square miles in southeastern Kansas, just 
east of Wichita.  The Walnut River Basin encompasses most of Butler and Cowley 
Counties and small portions of five other counties in south central Kansas. The 
Walnut River joins the Arkansas River at Arkansas City, Kansas, just a few miles 
north of the Kansas-Oklahoma state line.  The four major tributaries of the Walnut 
River are Timber Creek, Little Walnut River, Whitewater River and West Branch 
Walnut River.  The 245 square mile watershed that contributes to El Dorado Lake 
is on the upper portion of the Walnut River. 
 
Roughly half of the State’s wetlands, riparian corridors and in-stream habitat 
present before settlement have been lost.  Water quality has been reduced by 
chemical runoff, sedimentation and stream alterations.  In April 2004, the 
President announced an aggressive new national goal – moving beyond a policy of 
“no net loss” of wetlands to an overall increase of wetlands in America each year.  
The President’s goal is to create, improve, and protect at least three million 
wetland acres over the next five years in order to increase overall wetland acres 
and quality (Ramsar Wetlands National Planning Report, 2004). 
  
The focus of the Walnut Basin Ecosystem Restoration and Protection Feasibility 
Study is on floodplain restoration needs, coordinating with ongoing State efforts 
when possible to develop alternatives and solutions to water quality concerns in 
the basin.  Recommended restoration measures follow the Kansas River and 
Stream Corridor Management Guide which is currently followed by the Kansas 
Natural Resource Conservation Service, Conservation Commission, and others. The 
immediate study area for this environmental assessment is the El Dorado Lake 
watershed which drains into El Dorado Lake.  There are five sub-watersheds within 
the watershed; these include Bemis Creek/ Shady Creek Arm, Satchel Creek Arm, 
Durechen Creek Arm, Walnut River Arm and Cole Creek/Gilmore Creek Arm.   El 
Dorado Lake is located in Butler County, about five miles upstream of the City of El 
Dorado, Kansas.  The lake provides flood control, water supply, water quality, and 
recreation.  The drainage area for the lake is 245 square miles.  Most of the land 
use within the lake’s watershed is agricultural – farming and ranching.  
Approximately 12% of the watershed is currently being farmed (KDHE, 2002)  The 
conservation pool of 7,997 acres, occupies about 5% of the watershed upstream 
of the dam. 
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The volume of storage within a reservoir is an aquatic environment.  That 
environment is quantified by the water volume and qualified by a number of 
parameters that biologists interpret as the value of the habitat to aquatic species.  
Inflow of sediment and localized bank erosion inherently reduces the authorized 
water supply and flood control storages in El Dorado Lake.  The ongoing 
eutrophication effects on water temperature and water chemistry further threaten 
the availability and quality of aquatic habitat which directly relates to the vitality of 
the recreation resource and economic outputs at El Dorado Lake.    A reduction of 
water storage volume will occur as water is replaced by sediment.  As the aquatic 
environment is impacted the regional economic conditions will reflect these 
negative impacts in social conditions, such as recreation and other economic 
indicators.   
 
Anthropomorphic activities have caused extensive degradation of aquatic and 
terrestrial resources throughout the Walnut River Basin, including the El Dorado 
Lake watershed.  These impacts have resulted in serious and increasing adverse 
land and water resources problems.  Farming and ranching practices in the 
watershed have significantly altered the processes involved in rainfall runoff 
volumes, speed, and constituents (such as sediment, fecal material, and 
chemicals).  These changes are due to land use alteration, the use of 
agrochemicals, and livestock grazing practices.  
  
The National Environmental Policy Act (NEPA) of 1969 (Public Law 91-190) 
requires all Federal agencies address the environmental impacts of any major 
Federal action on the natural and human environment. Guidance for complying 
with the NEPA is contained in Title 40 of the Code of Federal Regulations (CFR), 
Parts 1500 through 1508, and in Engineering Regulation (ER) 200-2-2, Procedures 
for Implementing NEPA. The primary intent of NEPA is to ensure that 
environmental information is made available to public officials and citizens 
regarding major actions taken by Federal agencies. While this study evaluates 
a number of problems in the reservoir and watershed, the refocused 
conclusion of the feasibility study does not contain a proposal or 
recommendation requiring additional Congressional authorization for 
Federal action – major or minor.  Therefore, a NEPA document is not included 
as part of this study.  However, potential impacts to the natural and human 
environment were carefully considered. 
 
AFFECTED ENVIRONMENT 
This section presents the existing condition of the watershed and serves as the 
baseline from which the impacts of implementing an action may be measured.  
The components discussed are those that would be affected by restoration 
measures whether adverse or beneficial.  All information was obtained utilizing 
existing data and information gathered from other agencies such as the Butler 
county conservation office, Butler County Natural Resource Conservation Service, 
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Kansas Water Office, Kansas Department of Wildlife and Parks, Kansas 
Department of Health and Environment, U.S. Fish and Wildlife Service – 
Manhattan office and many other Federal, State and Local offices. 
 
Location  
The El Dorado Lake watershed is located in Butler County and a small portion of 
Chase County.  It consists of approximately 245 square miles of drainage area.  It 
is comprised of five sub-watersheds, or reservoir arms, that define the reservoir. 
These were categorized as: 

1. Bemis Creek/ Shady Creek Arm,  
2. Satchel Creek Arm,  
3. Durechen Creek Arm, 
4. Walnut River Arm,  
5. Cole Creek/Gilmore Creek Arm.  

.   
Butler County is the largest county in Kansas. The El Dorado watershed is within 
the Prairie Division, Parkland Province, Flint Hills physiographic region as described 
by Robert Bailey, USDA, 1995. 
 
Climate.  Prairies are typically associated with continental, mid-latitude climates 
that are designated as sub humid. Precipitation in these climates ranges from 20 
to 40 inches per year, and is almost entirely offset by evapotranspiration. In 
summer, air and soil temperatures are high; soil moisture in the uplands is 
inadequate for tree growth, and deeper sources of water are beyond the reach of 
tree root.  Temperatures range from an average low of 27 degrees Fahrenheit to 
an average high of 85 degrees Fahrenheit (Bailey, USDA, 1995) 

  Butler County, Flint Hills at dusk (GeoKansas) 

Geology and Soils.  Butler County is located 
almost entirely in the Flint Hills physiographic 
region.  The Flint Hills were formed by the erosion 
of Permian-age limestones and shales. Many of the 
limestones in the Flint Hills contain numerous 
bands of chert, or flint. Because chert is much less 
soluble than the limestone around it, the 
weathering of the limestone has left behind clayey 
hilltops in this region that are capped with this 
cherty gravel (geokansas, www.kgs.ku.edu).  Such residual chert is responsible for 
maintaining high topographic relief and gives the Flint Hills their name. 
Unconsolidated sediments are common, especially within river valleys and on 
some upland areas. Soils are developed in residual (weathered) bedrock material, 
alluvial deposits, and loess sediment. The Flint Hills includes the largest region of 
native tall-grass prairie remaining in North America, and the surface geology and 
geomorphology are readily visible in the landscape.   
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Natural Resources 
  
Land Use/Land Cover 
Current population of Butler County is 61,601.  There are approximately 250 
homes scattered throughout the watershed.  Approximately 6% of the watershed 
is open water.  Reservoirs in the county include Augusta Lake, El Dorado Lake, Fox 
Lake, Lake Clymer, Rogers Pond and Santa Fe Lake.  El Dorado Lake is operated 
by the U.S. Army Corps of Engineers and is the largest lake in Butler County.  At 
top of conservation pool the lake is approximately 8,000 acres and has 98 miles of 
shoreline.  Approximately 3,891 acres is owned in fee adjacent to the lake by the 
U.S. Army Corps of Engineers.  The lands are managed by the Kansas Department 
of Wildlife and Parks.  Most of the watershed is devoted to rangeland for cattle 
grazing. Winter wheat and other crops are raised mainly toward the west, and 
cotton is grown in the southernmost portion.  See the table below for a complete 
listing of land cover in the watershed. 
 

El Dorado Lake Watershed Land-Cover 
Land Use/Cover Acres Percent 

Cover 
Open Water 9,372.6 5.98 
Low Density Residential 65.2 0.04 
High Density Residential 26.0 0.02 
Commercial/Industrial 
Transportation 572.7 0.37 
Bare Rock/Sand/Clay 19.4 0.01 
Quarries/Strip Mines/Gravel Pits 20.2 0.01 
Deciduous Forest 371.0 0.58 
Evergreen Forest 21.1 0.01 
Mixed Forest 64.1 0.04 
Shrubland 4,169.8 2.66 
Grasslands/Herbaceous 113,970.7 72.69 
Pasture/Hay 16,556.9 10.55 
Row Crops 8,306.5 5.30 
Small Grains 1,236.3 0.79 
Urban/Recreational Grasses 197.5 0.13 
Woody Emergents 30.3 0.02 
Emergent Herbaceous Wetlands 1,263.8 0.81 
Total 156,780.1 100.10 

 (El Dorado Lake Watershed SWAT model, 2006) 

Agriculture Practices and Soil Erosion.  Approximately 12% of the watershed 
is currently being farmed (KDHE, 2002).  Traditional farming practices, such as 
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tilling of crops are known to increase erosion and sediment laden runoff flowing 
into adjacent streams.  Soil erosion is widely considered a serious threat to the 
long-term viability of agriculture in many parts of the world (El-Swaify et al., 
1985).  More than three billion tons of topsoil erodes from United States farms 
each year (NSDL).  

Erosion of soil by wind, water, and gravity occurs naturally and the rate of soil 
erosion is dependent on factors such as slope, wind, and the presence or absence 
of vegetation and tree cover. Generally, new topsoil forms about as fast as 
existing topsoil erodes. However, certain human activities, such as grazing 
livestock and clearing of land for development, can upset this natural balance and 
accelerate erosion (NSDL).   

Farming techniques that may help reduce soil erosion include “no-till” farming in 
which crops are cut and not tilled into the land; planting non-cash crops such as 
clover and rye between crop rows; plowing in circular bands along the contours of 
the land to slow the flow of water and any topsoil it might carry down a slope and 
constructing step-like ridges called terraces by leveling sections of a hillside which 
reduces runoff by creating flatter terrain and shorter sections of slope.  
 
Riparian Habitat.   Riparian ecosystems provide year-round habitat for many 
species of mammals, reptiles, amphibians, and resident birds as well as breeding 
sites, wintering areas and stop-over habitat for an exceptional variety of migratory 
birds.  Most riparian habitats contain a rich diversity of wildlife species because of 
the abundance of food, vegetative cover, and water found there.  Riparian zones 
are the interface between terrestrial and aquatic ecosystems.  Undisturbed riparian 
habitat once existed in broad and continuous bands along both banks of over 600 
primary watercourse miles within the Walnut Basin.   
 
A major attribute of riparian areas is the presence of water which provides the 
following benefits for wildlife: 

• Provides a source of drinking water 
• Provides breeding sites for aquatic and semi-aquatic species;  
• Serves as a medium for travel 
• Creates high soil-moisture levels;  
• Contributes to vegetative diversity 
• Creates more moderate microclimates 
• Contributes organic matter to the stream 

 
Oakley et al (1985) stated that in forestlands of the Northwest, wildlife use of 
riparian areas is generally greater than other habitats because the major life 
requirements for many species are present.  May studies have indicated that many 
wildlife species use riparian areas disproportionately more than other habitats on 
the landscape.  In the Blue Mountains of Oregon and Washings, Thomas et al. 
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(1979) reported that riparian areas were the most important wildlife habit; their 
study found that 285 (75%) terrestrial species either required riparian areas year-
round or were directly dependent on them for a portion of their life cycle.  In the 
Great Basin of southeastern Oregon 288 species were found to be either directly 
dependent on riparian zones or used them more than other habitats (Thomas et 
al. 1979).  Approximately 80 percent of all vertebrates in Arizona and New Mexico 
are dependent on riparian habitats for at least a portion of their life cycles and 
more than half are restricted to riparian systems (Johnson 1989).  Major alluvial 
floodplains are among the most important wildlife habitats in southern forests.  
The high fertility that supports high forest productivity produces more high-quality 
food and browse than is found on poorer sites (Kellison et al. 1998)  
 
The riparian habitat in the watershed has significantly decreased from the limits of 
the floodplain.  The result is both a drastic reduction in area and a major reduction 
in ecological system viability due to fragmentation.  Throughout much of the 
Eldorado basin watershed the riparian habitat has been removed to maximize crop 
yields or it is severely degraded from livestock loafing/grazing. 
 
Contributors to declining ecosystem conditions include conversion of bottomland 
habitat to agriculture; grazing of riparian zones; and non-point source 
contributions to sediment load; turbidity; pesticides; nitrates.  One result of 
conversion to agriculture is the loss of native grass buffer zones along 
watercourses.   
 
Approximately 72% of the watershed is grassland and 11% is pasture/hay.  
Livestock grazing in riparian areas is controversial.  Many riparian areas in the 
United States have been mismanaged and degraded by improper livestock 
grazing; however proper management practices can minimize the effects of 
grazing (Mosley et al. 1998).  Cattle congregate on riparian wetland habitats 
during hot weather for much of a 24-hour period (Doppelt et al. 1993). Animals 
grazing in these areas trample and consume riparian vegetation, inhibiting the 
regeneration of natural plant communities and increasing sedimentation rates, 
which covers stream beds and kills aquatic organisms (Doppelt et al. 1993).  This 
depletes sources of large woody debris that are vital to channel stabilization and 
sinuosity.  Shade is reduced, which increases water temperature and leaves biotic 
organisms such as aquatic insects and fish vulnerable to predation.  Concentrated 
“hoof action” by livestock in areas such as stream banks, trails, watering points, 
salting and feeding sites causes compaction of wet soils and mechanically disrupts 
dry and exposed soils.  Compacted and/or impermeable soils can have decreased 
infiltration rates, and therefore increased volume and velocity of runoff.  Soils 
loosened by livestock during the dry season are a source of sediments.  The 
destabilization of stream banks by livestock activities contributes locally to high 
discharge of eroded material (Mosley et al 1998). 
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Cattle access should be limited to surface water areas when adjacent to stream 
banks and cattle should generally avoid grazing in excessively wet areas.  To 
protect banks and reduce impacts from cattle urine and feces buffer strips from 
12.5 to 20 feet on the stream sides can be made (Mosley et al. 1997).   

Riparian habitat along the waterways include American plum (Prunus americana), 
rough-leaved dogwood (Cornus drummondii), redbud (Cercis canadensis), 
buckbrush (Parthenocissus quinquefolia), green briar (Smilax sp.), and Virginia 
creeper (Parthenocissus quinquefolia). Other vines and plant species found in the 
project area include dewberry (Rubus sp.), giant ragweed (Ambrosia trifida), 
Illinois bundleflower (Desmanthus illinoensis), Johnson-grass (Sorghum 
halepense), cocklebur (Xanthium strumarium), curly dock (Rumex crispus), brome 
(Bromus spp.), sedge (Cyperaceae), smartweed (Polygonum sp.), purpletop 
(Tridens sp.), water primrose (Jussiaea sp.), and spike-rush (Eleocharis sp.). 
Prairie species include big bluestem (Andropogon gerardii), little bluestem 
(Schizachyrium scoparium), and Indian grass (Sorghastrum nutans), with 
switchgrass (Panicum virgatum) in more mesic sites.  
 
Aquatic and Wetland Habitat.  Estimates from a Congressional study completed 
in 1989 document a loss of over 400,000 acres (633 square miles) of wetlands in 
Kansas between 1780 and 1989.  This staggering loss amounts to 50% of the 
state wetland resource.  The majority of these were shallow and often ephemeral 
wetlands drained for agricultural use since 1950.  
 
The quality of riverine aquatic habitat is declining due to the loss of wetlands and 
other direct in-stream impacts resulting from human activities.   
 
The overall quality of the aquatic habitat in the basin varies from poor to good 
depending upon water level and turbidity.  Stream segments with a rocky bottom 
with a rocky substrate and intermittent pools and riffles provide habitat for a 
diverse aquatic population.  Hard streams with a shifting substrate of sand and silt 
as well as frequent water level fluctuations prevent the establishment of a more 
diverse aquatic community.   
 
Livestock grazing in and near riparian zones is responsible for major impacts to 
stream quality related to increased nutrients, increased sediment (due to 
vegetation loss), and elevated bacteria levels (including fecal coliform).  In-stream 
gravel mining is responsible for altering stream flow and degrading habitat 
conditions.  These and other “development” impacts have adversely altered and 
diminished the stream quality.  The continuing loss of riparian wetlands means the 
increasing levels of urban and rural runoff that was previously “filtered naturally” 
before entering a watercourse now enters the stream directly.  All the sediment 
and chemicals carried in the runoff flow into the stream.  Because the wetlands no 
longer slow the runoff, stream discharges accumulate faster which can increase 
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flood stages.  The loss of wetland habitat also impacts the stream flow (flood) 
volumes and other self-regulating ecosystem functions of the watershed. 
 
Alluvial streams naturally develop and function by continual channel adjustments 
as flow and sediment loads vary, and these incremental changes allow streams to 
withstand the wide range of dynamic forces that occur as flows fluctuate rapidly 
during storm runoff.  However, when problems occur with channel stabilization, 
Elmore and Beschta (1987) stressed the use of vegetation management rather 
than structural developments to remedy these problems.  Although in-stream 
structures can be used to stabilize channels and can correct certain riparian 
problems, they cautioned against placing too much emphasis on using structures 
to lock a stream into a fixed location and condition.  Elmore and Beschta (1987) 
reported that woody vegetation often provides local channel stability and 
resistance to erosion so that other species (sedges, rushes, grasses forbs) can 
become established.  
  
Invasive Species.  Invasive species are plants, animals, or other organisms that 
are introduced to a given area outside their original range and cause harm to 
native species.  All have the ability to choke out plants that are native by 
competing for moisture and nutrients.  Generally, they do not have natural 
enemies to limit their reproduction and usually spread “invasively”.  The Kansas 
Noxious Weed K.S.A. 2-1314 et seq requires all persons who own or supervise 
land in Kansas to control and eradicate all weeds declared noxious by legislative 
action.  The Butler County Weed Department administers the Kansas Noxious 
Weed Law in Butler County.  They annually treat 13,000 acres of bindweed, 400 
acres of musk thistle and provide herbicide to treat 4,000 acres of Johnsongrass.  
The following invasive species have been identified within the El Dorado Lake 
watershed: 
 
Bur ragweed (Ambrosia grayii) – Bur ragweed is a perennial plant that 
reproduces by underground root-stocks and seeds.  The plants are erect, usually 
bushy and stand 1-2 feet high (Kansas Department of Agriculture). 
 
Canada Thistle (Cirsium arvense) – Canada thistle is an aggressive, creeping 
perennial weed that infests crops, pastures, rangeland, roadsides and non-crop 
areas.  One plant can colonize an area 3 to 6 feet in diameter in one or two years.  
Canada thistle is difficult to control because of its extensive root system which 
allows it to recover from control attempts (Colorado State Extension). 
  
Field Bindweed (Convolvulus arvensis).  Field bindweed is a perennial plant that 
can be spread by seed, root fragments, farm implements, root growth and infested 
soil adhering to the roots of nursery stock.  Their vines are several feet long and 
form dense vegetative mats along the soil.  The vines climb on plants and shade 
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crops.  Field bindweed is among the most common noxious weed found in Butler 
county (Kansas Department of Agriculture). 
 
Hoary cress (Cardaria draba) – Hoary Cress is an introduced perennial from 
Eurasio.  The plant reproduces by an extensive root system, rhizomes and seeds.  
The plants are grayish-green and white flowers are produced from May to July. 
 
Johnson grass (Sorghum halepense) – Johnsongrass is 
an upright perennial grass that reproduces by rhizomes 
and seeds.  It is well adapted and competes with crop 
plants. Johnsongrass was originally introduced as a forage 
crop and is now one of the most common and a 
troublesome weed of most crop fields, roadsides, pastures 
and hay fields.   It has been found throughout the El 
Dorado watershed.  The most severe infestation on KDWP 
managed lands has been identified in the vicinity of 
Durechen Creek and Walnut River wildlife management 
areas.  Johnsongrass is among the most common noxious 
weed found in Butler County (Butler County Noxious Weed Department).    

Virginia Tech Weed I
 Guide  

 
Kudzu (Pueraria lobata) – Kudzu is a long-lived viney legume that covers the 
ground with long runners.  The leaflets are found in groups of three and the stems 
have a rough bark-like covering.  The long runners root at the nodes to form new 
plants.  Kudzu was a gift from the Japanese government as a soil cover to prevent 
erosion.  Kudzu is one of the most common and troublesome weeds of rights-of-
way, power lines, roadsides and forests.  It is common to see Kudzu completely 
overgrow all trees and other vegetation once it is established in an area. 
 
Leafy spurge ().  Leafy spurge contains a milky sap that causes sores in animals 
mouths.  Leafy spurge is found in pasture, rangeland, cropland,  roadsides, 
shelterbelts and other non-cultivated areas.  
 
 
Purple Loosestrife.  This invasive species poses the greatest threat.  It can be 
purchased through nursery supply catalogs as lythrum.  It has been found to 
cross-pollinate with wild varieties.  The plant thrives in wet areas and has been 
found around El Dorado Lake (Butler County Noxious Weed 
Department). 

dentification 

 
Musk thistle (Carduus nutans) - Musk Thistle or nodding 
thistle, is an erect biennial with spiny leaves and stems that 
reach 6 ½ feet in height.  It is found in pastures, hayfields, 
roadsides and non cultivated areas.  Musk thistle is 
sometimes confused with Canada thistle, but Canada thistle 
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has rhizomes and rarely takes on a rosette growth habit.  Musk Thistle is among 
the most common noxious weed found in Butler county (Butler County Noxious 
Weed Department; Virginia Tech weed ID Guide). 
 
Pignut (Hoffmannseggia densiflora) – Pignut is a legume with stems 8 to 12 
inches high.  It has deep roots which develop nut-like tubers 12-15 inches below 
the ground surface and are difficult to remove.  Pignut has a yellow or orange-red 
pea type flower about ½ inch long (Kansas Department of Agriculture). 
 
Russian knapweed (Centaurea Repens).  There was one known infestation of 
this invasive plant in Butler County.  The plants were treated and believed to have 
been eradicated (Butler County Noxious Weed Department). 
 
Sericea Lespedeza (Lespedeza cuneata) – Sericea Lespedeza is a perennial plant 
with erect stems up to 5-feet tall.  Flowering occurs from mid or late July to 
October and may be tinged with purple but always dry to yellow.  The “tannin” 
content of Sericea lespedeza increases during the growing season making it 
unpalatable to livestock during mid to late grazing season.  It has been identified 
throughout the El Dorado watershed area.  The most severe infestation on the 
Kansas Department of Wildlife and Parks managed lands was identified in the 
vicinity of Bemis and Shady Creek wildlife management areas.  Sericiea Lespedeza 
is among the most common noxious weeds found in Butler County (Kansas 
Department of Agriculture).  KDWP attempts to control the invasive weed by 
application of herbicide on their managed lands. 
 
Quack grass (Agropyron repens).  Quackgrass is a perennial plant that 
reproduces by seed and underground rootstocks.  It develops a dense mat of 
underground rooting stems, which form a heavy sod.  The plant grows 1 – 3 feet 
tall with bright green leaves and white to yellowish jointed rhizomes. Infestation of 
new plants arise from seeds or rhizomes (Iowa State University Extension). 
 
Zebra Mussel ((Dreissena polymorpha) –  Zebra mussels look like small clams 
with a yellowish-brown D-shaped shell, usually with alternating dark and light 
colored stripes.  They are the only fresh water mollusk that can firmly attach itself 
to almost any surface such as submerged rocks, dock pilings, boat hulls, aquatic 
vegetation, water intakes and freshwater mussels.  As many as 10,000 zebra 
mussels can attach to a single native mussel (The Nature Conservancy).  They can 
accumulate 6 inches deep, severely reducing the flow of water and posing multi-
billion dollar threat to agriculture, industry and municipal water supplies (Kansas 
Department of Wildlife and Parks).  Zebra mussels were found in El Dorado Lake in 
2003.  Zebra mussels are voracious filter feeders that out-compete native animals.  
They primarily consume phytoplankton, but other suspended material is filtered 
from the water including bacteria, protozoan, zebra mussel veligers, other 
microzooplankton and silt (USGS).   
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Fish and Wildlife.  Butler County is home to numerous species of fish and 
wildlife.  Some groups are not as popular as others, but serve a vital role in the 
balance of nature. Approximately 70 species of butterflies have been identified in 
Butler County.  Butterflies are important pollinators and important components of 
the food chain and are good indicators of the ecological quality of a habitat.  
Human disturbance such as stream channelization, loss of riparian and wetland 
habitat, urban and agriculture expansion and lower water tables all contribute to 
their habitat loss. 
 
A popular event that takes place at El Dorado Lake each spring is the tagging of 
Monarch butterflies migrating through the area.  This familiar species has 
migratory behavior similar to birds, which is unique among insects.  With the right 
habitat, migrating monarchs may roost overnight in plants such as asters, 
sunflowers, goldenrod and sedum.   Monarch larvae appear to feed exclusively on 
milkweeds.  June is milkweed month in eastern Kansas.  At least 10 species of 
milkweed are in bloom sometime during the month. 
 
Mammals   
 
Birds.  Approximately 467 species of birds can be seen in Kansas.  The El Dorado 
Lake watershed is located within the Osage Plains physiographic area 33 as 
described in the Partners in Flight Bird Conservation Plan for The Osage Plains 
(American bird conservancy, 2000) of which the Flint Hills is a subregion.  
Approximately 134 species of birds breed in the Osage Plains physiographic area.  
Roughly 27% are grassland or grass-shrubland birds, 12% are wetland birds, 26% 
are woodland species and the remainder of the birds uses a variety of habitat 
types (American bird conservancy, 2000). 
 
As stated previously, the land use in the watershed is primarily agriculture and 
rangeland.  Approximately 122,570 acres within the watershed are used for 
rangeland and 17,340 acres are used for crops (Koontz, Butler County 
Conservation Service, 2006).  
 
Some species of grassland birds will nest in cropland, pastures, hayfields and 
roadsides adjacent to agricultural lands, however, species diversity and 
reproductive success is low.   Birds utilizing crops and hayfields for nesting habitat 
suffer high rates of mortality during the breeding season when mowing occurs 
(American bird conservancy, 2000).  For example, nest of the short-eared owl in 
Kansas wheat and alfalfa fields are often destroyed by farming operations 
(Thompson and Ely 1989). 
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There are 39 species of birds designated as conservation priority for the Osage 
Plains physiographic area.  Eleven have more than 10% of their global population 
breeding in the area.  Populations of the Northern bobwhite, yellow-billed cuckoo, 
scissor-tailed flycatcher, bell’s vireo and eastern meadowlark declined significantly 
in the area between 1966 and 1996. (American bird conservancy, 2000).   
 
Migratory Birds 
The El Dorado Lake watershed is 
located within the Central Flyway for 
migratory birds.  Situated under the 
central flyway, thousands of 
waterfowl and shorebirds can be 
seen passing through Kansas every 
spring and fall during migration.   
 
Bottomland hardwood wetlands and 
other bottomland hardwood habitat 
have been identified as having 
national importance for migrating 
and wintering waterfowl in the 
Central Flyway.  These areas are 
within the Lower Mississippi Valley Joint Venture boundary of the North American 
Waterfowl Management Plan.  Nine populations of geese occur in Kansas; all 
populations except the Eastern Prairie Canada Goose are at or above population 
objectives for Kansas (KDWP).  The great plains Canada geese, tall grass prairie 
small Canada geese, white fronted geese, light lessor snow geese, and light Ross 
geese may be seen in the study area.  Canada geese nest in Kansas and can be 
seen throughout the year.    Other migratory birds that may be seen in the study 
area include the Yellow-billed cuckoo, Barn owl, short-eared owl, red-headed 
woodpecker, northern flicker, Bewick’s wren and veary.  
 
The loss of riparian habitat and degradation of this vital habitat is a contributing 
factor to the decline in migratory species. 
 
Aquatic Wildlife.   El Dorado Lake has been stocked with a variety of sportfish, 
including walleye, largemouth bass, smallmouth bass, channel catfish, black 
crappie and bluegill.  Other species include flathead catfish, white crappie, white 
bass, black bullhead, drum and carp. 
 
Aquatic wildlife typical of streams include mayflies, dragonflies, damelflies, 
stoneflies, water striders, backswimmers, water boatmans, water scorpions, 
caddisflies, Dobson flies, midges, black flies, and whirligig beetles. 
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Threatened and Endangered Species.  According to the U.S. Fish and Wildlife 
Service in Manhattan, KS there are five federally listed threatened and endangered 
species that may occur in El Dorado Lake Watershed.  In addition to the Federally 
listed species there are five state listed threatened and endangered species.  See 
the table below for a full listing a species and status. 
 
Bald Eagle (Haliaeetus leucocephalus).  The Bald Eagle is state listed as 
threatened in Kansas.  It has been delisted as a federally threatened species, but 
continues to be protected under other Federally important laws.  Bald Eagles are 
protected by the Kansas Nongame and Endangered Species Conservation Act, the 
Federal Endangered Species Act, and state and federal regulations applicable to 
those acts (Kansas Department of Wildlife and Parks website). 
 
The Kansas Department of Wildlife and Parks has designated critical habitat for the 
Bald Eagle.  Currently all lands and waters that lie within 5 air miles of public lands 
at El Dorado Lake are designated as critical habitat by the State of Kansas.  There 
are no federal critical habitat designations within the study area.   
 
Topeka shiner (Notropis Topeka).  Historically, records show that this species 
was located in all but the southwest part of Kansas. Now it is mainly found in the 
Flint Hills in east central Kansas and in Wallace County in the far western part of 
the state. This species lives near the headwaters of small prairie streams with high 

water quality and cool temperatures. These streams 
generally exhibit intermittent flow during summer, 
however pools are maintained by spring or groundwater 
percolation. The substrates of these streams are most 
often clean gravel, however bedrock and clay hardpan 
overlain by a thin silt layer are not uncommon. Topeka 
shiners most often occur in pool and run areas.  
 

 
Topeka Shiners are protected by the Kansas Nongame and Endangered Species 
Conservation Act, the Federal Endangered Species Act, and state and federal 
regulations applicable to those acts (Kansas Department of Wildlife and Parks 
website). 
 
The Kansas Department of Wildlife and Parks has designated critical habitat for the 
Topeka Shiner.  One of those designations is at the South Fork Cottonwood River 
and its tributaries in Butler County from the Butler/Chase County line (Sec. 4, 
T23S, R8E) upstream to its headwaters (Sec. 21, T23S, R8E). 
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Potentially Occurring Federal and State Threatened and Endangered Species in Butler County, Kansas 

Common Name Scientific Name Federal 

Status 

State 

Status 

Birds 

Bald Eagle 

Eskimo Curlew 

Interior Least Tern 

Piping Plover 

Peregrine Falcon 

Snowy Plover 

Whooping Crane 

Mammals 

Eastern Spotted 

Skunk 

Fishes 

Topeka Shiner 

Mussel 

Sharp Hornsnail 

 

Haliaeetus 

leucocephalus 

Numenius borealis 

Sterna antillarum 

Charadrius melodus 

Falco peregrinus 

Charadrius alexandrinus 

Grus Americana 

 

Spilogale putorius 

 

Notropis Topeka 

 

Pleurocera acuta 

 

DL 

E 

E 

T 

* 

* 

E 

 

* 

 

* 

 

* 

 

T 

E 

E 

T 

E 

T 

E 

 

T 

 

T 

 

T 

T – Threatened   E – Endangered      DL – Delisted      PT – Proposed Threatened 

*Not listed by USFWS as a threatened or endangered species 

 

  
 Water Quality.  Under section 303(d) of the 1972 Clean Water Act, States, 
territories, and authorized tribes are required to develop lists of impaired waters.  
Impaired waters are those that do not meet water quality standards that have 
been set for them by states, territories, and authorized tribes, even after point 
sources of pollution have been controlled by the minimum required levels of 
pollution control technology.  The law requires that these jurisdictions establish 
priority rankings for waters on the lists and develop Total Maximum Daily Loads 
(TMDL) for these waters.  A TMDL specifies the maximum amount of a pollutant 
that a water body can receive and still meet water quality standards, and allocates 
pollutant loadings among point and nonpoint pollutant sources.  By law, EPA must 
approve or disapprove lists and TMDLs established by states, territories, and 
authorized tribes. 
 

According to the Kansas Department of Health and Environmental (KDHE) Walnut 
River Basin TMDL report approved September 30, 2002, El Dorado Lake is 
classified as impaired for siltation and eutrophication.   
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KDHE conducted five surveys during 1987 through 1999 and the Kansas Biological 
Survey conducted monthly surveys during 2000 at designated monitoring stations 
on El Dorado Lake. Sampling conducted by KDHE indicates total phosphorus 
concentrations increased during the survey period.  The primary limiting factor is 
light.  Surface water in El Dorado Lake has high turbidity, dominated by inorganic 
materials resulting from the steady inflow of silt into the lake.  Bioassays 
performed by the Kansas Biological Survey indicate the lake is co-limited by 
phosphorus and nitrogen. 
 
The lake is classified as Argillotrophic with a trophic state index of 42.72.  
Assessment of the eutrophication impairment is based on modeling rather than 
direct measurement.  Based on calculations to determine the load to the lake, it is 
evident that the Walnut River subwatershed contributes the greatest combination 
of phosphorus and nitrogen loads followed by Bemis Creek subwatershed and the 
Satchel Creek subwatershed (KDHE, 2002). Eighty-one percent of the land around 
El Dorado Lake is grasslands.   
 

The Kansas Department of Health and Environment, Division of Environment 
report, entitled “2000 Kansas Water Quality Assessment (305(B) Report)”, 
dated March 31, 2000, tabulates total stream mileage impaired by various source 
categories.  Over 50% of total impacts are directly attributable to non-point source 
agricultural operations.  Less than 10% of the total impaired stream miles result 
from point source discharges 
 
There are two NPDES permitted facilities located within the El Dorado Lake 
watershed.  Both are total containment lagoons that are prohibited from 
discharging; however, overflows may occur during high rain events (KDHE, 2000).  
Animal Waste from confined feeding operations adds to the phosphorus load going 
into the Lake.  There is one beef and one swine animal feeding operation in the 
watershed.  All permitted livestock facilities have waste management systems 
designed to minimize runoff entering their operations or detaining runoff 
emanating from their areas.  There are no animal feeding operations in the 
watershed with more than 1,000 animal units. 
 
Runoff from agricultural lands is probably one source of phosphorus to El Dorado 
Lake.  The Walnut River has the greatest amount of cropland, 21 square miles, 
while Bemis Creek subwatershed has 5.6 square miles and Satchel Creek 
subwatershed has 2 square miles of cropland.  Land use coverage analysis 
indicates that approximately 12% of the watershed is cropland (KDHE, 2002). 
 
The watershed’s average soil permeability is 0.5 inches/hour according to NRCS 
STATSGO database. About 99% of the watershed produces runoff even under 
relatively low (1.5'’/hr) potential runoff conditions. Runoff is chiefly generated as 
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infiltration excess with rainfall intensities greater than soil permeability’s. As the 
watersheds’ soil profiles become saturated, excess overland flow is produced. 
Generally, storms producing less than 0.5"/hr of rain will generate runoff from 
94.5% of this watershed, chiefly along the stream channels (KDHE, 2002). 
 
SWAT Model 
The Soil and Water Assessment Tool (SWAT) model was used to help identify the 
areas of the watershed contributing to the sediment load delivered to El Dorado 
Lake.  This analysis will provide additional information for site selection of 
proposed sediment control measures designed to maintain the storage capacity of 
the lake.  El Dorado Lake is fed by five major tributaries, each encompassed within 
a 14-digit Hydrologic Unit Code (HUC) modeled in an earlier effort focused on the 
entire Walnut River Basin.  These 14-digit HUCs were further subdivided in the 
present effort in an attempt to enhance the resolution of estimated sediment (and 
nutrient) loadings to El Dorado Lake. 
 
The SWAT was selected to process digital information to estimate average annual 
sediment and nutrient loading to El Dorado Lake from watershed subbasins and 
tributary arms.  SWAT (Arnold et al., 1993) is a basin-scale model “...developed to 
predict the impact of land management practices on water, sediment, and 
agricultural chemical yields in large complex watersheds with varying soils, land 
use and management conditions over long periods of time” (Neitsch et al., 2001).  
The model is physically based in that it requires specific information about 
weather, soil properties, topography, vegetation, and land management.  SWAT is 
a continuous time model developed for long-term prediction, estimation, and 
frequency analysis.  Refer to the ElDorado Lake Watershed Modeling Report, 
Walnut River Basin Ecosystem Restoration Feasibility Study, Tulsa District, 
September 2007.  
 
The Walnut River Arm of the lake is estimated to contribute nearly 29% of the 
upland generated average annual sediment load to the lake as a whole.  The next 
highest sediment contributing tributary arm is Cole/Gilmore Creek accounting for 
about 19% of the total upland sediment load on an average annual basis.  The 
Durechen Creek tributary arm contributes 15.2% of the total sediment load to the 
lake with 11% of the total load attributed to subbasin 32, at the mouth of the 
creek. 
 
Key contributing subbasins include the Bemis/Shady Creek tributary arm, four 
subbasins (43, 44, 50, and 51) each contribute greater than 1.5% of the average 
annual upland generated total sediment load to El Dorado Lake.   
The Cole/Gilmore Creek tributary arm was shown to have five subbasins (7, 15, 
23, 24, and 30) contributing greater than 1.5% of the average annual upland 
generated total sediment load.   
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Modeling indicated that the Durechen tributary arm had only two subbasins 
contributing greater than 1.5% of the average annual upland generated total 
sediment load (22 and 32). 
 
Similarly, modeling indicated that the Satchel Creek tributary arm had only two 
subbasins contributing greater than 1.5% of the average annual upland generated 
total sediment load (35 and 40 
 
The Walnut River tributary arm of the lake was shown to have nine subbasins 
contributing greater than 1.5% of the average annual upland generated total 
sediment load (5, 9, 10, 13, 14, 17, 18, 25, and 31).   
 
The El Dorado Lake area, modeled as subbasin 48, is the largest of the subbasins 
modeled, and hence its contribution to the average annual upland generated total 
sediment load received by the lake is similarly large (>13%).   
 
Filter Strips on Agricultural Lands 
The effect of various filter-strip widths around crop lands, the land uses with the 
highest estimated sediment yield per unit area (3.6 t/ha), was modeled to 
estimate the potential reduction of net sediment load to the lake.  The SWAT 
model assumes these filter strips are standard grass buffer areas capable of 
filtering out a fraction of pollutant loads passing over/through them with trapping 
efficiency varying with width.  Based on conversations with local and national 
NRCS personnel, filter (buffer) strip widths likely to be implemented in the El 
Dorado Lake watershed range from 30 to 120 feet.  SWAT model runs were 
implemented using 30, 60, 90, and 120 foot filter strip widths around crop land 
uses and results of each were compared to the base-case scenario of net sediment 
load delivered to the lake.  Results are included in Table 1 and Table 2 below.   
 
The modeled effect of filter strips around crop lands showed a fairly dramatic 
reduction of the rate of sediment and nutrient yields.  Thirty (30) foot filter strips 
were predicted to reduce cropland sediment yield by about 70% (3.62 t/ha in the 
base scenario to 1.07 t/ha with 30 ft. filter strips).  Nutrient export rates from crop 
land were similarly reduced with 30 ft filter strips (Table 1).  Applying filter strips 
to crop lands was predicted to reduce sediment mass delivered to El Dorado Lake, 
with greater reductions given wider filter strip widths.  Modeled reductions of 
sediment loads to the lake for filter strip widths of 30, 60, 90, and 120 feet were 
4.10%, 5.05%, 5.72%, and 5.85%, respectively.  Included in Table 2 are 
estimates of El Dorado Lake conservation volume storage loss under each of these 
scenarios, and estimates of extended reservoir life compared to USACE 100 year 
life design.  Maximum annual average conservation volume storage loss reduction 
(~ 7 ac-ft) and extended reservoir life (~7 years) were associated with 120 foot 
filter strip widths. 
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A notable effect of modeling the variable filter width strips was that while upland 
sediment load contribution to lake sediment loading was dramatically reduced with 
increasing filter strip width (19,039 t/yr in the base scenario compared to 5,344 
t/yr with 120 foot filter strips), channel sediment (degradation) contributions to 
lake sediment load increased, both in proportion and mass delivered to the lake.  
As surface runoff sediment concentration is reduced via effective application of 
filter strips, water reaching the stream channel is capable of carrying more 
sediment, and channel degradation occurs. 
    
Sediment basin location and design would require intensive study to determine 
physical characteristics of the sediment, hydraulic characteristics of the basin(s), 
inflow sedimentgraph, inflow hydrograph, basin geometry, and chemistry of the 
water and sediment.  A host of factors can affect sediment basin performance 
including particle size distribution, basin hydraulic response, detention storage 
time, basin shape, dead storage, basin type (permanent or non-permanent pool), 
water chemistry, and sediment scour (Haan et al., 1994). 
 
 
CONCLUSION 
Approximately 72% of the watershed is grassland/herbaceous and approximately 
11% is pasture/hay.  The Walnut River Arm of the lake is estimated to contribute 
nearly 29% of the generated average annual sediment load as a whole.  The next 
highest sediment contributing tributary arm is Cole/Gilmore Creek accounting for 
about 19% of the total upland sediment load on an average annual basis.  The 
Durechen Creek tributary arm contributes 15.2% of the total sediment load to the 
lake with 11% of the total load attributed to subbasin 32, at the mouth of the 
creek. 
 
Much of the riparian habitat is either removed for farming practices or degraded 
from livestock loafing and grazing.  Approximately seventy-five percent of 
terrestrial species either require riparian areas year-round or are directly 
dependent on them for a portion of their life cycle.  Bottomland hardwood 
wetlands and other bottomland hardwood habitat have been identified as having 
national importance for migrating and wintering waterfowl in the Central Flyway.   
 
Restoration measures employed in the watershed must include reestablishment of  
of riparian habitat, environmentally friendly farming techniques to reduce soil 
erosion and cattle management techniques to reduce overgrazing in general and  
grazing and loafing time in riparian habitat.  
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APPENDIX E 
 

SHORELINE EROSION AND RESTORATION OPPORTUNITY 



 



El Dorado Lake Shoreline Erosion and Restoration Opportunity.   
 
Background.  El Dorado lake has been in operation since 1981.  The conservation pool 
is maintained near elevation 1339 to support the authorized project purposes.  As with all 
lakes, wind driven wave action and the associated erosion forces impact part of the 
shoreline to a greater extent than other more protected areas.  El Dorado Lake’s shoreline 
is generally an exposed soil surface.  Few rock outcrops exist and at the water level there 
is minimal vegetation.  The types of vegetation that do exist and that are capable of 
reducing wave erosion, are shrubs and trees.  The dominant tree species is willow.  The 
areas of greatest erosion have lost up to 20 feet of horizontal land area to wave action 
based on local experience.  The contribution of shoreline erosion to the total sediment 
deposition in El Dorado Lake was identified as a concern.  The first step was to estimate 
the volume of shoreline soils subject to erosion.  
 
Shoreline erosion does contribute sediment to the conservation pool of the reservoir.  The 
elevation of the reservoir pool varies over time, so the effects of wave action on the 
shoreline also vary.  Similarly, the ground cover (grass, brush, or trees) and the 
underlying types of materials (topsoil, sand, clay, gravel, or rock) influence the amount of 
erosion. 

• In part, the erosion of shoreline materials is the transportation of soil and 
embedded gravel from one elevation within the conservation pool (Elevation 
1296.0 to 1339.0) to lower elevations due to wave action along the shoreline.  The 
shoreline eroded materials may be moved within the conservation pool and may 
also contribute to the inactive pool (Below elevation 1296).  The transportation of 
materials within the conservation pool has no volumetric impact on water supply 
storage.  There may be aesthetic, recreation, or environmental impacts, but 
moving materials from one location in the conservation pool to another location in 
the pool does not change the water supply storage. 

• In part, the erosion of shoreline materials is also the transportation of soil and 
gravel from the flood control pool (located above the conservation pool) to the 
conservation pool.  This process reduces the conservation pool storage volume for 
water and equally increases the storage volume within the flood control pool 
(Elevation 1339.0 to 1347.5). 

• In small part, some materials from shoreline erosion may be suspended by wave 
action long enough that they may pass from the reservoir in flood control releases 
or in water withdrawn for water supply.  The volume of sediment passed from the 
reservoir that originated as shoreline erosion is likely a small volume relative to 
the total sediment transported into the reservoir. 
 

To gain an understanding of the potential magnitude of shoreline erosion compared to 
sediment contributed from the watershed, some simple calculations were formulated to 
establish a range of estimates of shoreline erosion volume.  The potential contribution of 
shoreline erosion to reservoir sedimentation was estimated based on information 
collected at shoreline erosion locations by the study team, particularly the Kansas 
Department of Wildlife and Parks.  The information was obtained from site visits and 
from reservoir project office staff that has knowledge of the erosion, particularly the 
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horizontal extent and the depth of eroded shoreline banks.  This information is 
rudimentary and represents areas where shoreline erosion has been more noticeable.   The 
more noticeable areas are typically located adjacent to park roads, camping facilities, or 
other memorable features, such as trees or boulders.  No survey data or historic 
photography materials were used for this exercise.  Those types of data and information 
may exist but the conclusions below suggest that more a more detailed investigation is 
not warranted. 
 
Staff members of the Kansas Department of Wildlife and Parks, located at El Dorado 
Lake, were part of the study team.  They and the Corps of Engineers lake staff identified 
shoreline erosion areas and collected data in 2004.  The data (attached) reflect the more 
noticeable erosion areas, particularly in park areas.  Twenty-nine areas were identified 
and subjectively ranked from one to twenty nine based on apparent erosion rate, 
proximity to facilities, and total erosion volume.  The area of highest concern was ranked 
number one.   
 
The average height of the erosion areas is about 3.5 feet and the average width of the 
areas is about 440 feet.  The vertical measurement reflects the height of the near vertical 
banks produced by erosion at the lake.  Measurements were taken from the bottom of the 
vertical face to the top of the erosion area.  The bottom of the vertical face may have been 
below the normal conservation pool elevation of 1339.  (Note: One erosion area, at the 
breached Lake Bluestem dam, is about 20 feet high and 80 feet wide.  That location was 
not included in the average height of erosion stated above.)  The total length of the 
erosion areas surveyed is about 2.3 miles.  The survey reflects shoreline erosion since 
1981 when the lake was filled. 
 
The preliminary estimates of shoreline erosion for the following calculations assume the 
entire shoreline of the reservoir is subject to uniform amounts of erosion – not just the 
isolated problem locations.  This assumption knowingly overstates the amount of 
shoreline erosion.  The perimeter of the reservoir at the top of the conservation pool is 
about 43 miles.  The perimeter was rounded to 50 miles for the calculations below. 
 
Three different scales of erosion were calculated based on simple cross sectional 
rectangular areas with vertical dimensions and horizontal dimensions (into the shore).  
The assumed erosion sections were: 2 feet deep by 2 feet horizontal; 3 feet deep by 10 
feet horizontal; and 4 feet deep by 20 feet horizontal – all measured at the top of the 
conservation pool.  The width of the erosion was assumed to be 50 miles.  The volumes 
for the three assumed sections are shown below. 
 

Estimated Cross Section Potential Erosion Volume 
(values rounded) 

2-ft Deep by 2-ft Horizontal   25 acre-feet 
3-ft Deep by 10-ft Horizontal 182 acre-feet 
4-ft Deep by 20-ft Horizontal 485 acre-feet 
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Since 1981, some problem areas may have suffered erosion as great as the 20-foot 
horizontal estimate above – and rare areas may exceed 20-foot of horizontal erosion.  
Those larger erosion areas are relatively isolated and are not representative of the 
“average” shoreline erosion at the reservoir since it was impounded.  If however, the 
higher estimate of shoreline erosion were to occur along the entire lake perimeter and 
within a 100-year evaluation period, then the higher annual estimate of shoreline erosion 
would be about 4.85 acre-feet per year.   
 
This approach uses simple calculations and is 
loosely based on the data collected.  The data 
represents only 26 years of project operation.  
No data were used to estimate the horizontal 
(into the shore) erosion over the period of 
project operation and no models were 
developed to estimate future erosion.  The 
assumption of average annual shoreline 
erosion calculated above and then projected 
over a 100 year evaluation period is therefore 
a gross estimate.  However, the approach does 
conservatively assume 50 miles of shoreline 
would be impacted when the survey of problems areas only identified about 2.3 miles of 
problem area erosion. 
 
In contrast, the contribution of sediment from the watershed above El Dorado Lake is 
estimated to be an annual average of 180 acre-feet (conservation and flood control pools).   
(Note: This estimate of the rate of sedimentation is discussed in the main report.  The 
estimated sedimentation rate is subject to change as new bathymetric surveys are 
conducted.)   
 
In comparison to the watershed sediment contribution, the contributions from shoreline 
erosion are relatively small.  When also considering that part of the shoreline erosion 
estimate is transportation from one location within the conservation pool to a lower 
elevation (still within the conservation pool), the contrast in shoreline sedimentation to 
the watershed contribution is even greater.   
 
Roughly one third of the sediment from the watershed is forecast to settle in the flood 
control pool, leaving about two thirds of the sediment forecast to settle in the lower 
conservation and inactive pools.  The forecast for total sediment accumulation over a 
100-year evaluation period is about 18,000 acre-feet (rounded) based on 1989 sediment 
survey data. 
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The Case for Shoreline Restoration.  While having suggested that the sediment 
contribution from shoreline erosion is a limited contributor to the total sediment in El 
Dorado Lake, there are a number of vital justifications for minimizing shoreline erosion.   

• The park areas, access roads, project utilities, camping facilities, and a variety of 
recreation facilities are important Federal investments in public recreation 
resources.   

• Shoreline erosion alters and may often degrade the local terrestrial and aquatic 
environment.   

• The loss of park lands from erosion and reduction in the quality of the recreation 
experience represents a quantifiable loss of a public resource.   

• The loss of native shoreline vegetation due to erosion from wave action decreases 
the value of recreation activities and impacts the aesthetic qualities of the lake and 
park facilities.   

 
To the extent practicable, the destructive impacts of shoreline erosion should be 
minimized; and there are a number of approaches that may be used to address this 
problem.  Potential solutions range from bioengineering (that includes plantings) to 
shoreline armoring using materials that may be foreign to the natural setting.  The 
appearance of foreign materials used to armor the shoreline may be viewed negatively by 
lake users.  While one line of thinking would tend to propose bioengineering as the more 
environmentally friendly and aesthetically desirable solution, there are occasions when 
conditions are unfavorable to shoreline plantings or other bioengineering approaches.  
When these conditions exist and the potential for success of bioengineering measures is 
otherwise low, other measures must be considered for reliability and economic 
advantages.   
 
For El Dorado Lake the conditions that decrease the likelihood of success for 
bioengineering solutions include: 

• Frequent and long duration wave action,  
• Relatively long durations of flood control storage, 
• Ice sheets that shift during winter winds and grind against the shoreline,  
• Use and consumption of shoreline plants by beaver, and  
• Relatively high recreation foot traffic through and along shoreline vegetation. 

 
 
Bioengineering and Shoreline Stabilization. 
Since the conceptualization of bioengineering, a number of practices have been 
developed for different erosion situations.  Determining which, if any, measures may be 
suitable for a specific location requires a number of assessments; and field testing is 
perhaps the most reliable assessment technique.  The project delivery team (PDT) had 
determined that shoreline erosion was a problem at El Dorado Lake and required the 
consideration of solutions.  Assistance from U.S. Army Engineer Research and 
Development Center (ERDC) was requested to assess the problem and to formulate a 
field test workshop.  The shoreline bio-restoration planning and execution was conceived 
and implemented through the guidance of Ms. Pamela Bailey, a Landscape Ecologist 
with ERDC. 
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In the winter of 2004-2005 members of the PDT and a group of volunteers prepared for 
and conducted a shoreline restoration workshop at one of the more publicly visible 
erosion areas on El Dorado Lake.  The workshop started 24 February 2005 and ran 
through Saturday the 26th.  Work resumed Monday the 28th and was completed that day. 
 
The Workshop.  The characteristics of the selected erosion area are representative of 
other shoreline erosion locations at the reservoir.  In part this site was chosen for easy 
access.  In addition, in anticipation of a successful re-vegetation effort, the site was 
selected due to its public accessibility and the PDT anticipated using the workshop for 
public education through the addition of an information kiosk.   
 
The purpose of the 
workshop was to determine 
the suitability of a limited 
array of re-vegetation 
methods and to assess the 
effectiveness of a wave 
break formed from cut 
Eastern red cedar 
(Juniperous virginiana) - a 
locally available and 
noxious species of juniper.   
 
The location of the 
workshop is shown on the 
aerial view of the El 
Dorado dam (lower left) 
and the lower portion of the 
reservoir.  The other red 
location indicators show 

The Waterways Experiment Station (WES) in Vicksburg, Mississippi, is 
headquarters for the U.S. Army Engineer Research and Development Center 
(ERDC).  WES is part of the Department of Defense laboratory system.  The 
ERDC mission is to conceive, plan, study and execute engineering investigations 
and research and development studies in support of the civil and military missions 
of the Corps of Engineers and other federal agencies.  
Four of seven ERDC laboratories are located at the WES. — Coastal and 
Hydraulics, Geotechnical and Structures, Environmental, and Information 
Technology.  More information about ERDC and WES can be found at 
http://www.wes.army.mil/.  
Ms. Bailey may be reached at: 601-634-2380,  
Pamela.Bailey@erdc.usace.army.mil. 
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other identified and categorized erosion areas.  The data for the erosion area follows this 
appendix. 
 
The purpose of the wave break was to aid the re-vegetation process by dissipating wave 
energy through the first growth season of placed 
plant materials.  The wave break (shown in the 
photo) was placed immediately offshore, about 10 
to 20 feet. 
 
Five terrestrial re-vegetation methods were 
implemented, consisting of: 

• a “brush mattress” section,  
• a “live fascine bundle” section (placed 

parallel to the shoreline),  
• a “live fascine bundle” section (placed 

perpendicular to the shoreline),  
• a “brush layering” section, and  
• “live stakes” placed throughout the four 

sections above.   
 

One aquatic re-vegetation method was 
tested and it consisted of: 

A “live fascine bundle” consists of a number of 
freshly cut woody stems of plants that will root and 
grow from cuttings. 
 
The bundle is bound together by twine or wire.  The 
size of the bundle can vary greatly among different 
applications. 
 
The source of the cuttings is most generally composed 
of near-regional plants that are growing well in soil 
and hydrologic conditions similar (if not identical) to 
the location in which the bundles are to be placed. 
 
The bundles are buried (planted horizontally) at or 
slightly below the ground surface, often with portions 
of the bundle exposed. 
 
The purposes of the bundles are to provide: an initial 
structure that is resistant to erosion, an intermediate 
stock of new plant starts, and ultimately an 
interlocking root system and a regenerating population 
of plants. 

• Water willow transplanted in 
burlap bags and placed in the 
water’s edge at random locations 
within the terrestrial re-vegetation 
section reaches. 
 

The workshop announcement and 
planning notes are attached.  The harvest 
list and equipment list contained in the 
planning notes were useful guides.  Actual 
plant harvests and equipment varied.  In 
part, the planning notes are provided to 
show that detailed plans are not required.  
However, a successful re-vegetation effort 
must be lead by one or more individuals 
that have an intimate understanding of the 
physical processes that caused the erosion 
problem; and that possess appropriate 
knowledge and experience with 
restoration efforts.  
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Results.  The results of the workshop were valuable, even if the re-vegetation efforts 
were not judged to be highly successful.  The reason this section of shoreline had been 
selected was due to its relatively severe erosion problem.  The causes for the erosion were 
linked to the wind and wave patterns at the reservoir.  Those wind and wave actions and 
an extended period of higher than normal pool elevations contributed to further erosion 
following the workshop, which damaged portions of the re-vegetation sections and 
washed away most of the live stakes.  By late spring, the thick greenery of the juniper 
wave break had weathered to skeletal trunks and branches.  The loss of the juniper 
greenery virtually eliminated wave energy dissipation.  Some of the vegetation placed 
near the edge of the water had been exposed or washed away.  The transplanted aquatic 
water willow had been washed away from the shoreline by wave action. 
 
Both the juniper wave break and sprouting 
vegetation showed evidence of browsing by 
beaver. 
 
The juniper wave break was composed of 
Eastern Red Cedar trees that were cut a day or 
two before the workshop and moved to the 
workshop location.  The trees were roughly 8 
feet tall.  The actual tree size was limited by 
the ability of two people to drag the trees to 
the water and work the trees in the water.  In-
water effort required wiring the top of one tree to the base of the next, forming a chain of 
junipers.  As the junipers were wired together, they were also affixed to 6-foot steel posts 
that had been driven in to the lake bottom at about 8-foot intervals, leaving a few inches 
of post exposed above the water level (at the time of placement).  The water depth at the 
line of posts was between two and three feet. 
 
The shoreline was initially prepared using a large backhoe to smooth the shoreline from a 
shallow vertical face (ranging up to two feet high) to a gradually sloped shoreline.  Most 
of the subsequent earthwork was manual labor using picks and shovels to create trenches 
for fascine bundles and level broad steps for brush mattresses.  The backhoe was again 
used for finish “grading”, landward of the re-vegetated area using surplus soil.  The 
disturbed area was graded and seeded with a mix of native grasses. 
 
Conclusions. 
The conclusions were that the brush mattresses, fascine bundles, and the brush layering 
would have been more successful (and potentially fully successful) if the wave break had 
been more effective.  At this location, the soil does not appear to be suitable for the 
placement of live stakes.  Placement of the live stakes was difficult due to the dense 
foundation soils just below the water level which included distributed gravel ranging in 
size from less than and inch in diameter to about two inches.  Some live stakes were 
damaged while trying to place them in the soil making them non-viable.  Other live stake 
placements were in the disturbed soil along and through fascine bundles.  It appears that 
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the disturbed soils did not hold the live stakes in place when subjected to wave action,  
high water, or ice sheets. 
 
At one end of the workshop shoreline reach, 
reservoir managers had placed a short row of 
stone in an earlier response to site erosion.  The 
stone appears to have been effective in reducing 
wave energy and the fascine bundles located 
behind the stone protection were relatively 
undamaged by wave erosion or ice sheets. 
 
While the idea of using junipers for a wave break 
is desirable, both for the benefit of removing a 
noxious plant from project lands (or from the 
region) and for a low cost material, the effectiveness of the technique was not 
demonstrated by this workshop.  The manual labor required to move and secure the 
junipers was considerable.  The steel fence posts and wire used to secure the junipers are 
unsightly and may pose a risk to swimmers and boaters.  The remaining juniper skeleton 
(trunk and branches) is unattractive and it and the wire used to secure the cedars may 
pose a fishing recreation hazard that is greater than potential benefits of providing a 
shelter area for fish.  Ultimately the posts and wire will need to be removed, thereby 
requiring more labor.   
 
A juniper wave break placement issue is that this 
reservoir is often covered by ice at the time of 
year that a re-vegetation project would occur.  
The weather and temperatures experienced during 
the workshop were unseasonably pleasant.  The 
photo shows more typical winter conditions at the 
restoration area.  The presence of ice would have 
precluded the placement of a juniper wave break.  
Cold weather and wave action would create 
hazardous “in-water” working conditions in a 
majority of years.  If a juniper wave break were 
placed in the fall (warm weather), the green 
vegetation would potentially be gone by the time 
planting occurred, making the wave break much less effective.   
 
An awareness notice follows this appendix concerning the juniper and other species. 
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Recommendations for Re-Vegetation of El Dorado Lake Shoreline Erosion Areas. 
• Use stone for a wave break.  Size stone appropriate for the wave energy 

anticipated.  The size of the stone should be based on the experience of staff at the 
lake with consideration of potential wave characteristics, and/or based on 
engineering design.   

• The stone quality need not meet the specifications required for long term 
placement in critical erosion situations, such as bridge abutments or 
embankments.  In this application weathering and use of local stone would be 
acceptable and potentially desirable for aesthetic considerations.  The stone needs 
to be effective for five or more years as the plants mature. 

• Place the stone during the dry season (late summer) to minimize impacts to 
terrestrial recreation areas or wildlife management areas due to heavy equipment 
used to haul and place the stone (rutting). 

• Place stone just within the water’s edge at the shoreline to minimize aquatic 
impacts (suspension of sediment, etc). 

• The height of stone should be about the “normal” wave height above the 
conservation pool elevation (about two feet or less). 

• A uniform height wall of stone would not be necessary to produce an effective 
wave break.  Include low landward T-wall stubs to reduce lateral flow behind the 
wave break (roughly every 40 to 60 feet).  Lateral flow could be from pool 
seepage, wave overtopping or landward runoff. 

• Placement of stone by hand could potentially require less stone and result in a 
wave break that was as effective as a greater volume of stone placed using 
equipment. 
 
__________________ 

• Anticipate potential browsing of vegetation by beaver.  Trap and relocate beaver, 
if possible. 
 
___________________ 

• Brush mattresses, fascine bundles, and brush layering appear suitable at El 
Dorado Lake.  These measures could be used in sections and combinations to add 
diversity to the re-vegetated area. 

• Initial plant species for fascine bundles should only consist of the hardiest species 
(potentially willow and cottonwood).  Once the initial re-vegetation is established, 
after one or more years, then follow up with a mix of species found in non-erosion 
areas, if those species do not naturally propagate in the re-vegetation area. 

• Minimize soil disturbance by using small backhoe, track hoe, or similar 
equipment for initial grading, trenches for fascine bundles, preparation of benches 
for brush mattresses and brush layering, and for final grading of any excess 
material.  This equipment should also be used to minimize manual labor. 

• Seed and mulch disturbed areas at the completion of the re-vegetation effort.  A 
native grass mix (or grass and forbs mix) is recommended. 
 
___________________ 
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Test the suitability of live stakes by implementing a limited number of placements 
from the waterline to the landward extent of the area disturbed by the re-
vegetation.  If live stakes are found to be viable after the first growing season, 
continue placements in suitable areas as needed. 
 
___________________ 

• Transplant water willow during warm weather and no later than the end of 
summer.  The time of year selected should be conducive to plant growth (the 
establishment of root structure before winter weather) and should be suitable for 
workers who will be submerged both during harvest and placement.  The air and 
water temperatures should be the same as those considered appropriate for water 
recreation.  The presence of invasive species, such as Zebra Mussels, should be 
considered in the selection of materials to be harvested – if from another water 
body.  Recommend transplants are not containerized; but that they be harvested, 
kept wet, and replanted at the same water depth within an hour or two of 
harvesting. 
 
___________________ 

• Include one 20 to 40 foot wide test area within the reach of wave break protection 
that will not be planted or receive live stakes.  The test area should be graded and 
the top soil disturbed in a manner similar to the reaches where replanting will 
occur.  This test section will allow for a better assessment of the re-vegetation 
reach productivity and the value of replanting by providing an assessment of 
natural re-vegetation due to benefits provided by disturbing the soil and 
placement of the wave brake.  Include landward T-wall stubs on each side of this 
section to aid in identifying the area of this test reach for monitoring.  The area 
should be seeded and mulched.  Natural re-vegetation should be monitored and 
compared to planted reaches over at least three growing seasons. 

 
___________________ 

• Allow a wide un-mowed native grass buffer to develop (20 to 40 feet 
perpendicular to the shoreline – or wider) to reduce sedimentation carried by lake 
perimeter runoff into the conservation pool. 

• Limit mowing adjacent to the shoreline through the use of signs, permanent 
boundary marker posts, or posts with single strand wire and signage. 

• Create pedestrian access lanes through the un-mowed native grass buffer and 
shoreline vegetation to limit the development of user created fishing and 
recreation access.  Access lanes should not be parallel to the drainage slope, but 
should slant across slope through the grass buffer to avoid unfiltered runoff 
flowing directly into the lake. 

• Place public awareness signs and develop a camping/recreation handout to 
describe the re-vegetation effort and purpose of access points. 

 
___________________ 

• Control noxious and invasive species of grasses, shrubs, and trees (as managed by 
the Kansas Department of Agriculture and Butler County Weed Department). 
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___________________ 

• Document and monitor each bioremediation effort for the purpose of adaptive 
management to improve future re-vegetation efforts. 

• Publish results so that others may benefit. 
 
 
Wave break materials other than stone have been effectively used elsewhere, and may be 
functional and cost effective at El Dorado Lake.  They include burlap bags filled with 
available sand, soil, or sediment; or concrete highway divider barriers.   
 
The burlap bag option is labor intensive, similar to stone placed by hand.  But due to the 
relatively high cost of stone, burlap bags have the advantage of being more cost effective 
if a volunteer or low cost workforce is available to fill and place the bags with suitable 
and locally available materials.  The bags and fill material should be large enough to 
withstand the wave forces.  The burlap will deteriorate over time, leaving a relatively 
natural appearing shoreline.   
 
The concrete barrier option would be less attractive during re-vegetation, although the 
barriers would be removed once the eroded reach was re-vegetated.  Another issue with 
concrete barriers is the potentially unstable foundation on which the barriers would be 
placed.  A settling foundation could result in tipped, sunken, and otherwise disarrayed 
barriers that would be less effective as a wave break, more unsightly, and more difficult 
to recover after re-vegetation.  Cost would be an issue to consider for the concrete 
barriers and would include the cost of the barriers, equipment necessary for placement 
and removal, and qualified equipment operators.  Recovery of the barriers might require 
working from the lake side of the shoreline, raising other issues of aquatic disturbance 
and the potential to have equipment mired in the lakebed.  In the case of lakes infested 
with Zebra Mussels, reuse of the concrete barriers at any location other than an infested 
reservoir would involve cleaning and/or drying times to avoid transmission of the 
invasive species. 
 
In high wave energy areas there would be a continuing risk of erosion and loss of plants 
and soil once the burlap bags deteriorated or concrete barriers were removed.  Successful 
bioremediation efforts will have important positive influences on social perception, 
economic viability, and environmental sustainability.  Conversely, marginally 
successful or essentially failed efforts will tend to result in negative influences on those 
three criteria.  For these reasons stone protection continues to be the shoreline protection 
measure of choice for areas subject to high wave energy erosion.   
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Eastern Red Cedar (Juniperous virginiana) Awareness.  The attempt to use juniper 
for a shoreline restoration wave break was, in part, an attempt to identify a beneficial use 
for the noxious species.  The information below contains extracted text and photographs 
from the USFWS Mountain Prairie Region web site about the juniper (Eastern Red 
Cedar) applicable to Kansas.   

http://www.r6.fws.gov/pfw/r6pfw15.htm 

U.S. FISH & WILDLIFE SERVICE   Mountain-Prairie Region, Partners for Fish & Wildlife 

Eastern red cedar trees have invaded many parts of the Kansas 
prairie threatening wildlife habitat and grazing lands. Research has 
shown that as little as one tree per acre invading into native prairie 
can have a negative affect on the use of that acre by grassland 
nesting birds. It has also been shown that prairie chickens have an 
innate avoidance of structures that rise above the grasslands, such 
as trees, utility poles, or buildings. In addition, one acre of cedar 
trees can rob as much as 55,000 gallons of water per year from 
surrounding grasslands and streams. Trees also produce a shading 
effect and, in the case of eastern red cedar, can smother the native 
grasses. Combined with negative effects on the water cycle, the 
amount of forage available to a livestock producer is greatly reduced. 
This, in turn, directly affects a producer’s bottom line as well as the 
local economy. 

To remove the cedar trees, first they have to be clipped or 
cut. If the terrain is relatively flat, a mechanical tree cutter is 
used, which saves a lot of time. In steep terrain, the trees 
must be removed with a chain saw. 

Prescribed fire is a necessary tool if tree invasion is to be kept 
in check. The cedar trees must be burned or new shoots will 
germinate and actually exacerbate, rather than improve, the 
situation. 

 
The USFWS web site also provides information on the invasive plant Sericea lespedeza 
for Kansas.   

Sericea lespedeza, a perennial legume native to Asia and introduced into North 
America as a forage crop in 1896, has become invasive and is non-palatable to 
cattle, and threatens long-term sustainability of tallgrass prairie remaining in 
Kansas. Once established, there are no known cost-effective and environmentally 
safe control methods. One available technique is aerial application or boom 
spraying of herbicide which literally "kills" the prairie to save it. This technique has 
many obvious drawbacks, along with being cost prohibitive for most producers. 

In the Flint Hills region of Kansas the PFW program employs spot-spraying as a 
Sericea control technique. Sericea seeds are primarily carried by water flow. 
Because of that, drainages that are invaded by Sericea have the potential to 
contaminate thousands of downstream acres. The Kansas PFW program is 
providing cost-share for landowners to conduct spot spraying for Sericea control. 
Following a prescribed 3-year plan, landowners can have a 98% reduction in 
Sericea infestation, thus allowing future control by the landowner at a nominal cost. 
Within those 3 years, grassland health should improve. The improved health and 
vigor of the native vegetation will impede re-invasion by Sericea. The goal is to 
maintain natural diversity and high quality native prairie habitat to benefit grassland 
nesting birds and other wildlife. 

(PFW is the Kansas organization Partners for Fish and Wildlife) 
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http://www.r6.fws.gov/pfw/r6pfw15.htm
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Kansas residents should be aware of the potential invasive species currently identified in 
Nebraska (and potentially invading or already in Kansas) of purple loosestrife, and reed 
canary grass.  These links can be found at the same USFWS site shown above. 
 
 

http://www.npwrc.usgs.gov/resource/1999/loosstrf/loosstrf.htm
http://www.inhs.uiuc.edu/edu/VMG/rcanarygr.html
http://www.inhs.uiuc.edu/edu/VMG/rcanarygr.html
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Shoreline Bioremediation Workshop Preparation Notes 
 

developed by 
 

Pam Bailey, ERDC 
 
 
 
 
 

 
The Waterways Experiment Station (WES) is headquarters for the U.S. 
Army Engineer Research and Development Center (ERDC). Part of the 
Department of Defense laboratory system, the ERDC has as its mission 
to conceive, plan, study and execute engineering investigations and 
research and development studies in support of the civil and military 
missions of the Corps of Engineers and other federal agencies.  
 
 
Four of seven ERDC laboratories are located at the WES site in 
Vicksburg, Miss. - Coastal and Hydraulics, Geotechnical and 
Structures, Environmental, and Information Technology. 
 
The following seven pages are included to illustrate the relatively 
simple steps required for preparation of a shoreline restoration effort.  
While the steps are not complicated, a thorough understanding of the 
facts leading to a degraded shoreline and a proven and appropriate 
site specific approach to restoration are required to obtain the desired 
restoration results. 
 
As in this appendix’s referencing section, the cedar tree breakwater 
was not effective for the shoreline situation and consumed a large 
portion of the total time and manpower. 
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Introduction 
The site investigation was accomplished on November 14 and 15 at Eldorado 

Lake, Kansas by funding available through the Water Operations Technical Support 
Program (WOTS). The Kansas Department of Wildlife and Parks manage the park and 
wildlife management areas at the lake. Three sites were identified in the Wildlife 
Management Areas and 29 sites were identified in the Park Management Areas. This 
report describes the sites and treatments proposed in the order of site visitation. Two 
articles were given to the participants on techniques that could be considered for 
alternative approaches for shoreline protection (and are referenced herein).   
 
Wildlife Management Area, Site #1: Bemis Creek 

The site was located on an outside bend of Bemis Creek (N 37.85202°, W 
096.73296°). The site is approximately 2000 feet in length, with 12’ –15 feet high banks 
at lake elevation 1,338.35’. The access road located at the top of the bank is 
approximately 4 feet from the eroding stream bank and could collapse further threatening 
the road at any time. Due to the cost of a project to fix this area, a repair is prohibitive at 
this time. However, one lower cost course of action is to move the road over 30 feet away 
from the failing bank, into an adjacent field owned by the Corps. Another option is to 
close the road to vehicular access and put up a protective barricade by the edge of the 
road, to keep pedestrians away from the failing bank. This was the most important site 
due to the safety issues; however it will be the most expensive to repair properly.  

 

 
 

Looking upstream at Bemis Creek. 
 



 

 
 
Looking downstream at Bemis Creek. 

 
 
A possible treatment follows (Detail 1): the course of action would be to do the 

site preparation by cutting the existing trees, cutting the slope back to a 2H : 1V or 2.5H : 
1 V slope and re-grade evenly for the approximate distance of 2000 feet. A stone toe 
would be the first component to construct, keyed into the bank at each end, with smooth 
transitions. Above the toe, live fascine bundles composed of 20 willow stems tied 
together and staked into the ground, could be installed along the contours at 4 feet 
intervals up the slope. Excelsior blanket or similar product should be utilized between the 
willow rows and staked into the ground. A cost estimate for this treatment is 
approximately $75 - $120 a linear foot along the shoreline, for a swath from the toe of 
slope to the top of bank. The costs may be reduced through the use of volunteer 
participation.  
 
 



Detail #1 

 
 
 
 
Wildlife Management Area, Site #2: Bailey Point 
 The site located on the exposed eastern shoreline ( N37.89719°, W 096.77799°). 
The exposed bank is approximately 2’-3’ in height at lake elevation 1,338.35’ and is 
approximately 1,300 feet in length. This area is exposed to wind fetch due west from the 
north end at an approximate distance of 6, 675 feet and due southwest from the north end 
at an approximate distance of 14,725 feet. There is a road located close by which could 
eventually be impacted by the eroding shoreline. The shoreline has retreated significantly 
where there is no existing vegetation (up to 20 feet and more in some locations).  



 

 
Bailey Point 
 

Suggested treatment was to build a break water approximately 15 feet from shore. 
It could be constructed using various methods; several of these methods were discussed. 
A continuous breakwater could be a peaked stone dike or a branch box breakwater, 
described by Allen (1992). A non-continuous treatment could utilize plant rolls 
constructed from mid-weight geotextile cloth, rolling up soil, small stone and plant sprigs 
such as Water Willow, Justicia Americana. The breakwater serves to break the wave 
action, the primary cause of the bank erosion. As the fetch momentum is lost, sediment 
will fall out of the water and deposit behind the structure. Any breakwater structure can 
be impacted by ice (personal communication with Craig Fischenich); the goal is to have a 
breakwater structure exist for 3 to 5 years so the shoreline plantings can become 
established and protect the shoreline sufficiently. A more detailed design for the peaked 
stone dike or branch box breakwater will be necessary to ensure success for the exact 
localized conditions at any site where a breakwater is to be installed.  
 
  Button bush, Cephalanthus occidentalis, could be incorporated into the treatment 
or shoreward of all the breakwater treatments as live stakes. A live stake is a branch 2-4 
inch wide by 2’-3 feet long, inserted 2/3 of its length into the soil on 3 foot centers. 
Buttonbush can grow in the draw down zone; however the top of the plant has to be 
above the water level in order for it to become established. Sycamore, Plantanus 
occidentalis; Cottonwood, Populus deltoids; Black Willow, Salix nigra, and other 
Willow species can be used for live staking at the water/land contact point at the winter 
pool elevation. At this point, there is a defined bench in many locations along the 
shoreline. Another method discussed, is to install a row of live fascines (or willow 



wattles), composed of bundles of 20, 1/2 inch to 2 inch wide by 4 feet long stems, tied 
together in 2 places and staked into a trench dug the depth of the bundle, at the land/water 
contact point for winter pool. Fill the trench with soil and tamp down to ensure good soil 
contact within and around the fascine bundle. Additional rows of live fascines could be 
placed 4 feet apart, running parallel to the shoreline, up the bank.  
  
 

 
Buttonbush in foreground at Bailey Point.  
 
 
 
Matrix of considerations for breakwater treatment. 
METHOD LABOR TO 

CONSTRUCT 
ESTIMATED 
COST 
(Linear meter) 

MAINTENANCE   

Peaked stone Dike Heavy equipment need 
Low labor demand  

$160 for  
breakwater only 

Minimal maintenance 

Branchbox 
Breakwater 

Heavy equipment need 
Labor intensive 

$400-$460 
with plants 
(Allen, 1992) 

Biodegradable 

Plant Rolls Low equipment need 
Labor intensive 

$100 per roll placed May require some 
maintenance 

 



Wildlife Management Area, Site #3: Wildlife Estates 
 The site located on the exposed western shoreline (N37.93151°, W 096.78627°). 
The exposed bank is approximately 6’-9’ in height at lake elevation 1,338.35’and is 1,300 
feet in length. This area is exposed to wind fetch due east from the midpoint (from the 
turnpike crossing through the upper end of lake) at an approximate distance of 2,290 feet 
and due southeast from the midpoint at an approximate distance of 1,460 feet. The site 
had been a barrow site for the turnpike construction. 
 

 
Wildlife Estates 
 

Treatment discussed combined a breakwater located 15 feet from shore (utilizing 
the same techniques for construction as previously described), a series of willow live 
fascine bundles starting at the land water contact point for winter pool, and cutting back 
the slope to a 2H : 1 V slope and continuing the fascine bundles to be planted every 4 feet 
up the shoreline. Also discussed were two other bank treatments; the first is a brush 
mattress, as described by Allen and Fischenich (2001). The second treatment is brush 
layering, which utilizes willows placed perpendicularly into the bank (instead of parallel 
as the fascines are placed). Refer to the detail #2 below. 
 
 



 
Detail for Wildlife  Estates 
 
Park Management Area, Site #1 (ranking #1) 
  The location of this site was in the Bluestem Campground (N37.51.945°, W 
096.46.499°). The area is impacted by heavy boat use and camping adjacent to the 
shoreline. Site visitors like the convenience of having their boats just off shore from their 
campsites. Some of the erosion was caused by this recreational use in addition to the 
wind. The wind fetch distance was approximately 1 ¾ miles. The average eroded bank 
height was 2.8 feet at pool elevation 1338.35 and is 300 feet in length.  
 
 Treatment recommendations consisted of a breakwater placed 6 feet out in the 
water from existing trees on points projecting out into the lake. The breakwater would be 
constructed as described above and continue along the shoreline in a smooth line. A box 
breakwater constructed with a stone surface on the top suitable for pedestrian use, could 
encourage site visitors to tie their boats to the breakwater and thereby reduce shoreline 
erosion. The breakwater could be broken so as to allow limited access to the shore. This 
would be one method to control shoreline boating impacts. Additionally sprigging behind 
the breakwater to introduce Water Willow or Soft Rush, Juncus effuses landward  
increases biodiversity.  At the winter pool bench, shoreline treatments could consist of 
one row of live fascines or live stakes planted in a combination of Buttonbush, Black 
Willow, Sycamore, Cottonwood. Other species available on the lake that can root 
adventitiously and could be used for the vegetative treatments are Alder species, Alnus 
spp, Rough Dogwood, Cornus drummondii and Boxelder, Acer negundo, good species to 
plant at a slightly higher elevation and therefore mimic the plant zonation that occurs 
naturally. All plants discussed are native species that occur at the lake. 



 
Bluestem Campground at Site1  
 
 

 
Site #1, looking in other direction. Note bank retreat landward of existing willows. 



 
 
 
 
 
 
 



Park Management Area, Site #2 (ranking #4) 
  The location of this site was in the Bluestem Campground (N37.51.733°,  
W 096.46.913°). The area is less impacted by heavy boat use and camping sites are 
further off the lake shoreline. The wind fetch distance was approximately 1 ¾ miles. The 
average eroded bank height was 1 foot at pool elevation 1338.35 and the reach is 285 feet 
in length.  
 

 
Site #2. 
 

In addition to the breakwater and shoreline vegetation methods previously 
discussed, the recommendation was made to discontinue mowing up to the edge of the 
lake and allow the deep rooted prairie grasses to grow in a 20 foot wide buffer strip. 
Native prairie flowers could be inter-seeded to add visual interest. Mowed paths to the 
lakeshore would control the access to some degree.  
 
Park Management Area, Site #3 (ranking #13) 
  The location of this site was in the Bluestem Campground (N37.51.351°,  
W 096.46.943°). This area had a greater distance between the camping area and the 
shoreline and is not impacted by heavy boat use at the shoreline due to the shallow depth 
of water. A boat launch facility was located close by, across the water (as can be seen in 
the photo below). Wind fetch distance was approximately  ¾ miles. The average eroded 
bank height was 3.8 foot at pool elevation 1338.35. This site is approximately 300 feet in 
length between existing trees.  
 



 
Site #3 (Ranking #13) Looking to boat launch area. 
 
 

 
 
Site #3 Looking other direction at shoreline. 



 
Treatment method recommendations were the same as previously discussed. As 

discussions continued, this site was chosen by the participants for a future project. We 
discussed utilizing 3-4 bank vegetative treatments and several breakwater treatments. A 
100 foot section of a breakwater treatment is not enough to assess the breakwater method 
in terms of how it is functioning (personal communication with Craig Fischenich). The 
recommendation is to try one breakwater type for the entire reach. A branchbox 
breakwater could be constructed from the materials, equipment and labor available from 
within the group. The vegetative treatments discussed would be livestaking, branch 
layering, using live fascine bundles laid along the contours, and brush mattresses. 
Additionally these treatments could be composed from the various plants mentioned 
above and available to harvest at the lake. This is a good place to transplant the water 
willow sprigs landward of the breakwater. It is also a good site to allow for a native grass 
buffer strip to grow along the shoreline.   
 
Conclusion 

Of the 29 sites were identified by the Park staff, we viewed 6 other sites (ranking 
# 7, 12, 14,15,16 and 25). These sites had similar characteristics and could be treated by 
utilizing a combination of the same techniques discussed previously. What evolved from 
these discussions is that the participants would organize a group of volunteers to be 
trained by ERDC while doing the project at site #3 (ranking #13). This would allow for a 
trained group of participants to continue working together on future projects as time and 
resources become available  
 

 
Proposed project site #3 (Ranking #13) 



 
Proposed site for project with all the above participants. 
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Page by: Public Affairs Office, CESWT-PA 

Bank Stabilzation Workshop  
 
Bioengineering and Bank Stabilization Workshop 

Feb 28, 2005   thru  Mar 03, 2005  
8:30 a.m. - 5:00 p.m. 

Blue Stem Point, El Dorado Lake, KS 
2710 NE Shady Creek Access Road 
El Dorado, Kansas 
 

 
 
Additional Information is Available: Click to view the PDF attachment.  
 

The Corps of Engineers in partnership with the Kansas Water Office, City of El Dorado, Kansas Parks & Wildlife, and the Kansas 
Department of Health and Environment are sponsoring a Bioengineering Bank Stabilization Workshop at Blue Stem Point, El Dorado 
Lake KS. 

Anyone interested is invited to participate in this "Hands-On" workshop. Training is offered at NO COST. Ms. Pam Bailey with the 
Engineering Research and Development Center (ERDC) and Mr. Hollis Allen, retired ERDC expert will discuss and train attendees in 
harvesting and preparation of the vegetation February 24 -26th and installation of various bank stabilization techniques February 28 -
March 3.  

DATE: 
February 28 - March 3 - - Installation of techniques 

WHERE: 
Corps of Engineers Lake Office 
2710 NE Shady Creek Access Road 
El Dorado, Kansas 67042-8644 

TIME: 
8:30-5:00 daily, except Sunday 

What to Bring:  

Winter Clothing  
Waterproof pants  
Rainjacket and winter coat & waterproof gloves  
Waders (hip or chest), rubber boots, hat. 

Anticipate winter weather conditions, dress in layers, bring plenty of changes of clothing and boots in case you get wet.  

Contact: 
If you plan on attending all or parts of the workshop, please call Sandra Stiles, Corps of Engineers, 918-669-7662.  

Hotels available include the Best Western at (316) 321-6900 or the Super 8 at (316) 321-4888. The State Park also has a few cabins 
available as well.  

Page 1 of 1Tulsa District Public Meetings

4/12/2005https://wwwswt.swt.usace.army.mil/whatishot/Detail.CFM?qryMeeting__Number=135

Tulsa District
Note
The workshop started 24 February and ran through Saturday the 26th.  Work resumed Monday the 28th and was completed that day - three days early.



 
 
Problem: Wind and wave action is taking a toll on the banks of El Dorado Reservoir, 
northeast of El Dorado, Kansas. Eroding banks muddy the water, fill in the reservoir 
and decrease its recreational value. You may have the same problem on your large 
pond or regional lake. 
 
A Natural Solution: Plant willows and sycamores at lake’s edge and use cut cedar trees 
to create a breakwater off shore to shield the bank and reduce erosion. 
 
Learn how:  A “Hands-On” workshop to teach you how to harvest the plant materials 
and install the natural bank protection will be offered at NO COST at Blue Stem 
Point, El Dorado Lake. Sponsors of the Bioengineering Bank Stabilization Workshop 
are the U.S. Army Corps of Engineers, Kansas Water Office, City of El Dorado, 
Kansas Parks & Wildlife, and the Kansas Department of Health and Environment.  
 
Instructors:  Ms. Pam Bailey with the Engineering Research and Development Center 
(ERDC) and Mr. Hollis Allen, Allenvironment. 
 
TIME AND DATE:   Feb. 24 – 26 Plant Harvesting 
                  Feb. 28 – March 3 Installation of techniques 
    8:30 a.m. to 5 p.m. daily 
 
WHERE:  Corps of Engineers Lake Office 

El Dorado Lake, El Dorado, Kans. 
   
What to Bring: Winter clothing, waterproof pants, rain jacket and winter coat, 
waterproof gloves, waders (hip or chest), rubber boots, hat.  Anticipate winter 
weather conditions, dress in layers, bring plenty of changes of clothing and boots in 
case you get wet. 
 
Contact:  If you plan to attend all or part of the workshop, please call Sandra 
Stiles, Corps of Engineers, (918) 669-7662.   
 
Hotels available include the Best Western at (316) 321-6900 or the Super 8 at (316) 
321-4888.  The State Park at (316) 321-7180 also has a few group cabins. 



Post-Workshop Public Involvement Example 
 
 

El Dorado Times 
 

31 March 2005 



 



El Dorado Times 
3/31/2005 
 

Bank stabilization protects lake 

Call them the "Wave Busters." 

A team of 33 hearty volunteers in late February braved the cold water of El 
Dorado Lake to protect one section of bank from erosion by installing a cedar 
tree wave barrier and planting vegetative cuttings along the shoreline. Wave 
action had claimed 20 feet of shoreline at that location and deposited silt in the 
lake. 

"Silt deposits diminish the lake's recreational value and reduce its water storage 
capacity," said Kurt Bookout, El Dorado Public Works Division director and a 
member of the Walnut Basin Advisory Committee (BAC). "Adequate storage 
capacity is critical for water supply and downstream flood prevention." 

Bookout will describe the labor-intensive bioengineered project to fellow BAC 
members when they meet at 6:15 p.m. Tuesday, April 5, at the Red Coach Inn, 
2525 West Central in El Dorado. The group will meet for a Dutch treat supper at 
5:30 p.m. at the motel restaurant. The public is invited to participate. 

The extent of the sediment problem from stream and bank erosion in El Dorado 
Lake is documented in a recently completed sediment survey conducted by the 
U.S. Army Corps of Engineers. 

The survey will help verify the Corps' earlier projections, or modeling, of the 
tributary sources of sediment based on soil type, slope and ground cover. It then 
will be possible to assess the effectiveness of various practices, from stream side 
grass buffers to bank stabilization projects. 

Winfield City Lake, a drinking water supply lake for the city of Winfield and 
surrounding areas, has a similar sedimentation problem. City officials, however, 
have found a solution by helping landowners in the watershed pay for practices 
that will reduce erosion. 

The program, financed by increased boating and camping fees, will offset a 
landowner's share of federal conservation programs administered by the United 
States Department of Agriculture's (USDA) Natural Resources Conservation 
Service (NRCS). Warren Porter, Winfield's city manager, will present the details. 

The Walnut Basin Advisory Committee, made up of representatives of diverse 
water interests, is one of 12 such committees throughout Kansas. The Walnut 



Basin encompasses most of Butler and Cowley counties and small portions of 
four adjoining counties. 

The BACs provide advice on basin water issues to the Kansas Water Authority 
and the Kansas Water Office. In turn, the Kansas Water Authority provides 
advice to the governor and Kansas Legislature on water policy issues. 

For more information or special assistance at the meeting site, contact Deb 
Baker, Kansas Water Office basin planner for the Walnut Basin at (785) 296-
3185, or e-mail her at dbaker@kwo.state.ks.us. An agenda is posted on the 
Kansas Water Office Web site www.kwo.org. 



Initial field survey, 
including inventory of 
plant species suitable for 
harvesting.

Mechanical earthwork 
preparation.

Moving cedar trees from 
a staging area (paved 
road) to the shoreline.



Staging cedar trees 
while earthwork 
preparation is 
completed.

Driving steel t-posts and 
wiring cedar trees to 
each other and to the 
posts.

Reviewing plans for 
harvesting materials and 
for manual labor site 
preparation.



Manual site preparation 
requires hand tools and 
staff.  These were all 
volunteers.

Discussion of the brush 
mattress technique prior 
to wiring across the 
wooden stakes.

Harvesting of willow and 
button bush.



There are volunteers…

More willow harvesting.



Preparation of fascine 
bundles requires further 
preparation of large 
willow limbs.

Wiring fascine bundles.



New volunteers receive 
a short course on 
bioremediation 
techniques, plant 
harvesting, and brush 
layering placement.



Completion of the first 
layer in the brush 
layering test section.

The base of the layer is 
covered with soil, the tips 
remain exposed.

Placement of horizontal 
fascines in shallow hand 
dug trenches.

Bundles will be partially 
covered with soil.



Completion of trenching 
for horizontal fascines.
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El Dorado Lake
Shoreline Erosion Survey

2004

Conducted 
by

Kansas Department of 
Wildlife and Parks

20' 40' 60'

N37 51.945'

W96 46.499'

N37 51.855'

W96 46.621'

N37 51.788'

W96 46.683'

N37 51.730'

W96 46.754'

N37 51.694'

W96 46.782'

N37 51.733'

W96 46.913'

N37 51.658'

W96 46.940'

N37 51.676'

W96 47.044'

Rank #

Height of 
Erosion 
in Feet

Pool 
Level

Fetch 
Distance 
in Miles

Water Depth Length 
in Feet GPSName

7 BS 3 East End 3 1338.35 2.5 2 3.5 4.5 235

9

8

BS 3 A 2 1338.35 2 3.5 5 6 275

BS 3 B 2.6 1338.35 2.25 3.5 4.5 5 180

6

5

BS 3 C

BS 4 A

3

2.6

1338.35 1.75

1338.35 1.75

3.5 4 4 380

3 4 6.5 735

4 BS 4 B 1 1338.35 1.75 3.5 3.5 4 285

3 BS 4 C 4 1338.35 1.75 1 3 4 250

2 BS 4 D 3.8 1338.35 1.75 1 3.5 4 365

Picture #'s 
Soil 
Type Ground Cover

6, 7, 8

Dwight 
Labette 

Complex Grass

9, 10

Dwight 
Labette 

Complex
Grass, Rock, 

Tree

11, 12

13, 14, 15, 
16

17,18,19, 
20, 21, 22

23, 24, 25

26, 27, 28, 
29

30, 31, 32

Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex

Grass, Rock, 
Tree

Grass

Grass

Grass, Some 
Trees

Grass

Grass

Page 1



El Dorado Lake
Shoreline Erosion Survey

2004

Conducted 
by

Kansas Department of 
Wildlife and Parks

20' 40' 60'Rank #

Height of 
Erosion 
in Feet

Pool 
Level

Fetch 
Distance 
in Miles

Water Depth Length 
in Feet GPSName Picture #'s 

Soil 
Type Ground Cover

N37 51.660'

W96 47.070'

N37 51.591'

W96 47.245'

N37 51.270'

W96 47.473'

N37 51.313'

W96 47.660'

N37 51.165'

W96 47.778'

N37 51.091'

W96 47.924'

N37 50.894'

W96 48.051'

N37 50.847'

W96 47.854'

N37 50.966'

W96 47.478'

1

22

29

28

17

23

18

24

27 BS PT G 2.8 1338.35 0.75
no 

data 4 8 300

200

3005.5

7.5

4

4.5

1

no 
data

4

4BS PT F 3.5

BS PT E 5.5 1338.35

1338.35

BS PT C

BS PT B

BS PT D 3.5

5

2.5

1338.35 4 3 5.5 7 650

38053.5141338.35

1338.35 4 1 3.5 5.5 450

BS PT A 2 1338.35 4 2 4 6.5 450

65054.521.751338.352.5BS Day Use

BS 4 West End 2.8 1338.35 1.75 2 4 6.5 300 34, 35, 36

37, 18, 39, 
40

41, 42

44, 45, 46

47, 48, 50

52, 53, 54

55, 56, 57

no photo

62, 63, 64, 
65

Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex
Dwight 
Labette 

Complex

Grass

Grass, Trees

Grass

Grass

Grass, Some 
Gravel

Grass, Some 
Gravel

Grass, Some 
Gravel

Grass

Grass, Some 
Gravel

Page 2



El Dorado Lake
Shoreline Erosion Survey

2004

Conducted 
by

Kansas Department of 
Wildlife and Parks

20' 40' 60'Rank #

Height of 
Erosion 
in Feet

Pool 
Level

Fetch 
Distance 
in Miles

Water Depth Length 
in Feet GPSName Picture #'s 

Soil 
Type Ground Cover

N37 50.846'

W96 46.648'

N37 51.351'
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Map 1 – Erosion Area Locations

Bolder Bluff Park



Map 2 – Erosion Area Locations

West End of Blue Stem Point

Shady Creek Erosion Area



Map 2 – Erosion Area Locations

East End of Blue Stem Point
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APPENDIX F 
 

CONCEPT OF UPPER RESERVOIR ARM DREDGING 
 
 
 
 



 



Concept of Upper Reservoir Arm Dredging 
 
Dredging of the entire reservoir was recognized as a technically viable method of 
revitalizing the reservoir’s storage capacity.  However, the approach of whole reservoir 
revitalization represents a large and untested undertaking for a Federal reservoir in the 
mid-west.  The revitalization approach would also be an unusual, if not unprecedented, 
financial outlay by a non-federal sponsor for the recovery of water supply storage in a 
Federal reservoir.  Because the purpose of dredging would be to recover water supply 
storage, under current cost sharing, the local sponsor would bear the entire cost of 
dredging.  In an attempt to explore alternatives that would delay the large cost and 
impacts of dredging the entire reservoir, the concept of dredging the upper reservoir arms 
was proposed.  The thinking was that each of the five reservoir arms is crossed by a 
highway embankment and that if sediment were to accumulate in the upper arm areas at a 
faster rate than in the main reservoir, then perhaps a plan of recurring dredging in the 
upper arms could delay a larger plan of full reservoir dredging.  Additionally, the cost of 
dredging smaller, shallower areas on a recurring schedule was presumed to be more 
economical than dredging the entire reservoir.    
 

 
 

5 - Bemis Creek 
above Hwy 177 

4 - Satchel Creek 
above Hwy 177 

3 - Durechen Creek 
above Cole Creek Rd 

2 – Walnut River above 
Interstate 35 

Former Lake 
Bluestem Dam 

1 – Cole Creek above 
Interstate 35 

To address the question of whether dredging the upper reservoir arms of El Dorado Lake 
would be a viable way to slow the overall loss of water supply storage, available 
information and basic assumptions were used for the assessment of each of five primary 
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arms of the reservoir.  The central assumption is that the upper arms would experience a 
higher rate of sedimentation than would the main body of the reservoir.  A higher 
sedimentation rate in the upper arms of the reservoir could provide an opportunity to 
more easily remove sediment.   
 
Each of the five main arms is crossed by a road.  The roads were constructed using 
varying amounts of embankment fill across the reservoir arm and bridges to pass stream 
flow.  These structures and the pool areas upstream tend to obstruct (slow) the flow of 
water entering the reservoir.  The effect of a reduction of flow velocity was assumed to 
indicate an increased sedimentation rate upstream of the highway embankments.  
Therefore, the pool areas upstream of the roads were assumed to facilitate the deposition 
of sediment at a higher rate than the main body of the reservoir. 
  

An alternate approach to dredging was 
suggested at one of the public involvement 
meetings.  The suggestion: that the reservoir be 
temporarily drained and then the sediment 
excavated using highway earthmoving equipment. 
 
While technically viable in certain circumstances, 
that approach would involve longer drying times 
than is commonly expected.  A breached reservoir 
embankment, one that that is no longer storing 
water or operating for flood control, can require 
years to dry before the use of earthmoving 
equipment is possible.  Annual rainfall and stream 
flows percolating into the sediments tend to 
greatly slow the drying time.   
 
If the reservoir embankment is not breached and 
may still experience short term filling under flood 
conditions (even though a conservation pool is not 
maintained) then the option would not tend to be 
viable. 
 
The loss of project purposes during years of 
sediment drying would be unacceptable to 
stakeholders. 

While the primary assumption is that the upper arm will fill at a higher rate, no data was 
identified during this study to confirm the assumption.  The purpose of conducting the 
evaluation in the absence of this data is to determine if the volume of potential sediment 
that might be deposited at this location would be sufficient to offer a functional and 
economical option for restoring a portion of reservoir storage.  If sufficient volume could 
be restored periodically, dredging of upper lake arms might be considered a valid 
approach in maintaining water supply 
storage (or slowing the overall loss rate).  
Because sediment would still be 
deposited in the main reservoir area, the 
removal of sediment from the upper 
arms would delay the overall reservoir 
sedimentation, but would not be a 
permanent remedy. 
 
In considering the options to remove 
sediment from a reservoir, the options 
are limited to two basic categories.  The 
dredging industry terms for the 
categories are mechanical and 
hydraulic dredging.  Mechanical 
dredging is accomplished by excavating 
with a scoop or bucket operated from a 
barge mounted boom or from a land 
based tractor and boom.  For this 
assessment of upper reservoir arms the 
mechanical option of a land based 
tractor and boom, or dragline, was 
selected over hydraulic dredging or 
barge mounted mechanical options 
because of the relatively small reservoir 
arm areas and the number of times the 
material would have to me moved 
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(discussed later).  The suitability of dragline operation in some reservoir arms would be 
limited by steep shoreline terrain, thereby suggesting that a barge based operation might 
be more suitable for those conditions.  However, before evaluating the most 
appropriate dredging method, it was important to first determine if the volume of 
sediment that might be removed would be great enough to warrant further 
consideration. 
 
As discussed, dredging of a relatively narrow arm of the reservoir might be accomplished 
using a land based drag line instead of dredging by barge.  The drag line dredging option 
has both positive and negative implications.  On the positive side, dragline equipment is 
more readily available and is more portable than barge based hydraulic dredging 
equipment.  Also, drag line operation removes a relatively small volume of water when 
comparing the ratio of water to sediment excavated for hydraulic dredging.  On the 
negative side, the aquatic impacts are greater for dragline operation due to sediment 
suspension at the dredging location.  The disturbed sediments typically migrate into other 
lake areas and will tend to migrate toward the main reservoir body.  In contrast, hydraulic 
dredging creates relatively minimal conditions of suspended sediments because most of 
the dredge materials and adjacent water are pumped from the reservoir bottom, by 
pipeline, to an upland disposal site.  The piped water is treated, typically in a settling 
basin, and then returned to the original water body.  The transported sediment is captured 
in settling basins and stored in perpetuity.  
 
Using a dragline would require moving the material multiple times.  For example, the 
dragline would move sediment from the reservoir arm and temporarily deposit it near the 
lake shore where it would be dried.  During the drying process the material might be 
moved or turned several times.  Then the material would be loaded into hauling 
equipment (truck or scraper) and moved to a disposal area that was not in the reservoir’s 
flood control storage pool.  At the disposal location the dredged material may be moved 
once more as part of a site grading plan.   
 
Other disadvantages of dragline operation would include short term and long term 
terrestrial impacts along the shoreline due to equipment operation and initial storage of 
the dredged material.  The short term impacts would relate to areas upon which the 
dragline equipment was operated.  The shoreline perimeter, all along the upper arm, 
would be compacted by the weight of the equipment and the temporarily placed dredged 
material.  Resident plant species would be lost due to soil disturbance.  The long term 
impacts would include the risks of wind borne invasive and noxious species replacing the 
resident species due to: a) disturbance of the soil, b) sediment borne species seed stock 
deposited during dredging and material handling, and c) soil and chemical changes in the 
shoreline soils resulting from residual dredged material deposition and from water 
percolation from temporary dredged material placement along the shoreline.  The land 
around the upper reservoir arms at El Dorado Lake are part of the wildlife management 
lands at the project.  An assessment of the impacts to the management lands and wildlife 
resources would be required if upper arm dredging by dragline was considered for 
implementation. 
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The width of reservoir arms can be a limitation to draglines working from the shoreline.  
The reach of a dragline is limited by the length of the boom.  Longer booms require 
larger dragline tractors.  Larger equipment (tractor and boom) is more difficult and costly 
to move and operate, requires wider access roads with better foundations, and utilizes 
greater operating space along the shoreline.  All of the upper reservoir arms discussed 
below have widths greater than 1,000 feet at their widest points.  Draglines having booms 
of about 300 feet, which would be a fairly large dragline to use for dredging in this 
setting, would not be able to work solely from the shoreline and dredge the entire upper 
area arms described below.  To offset the dragline reach limitation, work berms could be 
constructed perpendicular to the shoreline that would allow the dragline to cover the 
majority of the upper arm areas.  The placement of berms would have its own set of 
positive and negative issues.  Those issues were not evaluated in this assessment. 
 
The following discussion reviews the dredging opportunity and highlights potential 
impacts for each of the primary reservoir arms:  Bemis Creek, Satchel Creek, Durechen 
Creek, (upper) Walnut River, and Cole Creek.  The bottom line for this assessment is 
whether the potential volume of sediment above the highway crossing would be large 
enough to delay dredging of all of the reservoir sediments.  The information used in the 
evaluation consisted of digital elevation models (DEMs), U.S. Geological Survey 
(USGS) 15 minute quadrangles (Quads), USGS digital orthophoto black and white 
quarter quads (DOQQs), and El Dorado Lake preconstruction two foot topography (2-ft 
topo).  The image below shows the overall reservoir area and identifies each main arm.  
Supplemental images will show the arms in greater detail. 
 
The topic of over excavating the upper area arms is raised in the following discussion, but 
no information regarding the depth to rock was investigated. 
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1 – Cole Creek above 
Interstate 35 

2 – Walnut River above 
Interstate 35 

3 - Durechen Creek 
above Cole Creek Rd 

4 - Satchel Creek 
above Hwy 177 

5 - Bemis Creek 
above Hwy 177 

Former Lake 
Bluestem Dam 

 
 
 
Bemis Creek.  Bemis Creek was formerly impounded by Lake Bluestem Dam.  When El 
Dorado Reservoir was impounded, the Lake Bluestem Dam was breached.  No 
topography maps prior to filling of Lake Bluestem were identified for this study.  
Therefore, the volume of existing sediment below the latest survey was estimated using 
stream slope information above and below Lake Bluestem (discussed below).  That 
method relied on the data gathered from the 2004 bathymetric survey and an assumption 
that the slope of the stream in the vicinity of the bridge is relatively constant in this reach 
of Bemis Creek.  The graphic below shows the slope of the sediment surface (the solid 
blue line) measured along the alignment of the original Bemis Creek channel.  The 
downstream point of the profile was a location about 2,000 feet upstream of the El 
Dorado Lake embankment.  The upper end of the profile extended about 1,000 feet 
upstream of the previous pool of Lake Bluestem (not shown).  The dashed red line is a 
straight line showing the trend of the sediment surface slope.  If the Highway 177 bridge 
was causing a flow velocity reduction sufficient to measurably influence the deposition of 
sediment, a section of the line above the bridge would be expected to have a flatter slope 
than the overall sediment surface.  There does not appear to be a greater deposition of 
sediment above the highway. 
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However, the aerial photography below does appear to show sediment deposition above 
the Highway 177 bridge.  In part that appearance may be related to the shallow water at 
this location which allows observation of the lake bottom.  Deeper areas of the lake might 
look similar if they could be viewed through the deeper water.  A bathymetric survey 
effectively provides that view as a digital representation of the sediment surface.  Based 
on an initial assessment of sediment surface topographic contours from the bathymetric 
survey conducted in 2004, the contour spacing (indicating the slope of the sediment 
surface) upstream of Highway 177 is similar to the spacing below.  Comparing the 
sediment surface about 500 feet below the highway to a location about 500 feet above the 
highway shows a five foot differential.   
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Shady Creek 

Bemis Creek 
Upper end of former Lake Bluestem 

Hwy 177 

The average stream slope for that distance would account for about 2.8 feet of the 
difference.  This distance above and below the bridge potentially avoids topographic 
changes associated with the highway embankment.  Therefore, about 2.2 feet of 
additional sediment might be attributable to sediment deposition above the bridge.  It is 
important to note that an increment of two feet is well within either the data variability of 
the pre-Lake Bluestem topographic mapping or the variability of interpretation of 
sediment elevations from the bathymetric survey.  In other words, the assumption of 2.2 
feet of sediment deposited upstream of the bridge cannot be confirmed by the information 
available. 
 
El Dorado Lake has been in operation since 1981.  A large portion of total sediment 
moved within a Midwestern watershed results from sediment transported during large 
rainfall/large flood events.  Estimates from sediment transport studies of watersheds 
suggest that 70 to 90 percent of the total sediment movement in a watershed is associated 
with large rainfall runoff and stream flooding events.  Depending on the size and weight 
of the sediment particles and on the magnitude of the flood event, a large portion of the 
transported sediment to a large reservoir may be permanently deposited in the reservoir.   
 
More detailed assessments would require specific information about the characteristics of 
the sediment being transported in Bemis Creek and would utilize that information in a 
hydraulic routing of historic inflow and outflow data for Bemis Creek and El Dorado 
Lake.  Those more detailed studies were beyond the scope of this investigation, in part 
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because the concept of dredging the upper reservoir arms was not identified until late in 
the study process. 
 
 As discussed previously there are potential advantages and disadvantages to dredging 
with a dragline.  The discussion below assumes that a dragline would be the preferred 
method of dredging for the narrow upper reservoir arms.  Operation of a dragline would 
impact the shoreline.  The potential zone of impacts would be along about 1,350 feet of 
shoreline at Bemis Creek.  The working area is estimated to be a corridor about 200 feet 
wide, landward of the shoreline that would extend along all of the shoreline.  The 
potential impact area would be about 6 acres – not accounting for access roads or off site 
dredged material disposal areas. 
 
The pool area upstream of Highway 177 is about 200 acres at elevation 1339.  Assuming 
the entire pool was to fill with sediment, the total volume would be about 400 acre-feet.  
The lack of topography mapping of conditions prior to filling of Lake Bluestem limits the 
reliability of the volume estimate.  This approximate volume may appear to 
underestimate the pre-sediment pool volume.  It’s important to note that the shape of the 
pool in this arm (and other arms discussed later) is a shallow irregular cone.  The area of 
the cone is only about 35 acres at elevation 1336 and 10 acres at elevation 1334. 
 
 
Satchel Creek.  The upper arm of Satchel Creek was assessed as a location for dredging 
to recover water supply storage lost to sedimentation.  The evaluation was conducted 
with techniques similar to those used in the upper arm of Bemis Creek.  The primary 
difference in the evaluation of the Satchel Creek arm was that topographic information 

Satchel Creek 

Hwy 177 

NE 40th  

Ellis Rd 
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existed for this area prior to filling the El Dorado Lake.  Having topographic information 
prior to the construction of El Dorado Lake allowed the estimation of potential “full” 
sediment volume to be calculated based on the known geometry of the area.  (The process 
of evaluating the slope of the stream and the slope of the sediment surface was not 
required for Satchel Creek or the remaining reservoir arms.) 
 
 
The estimated volume of sediment upstream of Highway 177, if the area filled to 
elevation 1339, would be about 160 acre-feet and cover about 30 acres.  The Satchel 
Creek area in question includes more riparian timber along a more tortuous shoreline than 
the Bemis Creek area.  Riparian timber is a scarce and highly impacted resource in 
Kansas and in the Walnut River Basin.  The evaluation of potential terrestrial impacts and 
potential mitigation of those impacts, plus permitting efforts would be more important 
and more complicated issues for dredging in the upper Satchel Creek arm. 
 
 
Durechen Creek.  The upper arm of Durechen Creek above Cole Creek Road forms a 
larger area than either Bemis or Satchel Creeks above Highway 177.  But, the Durechen 
Creek arm is subdivided by an abandoned railroad embankment.  Access to the potential 
upper arm is limited by steep banks along the shoreline.  The most likely access for a 
dragline would be along the railroad embankment.  The upper arm area north and west of 
the railroad embankment is the most likely area for dredging.  This area covers about 50 
acres and, if filled with sediment, would provide an opportunity to restore about 300 acre-
feet of water supply storage. 
 
 
 
 
 
 
 

Durechen Creek 

Hwy 177 

Cole Creek Rd 

I-35 

Railroad embankment
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Walnut River above Interstate 35 (or Chelsea Road) and Cole Creek above Interstate 35.  

 
 

Hwy 177 

NE Chelsea Rd 

I-35 

Walnut River 

Cole Creek 

Walnut River.  The arm of the Walnut River above Interstate 35 forms a pool area of 
about 30 acres.  If the pool area were to fill with sediment to elevation 1339 the sediment 
volume would be about 180 acre-feet.  The shoreline access is limited due to the steeper 
terrain in the upper end of the reservoir.  Excavating upstream of the pool area would 
impact floodplain terrestrial resources including riparian timber. 
 
Cole Creek.  The pool area above Interstate 35 on the Cole Creek arm at elevation 1339 is 
about 120 acres.  If filled with sediment the potential dredging volume would be about 
700 acre-feet.  This arm of the reservoir is wider than the other four arms evaluated.  The 
additional width would pose additional problems for dragline operation, in addition to the 
steep banks around the pool area. 
 
Summary.  The Bemis Creek and Satchel Creek upper reservoir arms may present an 
opportunity for dragline dredging, but the validity of the potential for filling of sediment 
has not been confirmed and the magnitude of potential environmental issues associated 
with dragline dredging would need to be explored for all five upper arm areas. 
 
The upper arms areas and volumes represent a small percentage of the total reservoir.  
The table below shows the upper arm area and conservation pool volumes relative to the 
total reservoir. 
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Reservoir Arm Area 
(Acres) 

Volume 
(Acre-Feet) 

Percent of 
Total Area 
(Acres at 

Elev 1339) 

Percent of 
Total Volume 
(Acre-Feet at 
Elev 1339) 

Bemis Creek 200 400 2.5 0.3 
Satchel Creek 30 160 0.4 0.1 
Durechen Creek 50 300 0.6 0.2 
Walnut River 30 180 0.4 0.1 
Cole Creek 120 700 1.5 0.4 

Totals 430 1,740 5.4 1.1 
 
 
Findings.  The volume potentially available in the upper reservoir arms available for 
conservation storage restoration is estimated to be about one percent of the total lake 
volume.  While the upper reservoir arms could be excavated by hydraulic or mechanical 
dredging techniques, the potential to delay sedimentation impacts to the main reservoir 
body would be negligible.  If the upper arm areas were over excavated in multiples of 
their original volumes, the potential to delay overall sedimentation of the reservoir would 
still be minimal; and there is no information at this time to conclude that the upper arm 
areas would experience a greater sediment deposition rate than the main reservoir body.   
 
Cost efficiencies in dredging are closely related to the scale of the dredging project.  
Dredging smaller volumes of sediment on a more frequent interval will always be more 
costly than dredging larger volumes of sediment on a less frequent basis – assuming that 
dredging equipment and overall dredging plans are scaled for the greatest efficiency for 
either large or small applications. 
 
While there is a visual indication of sedimentation in the upper reservoir arms, that 
indication appears to be largely anecdotal and limited in the area of impact.  Sediment 
carried by daily low flows may be accumulating in the upper reservoir arms due to the 
transition from channel flow (with relatively higher flow velocities) entering the reservoir 
pool (where flow velocities are relatively low).  Such depositions would be in areas more 
readily encountered during boating recreation, thus perpetuating the concept of greater 
upper arm deposition.  Changes in vertical depth of a few feet at these locations would be 
perceived as significant while the overall area or volume of sediment is minor.  These 
low flow depositions, even when considered over the course of decades, would represent 
only a small percentage of the sediment carried by single large flood events. 
 
Upper reservoir arm dredging would not be an advisable approach in delaying overall 
reservoir sedimentation. 
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Institutional Opportunities 
 
The range of institutional opportunities is only limited by the ability of the institution to 
implement existing law; or to propose changes to laws, regulations, and organizations 
which will enable local decision makers to implement watershed management plans.  
Institutional opportunities depend on the organizational structure, legal authorities, 
financial capabilities, and political interdependencies of the institutions responsible for 
watershed management.  The scope and types of action would be dependant on the 
capabilities of the institutions to plan for and accomplish land use control and implement 
management practices.  An example of existing legislation would be the state’s 
Conservation Easement Act, K.S.A. 32-807 and K.S.A. 58-3810 et seq, that would allow 
for state purchase of managed easements from a land owner willing to sell. 
 
A specific example of an institutional opportunity at El Dorado Lake is the opportunity 
for city and county administrators to consider the potential for future reservoir dredging 
and to consider the issues associated with land use planning that would facilitate the 
location of dredged material disposal areas around the lake. 
 
Dredging.   
The rural area surrounding the lake provides the City of El Dorado and the Butler County 
Commission an opportunity to plan for future dredging by recognizing that ultimately 
sedimentation impacts in El Dorado Lake are unavoidable.  If the Commission could be 
relatively certain that dredging would eventually be implemented, even in the distant 
future, near term land use planning and 
zoning around the reservoir could avoid 
higher land and relocation costs in the 
future and could minimize future social 
impacts involving property required for a 
dredged material disposal area. 
 
When compared to many reservoirs 
located in suburban or urban areas the 
land use in the immediate vicinity of El 
Dorado Lake, being largely agricultural, 
would tend to reduce the acquisition cost 
of lands needed for sediment disposal 
areas.  The current land use would also 
tend to reduce the cost of temporary 
easements associated with pipelines to 
transport dredged materials when 
compared to higher density urbanization.  
And, dredged material disposal in rural 
areas would tend to reduce the economic 
costs and social issues that would be 
involved in a more urbanized setting.   
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The locations of dredged material disposal sites are planned based on several goals and 
constraints.   

• Sites must be located to avoid impacts to the reservoir’s flood control storage 
pool, therefore, the sites cannot be located near the reservoir shoreline.   

• Sites will probably not be on existing project property because initial real estate 
boundaries were limited to the minimum footprint necessary to operate the project 
as designed.   

• Sites should be relatively flat to facilitate site preparation and to minimize runoff 
and erosion issues.   

• Sites should be as close to the dredging area as possible, both horizontally and 
vertically, to minimize operational costs while dredging.   

• And lastly, but of equal importance, sites must be planned to minimize overall 
costs, environmental losses, and social impacts. 

 
An evaluation of reservoir sedimentation and the potential for storage restoration through 
dredging would allow the community an opportunity to consider the social and economic 
aspects of near term zoning restrictions in the event of future dredging.  Near term zoning 
would not impact the current agricultural use of the lands, but zoning could limit 
increased urbanization.   
 
The cost of land use planning and zoning is a relatively insignificant cost when compared 
to land values that could be double, triple, or higher as a result of urban sprawl.  If the 
added cost of structure relocations is considered for a suburban development density then 
the increase in costs over agricultural land could be ten fold (1,000 percent).  But, while 
the planning costs may be relatively low the associated stress to the community could be 
a serious issue.  
 
The decision to zone lands around existing reservoirs in anticipation of future reservoir 
dredging is not a simple or clear choice.  Studies over the past several years indicate the 
cost of an alternative water source (typically storage in a new reservoir) is at least one 
half the cost of dredging an existing reservoir to achieve comparable volumes of water 
storage.  One example is the Texas report, Dredging vs. New Reservoirs, December 
2005, Report Number 2004-483-534, prepared under contract managed by the Texas 
Water Development Board.   
 
The expense of dredging certain materials and other disadvantageous conditions may 
result in higher dredging costs.  And while on the surface this information suggests 
dredging is not a favorable course of action, there are other factors to consider. 
 
When developing the costs of water for a new reservoir versus dredging, a general 
assumption has been that suitable reservoir sites still exist; that they exist within a 
reasonable geographic radius of the water use centers; and that new reservoirs will be 
implemented to meet current and potentially greater future water needs.  Those 
assumptions may be true at some locations and false for others. 
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It is reasonable to assume that the “best” sites have been utilized for existing reservoirs.  
A limited number of choice water supply sites may have been passed over due to unique 
administrative, socially motivated, or political issues.  But if the best sites have been 
utilized, then the remaining potential sites for water supply will inherently be less 
attractive for one or more reasons.  Those reasons could be their distance from water need 
centers, their relatively smaller water supply volumes, lesser quality water, longer and/or 
taller embankments (and therefore more expensive embankments), or other technical, 
economic, social, or environmental detractors. 
 
The fact that a reservoir will generally fill with sediment does not imply it will not be a 
beneficial resource.  The public hunting, fishing, camping and other recreation 
opportunities are likely to change in nature (some significantly), and some activities may 
evolve into more valuable community, regional, or even national resources.  But, the 
water supply resource will not be part of that inevitable condition. 
 
At some point in time the assumption that new reservoir sites can be identified and 
exploited will no longer be valid.  That point in time may be in the past for some regions, 
but is yet to be recognized.  For other locations potential reservoir sites may still exist.   
 
The discussion above only outlined sites for municipal and industrial water supply 
reservoirs without consideration of project sponsors.  An important issue exists for local 
sponsors interested in Federal involvement and implementation of a reservoir that 
includes municipal and industrial water supply.  That issue exists because current Federal 
Administration policy precludes the Federal construction of a reservoir with municipal 
and industrial water supply as the only purpose of storage (single-purpose M&I water 
supply).   
 
The single-purpose waters supply policy originated in a letter from the Office of 
Management and Budget (OMB) in 1985 directing the Assistant Secretary of the Army 
for Civil Works to (paraphrased): 
 

• Terminate ongoing studies of single purpose M&I water supply;  
• Not propose such projects for authorization; 
• Not propose funding for construction, if authorized; and 
• Terminate ongoing construction of any separable, single-purpose M&I dam. 

 
Similar letters were sent by OMB to the Department of Agriculture and the Department 
of the Interior. 
 
The OMB general definition of single purpose M&I water supply also applies to projects 
where other benefits are few and incidental to the municipal-industrial water supply 
purpose.  The Army Corps of Engineer’s version of the policy was initially contained in 
an engineering circular (EC) identified as EC 1105-2-171, Planning, Single-Purpose 
Water Supply Projects, 20 March 1987.  The OMB policy letter states support for 
reservoirs that serve more than one purpose, as long as one of the purposes includes flood 
control, navigation, or agricultural water supply (primary purposes).  Each reservoir 
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purpose must meet separable economic justification requirements – meaning that each 
purpose must have estimated benefits that will be equal to or greater than the estimated 
costs to implement that purpose.  The OMB policy further defined the concept of few and 
incidental benefits by establishing minimum percentages of benefits for the primary 
purposes.  The current Army Corps of Engineer’s policy is contained in an engineering 
regulation (ER) identified as ER 1105-2-100, Planning, Planning Guidance Notebook, 22 
April 2000 (with updated sections).  Paragraph 3-8 states: 
 

 “Water Supply.  National policy regarding water supply states that the primary 
responsibility for water supply rests with the states and local entities.  The Corps 
may participate and cooperate in developing water supplies in connection with 
construction, operation and modification of Federal navigation, flood damage 
reduction, or multipurpose projects.  Certain conditions of non-Federal 
participation are required.” 
 

Sub paragraph b.(3)(a) states:  
 

“Multi-purpose Projects.  Limits are placed on the percent of municipal and 
industrial (M&I) water that may be included in a multi-purpose project.  To be 
considered multi-purpose, a project must fall in one of the following categories: 
 
• The project has justified, separable storage for flood damage reduction or 

navigation or agricultural water supply.  In this case the sum of benefits for 
these purposes must be at least ten percent of total NED [National Economic 
Development] benefits.  If the M&I water supply exceeds 90 percent of total 
benefits the project is considered single purpose M&I water supply and thus 
not eligible for Federal participation. 
 

• The project has no separable storage for flood damage reduction, navigation 
or agricultural water supply.  In this case the sum of benefits for these 
purposes must be at least twenty percent of total NED benefits.  If the M&I 
water supply exceeds 80 percent of total benefits the project is considered 
single purpose M&I water supply and thus not eligible for Federal 
participation.” 

 
There is no law that sets the National policy for water supply, or that restricts Federal 
participation in single-purpose M&I water supply projects.  Similarly there is no law that 
stipulates the percentage of total benefits for any project purpose.  The Corps of 
Engineers operates within the Administrative branch of government and the 
Administration’s policies apply to all municipal and industrial water supply studies.   
 
A community’s site selection constraints for a water supply reservoir increase sharply 
when considering Federal participation in multiple purpose reservoirs.  Federal 
participation would require that each reservoir purpose be economically justified and, of 
course, the overall project must meet other administrative, legal, regulatory, and policy 
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requirements.  Additionally, the cost of water supply storage in a Federal project must be 
repaid by a local sponsor. 
 
Dredging can have (and would be expected to have) positive benefits for most aspects of 
a reservoir in addition to the restoration of water supply storage.  Following short term 
negative impacts to water quality there can be dramatic improvements in long term water 
quality both for human use and for the aquatic environment.  Also following the initial 
dredging period, there can be notable improvements to water and overall reservoir 
aesthetics.  These factors can foster important improvements (restoration) in recreation, 
including fishing, boating, camping, and hiking.   
 
Potentially the greatest negative aspects of dredging, other than the cost, would be 
associated with the dredged material disposal.  The social impacts would include 
opposition from local landowners whose land would be used as disposal sites.  Adjoining 
land owners may also oppose the placement of dredged materials.  Other interests may 
also oppose a plan for dredged material disposal related to a variety of topics, including 
aesthetic, cultural, agricultural, archaeological, wildlife, or other issues.   
 
Dredged material disposal impacts may include terrestrial habitat issues ranging from 
short to long term impacts, potential loss of prime farm land, and potential impacts to 
terrestrial aesthetics that also may range from short to long term, and other issues.  There 
would be early and relatively intensive operational requirements for control of noxious 
and invasive species at the disposal area; and maintenance of dredged material 
containment berms.  A dredged material disposal management plan would be part of any 
dredging project.  One goal of that plan would be to ultimately blend the features, habitat, 
and overall appearance of the disposal area with its surrounding. 
 
The “planning horizon” is a key topic for consideration.  Based on the last bathymetric 
survey, sedimentation is not a critical issue at El Dorado Lake.  There is a window of 
opportunity wherein the community can evaluate options and make plan for the future (a 
proactive opportunity).  Unfortunately, the estimates and measurements of reservoir 
volume conducted from the time of preconstruction planning through to the latest 
bathymetric survey in 2004 each utilized different calculation methodologies and the 
different volume results don’t provide information that is helpful in the forecasting 
sedimentation impacts.  The latest survey indicates that the original design volume is still 
available in the reservoir.  While the findings are positive for the city of El Dorado, the 
absence of information suggesting a sedimentation rate means that forecasting future 
sedimentation has not yet been improved by the latest bathymetric survey.  However, the 
detailed nature of the 2004 survey does provide a valuable baseline from which to 
measure future sediment accumulation. 
 
The initial design volume calculations were developed using a mechanical planimeter and 
U.S. Geologic Service maps.  These maps indicated ground elevation changes in ten foot 
increments (10-foot contour lines).  Just a one foot error at the elevation of the 
conservation pool would equate to a volume error just under 8,000 acre feet.  The initial 
calculations are documented in the Corps 1969, El Dorado Dam and Reservoir: Walnut 
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River, Kansas, General Design Memorandum No. 3.  Additional mapping was developed 
prior to construction based on 1973 photography.  The preconstruction mapping was 
more accurate, providing 2-foot contour intervals.  Subsequent sedimentation range 
studies were conducted in 1981 and 1989.  While these surveys were based on accurate 
benchmarks around the perimeter of the reservoir, the methodology of determining 
reservoir volume based on sediment ranges includes assumptions that limit the accuracy 
of calculations.  The sediment range methodology was the best available at the time, but 
has been superseded by bathymetric surveys based on global positioning systems (GPS) 
and echo sounding.  The 2004 bathymetric survey conducted for this study produced data 
that also allowed development of 2-foot mapping of the surface of the sediment.  The 
geographic information system (GIS) terminology for the resulting “map” is a 3-D 
triangulated irregular network, or TIN model of the reservoir below the water surface. 
 
Having the preconstruction mapping (digitized into a GIS product) and a map of the 
surface of the sediment (the TIN model) was expected to allow a relatively 
straightforward computer calculation of the volume of sediment deposited since reservoir 
impoundment in 1981.  However, when the volume of the reservoir was calculated as part 
of the bathymetric survey, the current volume was found to roughly unchanged from the 
initial design volume.  A thorough review of data, methodologies, and calculations 
immediately followed.   
 
An examination of the construction drawings suggested a reason for the unexpected 
reservoir volume.  The construction drawings showed the borrow area for the earthen 
reservoir embankment to be located in the main reservoir floor.  The speculation was that 
the volume of material removed from the reservoir bottom and placed to form the 
embankment was responsible for the larger than expected current volume.  Following this 
reasoning, sediment had been entering the reservoir and was being deposited, but the 
initial excavation volume had not been reflected in the reservoir’s area-capacity 
calculations.  Other reservoir area excavations were subsequently identified in connection 
with construction of the Interstate 35 relocation and county roads, both resulting from the 
impoundment of the reservoir.   
 
Another suggestion for the unexpected volume was the lesser accuracy of the initial 
design maps.  It was mentioned above that a one foot error at the elevation of the 
conservation pool would result in a volume difference of about 8,000 acre-feet.  While 
sediment doesn’t tend to enter a reservoir at a uniform rate, the estimates of total 
sediment accumulation over an evaluation period (such as 12,300 acre-feet over 100 
years) can be prorated to provide an indicator of average annual sedimentation.  This 
average annual value is more valid when assessing sediment accumulation over longer 
periods of time and it is less valid when assessing sediment accumulation of shorter 
periods.  If applied to the period of time from impoundment (1981) to the bathymetric 
survey (2004) the accumulation would be expected to be about 2,800 acre-feet of 
sediment in the conservation pool. 
 
When considering potential dredged material disposal areas, there are two general 
criteria.  One, the disposals areas must be located to avoid storage reduction impacts to 
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project purposes.  Locating a dredged material disposal area near the lake shore would 
impact the flood control storage.  Therefore the disposal areas would be sited above 
elevation 1347.5.  Two, several disposal areas would be required because of operating 
constraints of a hydraulic dredge (the most likely method of reservoir dredging).   
 
A hydraulic cutter suction dredge would be one suitable option for a large reservoir.  
These dredges operate by mechanically disturbing the sediment to loosen it (the cutter) 
while a suction pipe removes the sediment from the reservoir bottom in a sediment-water 
slurry (the hydraulic component).  The slurry is then pumped under pressure through a 
floating a pipeline to a prepared land disposal area.  Operating limitations on the length of 
discharge pipe would require that dredged material disposal areas be sited as close to 
areas of dredging as possible.  The result would be several dredged material disposal 
areas located around the reservoir – but above elevation 1347.5.  In total, the required 
disposal areas and dewatering areas could require up to two square miles of land.  These 
areas could be used for other land use purposes subsequent to a dredging project. 
 
Conclusions.  The processes involved in deciding to restore the functions of an existing 
reservoir or to construct another reservoir are complex and arduous.  Whether 
implemented locally, at a state level, or with Federal participation (through specific 
legislation), the decision will include consideration of important economic, 
environmental, and social concerns.  An equally difficult decision process faces any 
governmental entity that must choose between actions in anticipation of possible future 
dredging or deferment of action pending more certain future forecasts of water supply 
and water needs.  The former choice faces the responsibility to plan for reservoir 
restoration as a continued source of water supply while the later choice anticipates that 
other sources of water, such as another reservoir, will be realized as future water supply 
needs become more pressing. 
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