South Loup River
Watershed Management Plan
Lower Loup NRD

September 2017

THIS PAGE LEFT INTENTIONALLY BLANK

South Loup River Watershed Management Plan

Lower Loup NRD

Lower Loup
Natural Resources District

South Loup River
Watershed Management Plan
Prepared: September 2017
Accepted by EPA: September 2017
Acknowledgements
Preparation of this watershed plan was made possible by funding assistance provided by the Nebraska
Department of Environmental Quality Nonpoint Source Pollution Management (CWA Section 319)
Program.

JEO Consulting Group, Inc.

iii

South Loup River Watershed Management Plan

Lower Loup NRD

Prepared for: Lower Loup Natural Resources District
Prepared by: JEO Consulting Group, Inc.
JEO Project Number: 121209.00

This watershed management plan was prepared to guide the Lower Loup Natural Resources
District in developing and implementing future projects to improve water quality, hydrology, and
aquatic resources in the South Loup River Watershed. The plan may also serve as a basis for
seeking financial support for those projects. It has been written with guidance published in EPA’s
“Handbook for Developing Watershed Plans to Restore and Protect Our Waters,” updated March
2008, including EPA’s Nine-Elements of a Successful Watershed Plan, utilizing a Community Based
Approach, as discussed in NDEQ’s “Watershed Management Planning Guidebook for
Communities.”

Lower Loup NRD Contact Information:
Tylr Naprstek, Modeling Coordinator
2620 Airport Dr.
Ord, NE 68862
308.728.0210
tnaprstek@llnrd.org

JEO Contact Information:
ADAM RUPE | Natural Resources Specialist
JEO CONSULTING GROUP INC
2700 Fletcher Avenue | Lincoln, Nebraska 68504-1113
d: 402.474.8742 | m: 402.322.0377 | o: 402.435.3080 | f: 402.435.4110
arupe@jeo.com

JEO Consulting Group, Inc.

iv

South Loup River Watershed Management Plan

Lower Loup NRD

PLANNING PARTICIPANTS

LOWER LOUP NATURAL RESOURCES DISTRICT
•
•
•
•

Leon “Butch” Koehlmoos, General Manager
Russel Callan, Assistant General Manager
Tylr Naprstek, Water Modeling Coordinator
Larry Schultz, Information and Education Coordinator

CENTRAL PLATTE NATURAL RESOURCES DISTRICT
•

Lyndon Vogt, General Manager

TWIN PLATTE NATURAL RESOURCES DISTRICT
•

Kent Miller, P.E., General Manager

UPPER LOUP NATURAL RESOURCES DISTRICT
•

Anna Baum, General Manager

NEBRASKA DEPARTMENT OF ENVIRONMENTAL QUALITY
•
•
•

Carla McCullough, Section 319 Nonpoint Source Coordinator
Ryan Chapman, Water Quality Assessment Section Supervisor
Laura Johnson, Integrated Report and TMDL Coordinator

NEBRASKA DEPARTMENT OF NATURAL RESOURCES
•

Tim Freed, Integrated Water Management Coordinator

NATURAL RESOURCES CONSERVATION SERVICE
•

Bryce Bauer, District Conservationists

NEBRASKA GAME AND PARKS COMMISSION
•

Jared Lorensen, Fisheries Biologist

JEO Consulting Group, Inc.

v

South Loup River Watershed Management Plan

Lower Loup NRD

OTHER STAKEHOLDERS
Name
Alan Estergard
Allan McClure
Allen Conner
Blaine Hagler
Bob Hicks
Bobbie JoChristensen
Clark Foran
Cory Peterson
Dan Blowers
Dan Mith
Dan Olson
Darrel Entz
Dean Rasmussen
Dean Smith
Diane Kimball
Don Pandorf
Ellen Mortensen
Ethan Teter
Eric Nelson
Garald Horst
Jerry Studnicke
Jim Adams
Jim Nelson
Jim Phelps
Karl Reinhard
Mitch Feldman
Pete Koubek
Phil Dixon
Roger and Marion Chesley
Rollie Amsberry
Ron Cool
Roy Bierman
Slane Cal
Tim Chancellor
Tim Hickenbottom
Tony Pitkin
Troy Nichols

Title*

Agency, Association, or Interest*
Land Owner
Land Owner
Farmer

Director

Upper Loup NRD
Farmer/Rancher
Land Owner/Farmer

Director
Mayor/Board Chairperson

Reporter
Farm Bill Wildlife Biologist

Director

Plant Manager

Director
Village Employee

Farmer/Land Owner
Farmer/Land Owner
Landowner
Lower Loup NRD
Village of Pleasanton
Land Owner
Landowner
KCNI/KBBN Radio
Pheasants Forever

Land Owner
Land Owner
Lower Loup NRD
Land Owner
Farmer/Land Owner
Abengoa Bioenergy
Farmer
Landowner
Land Owner
Lower Loup NRD
Village of Arnold
Farmer
Land Owner
Farmer
Landowner

*Self-Identified

JEO Consulting Group, Inc.

vi

South Loup River Watershed Management Plan

Lower Loup NRD

TABLE OF CONTENTS
Planning Participants ......................................................................................................................... v
Table of Contents ............................................................................................................................. vii
List of Appendicies .......................................................................................................................... viii
List of Tables ..................................................................................................................................... ix
List of Figures..................................................................................................................................... x
List of Abbreviations and Acronyms .................................................................................................. xii
Executive Summary.......................................................................................................................... xv
Chapter 1. Introduction and Background ......................................................................................... 1
1.01 Purpose ....................................................................................................................................... 1
1.02 Watershed Planning Process ...................................................................................................... 2
1.03 Watershed Background .............................................................................................................. 5
1.04 Pertinent Water Quality Standards............................................................................................. 7
1.05 Watershed Monitoring ............................................................................................................. 11
1.06 Existing Water Quality Programs .............................................................................................. 16
Chapter 2. Goals and Objectives .................................................................................................... 19
Chapter 3. Watershed Characterization ......................................................................................... 25
3.01 Demographic Summary ............................................................................................................ 25
3.02 Soils ........................................................................................................................................... 26
3.03 Topography ............................................................................................................................... 30
3.04 Climate ...................................................................................................................................... 32
3.05 Water Rights and Use ............................................................................................................... 33
3.06 Water Resources ....................................................................................................................... 35
3.07 Hydrology .................................................................................................................................. 48
3.08 Groundwater ............................................................................................................................. 54
3.09 Fish and Wildlife Resources ...................................................................................................... 56
Chapter 4. Land Use and Land Cover ............................................................................................. 61
4.01 Introduction .............................................................................................................................. 61
4.02 Historical Land Use and Land Cover.......................................................................................... 61
4.03 Present Day Land Use and Cover .............................................................................................. 62
4.04 Agriculture Irrigation................................................................................................................. 64
4.05 Other Facilities and Uses........................................................................................................... 65
4.06 Current Treatment Level ........................................................................................................... 73
Chapter 5. Current Resource Condition ......................................................................................... 75
5.01 Introduction .............................................................................................................................. 75
5.02 Surface Water Quality Data ...................................................................................................... 75
5.03 Surface Water Body Assessments............................................................................................. 78
5.04 Stream Stability Assessment ..................................................................................................... 83
5.05 Groundwater Quality ................................................................................................................ 87
5.06 Uplands ..................................................................................................................................... 89
5.07 Special Resource Areas ............................................................................................................. 90
Chapter 6. Pollution Sources and Loads ......................................................................................... 95
6.01 Introduction .............................................................................................................................. 95
6.02 Water Quality Modeling ........................................................................................................... 98
6.03 Bacteria ..................................................................................................................................... 99

JEO Consulting Group, Inc.

vii

South Loup River Watershed Management Plan

Lower Loup NRD

6.04 Nutrients ................................................................................................................................. 103
6.05 Sediment ................................................................................................................................. 110
6.06 Summary ................................................................................................................................. 114
6.07 Pollutant Load Reduction Goals .............................................................................................. 115
Chapter 7. Management Practices ............................................................................................... 117
7.01 Introduction ............................................................................................................................ 117
7.02 Practice Classification ............................................................................................................. 118
7.03 Practice Mode of Action ......................................................................................................... 118
7.04 Common Conservation Practices ............................................................................................ 119
7.05 Alternative & Innovative Management Practices ................................................................... 121
7.06 Priority Practices ..................................................................................................................... 126
7.07 Monitoring Recomendations .................................................................................................. 130
Chapter 8. Technical and Financial Resources .............................................................................. 135
Chapter 9. Communication and Education ................................................................................... 139
Chapter 10.
Implementation Strategy ....................................................................................... 145
10.01 Introduction ............................................................................................................................ 145
10.02 Stakeholder Coordination ....................................................................................................... 146
10.03 Prioritization............................................................................................................................ 147
10.04 Pollutant Load Reductions ...................................................................................................... 153
10.05 Schedule .................................................................................................................................. 154
10.06 Milestones............................................................................................................................... 156
10.07 Plan Evaluation........................................................................................................................ 158
10.08 Additional Monitoring ............................................................................................................. 159
10.09 Costs ........................................................................................................................................ 160
10.10 319 Project Funding Eligibility ................................................................................................. 162
References..................................................................................................................................... 167
List of Appendices .......................................................................................................................... 171
LIST OF APPENDICIES
APPENDIX A: 11X17 MAPS
APPENDIX B: STAKEHOLDER AND PUBLIC PARTICIPATION MATERIALS
APPENDIX C: NDEQ 5-ALT INFORMATION
APPENDIX D: HYDROLOGY ANALYSIS TECHNICAL MEMOS
APPENDIX E: WATER QUALITY MODELING REPORT
APPENDIX F: STREAM STABILITY ASSESSMENT REPORT
APPENDIX G: BEST MANAGEMENT PRACTICES DESCRIPTIONS
APPENDIX H: FINANCIAL & TECHNICAL RESOURCES
APPENDIX I: BMP CALCULATOR TOOL

CD-ROM (in front cover pocket)
Digital copy of the plan, appendices, and maps in PDF format.

JEO Consulting Group, Inc.

viii

South Loup River Watershed Management Plan

Lower Loup NRD

LIST OF TABLES
Table 1: Location of Nine Elements within the Plan ..................................................................................... 3
Table 2: Location of 5-alt Components within the Plan.............................................................................. 10
Table 3: Stream Gage Site Locations Summary .......................................................................................... 12
Table 4: Summary of Water Quality Sampling Sites ................................................................................... 13
Table 5: Fish Tissue Sampling Summary ..................................................................................................... 15
Table 6: Goals and Objectives of the South Loup Watershed Plan ............................................................ 20
Table 7: Goal 1 and related objectives and action items ............................................................................ 21
Table 8: Goal 2 and related objectives and action items ............................................................................ 22
Table 9: Goal 3 and related objectives and action items ............................................................................ 23
Table 10: 2010 Census Data for the South Loup Watershed ...................................................................... 25
Table 11: Surface Texture of Soils Found in the Watershed ....................................................................... 26
Table 12: Hydrologic Soils Groups and Descriptions .................................................................................. 27
Table 13: Hydrologic Soils Groups within the Watershed .......................................................................... 28
Table 14: Soil Slopes within the Watershed ............................................................................................... 28
Table 15: Watershed Characteristics .......................................................................................................... 36
Table 16: HUC 12s (Subwatersheds) in the South Loup River Watershed.................................................. 37
Table 17: Stream Summary ......................................................................................................................... 39
Table 18: Lake Summary ............................................................................................................................. 40
Table 19: Historical and Existing Land Use / Land Cover ............................................................................ 62
Table 20: Estimates of Registered and Unregistered OWTS Facilities ........................................................ 67
Table 21: Estimated HUC12 Distribution of Non-Permitted Livestock ....................................................... 70
Table 22: NDEQ 5-alt Bacteria Analysis Summary ...................................................................................... 76
Table 23: Designated Beneficial Uses and 2016 Waterbody Categories .................................................... 82
Table 24: Summary of Stream Assessment Results .................................................................................... 85
Table 25: Impaired Waterbodies in the Watershed ................................................................................... 91
Table 26: Waterbodies Identified for Restorative or Protective Actions by NDEQ .................................... 92
Table 27: Wellhead Protection Areas and Plan Status ............................................................................... 93
Table 28: Summary of Pollutants and Sources ........................................................................................... 96
Table 29: Bacteria Sources and Loading Rates ........................................................................................... 99
Table 30: Phosphorus Sources and Loading Rates.................................................................................... 104
Table 31: Nitrogen Sources and Loading Rates ........................................................................................ 107
Table 32: Sediment Sources and Loading Rates ....................................................................................... 111
Table 33: Lateral Stream Bank Erosion Rates based on Stream Assessment Category ............................ 112
Table 34: Summary Pollutant Loading per Source and Hydrologic Transport Component ...................... 114
Table 35: Required Pollutant Load Reductions ......................................................................................... 115
Table 36: Voluntary Pollutant Load Reductions........................................................................................ 115
Table 37: Common Conservation Practices .............................................................................................. 120
Table 38: Estimated Storage for Water Quality Treatment and Flow Augmentation System Projects.... 124
Table 39: Estimated Water Quality Improvements due to Water Quality Treatment and Flow
Augmentation System............................................................................................................................... 125
Table 40: Above Average Landowner Interest in Priority Practices ......................................................... 126
Table 41: Priority Practices Summary ....................................................................................................... 128
Table 42: Summary of Financial & Technical Resources ........................................................................... 135
Table 43: Overview of Target Areas in the South Loup Watershed ......................................................... 148

JEO Consulting Group, Inc.

ix

South Loup River Watershed Management Plan

Lower Loup NRD

Table 44: Conservation Practice Implementation Approach Summary ................................................... 151
Table 45: Summary of Treatment Levels for Target Areas ....................................................................... 152
Table 46: Pollutant Loading Reductions Summary ................................................................................... 153
Table 47: Estimated E. coli Concentrations after Pollutant Load Reductions .......................................... 154
Table 48: Implementation Schedule ......................................................................................................... 155
Table 49: Milestones for Pollutant Loading Reductions ........................................................................... 157
Table 50: Milestones for Conservation Practice Implementation ............................................................ 157
Table 51: Implementation Costs for the South Loup River Watershed Plan ............................................ 161
Table 52: Cumulative Modeled Impact on Water Quality Impairment by BMP ....................................... 163
Table 53: Identification of BMP Cost Effectiveness* ................................................................................ 165
Table 54: General Plans, Documents, and Information Sources .............................................................. 170

LIST OF FIGURES
Figure 1: Watershed Location Map............................................................................................................... 5
Figure 2: Location of the South Loup River Watershed and Ecoregions ...................................................... 6
Figure 3: Surface Water Quality and Quantity Monitoring Locations ........................................................ 12
Figure 4: Groundwater Monitoring and Sampling Locations...................................................................... 14
Figure 5: Selected Soil Characteristics for the Watershed (5A-5C)............................................................. 29
Figure 6: General Topography and Elevation throughout the Watershed ................................................. 31
Figure 7: Average Annual Precipitation Map .............................................................................................. 32
Figure 8: HUC 12 Subwatersheds ................................................................................................................ 38
Figure 9: Designated Streams (Title 117) in the Watershed ....................................................................... 39
Figure 10: Lakes in the Watershed ............................................................................................................. 40
Figure 11: Images of a Central Table Playa Wetland (A) and a Sandhills Wetland (B) ............................... 41
Figure 12: Regional Wetland Complexes .................................................................................................... 42
Figure 13: National Wetland Inventory (NWI) Identified Wetlands ........................................................... 43
Figure 14: Location of the Watershed in Relation to the High Plains Aquifer ............................................ 44
Figure 15: Depth to Groundwater in Watershed ........................................................................................ 45
Figure 16: Vulnerability to Contamination of Groundwater....................................................................... 46
Figure 17: Hydrologically Connected Area to the Watershed .................................................................... 47
Figure 18: Illustration of a Conceptual Hydrograph and Groundwater Flow System................................. 49
Figure 19: Measured Streamflow in the South Loup River, 1947-2011...................................................... 50
Figure 20: Annual Flow Data, South Loup River above Confluence with Mud Creek ................................. 51
Figure 21: Measured Streamflow, South Loup River Basin, 1986-2011 ..................................................... 52
Figure 22: Accumulation of Irrigation Wells and Groundwater Depletions in the Watershed .................. 53
Figure 23: Static Water Level Declines in LLNRD GWMA #7 ....................................................................... 54
Figure 24: Groundwater Management Areas (for quantity) within the Watershed .................................. 55
Figure 25: Changes in Groundwater Levels from Predevelopment to Spring 2015 ................................... 55
Figure 26: Biologically Unique Landscapes in the Watershed .................................................................... 58
Figure 27: Native Vegetation of the Watershed (circa 1860) ..................................................................... 63
Figure 28: Present Day Land Use and Land Cover of the Watershed* ....................................................... 63
Figure 29: Certified Irrigated Acres & Registered Irrigation Wells ............................................................. 64
Figure 30: Examples of Point and Nonpoint Sources of Water Pollution (Osterberg, 2014)...................... 65
Figure 31: NPDES Permitted Facilities in the South Loup River Basin ........................................................ 66

JEO Consulting Group, Inc.

x

South Loup River Watershed Management Plan

Lower Loup NRD

Figure 32: Permitted Livestock Facilities..................................................................................................... 72
Figure 33: Estimated Number of Non-Permitted Livestock per Subwatershed ......................................... 72
Figure 34: Existing Conservation Practices Reported by Watershed Residents ......................................... 74
Figure 35: Existing Irrigation Practices Reported by Watershed Residents................................................ 74
Figure 36: South Loup River (St. Michael) E. coli Sampling Results (2003-2013) ....................................... 75
Figure 37: Nutrient Concentration Sampling Data (2003-2013) ................................................................. 77
Figure 38: TSS Concentration Sampling Data (2003-2013) ......................................................................... 77
Figure 39: NDEQ 2016 Integrated Report Waterbody Categories Map ..................................................... 81
Figure 40: Existing Stream Conditions Map ................................................................................................ 85
Figure 41: Example of Active Erosion and Meander on the South Loup River ........................................... 86
Figure 42: Groundwater Management Areas for Quality in the Watershed .............................................. 87
Figure 43: Estimated Levels of Nitrates in the Groundwater ..................................................................... 88
Figure 44: Typical picture of uplands in the watershed.............................................................................. 89
Figure 45: Wellhead Protection Areas ........................................................................................................ 94
Figure 46: Examples of Point and Nonpoint Sources of Water Pollution (Osterberg, 2014)...................... 95
Figure 47: Percent Total Bacteria Load by Source for the Entire Watershed ........................................... 100
Figure 48: Map of Existing Annual Bacteria Loads from each Subwatershed* ........................................ 101
Figure 49: Chart of E. Coli Loadings per HUC 12, from Headwaters to Outlet* ....................................... 101
Figure 50: E. Coli Source Contributions by Subwatershed and Stream Segment* ................................... 102
Figure 51: Surface Runoff and Groundwater Nutrient Transport............................................................. 103
Figure 52: Percent Annual Stormwater Total Phosphorus (TP) Load by Source ...................................... 105
Figure 53: Map of Total Annual Total Phosphorus Loads from each Subwatershed*.............................. 106
Figure 54: Chart of Total Annual Total Phosphorus Loadings, by HUC 12 ................................................ 106
Figure 55: Percent Annual Total Nitrogen (TN) Load by Source ............................................................... 108
Figure 56: Map of Total Annual Total Nitrogen Loads from each Subwatershed* .................................. 109
Figure 57: Chart of Total Annual Total Nitrate Loadings, by HUC 12........................................................ 109
Figure 58: Percent Total Sediment Load by Source for the Entire Watershed ......................................... 110
Figure 59: Map of Total Annual Total Sediment Loads from each Subwatershed ................................... 113
Figure 60: Chart of Total Annual Sediment Loadings, by HUC 12 ............................................................. 113
Figure 61: Water Quality Treatment & Flow Augmentation System Conceptual Operations.................. 124
Figure 62: Illustration of Modeling Conservation Practices to Meet Water Quality Standards ............... 129
Figure 63: Selected Results from Watershed-wide Survey (62A and 62B) ............................................... 143
Figure 64: Distribution of Bacteria Loading Rates Across the Watershed ................................................ 147
Figure 65: Plan Implementation Strategy Overview* ............................................................................... 152
Figure 66: Basic Procedural Steps of Adaptive Management ................................................................... 158
Figure 67: Graphical Representation of how 319 Eligible BMPs are Identified* ...................................... 162
Note: Most maps in the main body of this plan are inset into the corresponding text, however select maps
are available in a larger format, in Appendix A. Those maps are designated with an asterisk in the figure
name.

JEO Consulting Group, Inc.

xi

South Loup River Watershed Management Plan

Lower Loup NRD

LIST OF ABBREVIATIONS AND ACRONYMS
5-alt
AFO
BMP
BUL
CAFO
CDL
CFU
Clearinghouse
CP
CPNRD
CSD
CWA
E. coli
EPA
FA
GIS
GWMP
HCA
HUC
I&E
IMP
IR
JEO
LLNRD
LULC
MCL
mg/L
NCDC
NDEQ
NeDNR
NGPC
NPDES
NPS
NRC
NRCS
NRD
NWI

Alternative to developing a TMDL
Animal Feeding Operation
Best Management Practice
Biologically Unique Landscapes
Confined Animal Feeding Operation
Cropland Data Layer
Colony Forming Units
Quality-Assessed Agrichemical Contaminant Database for Nebraska Groundwater
Conservation Practice
Central Platte Natural Resources District
Conservation and Survey Division (University of Nebraska-Lincoln)
Clean Water Act
Escherichia coli
United States Environmental Protection Agency
Fully-Appropriated
Geographic Information System
Groundwater Management Plan
Hydrologically Connected Area
Hydrologic Unit Code
Information and Education
Integrated Management Plan
Integrated Report
JEO Consulting Group, Inc.
Lower Loup Natural Resources District
Land Use and Land Cover
Maximum Contaminant Level
milligrams per liter
National Climatic Data Center
Nebraska Department of Environmental Quality
Nebraska Department of Natural Resources
Nebraska Game and Parks Commission
National Pollutant Discharge Elimination System
Nonpoint Source Pollution
Natural Resources Commission
Natural Resources Conservation Service
Natural Resources District
National Wetland Inventory

JEO Consulting Group, Inc.

xii

South Loup River Watershed Management Plan

NWS
OA
OWTS
PCBs
ppm
QAPP
RAFTM
SDF
STEPL
STORET
T&E
Title 117
TMDL
TPNRD
ULNRD
USDA
USFWS
USGS
watershed
WHP Area
WMA
WMP
WQS
WQT-FAS

Lower Loup NRD

National Weather Service
Over-Appropriated
Onsite Wastewater Treatment System
Polychlorinated Biphenyl Compounds
Parts Per Million
Quality Assurance Project Plan
Regional Ambient Fish Tissue Monitoring Program
Stream Depletion Factor
Spreadsheet Tool for the Estimation of Pollutant Load
STOrage and RETrieval
Threatened & Endangered
Nebraska Surface Water Quality Standards
Total Maximum Daily Load
Twin Platte Natural Resources District
Upper Loup Natural Resources District
United States Department of Agriculture
United States Fish and Wildlife Service
United States Geological Survey
South Loup River Watershed
Wellhead Protection Area
Wildlife Management Area
Watershed Management Plans
Water Quality Standard
Water Quality Treatment and Flow Augmentation System

JEO Consulting Group, Inc.

xiii

South Loup River Watershed Management Plan

Lower Loup NRD

THIS PAGE LEFT INTENTIONALLY BLANK

JEO Consulting Group, Inc.

xiv

South Loup River Watershed Management Plan

Lower Loup NRD

EXECUTIVE SUMMARY

BACKGROUND
The South Loup River is one of three major river basins that drain into the Loup River (the other two are
the Middle Loup and North Loup Rivers). The river basin is approximately 1,620 square miles (1 million
acres) and is located in central Nebraska. It crosses multiple jurisdictions as it leaves the southern edge of
the Sandhills, near Arnold, NE. The watershed is located in portions of nine counties; however, the
majority of the watershed can be found in Logan, Custer, and Buffalo Counties. The watershed is
predominantly in agricultural landuse, but has the following incorporated communities: Stapleton, Gandy,
Arnold, Callaway, Pleasanton, and Ravenna, which have a combined population of 3,174. The remaining
rural areas have an estimated population of 3,066. There are nearly 240 miles of streams and three lakes
found in the watershed. Four of the five segments of the South Loup River are impaired due to high levels
of E. coli bacteria. Streamflow and groundwater levels have been notably declining in recent years

PLANNING PROCESS
In response to the challenges facing the watershed the Lower Loup Natural Resources District initiated
this planning process in 2014. The purpose of this plan is to guide actions for protection and restoration
of the water resources within the South Loup River Watershed by local authorities. All aspects of the water
cycle were taken into account in this plan: surface water, groundwater, and the quantity and quality of
each. Public involvement was a cornerstone in the development of this watershed plan.

PLAN VISION
The plan identifies multiple goals which center around achieving a vision for the South Loup Watershed:
The South Loup River Watershed will be locally managed to restore and/or maintain the quality, diverse
uses, and ecosystem services of the streams, lakes, wetlands, groundwater, and other water resources
within the Watershed for current and future generations using voluntary, economical, and
environmentally friendly methods.

IMPLEMENTATION STRATEGY
In order to achieve the vision of the Lower Loup NRD, stakeholders, and other partners, the plan lays out
a targeted approach to addressing concerns in a cost-efficient manner. This strategy focusses
management practices, which were identified as priorities by the public and landowners, towards target
areas that will have the largest impact improve the water resources in the South Loup River.
The implementation of this plan is based entirely on the voluntary actions of landowners and citizens.
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Lower Loup NRD

INTRODUCTION AND BACKGROUND

PURPOSE

The purpose of this plan is to guide actions for protection and restoration of the water resources within
the South Loup River Watershed (watershed) by local authorities. All aspects of the water cycle were taken
into account in this plan: surface water, groundwater, and quantity and quality of each. It also serves to
assist those authorities in identifying priorities and working with other local, state, and federal partners.
This planning effort was led by the Lower Loup Natural Resources District (LLNRD), as the vast majority of
the watershed falls within their political boundaries. It should be noted that the Upper Loup Natural
Resources District (NRD), Twin Platte NRD, and Central Platte NRD are cosponsors to this effort, as a
portion of the watershed falls within their respective boundaries. Generally, when LLNRD is mentioned
throughout this document it is referring to all plan sponsors, unless stated otherwise.
Prior to the development of the plan no comprehensive study or plan had been completed with the
primary focus on water resources in the South Loup River Basin. This watershed management plan
addresses both water quality and quantity concerns and quantifies benefits to surface and groundwater
resources as a result of implementing various structural and nonstructural Best Management Practices
(BMPs) and other watershed management projects. The plan is intended to holistically guide protective
and restorative actions, allowing project partners to meet multiple goals.
This watershed planning approach was guided by the Environmental Protection Agency’s (EPA’s) “NineElements of a Successful Watershed Plan” in addition to using a community planning approach supported
by the Nebraska Department of Environmental Quality (NDEQ). As preparations were made to start the
planning process, it was decided that the plan should address the following needs or incorporate the
following information:
•
•
•

•
•

Utilize existing data and information to understand the hydrology of the watershed
Utilize modeling for pollutant source identification and load estimation
Identify structural and non-structural conservation practices or projects to improve the quality
of water and increase the availability of water in the South Loup River, its tributaries, and
groundwater resources
Identify and prioritize projects and/or project areas
Address both impaired and unimpaired waters for E. coli bacteria, nutrients, and sediments
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WATERSHED PLANNING PROCESS

Nebraska has a long history of managing its natural resources through a watershed-based approach. With
the establishment of the State’s Natural Resources Districts (NRDs) in 1972 (which are based on major
river basins) local communities were empowered to protect, enhance, conserve, and restore their natural
resources at a local level. NRDs are statutorily recognized government authorities governed by locally
elected board members. Each NRD’s board of directors oversees staff that perform their duties to meet
the purposes of their NRD.
Watershed planning, which is a flexible framework for managing natural resources within specified
drainage areas, or watersheds, is a natural fit for the NRD system. NRDs are the logical choice to develop
and implement watershed based plans at a local level, which are driven by stakeholder and community
involvement and lead to long-term, proactive actions supported by science.
The watershed planning process:
•
•
•
•
•

Characterizes existing land, water, and wildlife resources
Identifies and prioritizes problems and opportunities
Defines management objectives
Develops protection or remediation strategies, and
Implements and adapts selected actions as necessary and feasible

Using a watershed approach to restore impaired water bodies is beneficial because it addresses the
problems in a holistic manner. Stakeholders and citizens were actively involved in selecting management
strategies for this plan, thereby ensuring they are more likely to be successfully implemented.

STATE NONPOINT SOURCE MANAGEMENT PLAN
NDEQ is responsible for implementing the United States Clean Water Act, Section 319 Program for the
State of Nebraska. This program focuses on the control of nonpoint sources of water pollution in order
for water bodies to meet their beneficial uses. NDEQ’s Nonpoint Source Management Program is guided
by the State Nonpoint Source Management Plan 2015 - 2030, which was published in July 2015 (NDEQ,
2015a). The South Loup River Watershed Management Plan has been written to not only address local
concerns, but to also advance the goals and objectives laid out in the State Nonpoint Source Management
Plan. NDEQ was an integral partner in developing this watershed plan.

JEO Consulting Group, Inc.
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EPA’S “NINE-ELEMENTS”
This watershed plan is organized around and includes EPA’s “Nine-Elements” for implementing an
effective plan, as identified in Table 1. The Nine-Elements are listed below:
Throughout this plan items that directly address one of the 9-Elements are marked with
a graphic, as displayed to the left. EPA requires that the watershed projects receiving
Section 319 funds be supported by a watershed plan that addresses the 9-Elements or an
equivalent plan. Table 1 also provides the reader a shortcut to the location of each
element.
Table 1: Location of Nine Elements within the Plan
Page
Number
9, 80, 96
Pollution/impairment source identification
115
Estimate of pollutant loading reduction needs
126, 153
Nonpoint source management practices needed
3, 4, 139
Public information, education, and participation
154
Schedule for implementing management practices
156
Milestones to track progress in implementing the plan
19, 159
Criteria to evaluate effectiveness of management practices
159
Monitoring to evaluate the impact of implementing management practices
135, 160
Technical and financial resource needs
Element

STAKEHOLDER PARTICIPATION AND PUBLIC INPUT
Bringing together people, policies, priorities, and resources through a watershed
approach blends science and regulatory responsibilities with social and economic
considerations. Because watersheds typically don’t follow political boundaries, gathering
input from stakeholders and the general public is an important part of the planning
process. Successful development and implementation of a watershed plan depends
primarily on the commitment and involvement of community members. Therefore, it is critical to build
partnerships with key interested parties at the outset of the planning effort.
Public involvement was a cornerstone in the development of this watershed plan. Citizens, non-profit
organizations, landowners, and other residents of the watershed all possess first-hand experience with
the challenges faced in maintaining water quality, and the success or failure of projects/solutions within
the watershed. Their experience and knowledge will be a vital element in identifying opportunities,
creating partnerships, and completing projects in the future implementation of this plan.
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The LLNRD began the process of developing the South Loup River Watershed Management Plan with a
“kickoff meeting” on May 5, 2015. JEO Consulting Group, Inc. (JEO) of Lincoln, Nebraska was contracted
to guide and facilitate the planning process and assemble the plan. Tylr Naprstek, LLNRD Modeling
Coordinator, led the development of the plan at the sponsor staff level and served as the primary pointof-contact throughout the project. A total of four stakeholder/public meetings were held throughout the
development of this plan.
At the beginning of the planning process, a stakeholder group was established, and consisted of local
participants (landowners, citizens, etc.), agency representatives (including NDEQ), and the consultant. The
stakeholder group was tasked with guiding the planning process, reviewing the plan, and serving as a
liaison to other landowners and residents throughout the area. Two additional stakeholder meetings were
held after the kickoff meeting. The stakeholders will continue to work toward implementation of the plan.
A Public Open House was held on April 5, 2016 to provide the public and stakeholders with an overview
of the draft plan, to solicit additional public comments and questions, and to identify any missing or
incorrect information. The event was also intended to begin building interest and support for project
implementation.
More information on the stakeholders, meetings (minutes and sign-in sheets), and public involvement
notification materials (copies and clippings) can be found in Appendix B.

WATERSHED CITIZEN SURVEY
Information regarding existing land use, land management practices, conservation
measures, and water quality interests in the watershed was needed, which prompted a
“Watershed Citizen’s Survey” among residents and landowners. At the May 5, 2015
kickoff meeting, stakeholder comments and suggestions were incorporated into a draft
of the survey, and attendees were given the opportunity to take the survey at that time. A copy of the
survey, methodology, results, and analysis can be found in Appendix B.
The survey was conducted through an online format. Hard copies were also made available at the NRD
and NRCS field offices to those who indicated they preferred that format. To establish communications
with area residents directly, a post card mailing was initiated. The post card contained the information
necessary to access the survey. The LLNRD mailed 496 post cards on June 3, 2015, by the NRD, to each
household in the watershed. A press release was then issued by the LLNRD to area newspapers on June
11, 2015, to alert watershed residents of the survey. Radio announcements were conducted in the
watershed listening area and flyers with the survey address were hung throughout the watershed.
A total of 51 responses were received, approximately a 10% response rate. In discussions with other local
groups, they indicated that a low response rate such as this was similar to results they have had with other
surveys. Future surveys and/or stakeholder meetings may need to utilize more intensive methods to
increase the response rate.
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WATERSHED BACKGROUND

The South Loup River is one of three major river basins that drain into the Loup River (the other two are
the Middle Loup and North Loup Rivers). The river basin is approximately 1,620 square miles (1 million
acres) and is located in central Nebraska, as shown in Figure 1 and Figure 2. It crosses multiple NRD
jurisdictions as it leaves the southern edge of the Sandhills, near Arnold. In the headwaters, the stream
resembles more of a wetland or wet meadow complex until enough flow is available to form defined
banks. As the stream leaves the Sandhills, it more closely resembles a trickle, as one could jump across
the shallow stream. As the river flows down the watershed, it picks up flow primarily from groundwater
as there are few tributaries, by the time is reaches the confluence with the Middle Loup River, the stream
banks are approximately 150-300 feet apart.

Figure 1: Watershed Location Map
The watershed overlays two ecoregions, which are defined as areas of similarity in ecosystems and
environmental resources: the “Sandhills” of the Nebraska Sandhills Ecoregion, and the “Central Nebraska
Loess Plains” of the Central Great Plains Ecoregion. The following are descriptions of each, as shown on
Level III and IV EPA ecoregion maps (see Figure 2):
1. The Sandhills are characterized by expansive areas of sand sheets and undulating fields of grassstabilized sand dunes. Few lakes and streams are found in this area; however, groundwater is
accessible and used for livestock watering, irrigation, and domestic use.
2. Central Nebraska Loess Plains are rolling dissected plains of the have a deeper, calcareous, loess
layer than adjacent regions. These silty soils support a natural vegetation of mixed grass prairie
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and areas of red-cedar savanna intrusion in the west. Land use/land cover is a mosaic of
rangeland and cropland with less cropland than surrounding regions in the Central Great Plains.

Figure 2: Location of the South Loup River Watershed and Ecoregions
The High Plains Aquifer underlies the South Loup River and an alluvial aquifer adjacent to the river is
characterized by large saturated thickness and deposits that have relatively high hydraulic conductivity.
These characteristics lend themselves to a river that is largely fed by baseflow, as well as supporting the
development of high capacity irrigation wells. These irrigation wells have been critical to row crop
agriculture, which makes up approximately 22% of the landuse, with most of the remaining (71%)
consisting of range and pasture landuses for animal agriculture (primarily cattle). There are few surface
water irrigation appropriations and the majority of irrigation in the watershed is accomplished with
groundwater wells. The watershed is considered nearly completely rural/agricultural, with only 3% of
landuse/land cover being roads or developed land. Remaining landuses consist of other cultivated ground
(1%) and wetlands (2%)
Moving upland from the alluvial aquifer the degree of connection between groundwater and surface
water decreases and the recharge rates to replenish the aquifer are substantially lower. This is due to the
relatively drier conditions and soils with lower infiltration rates, as compared to the rest of the Loup River
Basin. This restricted rate of recharge, combined with Custer County and surrounding areas having some
of the highest annual pumping volumes in the area, resulting in declining groundwater and stream flows.
While aquifer declines in the upland area are only 2-3%, it is in stark contrast to the rest of the LLNRD,
which shows groundwater levels rising likely due to an improved level of recharge.
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In addition to surface water and groundwater supply concerns, there are also concerns with water quality.
Nitrates in the groundwater are elevated in specific areas and surface water quality is impaired due to
elevated levels of E. coli bacteria. A Total Maximum Daily Load (TMDL) was approved for two segments of
the South Loup River (LO4-10000 and LO4-20000) in December 2005 due to E. coli.
1.04

PERTINENT WATER QUALITY STANDARDS

SAFE DRINKING WATER ACT
In 1974, the Safe Drinking Water Act directed the EPA to establish national drinking water standards –
these are known as Maximum Contaminant Levels (MCLs). These standards set limits on the amounts of
various substances allowed in public drinking water. The Nebraska Department of Health and Human
Services (DHHS) is the primary agency responsible for enforcing the federal drinking water regulations in
Nebraska. Because the majority of drinking water in Nebraska originates as groundwater, the NDEQ is also
involved in helping communities protect their source of drinking water through the Wellhead Protection
Program.
Groundwater pollution throughout Nebraska is variable by the type of pollutant and scale of the
contamination. Th most pervasive groundwater pollutant is nitrate-nitrogen (nitrate). Nitrates are known
to cause a disease called methaemoglobinaemia (or “blue baby syndrome”) primarily with infants, but
may also impact pregnant women and health-compromised adults. High nitrate levels in groundwater are
typically caused by nonpoint source pollution, and thus are of interest in this planning effort. The MCL for
nitrate-nitrogen is 10 milligrams per liter (mg/L) or parts per million (ppm) for nitrate-nitrogen in drinking
water.

AMBIENT WATER QUALITY STANDARDS
Nebraska Surface Water Quality Standards (WQS) (NDEQ, 2014a) are in place to protect the quality of
surface water for human consumption, wildlife, industry, recreation, and other productive, beneficial
uses. Beneficial uses are also protected by permits issued in accordance with the requirements of these
standards and through NDEQ requirements for the applicable level of treatment or control for point and
nonpoint sources of pollution. It should be noted that these standards apply to all surface waters of the
State, except as noted in Title 117, even if they are note specifically assigned a beneficial use in Title 117.
Title 117 provides numerical standards for many potential pollutants to water quality, based on the
waterbody’s assigned beneficial use. Some uses require higher quality water than others. When multiple
uses are assigned to the same waters, all assigned uses will be protected. This plan has been written to
address bacteria (E. coli), nutrients (phosphorus and nitrogen), sediment, and aquatic life.
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BACTERIA
Title 117 provides numerical bacteria criteria for recreational waters to protect through Primary Contact
Recreation Use. The recreation standard for E. coli bacteria is a recreation season (May 1 – September 30)
geometric mean concentration of 126 colonies/100 mL. E. coli is an “indicator species” used to evaluate a
potential impairment to a water body due to bacteria.

SEDIMENTS
Currently, there is no numerical standard for suspended sediment in Nebraska’s streams. However,
sediment is a concern due to the potential for other pollutants, such as phosphorus and bacteria, to attach
to and be associated with the soil particles. Additionally, sediment is identified as a water quality concern
because excessive sediment loads can lead to turbid waters, which could impair the beneficial uses
associated with aquatic life or aesthetics, or aquatic habitat being buried in sediment.
A sedimentation benchmark as applied to volume loss is used to evaluate and assess reservoirs. The
benchmark for reservoir volume loss is not to exceed 0.75% per year. In addition to this benchmark,
reservoirs must maintain at least 75% of their original conservation pool volume.

NUTRIENTS
Title 117 does not provide numerical criteria for nutrients in flowing waters. Numerical criteria for
nutrients are applied only to lakes or impounded waters. These are based on seasonal averages from April
1 through September 30. Numerical limits differ between “western” and “eastern” lakes within Nebraska.
Western lakes, as defined by Title 117, are those located within certain river basins, including the Loup
River Basin. Natural Sandhills Lakes are not subject to these criteria as they exist in a relatively undisturbed
condition. Lakes in the Loup River Basin, unless considered Natural Sandhills Lakes, are categorized as
“Western”. Lakes in the South Loup River Watershed are subject to the western lake criteria:
• Total Phosphorus: 40 ug/l
• Total Nitrogen: 800 ug/l
• Chlorophyll a: 8 ug/l
Nitrate pollution of groundwater (typically caused by application of commercial and manure fertilizers) is
a concern within Nebraska, particularly in areas with sandy soils, row crop agriculture, and shallow water
tables. These areas have a potential for nitrate leaching into the groundwater and eventually, through
groundwater flow, into surface water. As previously mentioned, the MCL for nitrate nitrogen in drinking
water (groundwater) is 10 mg/L.
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EXISTING TOTAL DAILY MAXIMUM LOADS (TMDL)
A TMDL is developed when a waterbody has been identified as “impaired” for one or
more designated beneficial uses, and has been identified as a Category 5 water body. In
the 2004 Nebraska Surface Water Quality Integrated Report, twelve (12) segments in the
Loup River Basin were first labeled as impaired by excessive E. Coli. It was later discovered
that one segment was inappropriately identified as impaired. As such, TMDLs were developed in
accordance with the Clean Water Act. Based on the strategy of a basin-wide approach, as well as the
hydrologic connections, TMDLs were developed for all eleven (11) waterbodies, including two segments
of the South Loup River (LO4-10000 and LO4-20000). It should be noted that the most recent (2016)
integrated report still has these segments listed as impaired (NDEQ, 2016a).
Water quality samples collected by NDEQ indicated that segment LO4-10000 seasonal geometric mean
was 329 colonies/100 mL, and segment LO4-20000 seasonal geometric mean was 392 colonies/100 mL –
both well over the approved water quality standard of 126 colonies/100 mL. The TMDL contains an implicit
and explicit margin of safety; therefore, the limit is focused on achieving 90% of the water quality target
(TMDL goal=111 colonies/100ml). This targeted reduction represents a 66% and 72% reduction
(respectively) from nonpoint source pollution sources in each segment (NDEQ, 2005). This TMDL is
designed to allow the stream segments to attain full support of their primary contact recreation beneficial
use.
Reductions of E. coli will be achieved through a combination of regulatory and non-regulatory activities.
Point sources will be regulated under the auspice of the National Pollutant Discharge Elimination System
(NPDES) and Rules and Regulations Pertaining to Livestock Waste Control. Nonpoint source pollution will
be addressed using available programs, technical advice, information and education, and financial
incentives such as cost share.
The complete TMDL for the South Loup River can be found online at the NDEQ’s website
(http://deq.ne.gov/NDEQProg.nsf/OnWeb/TMDLlist). It is located within the December 2005 Loup River
Basin E. coli TMDL section.
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ADDITIONAL 5-ALT COMPONENTS
The NDEQ has been working with the EPA to create a new alternative to developing TMDLs for impaired
waterbodies called a 5-alt. The 5-alt alternative was created to address missing TMDLs in areas project
sponsors have targeted for restoration work. EPA and NDEQ have agreed upon a TMDL-like analysis of the
relevant water quality data for project sponsors developing 9-element watershed management plans
(WMPs).
NDEQ has provided the LLNRD a list of EPA-approved TMDLs as well as the following information:
1. Executive summary of data used, their sources, and overall results
2. Underlying E. coli data analysis, including load reductions needed to meet water quality
standards, load duration curves where possible, and a summary of NPDES permitted facilities
used in the analysis.
3. Allocations file with charts and graphs breaking up the results into the following four sections at
various flows.
a. The overall Loading Capacity (LC) of the stream.
b. The 10% Margin of Safety (MOS) based on the LC.
c. Permitted Waste Load Allocations (WLA) from point sources.
d. The Load Allocation (LA) - additional pollution the stream can sustain and still remain
within the water quality standard.
As part of a 9-element WMP, the project sponsor is expected to reference existing EPAapproved TMDLs in addition to utilizing 5-alt data and providing 5-alt graphs and charts in
an appendix. The data provided by NDEQ can be found in Appendix C. Throughout this plan,
language that directly addresses a 5-alt item is marked with a graphic, as displayed to the
right. Table 2 also provides the reader a shortcut to the location of each 5-alt component.
Table 2: Location of 5-alt Components within the Plan
Component
Chapter Page Number
Management Measures
7.01
117
Management Measures
4.06
73
Causes/Sources
4.05
66
Causes/Sources
4.05
67
Causes/Sources
4.05
69
Evaluate Effectiveness
10.04
154
Evaluate Effectiveness
10.07
159
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WATERSHED MONITORING

INTRODUCTION
A comprehensive monitoring and assessment program is necessary to evaluate overall resource health,
to direct management activities, and to evaluate the effectiveness of practices, projects, and programs
targeted at improving or protecting water quality. The intent of this chapter is to summarize all monitoring
efforts in the watershed (Table 3, Table 4, and Figure 3). The LLNRD, NDEQ, and USGS are the primary
leaders in surface and groundwater quality and quantity monitoring in the watershed. the NeDNR
conducts targeted stream gaging and water administration Monitoring activities funded through EPA
programs are conducted under an approved Quality Assurance Project Plan (QAPP). This includes the vast
majority of water sampling conducted or funded by NDEQ.

SURFACE WATER MONITORING
Streamflow monitoring is conducted on an ongoing basis at two USGS gage sites in the watershed. Water
quality data is collected by both NDEQ and USGS at several sites throughout the basin. NDEQ currently
maintains an Ambient Stream Monitoring Program site near the USGS South Loup River at St. Michael
streamflow gage, which allows for streamflow and water quality data to be paired and monitored
continuously throughout the year. Additional water quality data is provided by NDEQ at other sites
throughout the watershed on a six-year rotational basis. Data collected through the Basin Rotation
Monitoring Program is more comprehensive and involves the collection of weekly samples from May 1st
through September 31st. The most recent basin rotation data for this area was collected in 2013, 2008,
and 2003. The next round of basin rotation sampling will be in 2019. At this time, no water quality sampling
data is available for any lake located within the basin.
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Figure 3: Surface Water Quality and Quantity Monitoring Locations

Table 3: Stream Gage Site Locations Summary

Station
ID
South Loup at St. Michael
USGS 06784000
South Loup at Ravenna
USGS 06782500
South Loup at Arnold
USGS 06781600
Mud Creek near Sweetwater, NE* NeDNR 06783500
*Not shown on Map
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Table 4: Summary of Water Quality Sampling Sites
Seasonally
Collected
Bacteria Data
(years)

5-alt Bacteria
Analysis Data
Source (NDEQ)

Yes

None

N/A

Yes

2003, 2008,
and 2013
(during basin
rotation)

Measured data at
St. Michael Station

Yes

2003, 2008,
and 2013
(during basin
rotation)

Measured data at
St. Michael Station

2003

Contributing area
ratio based on data
measured at St.
Michael Station

2008

Contributing area
ratio based on data
measured at St.
Michael Station

2008

Regression
equation based on
Mud Creek Near
Sweetwater Station

Stapleton Station
2013
(Weekly,
Yes
2013
May 1 –
Basin Rotation
Sept 31)
*No relevant USGS paired water quality parameters collected at these sites

Contributing area
ratio based on data
measured at St.
Michael Station

Agency, ID, and Type

Nutrient and
Suspended
Sediment Data
Collected

Period of
Record

St. Michael Station
USGS
06784000
Paired with stream gage
NDEQ
SLO4SLOUP135
Basin Rotation
NDEQ
SLO4SLOUP135
Ambient Site

Intermittent
7/24/19747/1/2002
2003, 2008, and
2013 (Weekly,
May 1 – Sept.
31)
2000-Present
(monthly, year
round)

Ravenna Station*
NDEQ
SLO4SLOUP202
Basin Rotation

2003
(Weekly,
May 1 –
Sept 31)

Yes

Callaway Station
NDEQ
SLO4SLOUPR30
Basin Rotation

2008
(Weekly,
May 1 –
Sept 31)

Yes

Arnold Station*
NDEQ
SLO4SLOUP305
Basin Rotation

2008
(Weekly,
May 1 –
Sept 31)

Yes

NDEQ
SLO4SLOUP451
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GROUNDWATER MONITORING
Groundwater typically migrates slowly (a few inches to a few feet per day), which creates a slower
changing chemical environment when compared to surface water resources. Therefore, monitoring
programs are typically designed to assess long term trends. Groundwater monitoring in the watershed is
primarily focused on groundwater levels and on nitrate-nitrogen; however, pesticides are also included.
The majority of groundwater monitoring utilizes existing wells (domestic or irrigation), though the LLNRD
and USGS are actively working on installing additional dedicated monitoring wells. The results of this
monitoring are reported to the Quality-Assessed Agrichemical Contaminant Database for Nebraska
Groundwater (Clearinghouse). The Database brings together groundwater data from many different
sources, from 1974 to the present, and provides public access to this data.
As of 2015, there are currently a total of 295 samples collected in the watershed (27 from dedicated
monitoring wells, 81 from irrigation wells, and 187 from domestic wells). Figure 4 displays the existing
groundwater monitoring sites within the watershed.

Figure 4: Groundwater Monitoring and Sampling Locations

STREAM BIOLOGICAL MONITORING
In addition to chemical and physical monitoring, the NDEQ also monitors biological indicators as part of
the Basin Rotation Monitoring program. Biological sampling in streams primarily targets for fish and
aquatic insects to assess aquatic community health through the use of “indexes” and known pollution
tolerance levels for individual organisms. Aquatic biological communities have continuous exposure to
pollutants in the water and may be negatively impacted by either acute or chronic exposure to these
pollutants. Other factors such as stream flow and stream habitat also play an important role in aquatic
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insect and fish community health. The NDEQ has sampled five (5) locations along the South Loup River.
While there is data available from 1998, 2002, 2006, 2008, 2009, 2013, and 2014, the most recent stream
biological monitoring program report is from February 2011 (Bazata, 2011), and summarizes conditions
and findings from 2004 – 2008. The following stream rating were provided for the South Loup River:
•
•
•

Segment L04-10000: Fair
Segment LO4-20000: Good
Segment LO4-30000: Good

FISH TISSUE MONITORING
The NDEQ annually collects fish for tissue analyses as part of the EPA “Regional Ambient Fish Tissue
Monitoring” (RAFTM) program. Historically, samples have been analyzed for four heavy metals, nine
pesticides and their breakdown products, and three polychlorinated biphenyl compounds (PCBs). In 2013,
EPA informed Nebraska that with the exception of mercury, future analysis for all other contaminants
would be discontinued due to their declining trends and/or non-detects in fish tissue samples. Sampling
under this program is in coordination with the NDEQ basin rotation monitoring approach, therefore the
most recent sampling in the watershed was conducted in 2013. Efforts are made to collect tissue samples
from “sport” fish species (catfish, bass, etc.). When concentrations of contaminants indicate a health risk
for consumers, fish consumption advisories are issued by DHHS (in cooperation with NGPC, NDEQ, and
NDA) for those waterbodies (NDEQ, 2016b). Table 5 summarizes the findings in the 2013-2014 report for
waterbodies in the watershed.
Table 5: Fish Tissue Sampling Summary
Waterbody

ID

Ravenna Lake

LO4-L0010

Pressey Pond (WMA)

LO4-LXXXX

South Loup River – Pressey
WMA
South Loup River (Buffalo
County)

Status
Existing fish consumption risk advisory, due to
Mercury, maintained
New fish consumption risk advisory, due to
Mercury, issued

LO4-20000

Risk criteria not exceeded

LO4-10000

New fish consumption risk advisory, due to
Mercury issued

NGPC FISH SAMPLING PROGRAM
The NGPC samples game fish across Nebraska in many of the most popular streams, lakes, and reservoirs.
Fish populations are sampled at most major reservoirs every year, while smaller waters are sampled less
often. Sampling results are shared through fish sampling reports and an annual fishing forecast. These
reports allow anglers and managers to review trends in the fish populations over time. These results are

JEO Consulting Group, Inc.

Chapter 1

15

South Loup River Watershed Management Plan

Lower Loup NRD

one additional piece of data that can be used in conjunction with other water quality or biological
monitoring data to assist in assessing the health of the whole ecosystem.
Arnold Lake was most recently sampled by the NGPC in 2015, with the results published in the 2016 NGPC
Fishing Forecast (Bauer, 2015). Bluegill were sampled using trap nets. Results indicated a very low
population of bluegill, but with a medium size range (6-8 inches) dominating the population. Largemouth
bass were sampled with electroshocking equipment which identified a population larger than bluegills,
and also with a wider distribution of sizes, although very few were over 15 inches (statewide legal size
limit). Only Arnold Lake sampling data was available.
1.06

EXISTING WATER QUALITY PROGRAMS

The LLNRD, along with other partners, provides cost-share funding for soil, water, and wildlife
conservation practices. To qualify, a landowner must be in compliance with LLNRD rules and regulations,
and the LLNRD Board of Directors must approve any cost-share funds distributed. Programs that are
currently in effect include:
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Constructing Terrace Systems
Constructing Terrace Underground
Outlets
Constructing Water Impounding Dams
Constructing Grade Stabilization
Structures
Constructing Irrigation Tailwater
Recovery Pits with or without
Underground Return Pipe
Constructing Diversions
Constructing Grass Waterways
Constructing Water-and-SedimentControl Basins
Constructing Dugouts for Livestock
Water (runoff collection only)
Pasture Planting or Range Seeding (land
use conversions)
Critical Area Plantings (grass)
Windbreaks
Constructing Underground Return Pipe
from Irrigation Tailwater Recovery Pits
Planned Grazing Systems
Windbreak Renovation
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Irrigation Water Management
Repair of Practices
Corners for Wildlife
Tree Planting
Well Abandonment
Pivot Nozzle Conversion Packaging
Flowmeter Cost-share
Pipeline Cost -share
Livestock well
Upland Wildlife Habitat
Grade Stabilization Structure
Range Seeding
Prescribed Grazing
Pipeline
Fence
Watering Facility
Well
Cover Crops
No Till
Prescribed Burning
Upland Wildlife Habitat
Irrigation water management
Irrigation System
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•
•

Brush Management
Grade Stabilization Structure

Diversion
Underground Outlets

In addition to cost share, the LLNRD also has information and education programs in place for its
Groundwater Management Areas and its Wellhead Protection Program. The LLNRD works with school
districts and teachers to offer additional programs.
Additional programs in place to protect water resources within the district include the following:
•

•

•

Chemigation is the process of applying fertilizers to agricultural land through an irrigation system.
The Chemigation Program protects the area’s groundwater from being contaminated by
chemicals used in chemigation. Owners of a chemigation system are required to obtain a permit
through the NRD and equipment is checked every third year of activation by NRD field technicians.
New sites are inspected for acceptable use during the 1st year of operation. In order to obtain a
permit, applicators must pass a state issued licensing exam.
The Wellhead Protection Program is a voluntary program that helps communities protect
groundwater sources through a series of steps that include: delineate a Wellhead Protection map
for public wells, perform a contaminant source inventory, manage potential contaminant sources,
plan for new wells, and public education initiatives.
Monitoring programs are used to obtain current information about the district’s water quality
and quantity. The LLNRD currently monitors for nitrate and pesticide groundwater
contamination, groundwater levels, water flow, and surface water contamination. E. coli
sampling is provided on an on-demand basis through the LLNRD. The LLNRD also monitoring all
state recreation areas within the District for both e. coli levels and blue-green algae during the
primary recreational use season (May-September).
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GOALS AND OBJECTIVES

Through the stakeholder involvement process, goals, objectives, and action items were
developed. This process began with developing a “vision,” or an optimal desired future
state, for the South Loup Watershed. Stakeholders had multiple opportunities to help set
goals and objectives, as well as review drafts throughout the process. In addition to
stakeholder input, the watershed resource inventory, a public survey, and water quality
modeling were used to finalize the goals and objectives. The goals were written in a manner to provide
guidance throughout the watershed, but flexible enough to enable various methods of implementation.
Table 6 identifies the vision for the watershed and lists the goals and objectives. These goals and objectives
provided direction for implementation of the plan and aided in conservation practices and project
selection. Table 7, Table 8, and Table 9 provide the action items identified under each goal and objective.
Specific pollutant load reduction goals are discussed in Chapter 6.07.

Photo 1: Stakeholders working with each other to develop goals and objectives
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The South Loup River Watershed will be locally managed to restore and/or maintain the quality,
diverse uses, and ecosystem services of the streams, lakes, wetlands, groundwater, and other
water resources within the Watershed for current and future generations using voluntary,
economical, and environmentally friendly methods.

The ecological condition of the South Loup River watershed will be enhanced through a
comprehensive and collaborative program that efficiently and effectively implements actions to
restore and protect natural resources from degradation and impairment.
Natural resources management actions will be based on sound data and effective
1.1
directing of resources.
Strong working partnerships and collaboration among appropriate local, state and federal
1.2 agencies and non-governmental organizations will be established and maintained
regarding management of natural resources.
Comprehensive and systematic strategies will be employed to restore and protect natural
1.3
resources.
The status, effectiveness and accomplishments of projects and activities directed toward
1.4 management of natural resources will be continually assessed and periodically reported to
the public, stakeholders, and agencies.
Resource managers, public officials, community leaders, and private citizens will be informed
about the effects of human activities on water quality and change their behavior in order
support actions to restore and protect water resources from impairment by nonpoint source
pollution.
Deficiencies in knowledge needed to improve decision making regarding management of
2.1
natural resources will be identified and investigated.
Tools to effectively transfer knowledge and facilitate actions regarding management of
2.2
natural resources will be developed, improved and maintained.

Objectives

Goal 3 Objectiv Goal 2
es

Objectives

Goal 1

Vision

Table 6: Goals and Objectives of the South Loup Watershed Plan

The water, land, and biological resources in the South Loup River watershed will be healthy,
productive and sustainable.

3.1
3.2
3.3
3.4

Water resources will meet or exceed levels of quality necessary to serve the needs of the
citizens in the South Loup watershed.
Surface and groundwater resources will be managed to maintain a balance between
current and future water supplies and demands
The land and stream resources in the South Loup watershed will be stable and productive.
The South Loup corridor will support a healthy and productive natural community of flora
and fauna.
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Table 7: Goal 1 and related objectives and action items

Goal 1
The ecological condition of the South Loup River watershed will be enhanced through a comprehensive and
collaborative program that efficiently and effectively implements actions to restore and protect natural
resources from degradation and impairment.

Objectives / Tasks
Objective 1.1: Natural resources management actions will be based on sound data and effective
directing of resources.

1
2
3
4

Increase, review, and revise monitoring and assessment methods and protocols to assure that data
accurately detect and quantify natural resources threats and impairments and that data are useful in
guiding management decisions.
Evaluate threats and impairments to natural resources through ongoing monitoring, data assessment, and
special studies.
Review and, as necessary, revise the lists of priority sub-watersheds, special priority areas and special
priority activities identified for restorative or protective management actions every five years.
Review and amend the South Loup River Watershed Management Plan every 5 years to update and keep
current milestones and schedule for implementation.

Objective 2.2: Strong working partnerships and collaboration among appropriate local, state and
federal agencies and non-governmental organizations will be established and maintained regarding
management of natural resources.

1
2
3

Participate in inter-organizational work groups to communicate issues regarding management of natural
resources.
Retain and enhance the local stakeholder group to assist in planning and implementing natural resources
management projects and activities
NRD Staff will coordinate NRD conservation programs with those of other agencies to achieve
complementary implementation

Objective 2.3: Comprehensive and systematic strategies will be employed to restore and
protect natural resources.

1
2
3

Develop project implementation plans that address actions outlined in the South Loup River Watershed
Management Plan
Implement projects in priority sub-watersheds, special priority areas and watershed-wide that restore and
protect natural resources, reduce pollution of water resources and lead to delisting of impaired waters or
protection of high quality waters.
Utilize multiple conservation programs, both existing and newly developed, and complementary practices
in implementing projects.

Objective 2.4: The status, effectiveness and accomplishments of projects and activities directed
toward management of natural resources will be continually assessed and periodically reported to
the public, stakeholders, and agencies.

1

Conduct progress and financial reviews of grant-funded implementation projects.

2

Track and assess conservation and outreach activities to assure that restoration and protection of natural
resources and distribution of project information are adequately addressed in a timely manner.
Summarize accomplishments and recommendations for further actions in implementing the South Loup
River Watershed Management Plan in annual and final project reports, periodic reports to partners and
project success stories.

3
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Table 8: Goal 2 and related objectives and action items

Goal 2
Resource managers, public officials, community leaders, and private citizens will be informed about
the effects of human activities on water quality and support actions to restore and protect water
resources from impairment by nonpoint source pollution.

Objectives / Tasks
Objective 2.1: Deficiencies in knowledge needed to improve decision making regarding
management of natural resources will be identified and investigated.

1
2

Identify and define unique and under-served audiences to be engaged through outreach.
Identify and define knowledge gaps in key audiences that impede their participation in actions to
manage natural resources

Objective 2.2: Tools to effectively transfer knowledge and facilitate actions regarding
management of natural resources will be developed, improved and maintained.

1
2
3
4
5

Develop, expand, and improve the stakeholder group to increase their capacity to communicate
effectively with other landowners and conservation partners to promote natural resources
management in the South Loup River.
Develop and improve effective outreach programs, projects and activities to educate key
audiences about management of natural resources and options for conservation practices
Compile and publicize information on opportunities for conservation practices, including contact
information, program overview, and potential money available
Develop and distribute audience-specific materials to inform and engage community leaders,
local media, youth, educators and other defined audiences regarding natural resources
management.
Provide technical assistance to participants in conservation programs to help them select, install,
and maintain appropriate practices.
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Table 9: Goal 3 and related objectives and action items

Goal 3
The water, land, and biological resources in the South Loup Watershed will be healthy, productive,
and sustainable.

Objectives / Tasks
Objective 3.1: Water resources will meet or exceed levels of quality necessary to serve the needs of
the citizens in the South Loup watershed, as identified in the watershed plan or LLNRD Groundwater
Management Plan.

1
2
3

Implement conservation practices and activities that sufficiently reduce loads of E. coli bacteria 72% to
restore and protect the beneficial uses of surface waters.
Implement conservation practices and activities sufficient to reduce loads of sediment, phosphorus and
nitrogen to surface waters by 75%, 44%, and 32% respectively
Implement conservation practices and activities that sufficiently reduce nitrate leaching to restore and
maintain groundwater concentrations below 8.6 ppm

Objective 3.2: Surface and groundwater resources will be managed to maintain a balance between
current and future water supplies and demands.

1

Implement conservation practices and activities that sufficiently decrease withdrawal and/or increase
recharge of groundwater to maintain sustainable aquifer levels.

2

Improve management of irrigation water to reduce the consumption of surface and groundwater resources

3

Identify potential conjunctive management opportunities to improve or augment recreational season
stream flows and recharge groundwater supplies

4

Work with and support the Integrated Managements Plans of each NRD District

Objective 3.3: The land and stream resources in the South Loup watershed will be stable and
productive.

1
2
3
4
5
6

Implement agricultural conservation practices and activities that improve soil health by reducing erosion,
increasing organic matter and improving soil structure.
Implement agricultural conservation practices and activities that improve soil fertility by increasing nutrient
retention and availability
Implement agricultural conservation practices and activities that improve soil health and minimize
irrigation needs
Implement practices and activities that repair and prevent bank erosion at critical infrastructure and
promote natural bank stabilization at non-critical sites to improve stream stability
Implement practices and activities that repair and prevent stream bed erosion at head cuts and reduce
gully formation to improve stream stability
Implement conservation practices and activities that maintain or restore the natural hydrology of the river
system

Objective 3.4: The South Loup corridor will support a natural community of flora and fauna that is
healthy and productive.

1
2

Implement practices and activities that restore and protect a continuous riparian zone that provides
sufficient shade, organic material and nutrient inputs to support appropriate aquatic and terrestrial
species.
Implement practices and activities that provide riparian zone and stream habitats with appropriate cover,
structure, and substrate to support appropriate aquatic and terrestrial species.
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WATERSHED CHARACTERIZATION

DEMOGRAPHIC SUMMARY

The watershed is located in portions of 9 counties: McPherson, Logan, Custer, Lincoln, Dawson, Buffalo,
Sherman, Howard, and Hall. The majority of the watershed can be found in Logan, Custer, and Buffalo
Counties. The watershed is predominantly rural and agricultural in nature, but has the following
incorporated communities: Stapleton, Gandy, Arnold, Callaway, Pleasanton, and Ravenna, which have a
combined population of 3,174. The remaining rural areas have an estimated population of 3,066.
Population statistics are summarized in Table 10. Outside of the communities, the population of the
watershed resides primarily on farms and ranches. There are no tribal lands located in the watershed.
Table 10: 2010 Census Data for the South Loup Watershed
Watershed Area
Rural Population Total
Urban Areas
Stapleton
Gandy
Arnold
Callaway
Pleasanton
Ravenna
Urban Population Total
Total Population (Urban & Rural)
Source: 2010 US Census Data

Population
3,066
305
32
597
539
341
1,360
3,174
6,240

The principle income-generating industry in the watershed is agriculture or agriculture-related industry.
According to the United States Department of Agriculture (USDA) Census of Agriculture, the primary crops
grown in the area include corn and soybeans. Nearly all of the cropland is irrigated. In addition to
traditional farming, cattle ranching is also a large part of the economy in the watershed. USDA Agriculture
Census data is provided at a county level, however, the watershed crosses through parts of 9 counties;
therefore, it was not practical to directly use this data for the watershed plan. Pertinent information
typically derived from this source (such as livestock numbers) was identified through other sources, and
is discussed in relevant sections of this plan.
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SOILS

Soil characteristics, such as texture, infiltration rate, and slope directly influence the amount of runoff
from the landscape and the potential for erosion. Information on soils in the watershed was accessed
through the NRCS Soil Data Viewer, a tool built as an extension to ArcMap which allows the user to create
soil-based thematic maps. This is the same information found on the NRCS Web Soils Survey. The
information below was analyzed specific to the watershed.
One of the primary drivers of erosion is the type of soils found in a watershed or a field; however, Land
Cover/Land Use and Conservation/Land Management Factors (land treatment) can counter balance this.
For example, installing a terrace system on a steep-sloped field would reduce erosion and increase
infiltration rates. Existing land use and estimates of existing land treatment is discussed in Chapter 4.

TEXTURE
Soil texture is given in the standard terms used by the USDA. These terms are defined according to
percentages of sand, silt, and clay in the fraction of the soil that is less than 2mm in diameter. If the
content of particles courser than sand is greater than 15%, an appropriate modifier is added. Figure 5A
displays the soils of the watershed based on texture. Table 11 gives the breakdown. The vast majority of
soils found in the watershed are silt loam (62%), which are found in the lower portion of the watershed,
while the upper portion is dominated by the sandy loams (11%) and sand (15%).
Table 11: Surface Texture of Soils Found in the Watershed
Texture
Sandy Loam
Loamy Sand
Sand
Loam
Silty Clay Loam
Silt Loam
Not Identified
Total

JEO Consulting Group, Inc.

Area (acres)
Percentage
106,749
11%
74,019
7%
148,538
15%
10,487
1%
39,656
4%
628,271
62%
3,348
0%
1,011,069
100%
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INFILTRATION
The NRCS classification system divides soils into four major hydrologic groups: A, B, C, and D; and three
dual classes, A/D, B/D, and C/D (Table 12) to describe the role soils plays in the generation of runoff. Soils
within each hydrologic group have similar runoff potential under similar storm and cover conditions.
Figure 5B shows the soils of the watershed based on hydrologic group. Table 12 gives the breakdown.
Nearly the entire watershed (88%) has soils in either Hydrologic Group A or B, which gives those areas a
low to moderate runoff potential and a higher infiltration potential. A smaller portion of the watershed is
in Hydrologic Group C (11%), which has moderately high runoff potential.
Table 12: Hydrologic Soils Groups and Descriptions
Soil
Group

Description

A

Soils in this group have low runoff potential when thoroughly wet. Group A soils typically
have less than 10 percent clay and more than 90 percent sand or gravel and have gravel or
sand textures. Water is transmitted freely through the soil

B

Soils in this group have moderate infiltration and transmission rate when thoroughly wetted.
Group B soils consist chiefly of moderately well- to well-drained soils with moderately fine to
moderately course textures. Water movement through these soils is moderately rapid

C

Soils in this group have moderately high runoff potential when thoroughly wet. Group C soils
typically have loam, silt loam, sandy clay loam, clay loam, and silty clay loam textures. Water
transmission through the soil is somewhat restricted.

D

Soils in this group have high runoff potential when thoroughly wet. Group D soils typically
have clayey textures. In some areas, they also have high shrink-swell potential. Soils with a
depth to a water impermeable layer less than 20 inches and all soils with a water table within
24 inches of the surface are placed in this group. Water movement through the soil is
restricted or very restricted.

A/D
B/D
C/D

Soils are assigned to dual groups if the depth to a permanent water table is the sole criteria
for assigning a soil to hydrologic group D. If these soils can be adequately drained, then they
are assigned to dual groups (A/D, B/D, and C/D) based on their saturated hydraulic
conductivity and the water table when drained. The first letter applies to the drained
condition and the second to the undrained condition.
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Table 13: Hydrologic Soils Groups within the Watershed
Hydrologic
Soil Group
A
B
C
D
A/D
B/D
C/D
Not Assessed
Total

Acres

Percentage

298,009
580,568
109,184
1,810
10,094
6,561
1,414
3,429
1,007,639

30%
58%
11%
0%
1%
1%
0%
0%
100%

SOIL SLOPE
The watershed has a high diversity of slopes. Approximately 39% of the watershed is nearly level to gently
sloping – these are the table lands and river bottom lands. A majority of the watershed (59%) is strongly
sloping to moderately steep – these are the Sandhills and dissected plains – however, these areas have
much different soil textures and hydrologic characteristics. A very small area (<1% of the watershed)
located in the Lower South Loup River HUC 12, near Eddyville, NE is considered very steep. Figure 5C,
displays the slopes of the watershed, while Table 14 gives the breakdown.
Table 14: Soil Slopes within the Watershed
Description
% Slope
0-3%
Nearly Level
4-8%
Gently Sloping
9-16%
Strongly Sloping
Moderately Steep 17-30%
30-45%
Steep
>45%
Very Steep
Total
--
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Acres
Percentage
228,891
23%
162,575
16%
308,358
30%
291,826
29%
16,470
2%
2,948
<1%
1,011,067
100%

Page 28

South Loup River Watershed Management Plan

Lower Loup NRD

5A

5B

5C

Figure 5: Selected Soil Characteristics for the Watershed (5A-5C)
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TOPOGRAPHY

The watershed lies in three primary topographic divisions: the “Sandhills,” the “Dissected Plains,” and
“Valleys.” The drainage and land use patterns are related to the differences in topography and elevation
of the watershed, as shown in Figure 6. In the Sandhills, cattle grazing and hay production are the primary
land uses and runoff is generally less than other areas in the watershed. The areas shown as dissected
plains, which have higher quality soils, are more suitable for cropping than the Sandhills. However, many
areas are not farmed due to the lack of rainfall and the many draws which have been cut into the
landscape by rainfall. Where farming is accomplished, it is due to irrigation. The areas identified as valleys
consist primarily of the South Loup River valley, where much of the land is in row crop production due to
good soils, flat ground, and availability of irrigation water.
Most of the rainfall in the upper portion of the watershed seeps into the sandy soils and reemerges as
wetlands or baseflow to the river. Clear drainage patterns emerge as you move further down the
watershed where runoff increases and flowing waters are of sufficient quantity.
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Figure 6: General Topography and Elevation throughout the Watershed
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CLIMATE

The National Weather Service (NWS) National Climatic Data Center (NCDC) maintains precipitation
records from three stations in or near the watershed: Ravenna, Broken Bow (2W), and Arnold, NE. Due to
the large spatial area of the watershed, multiple climate stations were reviewed for precipitation trends.
Average annual precipitation across the watershed is shown in Figure 7. Precipitation varies across the
watershed from 28 inches in the east, to 22 inches in the west. Averaging the NCDC records provides an
average annual precipitation in the watershed as approximately 23 inches with the monthly maximum
average of 4 inches occurring in June. January has the lowest average amount of precipitation with 0.4
inches. Average high temperatures range from 86°F during the summer months to an average low of 11°F
during the winter months.
Potential changes in annual precipitation were evaluated with mixed findings (Appendix D). The Ravenna
station shows an increasing trend from approximately 23 inches in 1944 to approximately 26 inches in
2014. In contrast, the Arnold station shows a decreasing trend from approximately 23 inches in 1944 to
approximately 17 inches in 2014. The Broken Bow station shows no trend, with a decrease of less than 1
inch over the period of record. Other observations of the data show that the departure from the longterm average appears to be increasing over time, or that the severity of wet or dry conditions appears to
be increasing. Additionally, the departure from average appears more severe during drought conditions.

Figure 7: Average Annual Precipitation Map
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WATER RIGHTS AND USE

GROUNDWATER
Correlative Rights govern the use of Nebraska groundwater. Correlative Rights allow land owners to drill
wells and extract groundwater from an underlying aquifer for beneficial purposes subject to management
by the public. In 1957 the Unicameral passed legislation requiring the registration of all irrigation wells.
To execute this right, land owners must first obtain a permit to drill a well from their local NRD, as required
by the NRD Groundwater Management Plan. If approved, the well permit allows the land owner to drill a
well and extract as much groundwater as needed as long as the use is deemed beneficial. When the well
development is completed, the well is registered with the Nebraska Department of Natural Resources
(NeDNR), which places the information in a statewide database.

SURFACE WATER
The use of surface water in Nebraska is governed by the Doctrine of Prior Appropriation (First-in-Time,
First-in-Right) which allows diversion of water from the surface waters of the state based upon the date
the water right was obtained. Surface water rights entitle land owners or organizations to remove a set
amount of water from a specific location. This system protects those with earlier water rights first during
periods when the overall water supply is insufficient to meet all appropriated water rights. Thus, the entity
with the earliest priority date (First-in-Time) is entitled to their full appropriation (First-in-Right) before a
later priority date entity receives any water. These water rights are issued and regulated by the NeDNR.

Instream Flow Water Rights
An instream flow water right is a surface water appropriation from the NeDNR for some specified amount
of water to be left in a stream or river, or a segment thereof, for a particular purpose. In Nebraska, there
are four legally recognized instream flow purposes: fish, wildlife, recreation, and for induced water
recharge of public water supplies.
An instream flow water right has a priority date as is subject to the Doctrine of Prior Appropriation (Neb.
Rev. Stat. §46-203). If an instream flow right is in priority, the State, via the NGPC or a NRD, may call for
water. A request for regulation to satisfy an instream flow water right may prevent an upstream junior
user from reducing the stream flow.
No Instream flow rights exist on the South Loup River; however, there is an instream flow right at North
Bend or Louisville (CPNRD priority date is July 25, 1990; NGPC priority date is November 30, 1993). As a
tributary to this reach of the Platte River, the Loup River and its tributaries (South Loup River included)
would be subject to administration due to the instream flow right at North Bend. Which means these
senior uses must be satisfied before uses on the South Loup. Any new surface water uses in the South
Loup Basin must go through an application process with the NeDNR. During the application process, the
potential applicant must provide analysis to establish whether there is excess flow available for a new use.
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Excess flow is defined as those streamflows which are both in excess of the existing surface water rights
that are in priority and are also available on those days when the Loup River at Genoa daily discharge
exceeds the Loup Hydropower demand. An estimate of available flows can be identified by reviewing
historical flows on a daily basis, which are compared against the demands on those same days. The total
amount of excess available each day is then summed up. As a part of this planning effort, a preliminary
review of excess flows on the South Loup River between 1988 and 2011 show a limited number of days
where excess flow is available in the South Loup River Basin. This technical memo can be found in
Appendix D.

Loup River Public Power District
The Loup River Public Power District is a public power electric utility headquartered in Columbus, NE. The
generation of electricity started in 1937 with the completion of the hydroelectric system (water priority
date of September 15, 1932) . Water from the Loup River is diverted near Genoa, NE, flows through canals
to the Monroe and Columbus generating facilities, and eventually flows back into the Platte River near
Columbus, and just downstream of the confluence with the Loup River.
Nebraska law recognizes preference rights in addition to priority rights. Therefore, junior appropriators
who use water for domestic or agricultural purposes have a superior preference right to senior
appropriators who use water for power purposes or manufacturing purposes (Neb. Rev. Stat. §46-204).
“In 1941 the [Nebraska Legislature] adopted what is now Neb. Rev. Stat. §70-669. This statute specifies
that junior irrigators may take senior power water out of priority only if irrigators pay the senior
hydropower appropriator for the cost of replacing the power not generated due to the irrigation
diversions. Junior irrigators who have signed what the NeDNR refers to as a “subordination agreement”
with the power district may take water out of priority if they pay the power company (just compensation).
Junior irrigators without a subordination agreement must cease withdrawals when their diversions are
out of priority (i.e., when the power district calls for NeDNR priority administration of junior
appropriators) (Aiken, 2007).”
This is important to note because any new surface water appropriations in the South Loup Basin would
be junior to both the instream flow right at North Bend, Louisville, and the Loup hydropower
appropriation. While state statute does not allow for subordination of an instream flow appropriation, it
does allow for subordination of the Loup hydropower demand. Therefore, subordination agreements
could be used by an inferior water right holder to not be subject to a call for water by a senior inferior
appropriator, essentially increasing the number of days when excess flow is available for use in the South
Loup Basin.
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SURFACE AND GROUNDWATER BALANCE
As previously discussed, water resources management is not under one single jurisdiction or agency in
Nebraska. In general, surface water quantity is administered by the NeDNR, surface water quality is
regulated by the NDEQ, and groundwater quality and quantity is regulated by the local NRD.
In 2004, the Legislature enacted LB 962 which required the NeDNR to take a proactive approach for the
management of hydrologically connected surface and groundwater. This required the NeDNR to conduct
an annual assessment of the water balance in each watershed or sub-watershed in the state. The
Department was instructed to classify each watershed as being under-, fully-, or over-appropriated. In
order to classify the watersheds, all sources and uses of water (surface and groundwater) have to be
measured or estimated using a combination of current water development and model estimates. In areas
designated as fully-appropriated, new high-capacity wells and new surface water rights were placed under
a moratorium. While new development can be allowed in these areas, the irrigation needs to be offset by
removal of an existing user or some other means of replacing the impact to the water balance.
In areas that were declared to be over-appropriated (OA) or fully-appropriated (FA) an Integrated
Management Plan (IMP) was required to be written. However, in areas that have not been declared OA
or FA, NRDs may elect to complete a voluntary IMP. Both the ULNRD and LLNRD have approved voluntary
IMPs. The TBNRD and CPNRD have required IMPs, but those do not cover the portions of the watershed
that are in their district.
The voluntary IMP planning process creates a way in which an NRD can work with the NeDNR in water
management in areas where surface water and groundwater are hydrologically connected. An NRD may
also elect to manage their entire NRD through their voluntary IMP. The purpose of a required IMP or
voluntary IMP is to sustain a balance between water uses and supplies. Additional discussion on the
hydrologically connected area is provided in Chapter 3.06.
3.06

WATER RESOURCES

The South Loup Watershed lies within the Loup River Basin, which ultimately drains to the Platte River in
eastern Nebraska. Table 15 summarizes the key characteristics of the watershed. The watershed is made
up of forty-five (45) HUC 12 (Hydrologic Unit Code) subwatersheds (Figure 8 and Table 16) that include
approximately 237 miles of stream along with three lakes and various wetland complexes. All of the 45
subwatersheds are considered “standard,” in that they all contribute surface water drainage to a single
point within the watershed. In addition to these 45 HUC 12’s, this plan also includes the HUC 12 of Garfield
Cemetery which contributes groundwater flow to the South Loup Basin, however, because it does not
contribute surface flows into the watershed, it is considered “closed” for modeling purposes.
The river and surrounding lands and waters are used for various recreation purposes including camping,
swimming, floating, air boating, and fishing. Various beneficial uses assigned to the waterbodies in the
watershed include primary contact recreation, aquatic life, agriculture, and aesthetics. Two of the three
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lakes in the basin are small community lakes located near the towns of Arnold and Ravenna. The third
lake, Pressey Pond, is located in Pressey Wildlife Management Area (WMA), the only other public access
area in the watershed. Pressey WMA is located along the South Loup River at the State Highway 21
crossing. Pressey WMA has a pond, a campground with electrical hookups, and also allows fishing and
hunting.
The water resources found throughout the watershed (streams, farm ponds, wetlands, groundwater, etc.)
are all considered important resources to each respective stakeholder. Many of them, as identified below,
are either used heavily as recreation areas (fishing, swimming, boating, camping, etc.) or directly influence
those heavily used areas (both within the watershed, and downstream). Additionally, water used for
irrigation and drinking is essential to the communities and landowners in the watershed. It is for these
reasons all stakeholders are interested in maintaining or improving the water quality as well as the
availability (quantity) of all water resources. This will ensure a healthy environment that humans can
utilize and enjoy, and in which aquatic life to flourish. The region also benefits from having a sustained,
long-term viable water resources as all of the primary industries (agriculture, outdoor recreation, tourism)
rely on good water quality and quantity to function. As such, there is a prevalent economic benefit to
continuing to address water resource concerns.
Table 15: Watershed Characteristics
Major River Basin
Minor River Basin
Hydrologic Unit Code (HUC 10)
Hydrologic Unit Code (HUC 8)
Number of HUC 12s
Watershed Size
Primary Ecoregions
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Missouri
Loup
102100401
1021004
Forty-Five (45) (plus Garfield Cemetery)
1,011,702 acres/1,580 mi2
Sandhills, Dissected Plains, and River Valleys
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Table 16: HUC 12s (Subwatersheds) in the South Loup River Watershed
Map
Label*
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

HUC 12 / Subwatershed Name

HUC 12 Number

102100040102
102100040105
102100040501
Beaver Creek
Black Hill Creek
Boxelder Creek
Burr Oak Creek
Cat Creek-South Loup River
Cedar Creek
Cherry Creek
City of Arnold-South Loup River
City of Calloway-Sand Creek
City of Calloway-South Loup River
City of Gandy-South Loup River
City of Ravenna-South Loup River
City of St Michael
City of Stapleton-South Loup River
Cottonwood Creek
Custer Canyon
Deer Creek
Devine School-South Loup River
Dry Creek
Elk Creek
Headwaters Ash Creek
Headwaters Sand Creek
Headwaters South Loup River
Headwaters Spring Creek
Immanuel Lutheran Church-Deer Creek
Kilgore Creek-South Loup River
Kings Hill-South Loup River
Lower Powell Canyon
Mills Valley
North Fork South Loup River
Otter Creek-South Loup River
Outlet Ash Creek
Outlet Sand Creek
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102100040102
102100040105
102100040501
102100040504
102100040406
102100040402
102100040307
102100040404
102100040502
102100040507
102100040205
102100040206
102100040208
102100040106
102100040505
102100040508
102100040103
102100040207
102100040302
102100040308
102100040309
102100040503
102100040405
102100040305
102100040201
102100040101
102100040301
102100040408
102100040403
102100040110
102100040204
102100040109
102100040107
102100040407
102100040306
102100040202

Chapter 3

Acres
15,457
17,049
11,664
10,066
12,212
14,042
14,025
22,932
15,462
38,916
28,054
22,791
39,162
16,958
18,832
21,020
37,601
37,189
10,966
25,194
26,591
24,240
35,374
20,869
13,568
37,603
25,513
16,582
21,044
33,452
28,169
24,521
14,710
22,737
21,287
27,623

% Total
Acres
2%
2%
1%
1%
1%
1%
1%
2%
2%
4%
3%
2%
4%
2%
2%
2%
4%
4%
1%
3%
3%
2%
4%
2%
1%
4%
3%
2%
2%
3%
3%
3%
2%
2%
2%
3%
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37
38
39
40
41
42
43
44
45
46
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HUC 12 / Subwatershed Name

HUC 12 Number

Outlet Spring Creek
Riverside Cemetery-South Loup River
Rusco Creek-South Loup River
Sand Creek
St Johns Cemetery
Sweet Creek
Swenson Creek-South Loup River
Tarbox Lake-South Loup River
Warm Swamp
Garfield Cemetery

102100040303
102100040304
102100040410
102100040203
102100040104
102100040506
102100040409
102100040108
102100040401
102001010401

Total

Acres
20,161
22,547
33,182
21,008
10,911
24,643
19,530
15,814
20,432
*25,838

975,456

% Total
Acres
2%
2%
3%
2%
1%
3%
2%
2%
2%
0%

100%

Note: Garfield Cemetery HUC 12 excluded from acreage count
*Map Label corresponds to number on Figure 8.

Figure 8: HUC 12 Subwatersheds
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STREAMS
The watershed exhibits a dendritic drainage
pattern (tree-like), although there are few
perennial tributaries. The headwaters of
the South Loup River are located in the
Stapleton and Gandy area, and consist
primarily of Sandhills, wet meadows, and
wetlands. As one moves downstream, flow
gradually increases due to the high amount
of baseflow to the River. The South Loup
River is composed of five (5) segments,
three (3) named tributaries, and one (1)
unnamed stream, totaling nine (9) Title 117
designated segments—as shown in Table
16. All of these streams are perennial and
contribute surface water flows.

Table 17: Stream Summary
Stream Name

South Loup River

Title 117
Segment ID
LO4 - 10000
LO4 - 20000
LO4 - 30000
LO4 - 40000
LO4 - 50000

South Loup River (total)
Tributaries
LO4 - 20100
Spring Creek
LO4 - 30100
Sand Creek
LO4 - 30200
Unnamed Creek
LO4 - 40100
North Fork

Total All Streams

Length
in Miles
21.5
89.4
48.5
27.4
25.0
211.8
11.6
4.7
1.2
8.1

237.5

Mud Creek (not listed in the table) is also a
tributary to the South Loup River, however it was not a part of this planning effort as it is a separate HUC
8. Mud Creek flows into the South Loup River near Ravenna, approximately 13 miles above the confluence
with the Middle Loup River, which is the outlet point for the watershed near Howard City (locally referred
to as Boelus). It should be noted that Mud Creek has been identified as impaired due to E. coli.

Figure 9: Designated Streams (Title 117) in the Watershed
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LAKES
There are two (2) Title 117 designated lakes in the watershed. Ravenna Lake, near the bottom of the
watershed, is located just outside Ravenna in Buffalo County Park. Activities and facilities include
picnicking, walking trails, fishing, canoeing, and primitive camping. Arnold Lake, is located just outside of
Arnold. Ownership of Arnold Lake was transferred to the village from NGPC in 2010. Following that lake
restoration efforts were completed. Activities and facilities include fishing, hiking, picnicking, and both
electrical and primitive camping. All lakes fall under the ‘western’ criteria for the purposes of Title 117
nutrient standards. Pressey Pond, is a public access lake at Pressey State Wildlife Management Area,
although it is not a Title 117 designated lake. NDEQ has indicated that it may add Pressey Pond as a
designated water body subject to water quality standards in the near future.
Table 18: Lake Summary
Lake Name

Title 117 ID

Area
(acres)

Ravenna Lake
Arnold Lake
Pressey Pond (WMA)

LO4-L0010
LO4-L0050
LO4-LXXXX
Total

15.9
7.5
3.5
26.9

Figure 10: Lakes in the Watershed
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WETLANDS
Information on Nebraska’s wetlands are primarily documented in two important publications: “Guide to
Nebraska’s Wetlands and their Conservation Needs” (LaGrange, 2005), and the 2015 “Wetland Program
Plan for Nebraska” (LaGrange, 2015), both published by NGPC. Nebraska’s wetland resources are diverse
and dynamic, and include many types and subtypes. Many wetlands receive their water supply from
groundwater, while others are dependent on precipitation and runoff. Wetlands are known to serve many
functions and provide valuable services such as water purification, wildlife habitat, flood protection, and
groundwater recharge. Wetlands are defined in Title 117 as:
“Those areas that are inundated or saturated by surface or groundwater at a frequency
and duration sufficient to support, and that under normal circumstances do support, at
prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, bogs, and similar areas”.

A

B

Figure 11: Images of a Central Table Playa Wetland (A) and a Sandhills Wetland (B)
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Regional Wetland Complexes
The wetlands of Nebraska have been categorized into 14 different complexes based on geography and
similar forms and functions (Figure 12) (LaGrange, 2005). It should be noted that if existing wetlands aren’t
identified in one of these complexes it does not indicate that they are unimportant or do not provide
valuable functions. In the South Loup River Watershed, two complexes are present: the “Central Table
Playas” and the “Sandhills” (Figure 11):
•

•

The Central Table Playas are situated on relatively flat, loess soil tablelands surrounded by a
landscape that is highly dissected by drainages. The largest cluster of wetlands is located near
Arnold. These receive water from runoff, are small (mostly less than 5 acres), and are temporarily
and seasonally flooded wetlands.
The Sandhills wetlands are formed in depressions in Sandhill areas where groundwater intercepts
the surface of the land, which includes saturated wet meadows, shallow marshes, and open water
lakes. The Sandhills wetlands important both locally and nationally. While the watershed borders
the edge of the Sandhills, much of the baseflow to South Loup River originates from these
headwater wetlands.

Figure 12: Regional Wetland Complexes
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National Wetland Inventory
The United States Fish and Wildlife Service (USFWS) has established the National Wetland Inventory (NWI)
to provide biologists, managers, etc. with a centralized inventory of wetlands in the United States. This
was developed using remote sensing and aerial photography analysis, which is useful for a widescale
inventory, however the NWI also has a tendency to miss smaller wetlands. Therefore, while useful, the
NWI should not be considered a complete inventory of all wetlands, and should not be used as substitute
for on-the-ground surveys.
Analysis of NWI data indicates that there are approximately 20,500 acres of wetlands in the watershed
(Figure 13). These are all freshwater wetlands. The wetlands in the watershed are primarily emergent,
which includes large complexes in the upper watershed associated with Sandhills meadows and the
scattered Central Table Playas. There are also several forested and riverine wetlands that are closely
associated with the river corridor. These mainly consist of those in the floodplain, along the river’s edge,
and old oxbows or backwaters. The following is a breakdown of approximate acreages of NWI wetlands
in the watershed:
•
•
•
•
•

Emergent: 12,100 acres
Forested/shrub: 4,300 acres
Riverine: 2,000 acres
Pond/Lake: 1,650 acres
Other: 450 acres

Figure 13: National Wetland Inventory (NWI) Identified Wetlands
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GROUNDWATER
The State of Nebraska is blessed with an abundant supply of groundwater, making it one of Nebraska’s
most important natural resources. The vast majority of the state, including all of the South Loup
Watershed, overlays the High Plains Aquifer. This aquifer consists of three primary formations: Brule,
Arikaree, and the Ogallala. The Ogallala Aquifer is the primary aquifer in the Loup Basin. The Ogallala
Aquifer consists of poorly sorted, generally unconsolidated clay, silt, sand, and gravel. Large saturated
thicknesses, high porosity and yield, and high hydrologic conductivity are common in the basin. There is
also an alluvial aquifer along most of the South Loup River valley. As shown in Figure 14, the portions of
the aquifer found in Nebraska have some of the highest levels of saturated thickness.
The readily-available nature of groundwater has led to widespread uses. Nebraska receives approximately
88% of its public drinking water and nearly 100% of its private water supply from groundwater sources
(NDEQ, 2015b). Agriculture (the state’s largest industry), commercial, and industrial uses are also highly
dependent on this resource as well.

Figure 14: Location of the Watershed in Relation to the High Plains Aquifer

JEO Consulting Group, Inc.

Chapter 3

Page 44

South Loup River Watershed Management Plan

Lower Loup NRD

The aquifer in the watershed is generally unconfined and groundwater is generally abundant. Figure 15
illustrates the general depth to groundwater and general direction of flow, however changes in climate
or human use/management of water resources have the potential to impact the water table elevation.
The groundwater flow generally follows the topography of the watershed, which also influences the depth
to groundwater. Groundwater generally flows from the northwest to the southeast and towards the South
Loup River, creating a strong baseflow to the stream, which results in a primarily gaining stream system.
In the upper reaches of the watershed, where the Sandhills are located, the groundwater can be found at
or near the surface in many wet meadows and wetlands. The depth to groundwater is also very near the
surface in in the river valley, which also makes it more vulnerable to contamination. This indicates a
surface/groundwater system that is highly connected and influencing of one another. Additional
discussion on hydrologic connectivity is presented later in this chapter.

Figure 15: Depth to Groundwater in Watershed
Groundwater is the principal water source for domestic, agricultural, and industrial purposes in the
watershed; therefore, protecting that resource is critical. Groundwater can be vulnerable to
contamination depending on the pollution source. Much of the watershed is considered low to
moderately vulnerable, with some areas in headwaters considered moderately high. Generally, areas with
sandy soils, little organic matter, and a shallow depth to groundwater (less than 30 feet) have the highest
vulnerability. Additionally, areas are in stream valleys with shallow depths to groundwater and the use of
agricultural chemicals (fertilizers and pesticides) are also considered more vulnerable.
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Figure 16 is a generalized map of groundwater vulnerability to contamination in the watershed based on
EPA’s DRASTIC model. The DRASTIC model provides a relative evaluation of vulnerability and is not
designed to provide absolute vulnerability. The model results displayed were developed on the statewide
scale; as a result, site (field) specific applications of the contamination potential may have limitations.
Product labels, Extension or NRCS staff, and detailed maps should still be consulted to determine
vulnerability for groundwater contamination in specific fields.

Figure 16: Vulnerability to Contamination of Groundwater
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HYDROLOGICALLY CONNECTED RESOURCES
As previously discussed the voluntary IMP planning process creates a way in which an NRD can work with
the NeDNR in water management. The voluntary IMP outlines areas where surface water and
groundwater are hydrologically connected utilizing numerical groundwater modeling. The hydrologically
connected area (HCA), or 10/50 line, is defined by the NeDNR as the area where a well located and
pumped within that boundary would result in a 10% or greater depletion in South Loup River flows over
a 50-year period. The amount of depletions from a given well location is identified as a stream depletion
factor (SDF). Figure 17 illustrates the estimated limits of the HCA of the South Loup River, as predicted by
the ELM groundwater model which is gridded based on Public Land Survey System 1-mile section
boundaries. The figure also illustrates the estimated groundwater basin, which was drawn based on the
UNL-CSD water table contour lines (previously shown on Figure 15). USGS Circular 1376 (Barlow, 2012)
provides excellent additional information on the effects of streamflow depletion by wells.

Figure 17: Hydrologically Connected Area to the Watershed
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HYDROLOGY

INTRODUCTION
Characterizing the hydrologic regime of a watershed is an important aspect to understanding its
susceptibility to alterations from land and water use practices, which have an effect on water quality. It is
also critical to building a water quality model. Figure 18 contains a conceptual hydrograph and cutaway
which illustrates these key concepts. When hydrologic processes are altered, the stream system responds
by changing physical parameters, such as channel configuration. These changes may in turn impact
chemical parameters and ultimately the aquatic ecosystem. Additionally, changes in stream flow directly
impact a stream’s water quality. An increase in quantity can have the effect of improving water quality
through dilution, and a decrease in quantity can have the opposite effect through concentrating
pollutants. For the purposes of this plan, two streamflow components were estimated on an annual and
volumetric basis:
•

•

Surface runoff/interflow: Annual surface runoff/interflow is overland flow and water that flows
through the unsaturated zone but returns to the surface or enters a stream prior to becoming
groundwater (saturated zone).
Baseflow: Baseflow is the portion of streamflow that originated from groundwater. Some
precipitation that infiltrates into the soil, and deeper into the groundwater, may not become
streamflow and instead is considered to recharge groundwater or is lost to deep aquifer storage
– this portion is called deep percolation. Deep percolation was not specifically modeled in the
overall water balance.

Hydrologic processes are complex, involving many interactions that can be difficult to quantify.
Additionally, impacts may be seen on both temporal and spatial scales. The location, extent, timing, and
type of activities all play a role in alterations. Changes can be seen in the magnitude and timing of peak
flows and low flows, or in year-to-year flow trends. Some activities (roads, seasonal irrigation withdrawals,
etc.) cause short-lived alternations, while other activities (dams, urbanization, channelization,
groundwater mining, etc.) can cause relatively permanent changes in the hydrology of the watershed
(EPA, 2003, p. 211).
As a part of this planning effort, trends in streamflow components and a review of the hydrologically
connected areas within the Watershed were conducted. These technical memos can be found in Appendix
D. This utilized existing data and models. In general, streamflow in the Loup River system is almost entirely
from groundwater discharge from the Sandhills – this is a baseflow dominated system. The Central
Nebraska Groundwater Flow Model (CENEB) shows that on average 88% of precipitation in the South Loup
basin is lost to evapotranspiration, 8% is lost to deep percolation (groundwater recharge), and 4% of
rainfall is available for capture as runoff.
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Figure 18: Illustration of a Conceptual Hydrograph and Groundwater Flow System
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STREAMFLOW
The primary sources of flow in the South Loup River are baseflow contributions from groundwater and
watershed runoff from precipitation events and snowmelt. Prior to initiating this planning process, the
LLNRD became concerned with the long term declining trend in surface water flows in the South Loup
River, as shown in Figure 19.

Figure 19: Measured Streamflow in the South Loup River, 1947-2011
In order to better understand the hydrology of the watershed, a watershed runoff and trend analysis was
performed. This includes examining daily streamflow records, surface water irrigation diversions,
depletions attributed to groundwater pumping, precipitation, and registered irrigation wells. A report on
the full analysis can be found in Appendix D. Below are summaries from the analysis.
Depletions can impact both the baseflow and runoff calculations to streamflow. To isolate the depletive
effects and better estimate watershed runoff volumes, it is necessary to construct an undepleted
hydrograph by adding stream depletions to the gage flow. Once the undepleted hydrograph has been
constructed, the watershed runoff contribution can be determined. Daily undepleted streamflow values
were calculated for the main stem South Loup River at St. Michael (USGS 06784000) as well as Mud Creek
at Sweetwater (USGS 06783500). Undepleted streamflow for the South Loup River above the confluence
was computed by subtracting Mud Creek flow contributions from the South Loup River at St. Michael.
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Baseflow contribution and groundwater depletion estimates were calculated by CENEB. Depletion
estimates for the South Loup River were made by trimming the groundwater grid containing depletion
estimates to just that area above the confluence with Mud Creek. Baseflow estimates from CENEB were
available from 1986 through 2011; therefore, the runoff analysis was performed for these respective
years. This period is adequate for estimating watershed runoff characteristics. Additionally, this period
contains both above- and below-average precipitation conditions. Figure 20 shows the raw data
components (measured gage flow, baseflow, and groundwater depletions) for the South Loup River above
the confluence with Mud Creek.

Figure 20: Annual Flow Data, South Loup River above Confluence with Mud Creek
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Gaged Streamflow
As shown in Figure 19, streamflow trends have been declining in the South Loup River, although the more
recent period (1986-2011) observations show a much less severe decline than the fuller record of historic
observations (1947-2011). This would appear to indicate that factors likely to impact streamflow (landuse
change, groundwater depletions, conservation measures, etc.) have largely stabilized and those effects
are reflected in the measured streamflow.

Figure 21: Measured Streamflow, South Loup River Basin, 1986-2011

Undepleted Streamflow
The undepleted hydrographs (virgin water supply) show little evidence of a changing trend (annual and
seasonal) over the 1986-2011 analysis period. The increasing depletion trend, plus the decreasing
streamflow trend largely cancel each other out.

Baseflow
The available baseflow estimates show little evidence of a changing systematic trend over the 1986-2011
analysis period. With the undepleted hydrograph and the baseflow showing little evidence of a changing
trend, the resulting runoff computed using these datasets also shows little evidence of a changing trend.
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Groundwater Depletions
Figure 22 shows the cumulative number of irrigation wells in the South Loup Basin from 1936 to 2012
(DNR database) as well as the calculated annual stream depletions due to those wells. This data shows a
“leveling off’ in number of wells developed and in the depletion rate after approximately 2006. This data,
in combination with the depletion estimates, support a “leveling off” in groundwater use, and subsequent
depletions in the South Loup Basin. This leveling off is consistent with the water management actions
taken by the Lower Loup over the last decade and the moratorium on new well development enacted in
2008.

Figure 22: Accumulation of Irrigation Wells and Groundwater Depletions in the Watershed
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GROUNDWATER

Groundwater in the watershed is managed primarily by the ULNRD and LLNRD. The ULNRD monitors their
groundwater on a county-by-county basis, while the LLNRD has established groundwater management
areas (GWMA) for quantity management purposes. As shown in Figure 24, the counties of Logan and
McPherson in the ULNRD; the LLNRD GWMAs 2, 3, and 7; and CPNRD GWMAs 1, 6, 9, and 12 cover the
biggest share of the watershed. The TPNRD has established its entire district as a GWMA. Each NRD
produces an annual report characterizing the trends in groundwater levels in their management
areas/counties. The most recent reports indicate a long term decline in the static water table within the
watershed. This is illustrated most drastically in Figure 23, which shows nearly a 4-foot decline in static
water levels since 1982 in LLNRD Area #7 (LLNRD, 2016) . Figure 25 illustrates the changes in groundwater
levels across the entire watershed from predevelopment (1950s) to spring 2015.

*Figure provided by LLNRD

Figure 23: Static Water Level Declines in LLNRD GWMA #7
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Figure 24: Groundwater Management Areas (for quantity) within the Watershed

Figure 25: Changes in Groundwater Levels from Predevelopment to Spring 2015
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FISH AND WILDLIFE RESOURCES

KEY AQUATIC SPECIES
The presence or absence of sensitive species is one metric that NDEQ uses to assess water quality.
According to Title 117, the following key species are located within the watershed:
•

•

•

•

Northern redbelly dace (Chrosomus eos) are small freshwater fish in the minnow family. In
Nebraska it is considered “threatened.” Primary threats to the species are believed to be from
erosion, sedimentation, and flow alterations. This species occurs in the wet meadows and slow
moving streams of the headwaters.
Pearl dace (Margariscus margarita) is a small minnow-like fish considered “sensitive” in
Nebraska. In some areas it is threatened by habitat destruction and alteration, introduced
species, and flow alterations. This species occurs in the wet meadows and slow moving streams
of the headwaters.
Finescale dace (Phoxinus neogaeus) is a small minnow-like fish considered “threatened” in
Nebraska. Primary threats to the species are believed to be from erosion, sedimentation, and
flow alterations. This species occurs in the wet meadows and slow moving streams of the
headwaters.
Grass pickerel (Esox americanus) grows up to 16 inches in length and is considered “sensitive” in
Nebraska. They are a predatory fish and are often found in slow moving water such as lakes,
permanent wetlands, or headwaters of streams. They are intolerant of turbidity and areas that have
been extensively channelized or ditched for drainage purposes.

•

•

Northern pike (Esox lucius) are highly sought-after game fish, and are considered in Nebraska to
be “recreationally important.” They are predatory and aggressive fish with an average size of 2847 inches. Northern pike typically prefer clearer, slow moving water, with vegetation.
Channel catfish (Ictalurus punctatus) is the most numerous of catfish species, and is found
throughout Nebraska. It is a common gamefish and identified as a “recreationally important”
species.

THREATENED AND ENDANGERED SPECIES
The scope of this planning effort did not include identifying specific locations of Threatened and
Endangered (T&E) species in the watershed. However, the following list identifies those T&E species that
do have ranges within the watershed (NGPC, 2017).
•
•
•
•
•

•
•
•
•

Finescale Dace
Piping Plover
Interior Least Tern
Northern Redbelly Dace
River Otter
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Whooping Crane (Migratory Use Area)
Western Prairie Fringed Orchid
American Burying Beetle
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No critical habitat for any T&E species has been designated in the watershed. Consultation with the United
States Fish and Wildlife Service (USFWS) and NGPC will be initiated for specific project sites, where
threatened or endangered species’ habitats may exist.

AQUATIC INVASIVE SPECIES
Aquatic invasive species are non-native organisms, introduced into rivers, streams, and lakes. They
generally have no predators, or other natural controls such as disease or competition, so their populations
grow unchecked. Once established, these species may cause irreparable harm, introduce disease, outcompete native species change the physical characteristics of waters, damage equipment, clog water
delivery systems; and negatively impacting local and national economies. While there is not a complete
list of locations where invasive species are found, the Nebraska Invasive Species Program maintains
information on potential invasive species in Nebraska. The following are species that may exist within the
watershed:
•
•
•
•

Animals
Bullfrog
Chinese Mystery snail
Common Carp
Asian Carp

Plants
•
•
•
•
•
•
•

Watermilfoil
Canada Thistle (State Noxious Weed)
Common Reed (Phragmites) (State
Noxious Weed)
Eurasian Watermilfoil
Purple loosestrife (State Noxious Weed)
Reed canary grass
Salt Cedar

Prevention is the strongest defense against invasive species. Posting signs, distributing educational
information, etc., are methods to prevent the introduction of these species into the watershed. However,
if these or other invasive species are found to be in the watershed, future education efforts could be
designed to target their reduction and/or elimination. The Nebraska Invasive Species Program can provide
additional information and guidance: www.neinvasives.com.

NEBRASKA NATURAL LEGACY PROJECT
In 2005, the NGPC published the Nebraska Natural Legacy Project as the state’s first Wildlife Action Plan,
which was subsequently updated in 2011. Landowners, partner organizations, public land managers, and
many others have voluntarily used the Nebraska Natural Legacy Project to guide conservation work that
benefits wildlife, habitat, and the residents of Nebraska. One of the goals of the Nebraska Natural Legacy
Project is to identify a set of priority landscapes that, if properly managed, would conserve the majority
of Nebraska’s biological diversity. These landscapes, called Biologically Unique Landscapes (BUL), were
selected based on known occurrences of at-risk species and natural communities.
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While the confluence of the South Loup River with the Middle Loup River does technically touch the Lower
Loup River BUL, discussion here will be limited to the Central Loess Hills BUL, which is for practical matters
the only BUL located within the watershed. According to Nebraska Natural Legacy Project (Schneider and
others, 2011), the Central Loess Hills BUL landscape consists of rolling to steep loess hills, dissected by the
valleys of the Loup rivers. The hills are now a mosaic of mixed-grass prairie and cropland. Lack of grazing
managed for biological diversity values, exotic plant invasion, and herbicide spraying have degraded the
majority of prairies. The flatter tablelands of this landscape contain playa wetlands that are used by
whooping cranes and numerous other water birds during migration.

Figure 26: Biologically Unique Landscapes in the Watershed

Stresses Affecting Species and Habitats
•
•

•
•
•
•
•

Specific livestock grazing and haying practices that may reduce native plant diversity and promote
uniform habitat structure
Invasive plant species in upland prairies, meadows, and woodlands, including eastern red cedar,
smooth brome, cheatgrass, Kentucky bluegrass, leafy spurge, Phragmites, Russian olive, and musk
thistle
Broadcast herbicide application to prairies
Sedimentation and drainage of the playa wetlands
Reduced stream flows
Increased sedimentation and nutrients in streams
Conversion of grasslands to cropland
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Housing and cabin development
Poorly-sited utility-scale wind turbines

Conservation Strategies
•

•
•
•

Implement planned grazing strategies on private lands to reduce exotic cool-season grasses and
improve native plant diversity and vigor. Spring burning and spring grazing, sometimes used in
combination, can be implemented as initial management practices to reduce exotic grass Central
Loess Hills - Mixed Grass Prairie Ecoregion dominance. When exotics are under control, other
grazing systems can be implemented.
Seek and implement methods of musk thistle control that do not require broadcast spraying of
pastures.
Restore the hydrology of playa wetlands
Work with wind energy companies to select turbine sites that minimize fragmentation and impact
to native species. Avoid placing wind turbines in native prairies and woodlands, and on bluff tops
where they cause higher bird and bat mortality than on open, flat ground. Wind farms should not
be located within the recommended radius of prairie grouse leks and nesting grounds. Turbines
can be halted temporarily during peak migration periods for bats and birds. Pre- and postconstruction monitoring should be implemented.

Tier I At-risk Species
* Priority for conservation in this BUL
• Plants
o None
• Animals
o River Otter
o Bell’s Vireo
o Burrowing Owl
o Greater Prairie Chicken
o Loggerhead Shrike
o Trumpeter Swan
o Whooping Crane
o Regal Fritillary
o Married Underwing
o Whitney Underwing
• Aquatic Communities
o Headwater, Warm Water
Stream
o Mid-order, Warm Water River
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Terrestrial Communities
o Cottonwood-Peachleaf Willow
Riparian Woodland
o Dry Upland Bur Oak Woodland
o Sandbar Willow Shrubland
o Riparian Dogwood-False
Indigobush Shrubland
o Buckbrush Shrubland
o Freshwater Seep
o Playa Wetland*
o Cattail Shallow Marsh
o Reed Marsh
o Central Loess Hills - Mixed
Grass Prairie Ecoregion
o Loess Mixed-grass Prairie*
o Perennial Sandbar
o Sandbar/Mudflat
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LAND USE AND LAND COVER

INTRODUCTION

Land use and land cover (LULC) are two separate terms, yet they are often used interchangeably. Land
use describes how people utilize the land (example: urban or agriculture). Land cover describes the
physical material of the earth’s surface (i.e., type of vegetation). Understanding LULC is at the heart of
watershed planning. The activities and uses of the land within a watershed often are the primary drivers
in specific sources of pollutants and in identifying solutions to problems. Understanding how LULC affect
watershed functions (such as hydrology) requires an understanding of both the historical and present day
LULC of the watershed.
4.02

HISTORICAL LAND USE AND LAND COVER

Often the existing water quality problems in a watershed are due to the long term changes in LULC. While
these changes may seem long term on a human’s sense of time, they are very short on a geological time
scale. LULC changes have the potential to change the hydrology of a watershed, expose soils to erosion,
and introduce new contaminants to the system (i.e., cattle). Until recently, there has been no statewide
synthesis and accounting of LULC trends in Nebraska. However, Hiller, et. al (2009) provides a robust
accounting of LULC trends and drivers in Nebraska from 1866-2007.
Nebraska’s agricultural landscape has been affected by foreign policy, mechanization, economics, politics,
energy policy, and availability of chemical inputs – and will continue to be subject to the same forces that
affect change across the Great Plains. In general, Hiller identifies the following conclusions of historical
LULC trends:
•
•

•
•

General trend of fewer and larger farms that produce a less diverse portfolio of commodities
While once a larger part of the statewide crop portfolio, small grains and cover crops (which use
less water and protect the soil from erosion) have declined in acres, while corn and soybean have
increased.
An increase in farming “from fence row to fence row” eliminates buffers and other natural areas
Since 1985 (through 2007), total area in cropland has continued to increase, likely due to crop
prices and biofuel demands, also causing loss of conservation lands

Historically, a majority (85%) of the watershed was grass/prairie and much of it is still is. However, parts
of the watershed have certainly been subject to a portion of these trends. It is likely that most Nebraskans
have not perceived the broad scope of long-term LULC changes. Understanding the historical LULC
changes assists in identifying positive conservation practices to improve water quality. The historical land
cover of the watershed, prior to European settlement (circa 1860) is shown in Figure 27 and can be
contrasted to present day LULC, as shown in Figure 28. The historical land cover map was developed
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mostly from field observations of remnants of native vegetation, and modified from the original version
prepared by Kaul and Rolfsmeier (1993) and provided by the CSD.
4.03

PRESENT DAY LAND USE AND COVER

Present day LULC in the watershed was determined by Geographic Information System (GIS) analysis of
the 2014 USDA-NASS’s Cropland Data Layer (CDL), which is available at the USDA NRCS GeoSpatial Data
Gateway. The CDL is a complete, geographically referenced classification of all satellite ortho-imagery data
within a state by crop or land cover. The CDL is constructed by analyzing aerial imagery from multiple
times of the year, distinguishing cropland from pastures, trees, and other permanent vegetation. The land
use inventory allows appropriate runoff factors to be used to calculate pollutant loads from each land use
type through modeling. It also assists with identifying specific strategies to manage pollutants. Additional
discussion can be found in the water quality modeling report, located in Appendix E. For this plan, LULC
data from 2014 was utilized. LULC types identified in the watershed are found in Table 17 and are
discussed below. LULC data for each subwatershed can be found in Appendix E.
The South Loup Watershed is a complex mosaic of landforms, micro-climates, and vegetation. LULC across
the watershed is driven by those larger factors previously identified and by the local resources and
landowners. The following percentages of land cover are approximate. Agriculture is dominant, and
accounts for a combined 94% of the LULC; however, the majority of the watershed is not in row crops.
Grass/Pasture or Range is the overwhelming LULC comprising 72% of the watershed. Of the cultivated
crops, corn is the primary crop raised, covering 16% of the watershed. The majority of cultivated crops
are found near the lower end of the watershed between Pleasanton and Ravenna; and also in the vicinity
of Arnold and Callaway. The majority of the grassland and rangeland in the watershed is utilized for grazing
and/or hay production.
Table 19: Historical and Existing Land Use / Land Cover
Comparing historical land cover
Land Cover / Land
2014
Historic/Native
data and 2014 CDL data, it is
Use
Area (Acres) %
Area (Acres)
%
estimated that approximately 22% Corn
161,557 16%
0%
of grass/prairie has been lost and Developed
28,331
3%
0%
98% of forest land has been lost. Forest/Shrubland
4,081
0%
169,765
15%
The majority of this has gone into Grass/Pasture/Range
729,808 72%
935,855
85%
cultivation, however transition to Other Cultivated
9,545
1%
0%
developed land also accounts for Soybeans
58,032
6%
0%
part of this. It should be noted that Water
1,779
0%
*
0%
additional acres of forest may Wetlands
17,387
2%
*
0%
have been lost from their Total
1,010,520 100%
1,105,620
100%
historical locations; however, *Assumed to have existed, just not represented well in the historical record.
these acres have been replaced
with windbreaks and other plantings. This has also likely led to some of the loss of grass/prairie to new
forest cover, as agroforestry has grown and wildfires have been suppressed across the landscape. This

JEO Consulting Group, Inc.

Chapter 4

Page 62

South Loup River Watershed Management Plan

Lower Loup NRD

assessment did not include reviewing the quality of existing vegetation (pasture quality, native vegetation,
etc.).

Figure 27: Native Vegetation of the Watershed (circa 1860)

Figure 28: Present Day Land Use and Land Cover of the Watershed*
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AGRICULTURE IRRIGATION

Irrigation is critical to agriculture production in the watershed. According to the NeDNR Net Corn Crop
Irrigation Requirement Map (prepared by Derrel Martin, UNL), which identifies the net amount of water
that must be applied by irrigation for a full yield of an irrigated corn crop, irrigation requirements in the
watershed increase from east to west. Near the outlet of the watershed approximately 9-10 inches are
required; whereas near the headwaters approximately 12-13 inches are required (Martin, 2005). Irrigation
demand is primarily driven by rainfall.
LLNRD and ULNRD track and certify irrigated acres in both of their districts, which make up the bulk of the
watershed. Within the watershed there is approximately 277,000 acres certified for irrigation (Figure 29).
The bulk of these are irrigated from groundwater wells. NeDNR maintains a database of registered wells
in Nebraska, which includes irrigation wells. According to the database, there are 1,935 active irrigation
wells in the watershed. There is limited surface water irrigation as there are no major irrigation or ditch
project/districts located in the watershed. According to NeDNR records, there are 20 active surface water
irrigation diversions in the watershed.

Figure 29: Certified Irrigated Acres & Registered Irrigation Wells
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OTHER FACILITIES AND USES

INTRODUCTION
Generally, sources of pollution can be separated into two main categories: point sources and nonpoint
sources. A point source is any discernible, confined and discrete conveyance from which pollutants can
be discharged. In other words, to have point source pollution it must be possible to clearly identify the
specific origin and travel of the pollution. Examples would include any pipe, ditch, tunnel, conduit, well,
smokestack or animal feeding operation that might discharge. The discharge from some point sources is
regulated by the National Pollutant Discharge Elimination System (NPDES) permit program. Many
agricultural, industrial and municipal facilities are required to obtain NPDES permit coverage. However,
individual homes connected to a municipal or septic system typically do not need coverage under an
NPDES permit.
Identifying these permitted facilities is important in developing a watershed plan. While they are
considered to be meeting all their permit requirements, their pollutant load contributions do need to be
accounted for. This allows for the identification of nonpoint pollution loads to be clearly identified and
separated. Nonpoint sources of pollution may also come from other “facilities”, activities, or land uses
that do not meet regulatory requirements to be considered point sources. Because these facilities are not
regulated, are typically smaller, or otherwise not well defined, they are thus treated as nonpoint sources
for management purposes. This is conceptually illustrated in Figure 30.

Figure 30: Examples of Point and Nonpoint Sources of Water Pollution (Osterberg, 2014)
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WASTEWATER TREATMENT FACILITIES
Point sources discharge or have the potential to discharge wastewater to waters of the state
in the South Loup River Basin. Facility types include: municipal, commercial, and industrial
wastewater treatment facilities (WWTF). The facilities that have been issued a National
Pollutant Discharge Elimination System (NPDES) Permit (according to EPA’s Enforcement
and Compliance History Online) in the South Loup River Basin are listed in Appendix C and
are shown in Figure 31. Under Section 503 of the Clean Water Act (CWA), WWTFs may dispose of sewage
sludge through land applications (EPA, 1993). Sludge is land applied after proper stabilization and is
incorporated into the soil at agronomic rates. Improper or over-application of sludge may potentially
cause bacteria impairment to surface water. Nebraska is not a 503 authorized State, therefore
administration of section 503 of the CWA falls within the authority of EPA’s Bio Solids program.
There are three (3) permitted WWTFs within the South Loup watershed with the potential to discharge to
the South Loup River. Based on review of NDEQ documentation the Arnold, Ravenna, Broken Bow WWTFs
discharge into the South Loup River. The Arnold WWTF was the only permitted point source discharging
to the South Loup River that was utilized in the water quality model, as the Ravenna facility is discharging
into the LO4-10000 river segment and the Broken Bow facility is discharging into Mud Creek. Neither of
which were included in the modeling effort.

Figure 31: NPDES Permitted Facilities in the South Loup River Basin
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ONSITE WASTEWATER TREATMENT SYSTEMS
Illicit connections, discharges, combined sewer overflows, sanitary sewer overflows, straight
pipes from septic tanks, or underperforming septic systems or other underperforming onsite
wastewater systems can also be sources for E. coli bacteria. Under Title 124, Chapter 3,
NDEQ requires anyone doing work associated with onsite wastewater systems to be
certified by the State of Nebraska, and requires systems constructed, reconstructed, altered, or modified
to be registered (NDEQ, 2012). As of December 2015, a total of 237 onsite wastewater systems have been
registered within the South Loup River Basin. Systems installed prior to 2001 were not required to be
registered; therefore, the exact number of septic systems or underperforming septic systems is not
possible to determine. According to the National Environmental Services Center, it is estimated that 40%
of all septic systems are presently underperforming and about 6% of systems are either repaired or
replaced annually (NESC, 2013).
The number of unregistered onsite wastewater treatment systems (OWTS) was estimated using the
Spreadsheet Tool for Estimating Pollutant Loads (STEPL) data server (Tetra Tech, 2013). Septic system data
for each HUC 12 subwatershed is based on septic system surveys performed by the National Small Flow
Clearing House (1991 and 1998). There is an estimated 1,146 unregistered OTWS within the watershed.
Registered OWTS systems were downloaded and mapped into their respective HUC 12 subwatershed
from the NDEQ Interactive Mapping Tool (NDEQ, 2014b). Table 20 provides a summary of both registered
and unregistered OWTS facilities by HUC 12.
Table 20: Estimates of Registered and Unregistered OWTS Facilities
HUC12/Subwatershed

Registered

Unregistered*

City of St Michael

15

44

Cherry Creek

10

105

Sweet Creek

19

34

City of Ravenna-South Loup River

15

69

Beaver Creek

5

41

Dry Creek

13

64

Cedar Creek

4

35

102100040501

11

20

Rusco Creek-South Loup River

19

73

Swenson Creek-South Loup River

1

34

Immanuel Lutheran Church-Deer Creek

6

20

Otter Creek-South Loup River

3

28

Black Hill Creek

3

17

Elk Creek

4

26

Cat Creek-South Loup River

3

19

Kilgore Creek-South Loup River

3

5
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Registered

Unregistered*

Boxelder Creek

1

13

Garfield Cemetery

6

12

Warm Swamp

0

2

Devine School-South Loup River

5

18

Deer Creek

1

11

Burr Oak Creek

0

1

Outlet Ash Creek

4

10

Headwaters Ash Creek

8

9

Riverside Cemetery-South Loup River

1

11

Outlet Spring Creek

0

1

Custer Canyon

4

4

Headwaters Spring Creek

7

2

City of Calloway-South Loup River

5

32

Cottonwood Creek

3

19

City of Calloway-Sand Creek

5

35

City of Arnold-South Loup River

5

34

Lower Powell Canyon

3

2

Sand Creek

0

1

Outlet Sand Creek

7

15

Headwaters Sand Creek

2

1

Kings Hill-South Loup River

5

61

Mills Valley

0

1

Tarbox Lake-South Loup River

2

6

North Fork South Loup River

0

0

City of Gandy-South Loup River

7

5

102100040105

0

0

St Johns Cemetery

6

27

City of Stapleton-South Loup River

11

85

102100040102

0

0

Headwaters South Loup River

5

94

237

1,146

Total

*As estimated using STEPL data server and based on surveys performed by the National Small
Flow Clearing House (1991 and 1998).
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ANIMAL FEEDING OPERATIONS
Animal feeding operations (AFO) are facilities that confine livestock in a limited feeding space for an
extended period of time. The Nebraska Livestock Waste Management Act authorizes the NDEQ to regulate
discharge of livestock waste from these operations. Nebraska’s Livestock Waste Control Regulations (Title
130) classifies AFOs as small, medium or large operations based on the number and type of livestock
confined in the facility. Title 130 also requires inspection of medium and large operations to assess the
potential for waste discharge. Depending on the size of the operation and potential to discharge
pollutants, the operation may be required to obtain a construction and operating permit for a waste
control facility from NDEQ. AFOs confining less than the equivalent of 300 beef cattle are considered
administratively exempt from inspection and permitting unless they have a history or potential to
discharge pollutants to Waters of the State.
For the purposes of this plan, permitted AFOs (typically medium and large operations) are not considered
to be a pollutant source due to regulatory requirements. Non-permitted (typically small AFOs) do not have
regulatory requirements imposed on them and are thus treated as potential nonpoint sources of pollution
for management recommendation purposes.

Permitted Animal Feeding Operations
Active animal feeding operations (AFOs) are considered potential sources of E. coli bacteria.
Figure 32 shows the AFOs within the South Loup River Watershed that have been entered
into the NDEQ permitted livestock facilities database. As of August 2015 there were 75 AFOs
within the South Loup River Watershed, see Appendix C for a complete list. Each AFO may
have more than one livestock waste control facility (LWCF). An operation that has discharged livestock
waste to waters of the State, or has been determined by NDEQ that such a discharge is more likely than
not to occur is required to obtain a permit issued by the State of Nebraska for construction and operation
of LWCF. These facilities are designed to contain any run off that is generated by storm events that are
less than or equal to a 25-year, 24-hour rainfall event.
Land application of liquid or dry manure from a LWCF is a recognized way of controlling the discharge
from these facilities, as well as recycling nutrients from the AFO. Certain controls are required to be in
place and must be documented in a nutrient management plan, which NDEQ maintains a copy of. The
LLNRD maintains records of the locations of liquid manure application, which are only allowed to take
place on certified irrigated acres, per LLNRD rule 9, 11. Records and controls for non-permitted AFOs are
not required to be kept.

Non-Permitted Animal Feeding Operations
There are approximately 26,300 cattle associated with permitted livestock facilities in the watershed.
However, according to the 2007 agricultural census data, there are approximately 40,600 total cattle in
the watershed. This means that the remaining cattle are associated with non-permitted AFOs. Cattle
manure associated with non-permitted AFOs can be assumed to be found in varying locations dependent
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on the time of year and how a producer might manage their AFO. Cattle and their manure may be found
in heavy use areas such as barnyards, stables, wintering areas, and open lots; and they may also be found
grazing in pastures, fields, or rangeland areas. Because of the high amount of pasture land in the
watershed, it is anticipated a high number of non-permitted cattle do spend time in pasture landuses. The
exact number and location of non-permitted AFOs in the watershed is not known because their location
or other information is not recorded in NDEQ’s database of permitted livestock facilities. Non-permitted
facilities may include both pasture/grazing based operations and confinement/feed lot based operations;
however, due to the lack of data, a distinction cannot be made between them in this plan.
To estimate the distribution of non-permitted livestock, a visual analysis of aerial imagery was completed
to identify those potential non-permitted AFO facilities. This was necessary in lieu of basing livestock
population on the location of grass/pasture/range landuse because much of that landuse is also utilized
for hay production and the cattle distribution would have been skewed. The final distribution was
adjusted for calibration of the water quality model to the 5-alt water quality analysis. Table 21 provides a
summary of the estimated number of non-permitted livestock in each HUC 12 and Figure 33 provides a
spatial distribution of those livestock. Additional discussion can be found in the water quality modeling
report in Appendix E.
Table 21: Estimated HUC12 Distribution of Non-Permitted Livestock
HUC12/Subwatershed
City of St Michael

Estimated # of NonPermitted Cattle
253

Cherry Creek

0

Sweet Creek

732

City of Ravenna-South Loup River

379

Beaver Creek

135

Dry Creek

431

Cedar Creek

105

102100040501

0

Rusco Creek-South Loup River

410

Swenson Creek-South Loup River
Immanuel Lutheran Church-Deer
Creek
Otter Creek-South Loup River

305

Black Hill Creek

35

Elk Creek

0

Cat Creek-South Loup River

0

Kilgore Creek-South Loup River

96

Boxelder Creek

4

Garfield Cemetery

0
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Estimated # of NonPermitted Cattle

HUC12/Subwatershed
Warm Swamp

0

Devine School-South Loup River

0

Deer Creek

0

Burr Oak Creek

0

Outlet Ash Creek

61

Headwaters Ash Creek
Riverside Cemetery-South Loup
River
Outlet Spring Creek

0
4
187

Custer Canyon

0

Headwaters Spring Creek

100

City of Calloway-South Loup River

0

Cottonwood Creek

2,949

City of Calloway-Sand Creek

1,510

City of Arnold-South Loup River

0

Lower Powell Canyon

69

Sand Creek

0

Outlet Sand Creek

0

Headwaters Sand Creek

2,045

Kings Hill-South Loup River

1,680

Mills Valley

73

Tarbox Lake-South Loup River

1,533

North Fork South Loup River

0

City of Gandy-South Loup River

0

102100040105

511

St Johns Cemetery

511

City of Stapleton-South Loup River
102100040102

109

Headwaters South Loup River

0
Total
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Figure 32: Permitted Livestock Facilities

Figure 33: Estimated Number of Non-Permitted Livestock per Subwatershed
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CURRENT TREATMENT LEVEL

Estimating currently treated areas is an important step in water quality modeling calibration and in
determining the potential impact that additional treatment could have in the watershed and the
associated reduction in pollution loads. Unfortunately, no central listing or full inventory exists for this
information. The NRCS works with many producers through EQIP and other programs; however, that
information is subject to privacy laws. Additionally, many landowners utilize conservation practices on
their own. In order to estimate the existing level of treatment in the watershed, questions were asked as
part of the Watershed Citizen’s Survey.
Respondents indicated they currently use a wide variety of conservation practices. Most commonly used
conservation practices are:
•
•
•
•

No-till or minimum-tillage (84%)
Crop rotations (74%)
Cover crops (53%)
Vegetated filter/buffer strips (39%)

The remaining practices (manure applications at agronomic rates, terracing, and farm ponds) are
minimally used. See Figure 34.
Of the producers that irrigate, 75% indicated utilization of groundwater irrigation, while the remaining
(25%) are surface water irrigators. There may be some that use both. The remaining respondents (4 out
of 37) may not have identified as groundwater or surface water irrigators due to these options being
included as two of several irrigation practices. The most common irrigation practices are utilization of
flowmeters (42%), timed/regular scheduling (39%), chemigation (39%), and precipitation monitoring
(36%). Other practices utilized at a lower rate include: soil moisture probes (25%), variable rate irrigation
(19%), and evapotranspiration monitoring (6%). See Figure 35.
The survey indicated there are many considerations that influence their decision to utilize conservation
practices. The three most highly influencing factors were annual operating costs (78%), cost of
implementation (58%), and demonstrated value (58%). This was very evident when respondents indicated
they would be more willing to install BMPs with compensation (82%) than without (18%). Two other
secondary factors were shown to affect a producer’s decision to install conservation practices: Time
and/or maintenance considerations (53%), and property features (50%).
Existing BMPs were assumed to be evenly distributed across the watershed at the rates
indicated in the survey results. Treatment levels varied from 20% to 40%. Currently the
South Loup watershed has five (5) E. coli reducing BMPs implemented throughout the
watershed. Of the five (5) BMPs currently in place all are located within sub basins
determined to be contributing the highest E. coli loads.
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Please check all of the conservation measures in
place on your property or used as part of your
operation
Farm ponds
Terracing
Variable rate irrigation
Crop rotations
Cover crops
Manure applied at calculated…
No-till or Minimum till
Vegetated filter/buffer strips
0%

10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 34: Existing Conservation Practices Reported by Watershed Residents

If you irrigate, which practices do you currently
utilize (select all that apply)?
Other
Times, regular scheduling
Groundwater irrigation
Surface water irrigation
Flowmeters
Chemigation
Variable Rate Irrigation (VRI)
Precipitation monitoring
Evapotranspiration monitoring
Soil moisture probes
I do not irrigate
0%

10%

20%

30%

40%

50%

60%

70%

80%

Figure 35: Existing Irrigation Practices Reported by Watershed Residents
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CURRENT RESOURCE CONDITION

INTRODUCTION

Existing water quality data for the watershed was obtained from NDEQ. As discussed in Chapter 1.06
NDEQ monitors a suite of water quality parameters. This allows an assessment to be made as to whether
a water body supports its beneficial uses, additional data is needed, or if a water body should be identified
as impaired. NDEQ also maintains a list of ‘high quality waterbodies’ in the State Nonpoint Source
Management Plan. In addition to reviewing this data, a visual stream assessment was conducted by JEO
staff along streams to assess their geomorphological conditions. This Chapter provides a summary of
existing data, assessments, and the condition of the water resources in the watershed.
5.02

SURFACE WATER QUALITY DATA

E. COLI BACTERIA
The EPA has recommended that E. coli be used as the primary indicator of health risk from recreational
water, making it the only bacteria with an associated water quality standard. Because of this, identifying
the sources of E. coli contamination has become a priority. Figure 36 illustrates the most recent E. coli
samples taken at the bottom of watershed, which also demonstrates the degree of impairment due to E.
coli. These samples were taken by NDEQ during the basin rotation sampling events.

Water Quality Standard = 126 col/ml

Figure 36: South Loup River (St. Michael) E. coli Sampling Results (2003-2013)
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5-ALT ASSESSMENT RESULTS
NDEQ provided the results of the 5-alt analysis, which calculated water quality conditions for areas
targeted for restoration work that that are currently missing TMDLs. Table 22 provides a summary of this
analysis, and additional information provided by NDEQ can be found in Appendix C. Based on the 5-alt
analysis, all five segments along the South Loup River have an estimated seasonal geometric mean above
the water quality standard (126 col/ml). Segment LO4-50000 does not have an assigned beneficial use for
recreation, therefor the WQS does not apply to it which is discussed more in Chapter 5.03. Only one
segment (LO4-10000) has a measured concentration. However, it also includes runoff from the Mud Creek
Watershed, which is not part of this plan. The remaining concentrations were calculated with other
existing data, as identified in Table 22.
Table 22: NDEQ 5-alt Bacteria Analysis Summary

Title 117
Segment ID

Water Quality Data
Sampling Location

Streamflow Gaging Data Location

Contributing area ratio based on data
measured at St. Michael Station
Regression equation based on Mud
LO4-40000
Creek near Sweetwater Station
Contributing area ratio based on data
South Loup River East of
LO4-30000
from South Loup River at Saint Michael,
Callaway (SLO4SLOUPR30)
NE Station
Contributing area ratio based on data
South Loup River South of
LO4-20000
from South Loup River at Saint Michael,
Ravenna (SLO4SLOUP202)
NE Station
South
Loup
River
at
St.
Streamflow data from South Loup River
1
LO4-10000
Michael (SLO4SLOUP135)
at St. Michael, NE Station
1
Includes contributions from Mud Creek Watershed
LO4-50000

South Loup River North of
Stapleton (SLO4SLOUP451)
South Loup River West of
Arnold (SLO4SLOUP305)

Seasonal
Geometric
Mean
(CFU/100ml)
170
462
550

392
310

NUTRIENTS AND SEDIMENT
Sampling conducted at the South Loup ambient stream monitoring site at Saint Michael (SLO4SLOIP135)
provided results for nutrients (total nitrogen and phosphorus) and sediments (total suspended solids)
from 2003 – 2013 (Figure 37 and Figure 38). Nebraska does not have water quality standards for streams
for these pollutants, but in some cases, narrative criteria could apply where excess levels are shown to
negatively impact aesthetic or aquatic life uses. There does appear to be a small declining trend in yearly
average nutrient and TSS concentrations. It will be important to continue monitoring these levels over
time. It should be noted that the concentrations shown here include loading contributions from Mud
Creek. Water quality modeling was utilized to subtract the Mud Creek loading contributions, as discussed
later in Chapter 6.
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Figure 37: Nutrient Concentration Sampling Data (2003-2013)

Figure 38: TSS Concentration Sampling Data (2003-2013)
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SURFACE WATER BODY ASSESSMENTS

NDEQ provides a surface water quality report, known as the Water Quality Integrated Report, every two
years. The report describes the status and trends of existing water quality for all waters of the state and
provides information as to the extent to which beneficial uses are supported. It also identifies impaired
waters. The most recent report was in 2016. Waterbodies are characterized by one of five categories
based on the Integrated Report (IR) assessment results. Beneficial uses are assigned to all designated
surface waters within the state of Nebraska and descriptions of each are defined by Nebraska Surface
Water Quality Standards (Title 117), Chapter 4.
The five waterbody categories are as follows:
•
•
•
•

•

Category 1 – Waterbodies where all beneficial uses are met.
Category 2 – Waterbodies where some of the beneficial uses are met but there is
insufficient information to determine if all uses are being met.
Category 3 – Waterbodies where there is insufficient data to determine if any beneficial
uses are being met.
Category 4 – Waterbody is impaired, but a TMDL is not needed. Sub-categories 4A, 4B, 4C,
and 4R outline the rationale for the waters not needing a TMDL:
o Category 4A – Waterbody assessment indicates the waterbody is impaired, but all
of the required TMDLs have been completed.
o Category 4B – Waterbody is impaired, but “other pollution control requirements”
are expected to address the water quality impairment(s) within a reasonable period
of time.
o Category 4C – Waterbody is impaired, but the impairment is not caused by a
pollutant.
o Category 4R – Waterbody data exceeds impairment threshold, however a TMDL is
not appropriate at this time. Applies to new or recently renovated reservoirs.
Category 5 – Waterbody where one or more beneficial uses are determined to be impaired
by one or more pollutants and all of the TMDLs have not been developed. Category 5
waters constitute the Section 303(d) list subject to EPA approval/disapproval.

The beneficial uses are as follows:
•

Primary Contact Recreation – These are surface waters which are used (or have a high
potential to be used) for activities where the body may come into prolonged or intimate
contact with the water, and where water may be accidentally ingested or sensitive body
organs (e.g., eyes, ears, nose, etc.) may be exposed. Although the water may be accidentally
ingested, it is not intended to be used as a potable water supply unless acceptable
treatment is applied. These waters may be used for swimming, water skiing, canoeing, and
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similar activities. These criteria apply during the recreational period of May 1 through
September 30.
Aquatic Life – These are waters which could provide a habitat of sufficient water flow, water
quality, substrate composition and other characteristics that are capable of maintaining
year-round populations of coldwater (≤ 77°) biota or warmwater (≥77°) biota. The following
classes are defined:
• Coldwater A – Waters that are capable of maintaining year-round populations of
salmonid (trout), other coldwater fish, and other organisms.
• Coldwater B – Waters that provide a habitat capable of maintaining year-round
populations of a variety of coldwater fish and associated organisms which support the
seasonal migration of trout. These waters do not support natural reproduction of trout
populations due to limitations of flow, substrate composition or other habitat
conditions, but trout may be maintained if stocked.
• Warmwater A – Waters are capable of maintaining year-round populations of a variety
of key species or other warmwater fish and organisms.
• Warmwater B – Waters where the variety of warmwater biota is presently limited by
water flow, water quality, substrate composition, or other habitat conditions. Waters
may maintain year-round populations of tolerant warmwater fish or organisms and key
species are only supported on an intermittent basis.
Water Supply – Waters used for agricultural purposes and are classified as follows:
• Class A Agriculture – Waters used for general agricultural purposes without treatment.
• Class B Agriculture – Waters where the natural background water quality limits its use
for agricultural purposes.
• Public Drinking Water Supply
• Industrial Water Supply
Aesthetics – These are waters that are free from human-induced pollution.

Additionally, some waterbodies are considered “State Resource Waters,” as defined by title 117:
State Resource Waters - Class A — These are surface waters that constitute an outstanding State or
National resource, such as waters within national or state parks, national forests or wildlife refuges, and
waters of exceptional recreational or ecological significance. Waters which provide a unique habitat for
federally designated endangered or threatened species and rivers designated under the Wild and Scenic
Rivers Act are also included. The existing quality of these surface waters shall be maintained and
protected.
State Resource Waters - Class B — These are surface waters that possess an existing quality which exceeds
levels necessary to maintain recreational and/or aquatic life uses. The existing water quality of these
surface waters shall be maintained and protected. However, the State may choose, in accordance with
Neb. Rev. Stat. § 81-1513, to allow lower water quality as a result of important and necessary economic
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or social development in the area. There shall be achieved the highest statutory and regulatory
requirements for all new and existing point sources and all cost-effective and reasonable best
management practices for nonpoint source control.

WATERSHED SUMMARY
Four of the five segments of the South Loup River are impaired due to bacteria. One
segment of the South Loup River (LO4-20000) is identified as Category 4A, meaning a
TMDL has been developed (approved 12/2005 for E. coli). One stream segments (LO410000) is also included in the TMDL for E. coli, however it is also impaired due to mercury
(fish consumption advisory), therefor it is identified as Category 5A. The remaining two
impaired stream segments (LO4-30000 and LO4-40000) were identified as Category 5 in the 2016 IR,
meaning they are impaired for E. coli, but no TMDL has been developed. Ravenna lake (LO4-L0010) is
identified as Category 5, which is impaired due to Mercury. Pressey Pond (LO40LXXXX) was added to the
2016 IR due to the high volume of fishing activity. The waterbody is impaired for Mercury, and is
considered Category 5
The smaller tributaries of Spring Creek, Sand Creek, and Unnamed Creek (LO4-20100, LO4-30100, LO430200) are identified as Category 3, because insufficient sampling has been done to evaluate them. Both
the Headwaters of the South Loup River (LO4-50000) and Arnold Lake (LO4-L0050) are identified as
Category 2, where at least part of their beneficial uses are being met, but there is not enough sampling
data to determine if all uses are being met. No waterbodies were impaired due to biological stream
monitoring. There were no Category 1 waterbodies in the watershed.
Identified uses varied between the waterbodies, although it should be noted that there is no recreation
use classification in the headwaters (LO4-50000). However, if recreation use did exist, it would be
considered impaired, as the 5-alt analysis indicated that E. coli levels were above water quality standards.
There were no state resource waters identified. No significant changes in categories were made in the
2016 IR, from the 2014 IR, but in some cases additional impairments were added. Table 23 summarize the
2016 IR status (NDEQ, 2016a) for each waterbody found in the watershed (illustrated in Figure 39).
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Figure 39: NDEQ 2016 Integrated Report Waterbody Categories Map
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Table 23: Designated Beneficial Uses and 2016 Waterbody Categories

South Loup River (Mud Creek
to Middle Loup)
South Loup River (Spring
Creek to Mud Creek)
Spring Creek
South Loup River (Unnamed
Creek to Spring Creek)
Sand Creek
Unnamed Creek
South Loup River (North Fork
to Unnamed Creek)
North Fork
South Loup River
(Headwaters to North Fork)

Nutrient Classification

Aesthetics

Industrial

Agriculture

Public Drinking Water

Warmwater

Coldwater

Recreation

Waterbody ID

2016 IR Category

Water Body Name

State Resource Water

USE CLASSIFICATION
Aquatic Water
Life
Supply

LO4-10000

X

A

A

X

5

LO4-20000

X

A

A

X

4A

B

A

X

3

A

A

X

5

LO4-20100
LO4-30000

X

LO4-30100
LO4-30200
LO4-40000

B
B
X

A
A
A

A

LO4-40100

B

A

LO4-50000

B

A

Ravenna Lake (SRA)
LO4-L0010
Arnold Lake (SRA)
LO4-L0050
Pressey Pond (Pressey WMA) LO4-LXXXX

X
X
N/A

A
A
N/A

A
A
N/A

Key Species*

Channel Catfish
Channel Catfish

Channel Catfish
3 Pearl dace, Finescale dace
3 Northern redbelly dace
Northern Pike, Channel
X
5
Catfish
X
3
Northern redbelly dace,
X
2 Grass pickerel, Northern
Pike, Channel Catfish
X W 5
X W 2
N/A W 5
X
X

Source: Title 117 (2014), 2016 Integrated Report
*Key species are those identified as endangered, threatened, sensitive, or recreationally important aquatic species associated
with a water body and its aquatic life use class.
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STREAM STABILITY ASSESSMENT

INTRODUCTION
A stream stability assessment was conducted throughout the watershed on Title 117 streams. This
assessment looked primarily at the geomorphology along the streams, in addition to vegetation and other
factors, to identify reaches of instability that may be contributing to water quality or biological
impairments. In addition to water quality, bridges and other infrastructure were evaluated for the level
of threat they face to eroding and shifting stream channels. The full stream assessment report, including
photographs and notes, can be found in Appendix F.

BACKGROUND AND METHODOLOGY
Streams in the region naturally exhibit a run-riffle-pool flow pattern. Channelization, increased runoff due
to land use changes, or other disturbance of the stream, disrupt this pattern often by removing riffles and
pools which are important aquatic habitat and vital to ecological diversity. These changes lead to
significant transformations in channel geometry directly resulting in stream bed and bank erosion.
Both a desktop level and in-field assessment was performed to categorize stream reaches based on their
geomorphic condition. Geomorphology is the study of landforms and the processes that shape them. In
particular, this assessment used elements of fluvial geomorphology, which explains how changes in water
(hydrology and hydraulics) affect the streams and the landscapes they flow through. The process by which
streams often recover or change from an unnatural disturbance, such as channelization, has been
described through several studies, and recently by Simon (2001).
The stream evolution model (described by Simon, 1989) of disturbed channel morphology can be
separated into six cyclical stages:
I.
II.
III.
IV.
V.
VI.

Pre-disturbance
Disturbance
Incision
Widening
Deposition
Recovery and Reconstruction

Close examination of historic aerial photographs and field visits were used to observe the streams in the
watershed. Note that LiDAR data was unavailable. Due to the large size of the watershed, it was not
practical to walk the entire length of all reaches within the watershed. Aerial photographs were initially
used to help identify critical areas prior to the field reconnaissance phase. Field visits were limited to road
crossing locations, with an emphasis on areas identified through examination of aerials.
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RESULTS
All six stages were observed on a large scale throughout the watershed. Table 24 summarizes the findings
of the stream assessment, and Figure 40 illustrates those across the watershed. In general, approximately
26% of the South Loup River is currently assessed as Pre-Disturbance conditions. These pristine areas are
primarily upstream of Arnold, where notable stream incision and widening begins. It is recommended that
the ULNRD and LLNRD and other agencies monitor this area upstream of Arnold to protect and maintain
the quality of the river and wetlands in this area.
The remainder of the watershed (74%) was noted to exhibit varying degrees of disturbance from their
natural state. Of that 74%, the majority of the corridor (30%) appeared to be widening and 16% was
assessed to be undergoing active incision. 25% of the watershed was assessed as being deposition or
recovery zones.
There can be several causes as to why a stream experiences a disturbance. The most common and likely
cause of disturbance to a stream’s dynamic equilibrium is a change in land use. Increased farming removes
deep rooted vegetation that helps absorb runoff and also removes riparian vegetation that slows down
and filters runoff. Another change, associated with land use, is the development of irrigation, which, when
not practiced efficiently, causes a change in hydrology of a watershed. An increase of water flowing in
streams may lead to increased flow velocities and a change in dynamic equilibrium, resulting in erosion
and down cutting.
Areas undergoing widening and incising are typically the areas identified for active management or the
targeting of BMPs. This is typically because these areas threaten infrastructure, degrade aquatic habitat,
reduce water quality, and impact private lands. Chapter 7 discusses BMPs which can address these areas.
Figure 41 depicts an area just northwest of Sartoria which has experienced significant bank migration
between 1993 and 2013. In this example, the south bank of the river has migrated approximately 265 feet
over the 20-year timeframe, or an average lateral recession rate of 13.25 ft/year and 3.5 acres of land lost
from the agricultural parcel to the southwest. The bank failure is roughly 8 feet in height, and 890 feet
long. These dimensions, and the average bulk density of 78 lb/ft3 (1.25 g/cm3) from the web soil survey,
indicate this bank failure alone is generating roughly 3,680 tons of sediment each year. While much of this
sediment would eventually fall out on the deposition banks of the downstream reaches, this example
demonstrates the sheer volume of sediment which can be transported from in-stream mechanics. Figure
41 also shows that the bank migration consumed a road, further illustrating that bank erosion can and
does have an economic impact.
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Table 24: Summary of Stream Assessment Results
I - Predisturbance II - Disturbance III - Incision
Total Length
Assessed Stream
(Miles)
South Loup River
206.3
Trib to South Loup River
4.9
Spring Creek
24.4
Sweet Creek
23.7
Trib to Sweet Creek
5.4
Total
264.8

IV - Widening V - Deposition VI - Recovery

Miles

%

Miles

%

Miles

%

Miles

%

Miles

%

Miles

%

52.5

25.4
-51.8
3.9
65.3
26%

-0.9
-6.7
1.9
9.5

-19.1
-28.0
34.7
4%

29.9
-8.5
4.1
0.0
42.5

14.5
-34.9
17.3
-16%

70.0
-3.3
5.4
-78.7

33.9
-13.3
22.8
-30%

47.9
--6.6
-54.6

23.2
--28.0
-21%

6.0
3.9
---10.0

2.9
80.9
---4%

-12.6
0.9
3.6
69.6

Figure 40: Existing Stream Conditions Map
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* Red lines indicate bank locations in 1993, yellow lines in 2003, and orange lines are 2013.
Figure 41: Example of Active Erosion and Meander on the South Loup River
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GROUNDWATER QUALITY

Each NRD manages the quantity and quality of their groundwater according to their Groundwater
Management Plan (GWMP). For simplicity’s sake, the discussion on this section will focus on the LLNRD
GWMP because they make up the majority of the watershed. However, the rules, regulations, etc., are
relatively similar between each NRD. The GWMPs have divided each district into multiple subareas or
Groundwater Management Areas (GWMAs) for groundwater quality management purposes. To achieve
the goals laid out in their plans, the LLNRD has identified the following three levels of control that any
GWMA could be identified in:
•
•
•

Phase 1 areas are set with median groundwater nitrate-nitrogen levels of 0-6.5 mg/l. This covers
the entire district, unless Phase II or III designations are put into place.
Phase II areas are set with median nitrate-nitrogen levels of 6.6 to 8.5 mg/l over a continuous four
(4) year period beginning with the 1994 test results.
Phase III areas are set with a median nitrate nitrogen levels of over 8.6 mg/l over a continuous
four (4) year period beginning with the 1994 test results.

The boundaries of each GWMA for each district are identified in Figure 42. The ULNRD’s are based on
county boundaries. The entire CPNRD is a Phase 1 area, except areas that have experienced high nitrate
levels. Special GWMA’s are defined for those Phase 1 and 2 areas. TPNRD has not designated any GWMAs
for groundwater quality management purposes. There are no Phase II Areas in the LLNRD, and there are
currently are only two Phase III Areas in the LLNRD—one in Nance County and another in Platte County.
These are not near the watershed. The entire watershed is within a Phase 1 Area.

Figure 42: Groundwater Management Areas for Quality in the Watershed
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While the entire watershed is designated Phase I, there are hotspots indicating very high levels of nitrate
contamination in the groundwater. Given the high connectivity of groundwater to surface water in the
watershed, it is reasonable to believe groundwater contaminants could threaten surface water quality.
The LLNRD plans to continue to monitor groundwater resources in the area and to expand the monitoring
network when possible.
Figure 43 displays the estimated average groundwater nitrate levels throughout the watershed, based on
2014 groundwater sampling efforts (latest year that results were available for the full watershed). The
highest concentration sampled in the LLNRD in 2015 was 44.8 mg/L – more than 4 times higher than the
EPA standard for drinking water- with an average of 4.14 mg/L across the watershed. It should be noted
that while this map was produced using actual groundwater sampling measurements, they were then
interpolated in GIS using Spatial Analysis in order to provide a map with complete coverage. The exact
concentration of nitrates represented at any location on the map is an estimate only and may differ from
actual values.

Figure 43: Estimated Levels of Nitrates in the Groundwater

JEO Consulting Group, Inc.

Chapter 5

Page 88

South Loup River Watershed Management Plan

5.06

Lower Loup NRD

UPLANDS

The conditions of the uplands in the watershed vary considerably based on the topography. In the upper
portions of the watershed native grasslands dominated in the Sandhills area – this is where cattle ranching
and haying operations dominate. As one moves farther down the watershed, a dissected plains landscape
dominates - this is where more row crop agriculture takes place; however much of the steeper landscape
(that has not been invaded by woody species) is still grassland. Due to the semi-natural state (especially
in the Sandhills), the uplands are in relatively good condition as compared to many other agricultural
landscapes across Nebraska, however, issues due exist.
In areas dominated by cropland, sedimentation and erosion is an issue. Although no-till management has
been adopted by approximately 84% of the producers, only 54% utilize cover crops (as indicated in the
watershed survey). As discussed in the Nebraska Natural Legacy Project, the Central Loess Hills have
experienced a degradation of quality in the majority of the prairies. This is due to a lack of grazing managed
for biological diversity values, exotic plant invasion, and herbicide spraying. Figure 44 illustrates a common
picture of uplands in the watershed. In the foreground row crops are in place and steep dissected plains
can be seen in the background, where encroachment of eastern red cedar has begun to take over
grassland.

Figure 44: Typical picture of uplands in the watershed
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SPECIAL RESOURCE AREAS

It is necessary to identify areas within the watershed that are most susceptible to nonpoint source
pollution or generate high visibility to aid in directing projects to areas where they will have the most
impact. Projects in these areas are excellent candidates for partnering opportunities.
Special Resource Areas in the watershed were identified through stakeholder input and a variety of
existing documents. These include:
•
•
•
•
•

Title 117 State Resource Waters
2016 Integrated Report [303(d) list of impaired waterbodies]
State Nonpoint Source Management Plan 2015- 2030
Delineated Wellhead Protection Areas, and
NGPC’s “Second Aquatic Habitat Plan”, published January 2008

TITLE 117 STATE RESOURCE WATERS
These are surface waters, that possess an existing quality which exceeds levels necessary to maintain
recreational and/or aquatic life uses. According to Title 117 the existing water quality of these surface
waters shall be maintained and protected. There were no water bodies classified as State Resource Waters
in the watershed.
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IMPAIRED WATERBODIES
Four stream segments and two lakes in the watershed were listed as impaired in the 2016 Surface Water
Quality Integrated Report. Details of the listings are presented in Table 25.
Table 25: Impaired Waterbodies in the Watershed
Waterbody
Name
South Loup
River (Mud
Creek to
Middle Loup)
South Loup
River (Spring
Creek to Mud
Creek)
South Loup
River
(Unnamed
Creek to
Spring Creek)
South Loup
River (North
Fork to
Unnamed
Creek)
Ravenna Lake
(SRA)
Pressey Pond
(Pressey
WMA)

Waterbo
dy ID

Impairments

Pollutants
of Concern

Other Notes

LO410000

Recreation - Bacteria
Aquatic Life - Fish Consumption
Advisory

E. coli,
Mercury

TMDL approved
12/2005

LO420000

Recreation - Bacteria

E. coli

TMDL approved
12/2005

LO430000

Recreation - Bacteria

E. coli

LO440000

Recreation - Bacteria

E. coli

LO4L0010

Aquatic Life - Fish Consumption
Advisory

Mercury

LO4LXXXX

Aquatic Life - Fish Consumption
Advisory

Mercury
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WATERBODIES IDENTIFIED FOR RESTORATIVE OR PROTECTIVE ACTIONS
The Nebraska Nonpoint Source Management Plan identified waterbodies for both restorative and
protective actions. Waters identified for restorative management actions include waters determined to
be impaired for one or more beneficial uses (303(d) list, Category 4 or Category 5) in the state’s Integrated
Report, and other waters determined by partner organizations to be negatively impacted by nonpoint
source pollution. Waters identified for protective actions include waters determined to be supporting all
of their beneficial uses (Category 1) in the state’s Integrated Report and high-quality water resources
identified by partner organizations for protective actions. Table 26, adopted from the State Nonpoint
Source Plan, identifies the waterbodies identified for restorative action. There were none identified for
protective action.
Table 26: Waterbodies Identified for Restorative or Protective Actions by NDEQ
Waterbody
Action
ID

Restorative

LO4-10000
LO4-20000
LO4-30000
LO4-40000

Waterbody Name
South Loup River (Mud Creek to
Middle Loup)
South Loup River (Spring Creek to
Mud Creek)
South Loup River (Unnamed Creek
to Spring Creek)
South Loup River (North Fork to
Unnamed Creek)
Ravenna Lake (SRA)

Protective

LO4-L0010

Impairment
Class E.
Aquatic TMDL
Atrazine
Coli
Life
WA

X

WA

X

WA

X

WA

X

WA

X

2005
2005

X

None

AQUATIC HABITAT
NGPC’s “Second Aquatic Plan” (NGPC, 2008) was consulted and no waterbodies were identified on the
project list. Additionally, all stream segments, except LO4-50000 have been through the aquatic
community assessment and are shown to support aquatic life use.

WELLHEAD PROTECTION AREAS
NDEQ’s Wellhead Protection Program is a voluntary program that helps community water system’s
protect groundwater through a series of steps that include delineation and mapping of the Wellhead
Protection Areas (WHP Area) in Nebraska. To delineate WHP Areas, NDEQ uses the hydrogeological
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modeling software “Wellhead Analytic Element Model (WhAEM) 2000” created by the EPA. The WHP Area
is delineated around the 20-year time-of-travel along visible or recognizable features such as roads, rivers,
and sections lines.
There are five designated WHP Areas within the watershed; however, only a small portion of Ravenna’s
falls within the watershed, as shown in Figure 45. This plan recognizes WHP Areas as special resource
areas due to the influence a WHP Area has on the management needs of source water aquifers and
associated public drinking water systems. Unfortunately, only Ravenna has an NDEQ approved WHP Plan.
Table 27 provides details of each WHP Area. It should be noted that Callaway’s WHP Area is currently
being updated by NDEQ. According to recent sampling results, none of the community water systems are
nearing the MCL for nitrate-nitrite, although there are still areas in the watershed with elevated nitrate
levels which could be impacting private drinking water wells.
Table 27: Wellhead Protection Areas and Plan Status
Community
Public Water
Supply Name

WHP Area Map
Delineation Approved

Approximate Size
of WHP Area
(acres)

Date of WHP
Plan Approved

NitrateNitrite
Level*

9/24/1999
6/5/2001
12/30/2013
7/26/2013
12/12/2011

400
1,340
2,290
2,070
2,180

none
none
none
none
11/24/2004

1.41 mg/L
2.65 mg/L
3.22 mg/L
0.503 mg/L
1.4 mg/L

Stapleton
Callaway
Arnold
Pleasanton
Ravenna

*Highest value reported in 2016 for nitrate-nitrite sampling from the public water supply system,
as identified in DHHS Drinking Water Watch database, as of December 2016

The LLNRD recognizes the importance of groundwater quality within a WHP Area, and has identified the
following rules in its Groundwater Management Plan to protect WHP Areas:
•
•

New irrigated acres shall not be allowed within a Department of Environmental Quality
designated wellhead protection area.
A transfer shall not be allowed to increase the number of irrigated acres within a designated
wellhead protection area.
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Figure 45: Wellhead Protection Areas

OTHER AREAS
No other special priority areas were identified through the planning process.
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POLLUTION SOURCES AND LOADS

INTRODUCTION

Generally, sources of pollution can be separated into two main categories: point sources and nonpoint
sources. Point sources (previously identified in 4.05) are any discernible, confined and discrete
conveyance from which pollutants can be discharged. In other words, to have point source pollution it
must be possible to clearly identify the specific origin and travel of the pollution. The discharge from some
point sources is regulated by the National Pollutant Discharge Elimination System (NPDES) permit
program. Many agricultural, industrial and municipal facilities are required to obtain NPDES permit
coverage. However, individual homes connected to a municipal or septic system typically do not need
coverage under an NPDES permit.
Identifying these permitted facilities is important in developing a watershed plan. While they are
considered to be meeting all their permit requirements, their pollutant load contributions do need to be
accounted for. This allows for the identification of nonpoint pollution loads to be clearly identified and
separated. Nonpoint sources of pollution may also come from other “facilities”, activities, or land uses
that do not meet regulatory requirements to be considered point sources. Because these facilities are not
regulated, are typically smaller, or otherwise not well defined, they are thus treated as nonpoint sources
for management purposes. This is conceptually illustrated in Figure 46.

Figure 46: Examples of Point and Nonpoint Sources of Water Pollution (Osterberg, 2014)
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POLLUTANTS AND SOURCES IDENTIFIED
Nonpoint source pollution is typically transported from broader areas during
precipitation events; however, their origin is often difficult or impossible to identify due
to their diffuse and widespread nature. Within the watershed, nonpoint source pollution
is considered the major contributor to water quality impairments. While it can be difficult
to identify specific nonpoint sources, contamination of waterbodies is generally caused by three major
contaminants: bacteria, nutrients, and sediments. Pollutants, sources, and their impacts are summarized
in Table 28. This chapter discusses each source and its contributing load in detail.
Table 28: Summary of Pollutants and Sources
Pollutant & Sources
Point Sources
Nonpoint Sources
(permitted)*
Pathogens/Bacteria (E. coli)
• Wildlife and Pets
• Unpermitted AFOs & grazing livestock
• WWTFs
• Underperforming septic systems
• Permitted
AFOs
• Land application of manure
• Land application of wastewater/ sludge
Nutrients (Phosphorus and Nitrogen)
• Fertilizer application
• Wildlife and Pets
• WWTFs
• Unpermitted AFOs & grazing livestock
• Permitted
• Underperforming septic systems
AFOs
• Land application of manure or wastewater
• Gully, Rill, and Stream Erosion
Sediment
• Agriculture (cropland and pastureland erosion)
• WWTFs
• Stormwater • Silviculture and timber harvesting (erosion)
systems
• Urban Sources, Construction, and, Roads
• Construction • Underperforming septic systems
Sites
• Gully, Rill, and Stream Erosion

Impacts on Waterbody Uses

•
•

Human health risks
Recreation impairments

•
•
•
•

Aquatic life impairments
Human health risks
Drinking water supply impacts
Recreational impacts

•
•
•
•

Aquatic Habitat
Fills reservoirs
Recreational impacts
Human health risks – fish
consumption

*Point sources were initially identified in order to distinguish the level of pollutant loads associated with all sources;
however, they were not considered for management recommendations.

Many types of bacteria may be present in polluted waters, making it difficult to identify and measure the
pathogenic organisms. Therefore, indicator organisms are used to determine the level of impairment of
surface waters. Studies conducted by the EPA to determine the correlation between different bacteria
and the occurrence of gastrointestinal illness suggest that E. coli is the best indicator of health risk from
contact with recreational waters. In 2005, E. coli became the sole parameter for assessing the primary
contact recreation use in Nebraska. Sources of E. coli include the waste from wildlife, pets, livestock, and
humans (septic systems). Additionally, the spreading of manure and livestock waste or wastewater for
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agricultural purposes can also be a source. Contamination from manure is most pronounced where
animals congregate and/or have direct access to water bodies, or where manure is applied improperly.
Current concentrations of E. coli in the South Loup River exceed water quality standards, indicating an
exposure risk to users and a possibility for the exposure to other pathogenic bacteria originating from
fecal contamination which may cause gastrointestinal illness, such as giardia (beaver fever).
Nutrient and sediment contamination of surface waters also pose ecological and human health risks.
Discharges from industrial and wastewater facilities, cropland run-off, livestock pasture run-off, urban
stormwater run-off, and natural sources all contribute to nutrient and sediment contamination of
waterbodies. Nutrients such as phosphorus and nitrogen enter surface waters through underperforming
septic systems, livestock manure, pet waste, and fertilizer runoff. An increase in phosphorus and nitrogen
in water bodies can produce algae blooms which reduce oxygen availability, disrupt aquatic life, and
create toxins in the water. Sediment associated contaminants such as mineral or organic compounds can
be passed on to fish, birds, and mammals (from bottom-dwelling fish and organisms) in lakes and streams.
The EPA has identified sediment pollution as a potential source of contamination of consumable fish and
may pose several health risks to humans. The Wadeable Streams Assessment done in 2004-2005 by EPA
reported that increases in nutrients (e.g., nitrogen and phosphorus) and streambed sediments have the
highest negative impact on biological conditions (NDEQ, 2015c).

POLLUTANTS AND SOURCES NOT ADDRESSED
For the purposes of this plan, point sources of pollution (WWTF) were considered to be meeting
permitting conditions and not contributing beyond the pollutant limits set by permits. Permitted AFO
facilities are designed to contain any run-off that is generated by storm events that are less in intensity
than the 25-year storm event. Therefore, management recommendations and associated load reductions
were eliminated from further consideration for these point sources; however, initial analysis was
necessary in order to distinguish pollutant loads between point and nonpoint sources.
Mercury is also listed as a parameter of concern for waterbodies in the watershed. Mercury is a naturally
occurring substance, but can enter the environment from human activities, including atmospheric
deposition from air emissions and improper disposal of products containing mercury. When mercury from
human activity enters rivers and lakes, it can transform into methyl mercury and can accumulate in fish
tissue. Consumption of fish that contains mercury is considered a primary path for human exposure.
Because the majority of mercury contamination is caused by air emissions, which cross over watershed
boundaries, it is not a pollutant that can be addressed through typical non-point source implementation.
No further consideration will be given to this pollutant.
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WATER QUALITY MODELING

The resources and information identified in Chapter 3, as well as a literature review, were used to develop
estimates of pollutant source loadings throughout the watershed using a water quality model. A water
quality model allows quantitative predictions about existing pollutant loads, as well as quantifying the
effects of implementing various BMPs. This information can be used to show incremental progress
towards implementation goals until water quality sampling can be conducted. Detailed documentation
on inputs and results of the model can be found in Appendix E. Long term water quality and flow data for
the South Loup River, at the outlet of the watershed, are readily available from a variety of state and
federal agencies.
The modeling approach developed for this planning effort was simplified by fitting various hydrologic and
water quality response variables for both nonpoint and point sources within the watershed to reasonably
match calculated annual loads, based on paired water quantity and quality data at the outlet of the
watershed. The project team considered the use of a sophisticated watershed model such as Soil Water
Assessment Tool (SWAT) or Hydrologic Simulation Program-Fortran (HSPF); however, the results of
previous modeling efforts using complex models such as these had difficulty with hydrologic calibration,
despite the extensive flow and precipitation data that have been collected in the watershed (Strauch and
others, 2009).
A preexisting modeling package, program or product was not used, instead a model specific to the South
Loup River Watershed was built in a tabular format. Note that due to the way the South Loup River water
body ID segments are located in relation to the available water quality data, and in relation to
contributions from Mud Creek (which were removed), segment LO4-20000 (South Loup River @ Ravenna)
was used to represent the watershed through the modeling efforts. Therefore, modeling numbers
associated with LO4-10000 are not available. A full water quality modeling report was produced to
document the process, inputs, and results. The report can be found in Appendix E.
The following sections discuss each pollutant and identifies the aggregate pollutant loads for each
subwatershed and pollutant, based on source. A summary of pollutant loads on a per-acre and landuse
basis is presented at the end of this chapter. Detailed loads for every pollutant organized by HUC and
landuse are presented in Appendix E. The following narrative within this chapter focuses on bacteria
because several waterbodies within the watershed are impaired for it, similar detailed information is
available in the modeling report for each pollutant.
Sediment-associated nitrogen and phosphorus were modeled separately from their dissolved fractions.
Values for nitrogen and phosphorus as a percent of soil mass were multiplied by the total sediment load
delivered from each land use in order to estimate the amount of sediment-associated nutrients. This
allowed the nutrient and sediment loads to be separated by surface flows and baseflow (groundwater
loading). This process was also applied to the sediment loads estimated from stream bank erosion.
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BACTERIA

Bacteria, such as E. coli, are a leading cause of water quality impairments within the watershed. E. coli is
a species of fecal coliform bacteria that is commonly found in the fecal matter of warm-blooded animals.
Most strains of E. coli are harmless; however, certain strains (0157:H7) can cause mild to severe
gastrointestinal illness. The EPA has recommended that E. coli be used as the primary indicator of health
risk from recreational waters, therefore identifying the sources of E. coli contamination is a priority.
Several nonpoint sources have been identified as contributors of E. coli contamination. These include runoff from urban areas, livestock pastures, non-permitted AFOs, pet waste, underperforming onsitewastewater treatment systems, and natural sources (wildlife). Run-off from rainfall and snow melt cause
E. coli to be washed into surface waters and can potentially enter into groundwater through abandoned
or poorly constructed wells. Water quality modeling indicated that the largest load of E. coli comes from
wildlife; however, cattle are recognized as the primary source of E. coli. The estimated load from wildlife
is diffuse as they are found in all land use types throughout the watershed; although, wildlife may
concentrate in certain areas, determining their distribution was beyond the scope of this planning effort.
Determining the relative level or location of bacteria contributed by non-permitted livestock facilities
verses grazing livestock should be refined during the implementation of this plan. The sources and loading
rates of bacterial pollution are found across multiple land uses as described in Table 29.
Table 29: Bacteria Sources and Loading Rates
Sources

Loading Rate

Discussion
Run-off from grazing livestock and non-permitted AFOs is of
Non-Permitted
17.25 billion CFU/AU concern because these operations are not regulated, and typically
Livestock
do not have any run-off control or treatment measures in place.
Manure
When not applied appropriately or at the proper time, pollutants
Application
7.82 billion CFU/ac
have a high likelihood of running off and being transported to water
Sites
bodies.
Inadequate or malfunctioning OWTS are considered a source of
Onsite
1.23 billion CFU/unit
bacteria within the watershed. Estimates from the NDEQ show a
Wastewater
(unregistered)
40% average OWTS system failure rate in the state of Nebraska.
Treatment
0.13 billion CFU/unit
Additionally, it was assumed that 5% of registered OWTSs could be
Systems
(registered)
underperforming.
Urban wildlife and improper disposal of pet waste are source of
bacterial contamination. While urban areas make up a small portion
Developed
0.66 billion CFU/ac
of the land use, its relative contribution may be much higher due to
the lack of natural vegetation and increased runoff when compared
to other landuse types.
Farmland
0.55 billion CFU/ac
E. coli loads associated with farmland are primarily from wildlife.
Grazing/Natural
E. coli loads associated with grazing/natural land uses are primarily
0.50 billion CFU/ac
Land Uses
from wildlife.
Note: Grazing / Natural land loading from wildlife and other natural sources only. Grazing livestock are
associated with loading from "Non-Permitted Livestock AU"
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Based on the modeling results, non-permitted livestock (which includes non-permitted AFOs and grazing
livestock) are the dominant source of E. coli in the watershed. Figure 47 identifies the percent of total E.
coli loads by source. Figure 48 depicts the E. coli bacteria load originating from each HUC 12, where
warmer colors on the map indicate higher loads. Figure 49 provides the annual load of bacteria from each
HUC 12. The HUCs in the figure are generally ordered, left to right, from headwaters to the watershed
outlet (confluence with the Middle Loup), to provide a spatial understanding of where loadings are
originating from. Garfield Cemetery is not included because it is closed HUC. Detailed loads by HUC on a
per-acre and landuse basis are presented in Appendix E.

Figure 47: Percent Total Bacteria Load by Source for the Entire Watershed
Further analysis of bacteria loading was completed using the 5-alt bacteria loading data provided by the
NDEQ. This additional source of data allowed the model to be calibrated for each segment of the river
where sampling was available, to within 1% of the measured concentration. Figure 50 displays the source
of E. coli, by percent contribution, for each stream segment, based on the contributing HUCs to that
segment and the paired water quality data. It is clear that the primary source of E. coli changes as one
moves downstream, from natural sources to livestock. Knowing the sources and locations of sources will
allow conservation efforts to be better targeted.
The top 5 subwatersheds (highest load first) contributing bacteria loads are:
1.
2.
3.
4.
5.

Cottonwood Creek
Elk Creek
Headwaters Sand Creek
Kings Hill-South Loup River
City of Calloway-Sand Creek.
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Figure 48: Map of Existing Annual Bacteria Loads from each Subwatershed*

Figure 49: Chart of E. Coli Loadings per HUC 12, from Headwaters to Outlet*
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Figure 50: E. Coli Source Contributions by Subwatershed and Stream Segment*
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NUTRIENTS

Nutrients such as phosphorus and nitrogen occur naturally. However, an overabundance of these
nutrients may lead to impaired water quality. Nutrient enrichment in Nebraska water bodies can stem
from external and internal sources. Internal sources are those nutrients which originate from an external
source that become trapped in waterbodies and recycled annually (primarily in lakes and reservoirs).
External sources of nutrients enter the waterways through contaminated runoff. Excess amounts of
nutrients in water bodies produce algae, which often lead to decreased oxygen levels that disrupt aquatic
life.

Figure 51: Surface Runoff and Groundwater Nutrient Transport

While both phosphorus and nitrogen exist in both dissolved and sediment-bound forms, they each have
different preferences in how they are transported (Figure 51). Phosphorus has a greater tendency to
adhere to soil particles, which means phosphorus poses a greater threat to surface water bodies via soil
erosion and surface runoff. Modeling indicated that surface runoff contributed to 75% of phosphorus
loads, while nitrogen loads were split with approximately 51% from surface runoff and 49% via
groundwater or baseflows. Nitrogen is more readily soluble and poses an increased risk to groundwater
contamination through leaching. Nitrogen contamination of groundwater supplies, which provides 100%
of the drinking water within the watershed, is a particular concern. Elevated levels of nitrates in drinking
water are known to cause a disease called methaemoglobinaemia (or “blue baby syndrome”) with infants.
The introduction of anthropogenic fertilizers (primarily nitrogen based) for row crops causes an increased
risk of contamination from those landuses. The relative difference in various sources for each nutrient is
discussed in each respective sub-section, below.
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PHOSPHORUS
Phosphorus loading in the watershed occurs from many sources with various loading rates, as described
in Table 30.
Table 30: Phosphorus Sources and Loading Rates

Sources
Stream
Erosion
Manure
Application
Sites

Surface
Runoff
Loading Rate

Groundwater
/ Baseflow
Loading Rate

115 lbs/mile

13 lbs/mile

0.33 lbs/ac

0.20 lbs/ac

NonPermitted
Livestock

0.19 lbs/AU

Farmland

0.16 lbs/ac

Developed

0.06 lbs/ac

Grazing/
Natural
Land Uses

0.02 lbs/ac

Onsite
Wastewater
Treatment
Systems

N/A

JEO Consulting Group, Inc.

Discussion
Stream erosion contributes both nitrogen and
phosphorus, naturally found in the soil.
Manure is often land applied as fertilizer because of
the high amount of nutrients present. When not
applied appropriately or at the wrong time, it has a
high likelihood of contributing nutrients to water
bodies.

Run-off from grazing livestock and non-permitted
AFOs is of concern because these operations are not
N/A
regulated, and typically do not have any run-off
control or treatment measures in place.
Farmland contributes to nutrient pollution through
soil erosion. It may have increased erosion due to the
0.01 lbs/ac
limited amount of perennial vegetation or
groundcover it has.
Developed landuses contributes to nutrient pollution
through soil erosion and application of fertilizer to
0.03 lbs/ac
lawns. Soil erosion is typically lower due to increased
impervious surfaces, unless construction (land
clearing) is occurring.
Grazing/natural land uses contribute to nutrient
pollution through soil erosion; however, it is often
0.024 lbs/ac
minimal due to the high amount of perennial
vegetation or groundcover it has.
Inadequate or malfunctioning OWTS are considered a
0.20 lbs/unit source of nutrients within the watershed. Estimates
(unregistered) from the NDEQ show a 40% average OWTS system
0.02 lbs/unit failure rate in the state of Nebraska. Additionally, it
(registered)
was assumed that 5% of registered OWTSs could be
underperforming.
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Based on the modeling results, farmland erosion contributes the highest load, followed by stream erosion.
However, manure application sites and non-permitted livestock both have higher loading rates than
farmland. As previously discussed, phosphorus loading is primarily driven by surface runoff. Figure 52
identifies the percent of total phosphorus loads by source for surface runoff. Figure 53 depicts the total
phosphorus load originating from each HUC 12, where warmer colors on the map indicate higher loads.
Figure 54 provides the total annual load of phosphorus from each HUC 12. Detailed information on
pollutant loads by HUC (for both surface runoff and baseflow/groundwater) on an aggregate (total), peracre, and per-landuse basis are presented in Appendix E.
The top 5 subwatersheds (highest load first) contributing Total Phosphorus (TP) loads are:
1.
2.
3.
4.
5.

City of Callaway – South Loup River
Cherry Creek
City of Arnold – South Loup River
Rusco Creek – South Loup River
Riverside Cemetery-South Loup River

Figure 52: Percent Annual Stormwater Total Phosphorus (TP) Load by Source
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Figure 53: Map of Total Annual Total Phosphorus Loads from each Subwatershed*

Figure 54: Chart of Total Annual Total Phosphorus Loadings, by HUC 12
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NITROGEN
Nitrogen loading in the watershed occurs from many sources with various loading rates, as described in
Table 31.
Table 31: Nitrogen Sources and Loading Rates

Sources

Surface
Runoff
Loading Rate

Groundwater
/ Baseflow
Loading Rate

Stream
Erosion

284 lbs/mile

32 lbs/mile

Farmland

1.65 lbs/ac

2.71 lbs/ac

Manure
Application
Sites

0.96 lbs/ac

0.57 lbs/ac

Developed

0.17 lbs/ac

0.42 lbs/ ac

NonPermitted
Livestock

0.15 lbs/AU

Grazing/
Natural
Land Uses

0.01 lbs/ac

Onsite
Wastewater
Treatment
Systems

N/A

JEO Consulting Group, Inc.

Discussion
Stream erosion contributes both nitrogen and
phosphorus, naturally found in the soil.
Farmland contributes to nutrient pollution through
soil erosion. It can have a relatively high contribution
of nitrogen due to additional fertilizer inputs it
commonly receives and may have increased erosion
due to the limited amount of perennial vegetation or
groundcover it has.
Manure is often land applied as fertilizer because of
the high amount of nutrients present. When not
applied appropriately or at the wrong time, it has a
high likelihood of contributing nutrients to water
bodies.
Developed landuses contribute to nutrient pollution
through soil erosion and application of fertilizer to
lawns. While urban areas make up a small portion of
the land use, its relative contribution may be much
higher due to the lack of natural vegetation,
increased runoff, and areas to treat runoff.

Run-off from grazing livestock and non-permitted
AFOs is of concern because these operations are not
N/A
regulated, and typically do not have any run-off
control or treatment measures in place.
Grazing/natural land uses contribute to nutrient
pollution through soil erosion; however, it is often
0.35 lbs/ac
minimal due to the high amount of perennial
vegetation or groundcover it has.
Inadequate or malfunctioning OWTS are considered a
0.81 lbs/unit source of nutrients within the watershed. Estimates
(unregistered) from the NDEQ show a 40% average OWTS system
0.09 lbs/unit failure rate in the state of Nebraska. Additionally, it
(registered)
was assumed that 5% of registered OWTSs could be
underperforming.
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Nitrogen loading is accomplished through both surface runoff and baseflow/groundwater. However,
because nitrogen has a more detrimental effect to environmental health through groundwater, the focus
of this summary is on the baseflow/groundwater loadings. Surface runoff values were also modeled
similar to other pollutants in this plan and are provided in Appendix E. Based on the modeling results,
cropland is the primary driver of nitrogen loading in the watershed. While grazing/natural landuses
contribute an overall higher load, those are primarily natural/background sources that make up the
majority of the landuse in the watershed; thus one would expect an inflated load. Cropland has the second
highest load per area, behind manure application sites. These are both driven by anthropogenic activities.
Figure 55 identifies the percent of total nitrogen loads by source for the watershed. Figure 56 depicts the
total nitrogen load originating from each HUC 12, where warmer colors on the map indicate higher loads.
Figure 57 provides the total annual load of nitrogen from each HUC 12. Detailed information on pollutant
loads by HUC (for both surface runoff and baseflow/groundwater) on an aggregate (total), per-acre, and
per-landuse basis are presented in Appendix E.
The top 5 subwatersheds (highest load first) contributing Total Nitrogen (TN) loads are:
1.
2.
3.
4.
5.

Cherry Creek
City of Calloway – South Loup River
Rusco Creek – South Loup River
Elk Creek
City of Arnold – South Loup River

Figure 55: Percent Annual Total Nitrogen (TN) Load by Source
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Figure 56: Map of Total Annual Total Nitrogen Loads from each Subwatershed*

Figure 57: Chart of Total Annual Total Nitrate Loadings, by HUC 12
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SEDIMENT

Sedimentation and excessive soil erosion also contribute to impaired water quality. Pollutants can adhere
to sediment, which then acts as a transport mechanism to a waterbody. Alone, sediment can degrade
water clarity (typically measured as turbidity) which is both harmful to aquatic habitat and is aesthetically
undesirable. Excessive sedimentation diminishes the suitability of instream and streamside habitat for fish
and wildlife. Sediment buries river and reservoir/lake gravel substrate that support spawning and foraging
habitat for benthic and other aquatic organisms.
The two primary sources of sedimentation are overland erosion (field and gully) from upland areas, and
streambed/bank erosion. Erosion from streams is largely due to hydromodification, which according to
the EPA, is the alteration of the natural flow of water through a landscape. In the watershed, the primary
form of hydromodification has been streambed and bank erosion. The erosion of stream banks is a natural
process that can have beneficial impacts on the creation and maintenance of riparian habitat; however,
excessive erosion can smother submerged aquatic vegetation, fill in riffle pools, and contribute to
increased levels of turbidity and nutrients.
Erosion and sediment loading happens has a result of two separate processes: precipitation events and
baseflows. During precipitation events, water causes erosion and the transport of sediment through
surface runoff, causing erosion of uplands. Precipitation also increases stream flows, causing increased
streambank and bed erosion. During dry periods, or when there is no precipitation, stream bed and bank
erosion still takes place due to the baseflow of the stream, however, this only accounts for approximately
9% of the annual sediment load in the watershed. Based on the modeling results, stream erosion is still
the major source of sediment loading, although farmland contributes a large portion, particularly by acre.
Figure 47 identifies the percent of total sediment loads by source. The sources and loading rates of
sediment are found across multiple land uses as described in Table 33.

Figure 58: Percent Total Sediment Load by Source for the Entire Watershed
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Table 32: Sediment Sources and Loading Rates

Sources

Stream
Erosion

Surface
Runoff
Loading Rate

Groundwater
/ Baseflow
Loading Rate

93 tons/mile

Stream erosion is a natural process, that is generally
10.3 tons/mile balanced with deposition; however, erosion rates
increase when stream equilibrium is out of balance.
This is seen in areas that are widening or incising.

Farmland

19.6 lbs/ac

N/A

Developed

11.15 lbs/ac

N/A

Manure
Application
Sites

7.55 lbs/ac

N/A

Grazing/
Natural
Land Uses

2.39 lbs/ac

N/A

NonPermitted
Livestock

N/A

N/A

N/A

5.40 lbs/unit
(unregistered)
0.57 lbs/unit
(registered)

Onsite
Wastewater
Treatment
Systems

Discussion

Due to the limited amount of perennial vegetation or
groundcover, rill and gully erosion rates are much
higher for farmland than other landuses.
While urban areas make up a small portion of the land
use, its relative contribution may be much higher due
to the lack of natural vegetation, increased runoff,
gravel and sand applied to roads in the winter, and
construction sites.
When manure is not incorporated, applied
appropriately, or at the wrong time, it has a high
likelihood of being transported overland by
precipitation.
Grazing/natural land uses contribute minimally due to
the high amount of perennial vegetation or
groundcover it has.
Livestock themselves do not directly contribute
sediment, although operations with runoff or cattle
that have direct access to water bodies can cause
increased erosion. These were not directly measured
as part of this plan.
Inadequate or malfunctioning OWTS are a very small
source of sediments.

Figure 58 depicts the total sediment load originating from each HUC 12, where warmer colors on the map
indicate higher loads. Figure 57 provides the total annual load of sediment from each HUC 12. Both are
aggregated with loads originating from stream erosion. Detailed information on pollutant loads by HUC
(for both surface runoff and baseflow/groundwater) on an aggregate (total), per-acre, and per-landuse
basis are presented in Appendix E.
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Annual sediment and sediment associated nutrient loadings from stream bank erosion was estimated
based on the results of the visual stream assessment discussed in Chapter 5.04. Each stream category was
assigned a stream bank lateral recession rate, as noted in Table 34. Areas of incising and widening
contribute the highest erosion rate and associated sediment load.
Table 33: Lateral Stream Bank Erosion Rates based on Stream Assessment Category

Erosion
Rate
Category

Lateral
Recession
Rate (ft/yr)

Initial
Lateral
Recession
Rate (ft/yr)

Predisturbance

None

0.00

0.00

Not Applicable

Disturbance

Slight

0.01 to
0.05

0.03

Some bare bank but active erosion not
readily apparent. Some rills but no vegetative
overhang. No exposed tree roots.

Moderate

0.06 to 0.2

0.13

Bank is predominantly bare, with some rills
and vegetative overhang.

Stream Stage
Assessment

Incision

Description (MDEQ, 1999)

Widening

Severe to
Very
Severe

0.3 to 0.5+

0.40

Bank is bare, with rills and severe vegetative
overhang. Many exposed tree roots and
some fallen trees and slumps or slips. Some
changes in cultural features such as fence
corners missing and realignment of roads or
trails. Channel cross-section becomes more
U-shaped as opposed to V-shaped. Bank is
bare, with gullies and severe vegetative
overhang. Many fallen trees, drains and
culverts eroding out and changes in cultural
features as above. Massive slips or washouts
common. Channel cross-section is U-shaped
and stream course or gully may be
meandering.

Deposition

Slight

0.03

0.03

Some bare bank but active erosion not
readily apparent. Some rills but no vegetative
overhang. No exposed tree roots.

Recovery and
Reconstruction

None

0.00

0.00

Not applicable

Source: Michigan Department of Environmental Quality Section 319 Watershed Training Manual (MDEQ,
1999)
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Figure 59: Map of Total Annual Total Sediment Loads from each Subwatershed

Figure 60: Chart of Total Annual Sediment Loadings, by HUC 12
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SUMMARY

There were multiple pollutants and sources of those pollutants identified in the watershed. Table 35
identifies the total load per pollutant source, and by hydrologic transport component. The bars in each
cell indicate the percentage of the total load that source contributes to the watershed.
Table 34: Summary Pollutant Loading per Source and Hydrologic Transport Component
Pollutant
Source

Developed
Farmland
Grazing /
Natural Land
Uses
Exempt
Livestock AU
Manure
Application
Sites
Stream
Erosion

Transport
Component
Surface
Baseflow
Surface
Baseflow

WWTF*

19,297
125,048
-

4,827
12,249
374,368
129,447

1,840
808
36,908
2,563

163
2,229
-

226,713
-

7,583
266,187

11,347
18,306

909
-

246,654
-

2,207
-

2,743
-

161,659
-

19,828
56,055

6,904
4,204

-

78,097
8,677

31,719
3,524

25,532
2,837

928

232

-

-

-

-

Surface
Baseflow
Surface
Baseflow

-

Surface
Baseflow
Surface

-

Baseflow

Unregistered Surface
OSWT
Baseflow
Registered
OSWT

Bacteria
Sediment
Total N (lbs) Total P (lbs)
(billion cfu)
(tons)

1,404

Surface

-

Baseflow
Surface
Baseflow

31

20

5

3
780,809

1,439
961,912

822
121,926

Total

78

3

0
0
31,751

*Point Source. No further consideration Given
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POLLUTANT LOAD REDUCTION GOALS

REQUIRED POLLUTANT LOAD REDUCTIONS
The existing TMDL for the South Loup River was used as the reduction goal for E. coli. This
set out a reduction goal of nonpoint source pollutant loads for both the LO4-20000 and
LO4-10000 stream segments of 66% and 72% respectively. Additionally, the NDEQ 5-alt
analysis allowed reductions for each remaining stream segment to be developed. Table
36 identifies the required pollutant reduction goals for the watershed. Achieving these goals means water
quality standards will be met.
Table 35: Required Pollutant Load Reductions

Title 117 Segment ID

Existing Concentration
(CFU/100mL)

Target Concentration
(CFU/100mL)

Reduction Goal

310
392
550
462
170

112
110
110
111
112

66%
72%
80%
80%
34%

LO4-10000
LO4-20000*
LO4-30000
LO4-40000
LO4-50000**

*LO4-20000 segment used to represent the watershed through modeling efforts
**LO4-50000 segment does not have recreation use associated with it, and therefore is not
impaired. At this time, reductions are not necessary to meet water quality standards

VOLUNTARY POLLUTANT LOAD REDUCTIONS
Conservation practices, which will be primarily targeted for E. coli, will also reduce the
pollutant loads of nutrients and sediments. Because there are no water quality standards
for nutrients and sediments on streams, those pollutant reduction goals are voluntarily
set to the reductions shown through water quality modeling after conservation practice
implementation, and are displayed in Table 37. Implementation of conservation practices is discussed in
Chapter 7 and Chapter 10.
Table 36: Voluntary Pollutant Load Reductions
Pollutant

Existing Load

Total Phosphorus 116,800 lbs/year
687,800 lbs/year
Total Nitrogen
31,700
tons/ year
Sediment

JEO Consulting Group, Inc.

Load after Implementation Reduction Goal
64,900 lbs/year
469,400 lbs/year
8,000 tons/year

Chapter 6

44%
32%
75%

Page 115

South Loup River Watershed Management Plan

Lower Loup NRD

THIS PAGE LEFT INTENTIONALLY BLANK

JEO Consulting Group, Inc.

Chapter 6

Page 116

South Loup River Watershed Management Plan

CHAPTER 7.
7.01

Lower Loup NRD

MANAGEMENT PRACTICES

INTRODUCTION

Following the characterization of a watershed and the identification of pollutants and sources, one must
next consider actions that will work toward meeting water quality standards (WQS). Management
practices are control measures taken to mitigate changes to both quantity and quality of surface and
groundwater caused through changes in land use. These actions typically consist of management practices
aimed at minimizing or eliminating pollutant loads between a potential source to an impacted water body;
however, practices can also be designed to alter hydrology through reducing stormwater volume, peak
flows, and/or retiming of flows using infiltration, detention, filtration, or biological and chemical actions.
Selection of various management practices or actions should
take into account not just the watershed or field level
characteristics, but also the management goals and technical
and financial resources available. Finally, because this is a
voluntary plan, social or political realities, which affect
landowner participation and plan implementation, need to
be considered. Because of the public involvement in the
development of this plan implementation can be conducted
without a heavy-handed approach, or the appearance of
one.

DISCLAIMER
The BMP examples and references
included in this plan are not intended to be
comprehensive. Additionally, the list of
BMPs is not all-inclusive, and it does not
preclude the LLNRD or its partners from
using other technically sound practices.

This chapter outlines what management practices are available; however, due to the abundance of
management practices, a smaller list of priority practices was identified by stakeholders. These were
prioritized not to eliminate options for implementation, but to focus the planning efforts on the likely
actions to be implemented. Information on treatment efficiency and how the priority practices were
utilized in the water quality model is also presented. This chapter also identifies additional monitoring
recommendations which could be considered. Water quality modeling was used to assist in developing
an implementation plan, which identifies where and at what level management practices and monitoring
will be implemented within the watershed. The implementation plan is located in Chapter 10.
By implementing the South Loup River Watershed Plan it is expected the impaired
recreational designated segments will meet water quality standards quicker than pursuing
the development of a TMDL due to active stakeholder interest and investment in
implementing BMPs in areas that have been identified in Chapter 6 to be contributing the
highest E. coli loads.
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PRACTICE CLASSIFICATION

NDEQ refers to management practices as “conservation practices” (CP) in the State Nonpoint Source
Management Plan; however, they are commonly identified as best management practices (BMPs);
therefore, BMP will be used throughout this plan. BMPs typically consist of either structures or
management activities that can be implemented to prevent or reduce the movement of sediment,
nutrients, bacteria, and other pollutants from the land to surface water or groundwater. Many BMPs will
help reduce loads from multiple pollutants while other practices are designed for a single pollutant. Most
BMPs offer site-specific control of nonpoint source pollution.
Classification of BMPs is based upon the primary construction/implementation requirements. Practices
are generally divided into two types (structural and non-structural), as described below:
Structural. Structural practices typically consist of using “brick and mortar” techniques involving
construction of physical barriers that intercept, trap, and treat or remove pollutants from run-off or that
prevent pollutants from entering run-off. Structural techniques tend to be more durable; although they
do require periodic maintenance. The use of these techniques is more effective when used in tandem
with non-structural practices. In most cases, structural practices require a greater level of cooperation
from the landowners, as they may be more invasive or the benefits might not impact their day-to-day
operation. This can lead to these practices being more expensive to implement and maintain than nonstructural practices
Non-Structural. Non-structural practices rely on management actions rather than physical structures to
control and treat pollution. The goal of these practices is to avoid or lessen the severity at the source.
Examples of non-structural practices include No-Till Farming, Irrigation Management, Chemigation, and
other Nutrient Management Practices. Implementation of these practices simply requires a decision by
the landowner or operator to adjust their typical operational practices. One drawback of implementing
non-structural management practices is the ensuring they are continued. It is difficult for agencies to
complete enforcement and policing when non-structural practices are spread-out throughout the
watershed. An agency is typically required to withhold full payment (of cost-share) until after a set period
of implementation to ensure that the practice is fully incorporated into the operator’s methodology.
In addition to the common structural and non-structural BMPs, the plan stakeholders also identified and
reviewed alternative practices.
7.03

PRACTICE MODE OF ACTION

Management of nonpoint source pollution is most effective when a multi-practice systematic approach is
taken to eliminating pollutants at the source, rather than mitigating them at their point of delivery. This
is also known as a “treatment train.”. BMPs that work synergistically deliver more effective control of
pollutants than a single practice can provide. The NRCS has described this system through the Acronym
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“ACT” (Avoid, Control, Trap). The Nebraska State Nonpoint Source Management plan describes these
actions as follows.
Avoid (A). It is sometimes feasible to eliminate contamination at the source by
discontinuing a potentially harmful activity or use of a particular product. Discontinuing
the use of a pesticide, for example, would completely eliminate that product from the
runoff stream. When discontinuing an activity or product is not feasible, altering the
activity or application of a product may significantly reduce, but not eliminate,
contamination from that source. For example, limiting livestock access to a stream or
changing the rate and timing of chemical application can reduce contaminant runoff.
Where complete avoidance is not feasible or acceptable, it is important to employ
additional complementary BMPs to further reduce contaminant runoff.
Control (C). Practices that control the direction and rate of runoff can provide additional
reduction of contaminants during precipitation events. These practices allow
precipitation, infiltration, absorption or attenuation of contaminants before they reach a
receiving water. Filter strips and porous pavement, for example, facilitate infiltration of
runoff water into the soil where natural processes degrade and absorb contaminants.
Trap (T). When avoidance and control of pollutant runoff is unfeasible or inadequate,
trapping contaminants before they can discharge into receiving waters may be a
necessary last line of defense. The distinction between practices that control
contaminants and those that trap contaminants, however, is somewhat ambiguous, as
the practices function in much the same way: precipitation, infiltration, absorption, or
attenuation of contaminants. Many BMPs provide both functions. A sediment basin or
constructed wetland designed to intercept flow and remove contaminants before
discharging to a receiving water are the clearest examples of practices employed to trap
contaminants.
7.04

COMMON CONSERVATION PRACTICES

Many BMPs have been proven effective in reducing nonpoint source pollution and are commonly
employed in Nebraska. These have already been identified in the 2015 Nebraska State Nonpoint Source
Management Plan, and are displayed in Table 38. Practices have been generally grouped according to the
place in the landscape or the pollutant source they are typically directed at, though many of them can be
used in various settings and with other BMPs in a system. Descriptions of each practice are located in
Appendix G. Key groundwater practices are identified in the table, but many others which are not listed
under that group are also effective in restoring or protecting groundwater resources from the impacts of
nonpoint source pollution. The table is intended to provide examples of the most commonly accepted
practices in Nebraska; however, it is not meant to preclude other innovative practices that may be

JEO Consulting Group, Inc.

Chapter 7

Page 119

South Loup River Watershed Management Plan

Lower Loup NRD

appropriate to specific projects or site conditions. While this list provides a look inside the “tool box” that
managers have, a smaller list of priority practices was selected for focusing on in this plan.
Table 37: Common Conservation Practices

Practice
Cropland
Filter/buffer strip
Contour farming
Integrated Pest management
Underground outlet/grass waterway
Crop to grass/habitat/CRP conversion
Irrigation management
No-till
Soil sampling*
Terraces/diversions
Retention Basin
Detention Basin*
Sediment control basin
Non-Permitted Livestock
Alternate water supply
Manure management at AFO Facilities
Reduced nutrients in feed*
Pasture management/ Prescribed grazing
Exclusion fencing
Urban
Pet Waste Ordinances/ management
Porous pavement
Bioswale
Soil amendments
Rain garden
Rain water harvesting
Low-impact landscaping
Low or No-phosphorus Fertilizer*
In-Stream or Riparian Corridor
Remeandering
Oxbow reconnection
Floodplain construction/ reconnection
Streambank stabilization
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Practice
Grade stabilization structure
In-stream/constructed wetland
Riparian zone renovation
In-Lake
Sediment removal
In-Lake forebays*
Alum application
Lake aeration*
Shoreline stabilization
Fish renovation*
Aquatic habitat development
In-Wetland
Constructed wetland
Wetland renovation*
Groundwater
Well sealing

Lower Loup NRD

Practice Mode of Action
Pollutants Addressed
Avoid Control Trap E. coli Sediment Nutrients
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x

x

x
x

x
x

x
x

x

x
x
x

x

x
x
x
x
x
x
x

x

x
x

x

x

OWTS education*
Irrigation management*
x
Nutrient management
x
x
Cover crop
x
x
Conservation Practice Facilitation
Conservation consultant
N/A
N/A
N/A
N/A
Watershed coordinator
N/A
N/A
N/A
N/A
Crop production deferment
N/A
N/A
N/A
N/A
Source: 2015 Nebraska State Nonpoint Source Management Plan. Practices with
based on previous experience and knowledge
7.05

x
x

x
x
x

x
x
x

N/A
N/A
N/A
N/A
N/A
N/A
a * have been added,

ALTERNATIVE & INNOVATIVE MANAGEMENT PRACTICES

In addition to the common conservation practices previously identified, additional management actions
were also considered. These could include actions that don’t correlate directly into “quantifiable” loading
reductions, but assist in plan implementation, or they could also include actions that modify a waterbody
to improve its water quality. These management strategies may also allow stakeholders to achieve
additional goals identified in the plan. The following management strategies were identified.
•

Information and Education. Information and education programs will be ongoing throughout
the life of this plan, which may also include conservation practice demonstration sites. Outreach
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programs build awareness and promote behavioral changes that will improve the success rate of
projects and enhance load reductions. Additional discussion can be found in Chapter 9.
Recognize Past and Current Conservation Efforts. There has been ongoing conservation work
within the watershed for a number of years. Recognizing these successful practices and the
landowners who have implemented them is useful information in outreach efforts and in further
identifying successful practices. This information also helps in future estimates of existing
treatment levels. Additionally, rehabilitating or expanding existing BMPs may be a way to both
reward past conservation efforts of landowners and cheaply increase awareness and the
effectiveness of existing treatment options within the watershed. The NRCS’s Conservation
Stewardship Program (CSP) is a good example of this type of program.
Wellhead Protection (WHP) Planning. Developing and implementing a wellhead protection plan
for each delineated WHP Area in the watershed will be promoted. Each WHP Area has been
identified as a special resource area due to the influence a WHP Area has on the source water
aquifers and associated public drinking water systems. Many of the management
recommendations for WHP Areas will also contribute to the reduction of pollutants entering
surface waters. In addition to management practices, wellhead protection planning includes a
strong element of public involvement and education.
Water Quality Monitoring. The available water quality data within the watershed is fairly
limited. Monitoring water quality more frequently and at additional sampling locations,
particularly pre- and post-project, will benefit future water quality improvement projects.
Additional discussion regarding water quality monitoring is located in Chapter 7.07.
Basin-wide Initiatives – Certain practices are more successful when offered throughout the
basin and should a priority. These may be practices that don’t inherently fit into priority areas or
may be practices that promote other conservation practices, enhance landowner involvement,
provide information and education, or are opportunities for demonstration sites. Ultimately
these programs build awareness and promote behavioral changes that will improve the success
rate of projects and enhance load reductions.

WATER QUALITY TREATMENT AND FLOW AUGMENTATION SYSTEM
Stakeholders have identified an innovative management action to meet multiple goals of this plan. A
water quality treatment and flow augmentation system (WQT-FAS) was evaluated as a part of this
planning effort, and was included in the recommendations for implementation. Because this is a unique
and new type of management action, additional discussion is warranted. Detailed technical evaluation
information is located in a technical memorandum located in Appendix D. Additional details on water
quality modeling results are located in Appendix E.
A WQT-FAS practice is a form of conjunctive management, which has benefits for both water quality as
well as restoring the hydrologic system of the South Loup River so that they both more closely match that
of predevelopment. Conjunctive Management (CM) is defined as the coordinated and planned
management of both surface water and groundwater resources to maximize the availability and reliability
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of water supplies in a region to meet various management objectives. This typically takes place through
the efficient use of both resources through the planned and managed operation of a groundwater basin
and a surface water storage system combined through a coordinated conveyance infrastructure.
Two types of CM projects were evaluated; however, it was ultimately determined that only one type was
feasible due to the hydrologic regime of the watershed, and the availability of surface water rights. CM
projects located on perennial tributaries to the South Loup River were found to be feasible for both flow
augmentation and for water quality treatment. A WQT-FAS would function by utilizing a reservoir to treat
and capture both baseflow and stormwater runoff from the contributing subwatersheds. Figure 60
illustrates a simplified schematic of how the reservoir would operate. The reservoir would be configured
to provide the following elements:
•

•

•

•

A dead pool (permanent) will be perpetually maintained to enhance natural treatment of bacteria
found in the stream baseflows when the active pool is released. Treatment is provided by
extending bacteria exposure time to UV light, exposure microbial predators (bacteriophages,
enterophages, protozoa, etc.) (Byappanahalli and others, 2012), and settlement of solids which
can harbor bacteria colonies. This would decrease the bacteria loads to the South Loup River.
An active storage pool of treated water which would be utilized to store available baseflow
and/or runoff. This water would be captured during non-recreation season and would be
managed to be released during low flow periods on the South Loup River. These periods typically
coincide with the recreational season designated use, when primary contact water quality
standards are applied. Additional augmentation benefits may also be realized through
groundwater recharge and eventual baseflow accretions back to the river. Both the increased
baseflows and recreation season flows would in effect decrease the concentration of E. coli in the
River, assisting with meeting WQS.
A runoff storage pool would provide temporary detainment of runoff to enable it to be treated.
This would be sized to target the capture and treatment of the “first flush,” or initial runoff from
an event, which typically contains most pollutant loads. Treatment is provided by extending
bacteria exposure time to UV light, exposure microbial predators (bacteriophages, enterophages,
protozoa, etc.) (Byappanahalli and others, 2012), and settlement of solids which can harbor
bacteria colonies. This would decrease the bacteria loads to the South Loup River.
Flood storage, as required by dam safety regulations, along with other multiuse benefits, if
applicable.
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Figure 61: Water Quality Treatment & Flow Augmentation System Conceptual Operations
As part of the planning effort, an assessment of two WQT-FAS projects were performed. The two projects
were identified in the North Fork South Loup River HUC 12 and the Spring Creek HUC 12. It is assumed
that the level of water quality treatment provided by these projects is similar to that of a detention pond
or constructed wetlands. Additionally, an estimate of available water which could be stored for later
release was provided for each site, as shown in Table 39.
Table 38: Estimated Storage for Water Quality Treatment and Flow Augmentation System Projects

HUC 12 Subwatershed

Active
Storage
(ac-ft)

Runoff
storage
(ac-ft)

North Fork - South Loup River
Spring Creek

215
820

620
1,900
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To estimate the percent reduction in bacteria concentrations due to the flow augmentation during the
recreation season, the following was performed (results summarized in Table 40):
1. An estimate of the flow volume for the South Loup River at the St. Michael station was calculated
for the recreation season, and flows from Mud Creek were removed.
2. The active storage amount from the two project sites was then added to the recreation season
flow volume
3. The existing recreation season bacteria concentration of 392 cfu/mL was then reduced as a result
of the increased flow volume
Table 39: Estimated Water Quality Improvements due to Water Quality Treatment and Flow
Augmentation System

Estimated 2011
Recreational Volume at
St. Michael Station, less
Mud Creek (ac-ft)
26,946

Estimated
Recreation
Volume as a
Result of WQTFAS Projects (acft)
27,981

Existing
Bacteria
Concentration
(cfu/100mL)
392

Estimated
Bacteria
Concentration
as a Result of
WQT-FAS
Projects
348

Reduction in
Bacteria
Concentration as
a result of WQTFAS Projects
44

The results indicate that the WQT-FAS projects have the potential to reduce the bacteria concentration in
the South Loup River by a total of 11%.
•

•

The treatment during the temporary storage accounts for 7% of the reduction in bacteria, due to
extending bacteria exposure time to UV light, exposure microbial predators (bacteriophages,
enterophages, protozoa, etc.) (Byappanahalli and others, 2012), and settlement of solids which
can harbor bacteria colonies.
The increase in river flows, from active releases, accounts for the remaining 4% reduction in
bacteria concentration.

Detailed discussion on how these reduction estimates were made is found in the water quality modeling
report located in Appendix E. Because of the effectiveness in improving water quality and the additional
benefits of meeting other plan goals, These WQT-FAS projects and their benefits are included in the
implementation strategy (Chapter 10), where additional details are also provided.
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PRIORITY PRACTICES

SELECTION AND POLLUTANT TREATMENT EFFICIENCIES
This chapter has identified many types of management practices that could be considered
for implementation in the watershed. While these should all be considered viable options
for use, it is not practical to evaluate every conservation practice or implementation
scenario. The stakeholder group narrowed down its options for planning purposes.
BMPs were reviewed and evaluated through the community-based watershed planning process. BMPs
believed to have the biggest impact on water quality and which were generally more palatable to
landowners were identified as “priority practices.” Priority practices were primarily selected to target E.
coli loads, particularly those loads from grazing livestock and non-permitted AFO. Additional consideration
was given to those practices which helped to meet other goals such as reducing loads of sediments and
nutrients to surface and groundwater, improving surface water flows, increasing adoption through
education/public involvement, and others.
When implementing this plan flexibility in practice selection must be considered, as there are differences
for planning purposes versus real life application. Each subwatershed is unique, and implementation will
need to be tailored at the field level and flexible enough to consider landowner preferences. Efforts were
made to identify effective BMPs which also have a chance to be voluntarily adopted by landowners. This
plan does not assume non-priority practices have no benefits, rather there is a limit of how many BMPs
can be reasonably modeled within the scope of this planning effort.
In order to estimate landowner interest in priority practices, relevant questions were asked as part of the
Watershed Citizen’s Survey. There was interest in every priority BMP considered for implementation in
the watershed. Several BMPs received higher-than-average interest (over 30%) for implementation, as
shown in Table 41. Based on results of the survey and stakeholder input, a final list of priority practices
was produced.
Table 40: Above Average Landowner Interest in Priority Practices
Practice
Cover Crops
Improving irrigation and/or water management systems
Fertilizer management
Alternative tillage system
Tree planting
Buffers
Pesticide management
Soil moisture probes
Permanent vegetative cover
Permanent vegetative cover – on critical areas only
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Guidance from the literature was used to estimate treatment efficiencies and to assist in identifying where
BMPs would be implemented. Detailed descriptions of each practice, efficiencies, modeled
implementation, and other key assumptions can be found in the water quality modeling report located in
Appendix E. Additional details on locations, total amounts, and load reductions are provided in the water
quality modeling report (Appendix E), and summarized in the implementation plan in Chapter 10. Table
42 summarizes the priority practices and their treatment efficiencies. Practices that were included in the
the water quality model for reduction in nutrient loads to groundwater are indicated in the table with an
asterisk (*). While these performance estimates can be used for planning purposes, actual performance
may be much different than documented in the literature. When feasible, it is recommended that
pollutant load reductions be calculated from statistically based influent and effluent monitoring results
from BMPs installed in the same region. This data may be available in the future if pre-and post-BMP
monitoring is implemented.
It should be noted that treatment efficiencies for BMPs which target grazing livestock and/or nonpermitted AFOs, such as waste management and grazing management BMPs are actually considered to
include reductions from the implementation of multiple BMPs. A combined treatment efficiency was
developed for these BMPs. For heavy use areas at Non-permitted AFOs these include but are not limited
to the following: 1) livestock waste systems, 2) surface water diversion systems, 3) filter strips, and 4)
terrace systems. For grazing livestock, these include but are not limited to the following: 1) livestock
fencing, 2) alternative livestock water sources, and 3) grazing management. A sub-watershed scale
inventory of grazing lands vs. non-permitted AFO facilities should be included during the implementation
of the watershed management plan to help determine which type of livestock BMPs are most applicable
to specific sites.
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Table 41: Priority Practices Summary
Treatment Efficiency
Model
Order

Management Practice

E. coli

1
2
3
4
5
6
7

Education and Information
OWTS Education
Pet Waste Ordinances
Fertilizer at Agronomic Rates*
Non-permitted AFO Waste Management
Livestock Grazing Management
Cover Crops*

8

Irrigation Water Management*

9
10
11
12
13
14
15
16
17

Stream Buffers
No-Till Farming
Filter Strips - Farmland
Filter Strips - Manure Application
Alternate Livestock Water Sources
Wet Retention Ponds / Constructed Wetlands
Livestock Fencing
Stream Restoration
Water Quality Treatment & Flow Augmentation System2

TN

TP

Sediment

10% 10% 10%
10%
Changes to failure rate in model
20%
0%
0%
0%
10% 20% 35%
0%
75% 60% 80%
70%
40% 15% 15%
15%
40% 60% 15%
20%
Changes to annual pumping
volume from irrigated acres
70% 50% 60%
65%
0%
55% 45%
75%
70% 50% 60%
65%
75% 75% 75%
75%
75% 50% 80%
0%
70% 55% 70%
85%
50%
0%
0%
0%
35%
0%
0%
0%
70% 55% 70%
85%

% land
already
treated1

32%

53%
20%
84%
40%

34%

* Treatment efficiencies for dissolved nitrogen to groundwater loading for the following BMP used: Fertilizer at
Agronomic Rates (10%), Irrigation Water Management (30%), and Cover Crops (60%)
1
Estimated based on response to the watershed survey
2
For areas draining to the WQT-FAS practice, the treatment efficiencies were assumed to be similar to a wet retention
pond
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WATER QUALITY MODELING APPROACH
The water quality model developed to identify pollutant sources and loads (discussed in Chapter 6) was
also used to evaluate the implementation of priority BMPs based on their treatment efficiencies. Figure
61 illustrates the modeling process used. Once the priority BMPs were identified, GIS analysis and results
from the watershed survey were used to estimate the amount of treatable area for each practice
throughout the watershed. Application of BMPs to the water quality model followed the ACT
management hierarchy, with the order of application previously identified in Table 42. In addition to
modeling load reductions to surface water, nutrient load reductions to groundwater were also modeled
as a result of BMPs. Locations and amounts of BMPs are further discussed in Chapter 10.
Modeling provides a measurable target or path to meet plan goals and identify what is necessary to meet
WQS. Future plan updates will allow additional implementation strategies to be evaluated. Model
estimates, in conjunction with future plan reviews and monitoring, will be used to show incremental
progress towards meeting plan goals. It is important to note that this modeling was conducted on a
subwatershed (HUC 12) basis, and no-site specific evaluations or modeling was conducted. Additional
discussion on implementation of priority practices and resulting load reductions are included in the
implementation strategy (Chapter 10).

Figure 62: Illustration of Modeling Conservation Practices to Meet Water Quality Standards
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MONITORING RECOMENDATIONS

INTRODUCTION
The minimal monitoring necessary to evaluate the water quality is currently being conducted in the
watershed based on the available resources (time, money, etc.). This minimal level of monitoring should
be expanded to better understand conditions at the subwatershed level, to better direct management
activities, and to evaluate the effectiveness of practices, projects, and programs targeted at improving or
protecting water quality. This portion of the chapter describes additional monitoring identified to fill data
gaps in water quality and resource conditions in the watershed and subwatersheds. Monitoring activities
funded through funds or the NDEQ are required to be conducted under an approved Quality Assurance
Project Plan (QAPP).
It may be appropriate to conduct site or field scale monitoring to determine BMP effectiveness. Additional
monitoring at various locations from the watershed headwaters down to the outlet would provide a
better spatial understanding of loads contributed by each subwatershed and better measure changes in
the watershed’s aquatic health over time. It will also help measure the effectiveness of implemented
practices more effectively.
When designing additional monitoring programs or sites, the following should be considered:
•
•
•

•

•

•

The goals of any monitoring program should be well defined, as to what you are trying to
monitor (groundwater, surface water, quality, quantity, etc.) and the program built around that.
Monitoring programs should be holistic. Consideration should be given to water quality, habitat
quality, biotic integrity, water quantity, land treatment, and land use.
It is critically important to prepare a monitoring project that clearly defines how the monitoring
project will be evaluated. The plan should include: 1) clearly and narrowly defined monitoring
objectives; 2) a project description which identifies the monitoring network design and
rationale, the parameters to be monitored, and their frequency and method of collection; 3)
monitoring fiscal information; 4) a schedule of tasks and products; 5) personnel responsibilities;
6) data management provisions; 7) reporting requirements; and 8) appropriate quality
assurance/quality control provisions.
Monitoring should allow for water quality assessment by hydrologic units. A “paired watershed”
or “up-stream-downstream” monitoring design should be used whenever possible. This allows
monitoring both up-stream and downstream of a project site to evaluate the effectiveness of a
practice or determine the contribution of a pollutant from a site.
Variability attributed to flow and seasonality are often ignored in monitoring water quality.
These sources of variability are important in assessing water quality and must be accounted for
to the degree possible.
Flow should be considered in the assessment of all pollutant data. In general, as stream flow
decreases, influences from baseflow and/or point source discharges become more significant.
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One should also use caution in evaluating improvements from solely data collected under
extremely high flows.

MONITORING RECOMENDATIONS
The following recommendations will allow the LLNRD and its partners to more fully understand the
conditions of the watershed, as well as provide additional data to evaluate the effectiveness of
management practices implemented through this watershed plan. Additional discussion on monitoring
recommendations selected for implementation is located in the implementation strategy (Chapter 10).
Ambient Water Quality Monitoring at the Watershed Outlet
There is currently an ambient water quality monitoring site near the outlet of the South Loup River (St.
Michael), however, this station also collects water quality data from Mud Creek. An additional ambient
monitoring site should be located either on Mud Creek, near the confluence with South Loup River, or on
the South Loup River, upstream of the Mud Creek confluence. Working with the USGS or NeDNR to pair
this new water quality monitoring station with a stream gage would be beneficial as well. This would
provide monthly and year-round monitoring data for the entire watershed to be collected without the
influence of Mud Creek flows, allowing for better data analysis and water quality modeling. Ultimately
this data will provide a much more reliable assessment as to the health of the watershed.
Monitoring should take place at a minimum throughout the growing/recreation season; however, a yearround basis would be preferred.
It should be noted that historically E. coli sampling was only conducted at ambient monitoring sites during
a basin rotation and during the recreation season. However, beginning in January 2017 NDEQ plans to
begin collecting E. coli samples at all ambient sites year-round.
E. coli Bacteria Monitoring by Stream Segment
Currently, the only E. coli monitoring data available for the watershed is obtained from stream segments
designated for recreation use, and only during the NDEQ basin rotation schedule. Currently, it has taken
three basin rotations to collect data from each segment. Which means every six (6) years a different
location was sampled. Sampling events should be spatially and temporally consistent to allow for accurate
analysis. At a minimum, the sampling should be conducted at each stream segment every basin rotation.
This will enable future assessments to determine, more precisely, where pollutant sources are located.
The sampling sites and frequency should mirror those for chemical and biological sampling.
Recently, analytical techniques have been introduced that may provide a greater level of confidence in
the identification of E. coli sources. These techniques include microbial source tracking, environmental
DNA tracking (eDNA), and specialized sampling that targets human wastewater. As the science progresses,
the application of these analytical techniques may become a valuable tool for source identification and
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pollution reduction. Future updates to this plan may utilize better science and analytical techniques as
they become available.
Chemical and Biological Monitoring on all streams
Chemical monitoring is currently conducted at fixed ambient sites and on a rotating basin system by NDEQ
throughout the state. Biological sampling is also done on a rotational system among basins, but the sites
are chosen randomly and may not be the same as the chemical sampling locations. This is done because
NDEQ is attempting to provide the general condition of the watershed rather than the conditions of
specific sites. Chemical monitoring should be performed for at least the growing season, though pesticides
may only need to be monitored in May and June. Biological monitoring is typically from a single summer
sample taken at approximately baseflow.
It is recommended that chemical and biological monitoring attempt to sample the same sites each
rotation. Sample sites should be located on each stream segment for reach basin rotation. Monitoring
should take place throughout the growing/recreation season on an annual basis if possible, or at minimum
on the same basin rotation schedule as NDEQ.
Stream Flow Monitoring within the Basin
While long-term stream flow data for the South Loup River exists, flow data from the major tributaries
(Spring Creek and North Fork) does not exist. In order to continue to refine the known stream flow and
baseflows throughout the watershed, permanent monitoring sites should be installed on both tributaries.
Due to the relatively low flows of each tributary, permanent gaging stations with a flume or weir may
need to be considered for quality data. This would assist in prioritizing sites for the WQT-FAS
opportunities, confirm water supply estimates, and refine augmentation goals. This data will also be useful
to pair with water quality sampling and for estimating pollutant loads.
Groundwater Monitoring
Each of the NRDs currently have a groundwater monitoring program and is expanding locations where
funding and opportunity allows. One area where dedicated monitoring wells would be beneficial is within
the WHP areas. These monitoring wells act as “sentinels” and alert drinking water system operators of
any potential contaminants that may be migrating into the source of their drinking water. These should
be monitored year-round for nitrates, pesticides, and other potential drinking water contaminants.
Groundwater/Surface Water Interaction
The LLNRD and ULNRD are currently working with the USGS on collecting additional information to
quantify the connection between surface and groundwater throughout the South Loup River. This effort
consists of using airborne thermal infrared imagery, coupled with ground truth data, and two coupled
groundwater/surface water streambank observation wells at established gaging stations. Pending results
and success of this study additional or ongoing monitoring may be recommended.
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POINT SOURCE CONTRIBUTION MONITORING
This plan assumes that all permitted facilities are meeting their NPDES permit parameters and are in
compliance; however, due to the potential of point source contributions influencing nutrient and bacteria
concentrations at low flow conditions, periodic compliance monitoring may be necessary. Periodic
compliance monitoring should be conducted at NPDES permitted facilities (or waste application sites) to
verify that they adhere to permit conditions. Facilities are selected randomly or in response to inspection
or reported information. NPDES permits require self-monitoring of the effluent by the permittee with
frequency of the monitoring being based on the discharge characteristics. The data are then reported to
the NDEQ quarterly, semiannually, or annually, and entered into the EPA’s Permitting Compliance System.
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TECHNICAL AND FINANCIAL RESOURCES

As the primary sponsor of this plan, the LLNRD will also be its champion. The LLNRD has
many resources at its disposal in the form of financial assets and technically skilled staff.
However, utilizing other external resources and working with other plan sponsors such as
ULNRD, TPNRD, and CPNRD is necessary to fully implement the plan. All available
monetary and technical resources will need to be explored and leveraged to achieve the plan goals.
Opportunities for funding and technical assistance exist in many federal, state, and local agencies. These
agencies or groups have been identified as being responsible for program oversight or fund allocation that
may be useful in addressing nonpoint source pollution in the watershed. Many of these primary
organizations are identified in the Nebraska Nonpoint Source Management Plan and are summarized in
Table 43, followed by others that have been highlighted for this watershed. During the implementation
process, others may be identified and should be considered. Additional information is available on each
source in Appendix H. Participation will depend on the agency/organization’s program capabilities and
priorities.

Acronym

Funding
Assistance

Organization/Program

Technical
Assistance

Table 42: Summary of Financial & Technical Resources

Nebraska Environmental Trust (NET) www.environmentaltrust.org/
Nebraska Environmental Trust Fund
NET
X
Federal Emergency Management Agency (FEMA) www.fema.gov/
Hazard Mitigation Grant Program
HMGP
X
Pre-Disaster Mitigation
PDM
X
Flood Mitigation Assistance
FMA
X
Repetitive Flood Claims
RFC
X
Severe Repetitive Loss Program
SRL
X
United States Bureau of Reclamation (USBR)
https://www.usbr.gov/
WaterSMART Grant
X
Drought Response Program
X
United States Geological Survey (USGS) – Nebraska Water Science Center http://ne.water.usgs.gov/
Monitoring Data and Project/Study Partnership Opportunities
X
X
Cooperative Water Program
CWP
X
X
Federal Highway Administration (FHWA) and Nebraska Department of Roads (NDOR)
http://roads.nebraska.gov/
Various Programs and Technical Support
X
X
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County Bridge Match Program
US Army Corps of Engineers (USACE) www.usace.army.mil/
Section 14 Emergency Streambank and Shoreline Protection
Section 206 Aquatic Ecosystem Restoration
US Department of Health and Human Services (DHSS) www.hhs.gov/
Various Safe Water and Wastewater Treatment Programs
National Park Service (NPS) www.nps.gov/
Various Recreational Facilities Programs
US Department of Agriculture (USDA) and Natural Resources Conservation Service (NRCS)
http://www.nrcs.usda.gov/
Environmental Quality Incentives Program
EQIP
Conservation Stewardship Program
CSP
Conservation Reserve Program
CRP
National Water Quality Initiative
NWQI
Agricultural Conservation Easement Program
ACEP
Conservation Innovation Grants
CIG
Healthy Forests Reserve Program
HFRP
Regional Conservation Partnership Program
RCPP
US Forest Service (USFS) or Nebraska Forest Service (NFS) http://nfs.unl.edu/
Various Forestry Programs
Nebraska Department of Natural Resources (NeDNR) http://www.dnr.nebraska.gov/
Small Watersheds Flood Control Fund
Natural Resources Water Quality Fund
NRWQF
Water Well Decommissioning Fund
Soil and Water Conservation Fund
Water Sustainability Fund
WSF
Nebraska Department of Environmental Quality (NDEQ) http://www.deq.state.ne.us/
Nonpoint Source Pollution Management Program
CWA S 319
Wetlands Program Development Grants
WPDG
Linked Deposit Program through the Clean Water State Revolving Fund
Community Lakes Enhancement and Restoration Program
CLEAR
Underground Storage Tank Program
State Revolving Fund
SRF
Nebraska Game and Parks Commission (NGPC) outdoornebraska.ne.gov/
State Wildlife Grant Program
SWG
Land and Water Conservation Fund
LWCF
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Recreational Trail Program
Nebraska Wildlife Conservation Fund
Aquatic Habitat Improvement Program
Sport Fish Restoration Program
Open Fields and Waters Access Program
WILD Nebraska Program
Nebraska Natural Heritage Program
Nebraska Department of Agriculture www.nda.nebraska.gov/
Nebraska State Buffer Strip Program
Groundwater Foundation www.groundwater.org/
Education and Community-based action programs
University of Nebraska Extension extension.unl.edu
Information and Various Outreach Programs
Pheasants Forever www.pheasantsforever.org/
Corners for Wildlife Program
Local PF Chapters - Various conservation programs
Custer, Dawson, Buffalo, Sherman, Howard, and Hall County Chapters
Ducks Unlimited www.ducks.org/
Various Conservation Programs
Kearney (Buffalo County) local chapter
Broken Bow local chapter
Trout Unlimited www.tu.org/
Various Stream Restoration and Education Programs
Sandhills Task Force www.sandhillstaskforce.org/
Various Conservation Programs
Loup Basin Resource Conservation & Development Council

RTP
SFR
-

X
X
X
X
X
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X
X
X
X
X
X
X
X

X
X
-

X

X
X

X

X

-

X

X

RC&D

X

X
X

CLEAN WATER ACT (CWA) SECTION 319 PROGRAM
The Section 319 Program provides funding to states, territories, and tribes to mitigate nonpoint source
pollution. EPA awards funds for state nonpoint source management programs to reduce nonpoint source
pollution and improve water quality. Nonpoint source programs may include technical and financial
assistance for education, training, demonstration projects, and BMP implementation. Funds are awarded
annually to states in accordance with a state-by-state allocation formula developed by the EPA. In
Nebraska, NDEQ administers these funds through a competitive application process, where applications
are due the Tuesday following Labor Day. 319 funding which assists in implementation of this plan will be
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pursued. It is anticipated that additional funding sources will be utilized to assist in implementing activities
that 319 funding does not target.

WATER SUSTAINABILITY FUND (WSF)
The WSF is a new source of funding for water management projects in Nebraska and is administered by
the Natural Resources Commission (NRC) which oversees WSF operations including selecting successful
applications, and NeDNR which oversees administration. The WSF is intended to build projects that
control flooding, ensure long-term water availability, reduce aquifer depletion, increase stream flows,
address water quality concerns, and keep Nebraska in compliance with interstate water compacts.
Funding for the WSF is appropriated by the Nebraska Legislature each year, where 10% is designated to
projects addressing combined storm and sewer water overflow, and 10% to projects requesting $250,000
or less. It is currently anticipated that the Fund will receive $11 million each year. WSF applications are
due between July 16th and 31st each year.

ALTERNATIVE FUNDING OPTIONS
Successfully implementing this plan will require creative approaches to project funding and
documentation of successful projects. Knowledge of a broader range of funding opportunities will enable
the planning team to keep as many implementation options open as possible. Alternative funding sources
can sometimes be found at the regional or local level through partnerships with private sector businesses,
private foundations, and other non-governmental organizations. These programs should be continuously
sought out, identified, monitored, and updated as their status, priorities, and funding available may
change.
The following identifies general types of alternative funding sources and techniques that have been
employed in other communities. This approach is not as easy to develop compared to just listing grants
and funding mechanisms, as it involves engaging a broad spectrum of stakeholders and employing
combinations of funding sources in solving what are formidable issues related to funding for any public
endeavor. However, the reality is that growing significant federal or state grant allocations for nonpoint
source pollution abatement efforts are not apparent on the immediate horizon and the LLNRD will need
to be creative, cooperative, and proactive to realize implementation on a meaningful level.
I.

Local Options
a. Capital Improvement Funds
b. Permits and Fees
c. In-Kind Services
d. Developers/Property Owners
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a. Farm Bureau
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COMMUNICATION AND EDUCATION

INTRODUCTION
The restoration and protection of water resources in the South Loup River Watershed will
only occur when changes in human behavior and social norms make water quality
improvements sustainable. The success of this plan hinges on the voluntary efforts of
landowners and producers. Because this plan is not regulatory, participants must be
involved and educated so that they fully comprehend and are aware of the benefits of
improved water quality. Public involvement is needed for both the initial implementation of the plan and
for long term protection and maintenance of WQS within the watershed. Additional benefits of
monitoring and understanding public awareness and attitudes are: 1) potential adjustments of
implementation efforts, and 2) an alternative way to demonstrate progress toward water quality goals.
Part of the mission for each NRD in Nebraska is to inform and educate the public about the natural
resources in their district and how to protect these resources for future generations. In fact, the LLNRD
has a dedicated Information and Education (I&E) Coordinator on staff. Having a professional staff member
in this capacity better positions the LLNRD to develop a cohesive I&E strategy for implementing this plan.
Therefore, an effective I&E plan for the watershed will center on a coordinated multi-media
communication campaign which targets the necessary voluntary changes.
This chapter covers overarching strategies for I&E efforts. This overarching strategy was developed
through stakeholder input and through following principles outlined in The Social Indicator Planning &
Evaluation System (SIPES) for Nonpoint Source Management: A Handbook for Watershed Projects. The
SIPES Handbook describes a step-by-step system for using social indicators to help managers plan,
implement, and evaluate NPS management projects (Genskow and Prokopy, 2011). The SIPES Handbook
provides valuable information and is recommended for use in the State Nonpoint Source Plan. Additional
information about SIPES can be found online at: http://greatlakeswater.uwex.edu/social-indicators.
Detailed project level strategies, specific activities, events, and other elements of an I&E program will be
developed (if necessary) on a project basis as part of a Project Implementation Plan. The I&E program will
be an ongoing effort that adapts to changes in the watershed and meets the needs of specific target
audiences. It will support the adoption and implementation of BMPs that address goals and objectives
outlined in this plan.
The results of the watershed-wide survey completed during plan development indicate that the residents
of the watershed are open to additional I&E programs. The results of the survey provide a starting point
for developing a successful I&E program based on guidance found in this chapter. Selected survey results
are discussed at the end of this chapter, while the full survey results are located in Appendix B.
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TARGET AUDIENCES
It will be important to include a diverse group in the public involvement strategy, including the target
audience and those that will relay the message to support plan implementation. While it is likely that
professional natural resource managers (NRD, NRCS, etc.) will be the leaders in developing messaging,
community leaders and individuals which have a lot of community influence within the watershed are the
ideal messengers. The list below identifies key groups to be included as potential target audiences. Note
that not all will be targeted for every project, and there may be additional ones identified in the future.
•
•
•
•
•
•
•
•
•
•
•
•
•

Livestock producers, especially those with non-permitted AFOs
Producers who land apply manure
Landowners within stream corridors
Landowners within wellhead protection areas
Row crop producers (dry land and irrigated)
Airboaters, fishermen, and other river-based recreationists
Rural homeowners on private wells and septic systems
Landowners near potential WQT-FAS management sites
Absentee Landowners (local and distant)
Ag Retailers (e.g., CCAs, TSPs, and COOPs)
Civic and Political Leaders (e.g., service organizations, city/county boards, etc.)
Youth (FFA, Ag Students, Science classes, etc.)
Beginning/Young Farmers
o These are important, as sometimes change can only be affected through generational
changes

For each of the target audiences specified, the following information will be identified as part of a Project
Implementation Plan (as applicable):
•
•
•
•
•
•
•

Communication priorities – urgent needs vs. general needs
What level of detail do they need to know?
What subject area is most appropriate for which audience?
How do they best receive and process information?
What is the expected outcome of I&E programming? (i.e., awareness, knowledge,
attitude/behavior change, action)
What are the obstacles for this target audience?
How do you measure the effectiveness of I&E programming with the specific target audience
(evaluation)?
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OUTCOMES AND STRATEGIES
I&E activities will be directed to work towards the following key outcomes for selected target audiences
within target or priority areas, and will utilize the listed strategies for each. It is anticipated the various
stakeholders, such as NRCS, UNL Extension, and others will provide key assistance.
1. Awareness. Increased awareness of surface and groundwater issues, recommended practices or
projects in priority areas, and of the plan itself
a. Build a unifying logo, tagline, and message to create a sense of place and value for the
watershed. This would be included on signage and other documents.
b. Develop signage to be used at demonstration sites, key watershed entrances or
landmarks, and other highly visible areas
c. Promote the plan through newsletters, flyers, press releases, websites, and key events
d. Recognize, record, acknowledge, and share existing and previous conservation efforts
completed by landowners through outreach methods
2. Knowledge. Increased knowledge and understanding of water resource issues and
recommended practices or projects
a. Identify other groups within the watershed already conducting environmental or
conservation education. Partnerships with these groups will be pursued.
b. Develop a reporting system to identify failures and successes of projects
c. Provide updates on plan progress and monitoring results through newsletters, flyers,
press releases, and websites
d. Provide educational opportunities that focus on specific issues, solutions, and funding
through public meetings, handouts, field days, and classroom activities
e. Stress why this plan and the issues in it are important to local landowners and citizens in
all I&E activities to help them understand how they are affected locally
f. Develop and organize demonstration sites, tours, and field days
3. Behavior Change. The next tier of communication after awareness and knowledge building, is
targeting I&E activities to lead to changes in behavior (i.e., adoption of BMPs)
a. Provide information directly to target audiences on the benefits of BMPs, as well as
programs available to assist in adoption (technical and funding)
b. Provide information directly to farm consultants, ag-retailers, and other audiences that
have a high degree of influence on decisions made by landowners and producers
c. Identify and work with a local school to develop a stream monitoring program, with
information derived that benefits students and parents
d. Hold targeted coffee shop meetings, tailgate sessions, and other informal/casual
informational exchanges to build relationships and to learn more about the constraints
and hurdles to adoption
e. Empower and encourage landowners to promote adoption of new practices through
technical and financial assistance
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OUTREACH METHODS
The methods of outreach used in the I&E programming will be selected based on information identified
for specific target audiences, and the outcomes and strategies for the target audience, and the goals of
each project. Specific outreach methods used in a multi-media communication campaign for information
and education may include:
•
•
•
•
•
•
•
•

Mass Media: radio, newspaper, farm magazines, outdoor magazines
Electronic Media and Social Media: website, Facebook Twitter, Instagram, LinkedIn
Signage: billboards, cooperator recognition signs, traveling display, demonstration signs
Events: training and demonstration field days, recognition picnics, air boating tours
Clinics: outdoor recreation (kayaking, fishing, etc.), equipment calibration, BMP maintenance
inspection, record keeping
Demonstrations: water quality monitoring, BMP installation and maintenance
Curriculum: lesson plans and materials for formal and informal youth education
Educators and Consultants: these may be utilized to initially develop materials or to assist in
facilitating information exchange as they may be seen as a neutral party

EVALUATION
I&E activities will include an evaluation component as outlined in project-specific Project Implementation
Plans. Evaluation methods will vary by activity and will all be based on desired outcomes. Evaluation tools
that may be used for evaluation include, but are not limited to:
•
•
•
•
•
•

Utilize sign-in sheets to record attendance at events over time
Evaluation forms which allow participants to self-evaluate awareness-level changes, attitude
changes, and intended behavior changes
Pre- and post-surveys to evaluate knowledge gain, anticipated behavior changes, need for
further learning, etc.
Evaluation forms which assess I&E activity content, presenters, usefulness of information, etc.
Follow-up interviews or surveys (one-on-one contacts, phone calls, e-mails, surveys) with I&E
activity participants
“Market viability tests" for conservation practices to help further the other understanding of
what is acceptable and why to watershed landowners

Evaluation data will be summarized to measure achievement of the desired outcomes and to evaluate the
program’s contribution to achieving the long-term goals and objectives of the plan.
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WATERSHED SURVEY RESULTS
The survey completed during plan development (discussed in Chapter 1.02) consisted of 29 questions –
too many to discuss here. However, a few observations are discussed below. A review of the survey results
is recommended when designing future I&E activities. Complete survey results can be found in Appendix
B.
Survey results (Figure 62) indicated education as being needed or very important to the residents of the
watershed. 63% of respondents indicated they would be interested in a watershed tour to learn more
about existing BMPs. Unfortunately, 79% of respondents were unwilling or unable to share examples of
land management and BMPs they have on their own land. This may indicate the NRD will need to work at
finding suitable locations to host these events. There may be specific factors that are keeping people from
opening their gates to showing their stewardship practices. Understanding this could be part of a followup survey.
While cost assistance is often a “straight forward” form of support, it can be more challenging to shape
the other factors which affect implementation. A successful I&E program should focus on the influencing
factors that can be affected, such as assisting producers at understanding the benefits of a practice. A
strong educational campaign will help landowners understand how specific management practices - when
properly designed, installed, and maintained - can be integrated into existing property features. Many of
the potential practices that have a high amount of interest are “non-structural” in nature, and will require
on-going education to improve or increase implementation (example: no-till systems).

62A

62B

Figure 63: Selected Results from Watershed-wide Survey (62A and 62B)
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CHAPTER 10. IMPLEMENTATION STRATEGY
10.01 INTRODUCTION
This chapter identifies the strategies and approach the LLNRD will employ to implement this watershed
plan. This implementation strategy lays out a voluntary approach that will demonstrate an incremental,
but measurable approach to reducing pollutant loads and meeting water quality standards. Milestones
and monitoring criteria have been identified, which will assist the LLNRD in evaluating progress and
making course correction along the way. Based on funding availability and planning guidance, the plan
will be implemented through a targeted approach over 27 years, and will be updated at five-year intervals
to assess progress and adjust priorities and strategies as needed.
IT is important to note that, is the strategy discussed in this plan is just one of many scenarios that could
lead to meeting WQS. An overarching goal of this plan is not to identify all scenarios, which would not be
practical, but to lay out a successful strategy that also allows for adjustment in the future. Ongoing and
expanded water monitoring will assist with implementation and resource prioritization, and will be
utilized in evaluating BMPs and the effectiveness of this strategy. At the five-year update, monitoring
results and lessons learned will be identified, along with future/ongoing needs of the watershed, which
may result in an updated implementation strategy.

A VOLUNTARY PLAN
The implementation of this plan is based
entirely on the voluntary actions of
landowners and citizens. Individuals must
decide if it is an advantage to participate, and
it is the responsibility of the LLNRD and other
stakeholders to find ways to make
participation advantageous.
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10.02 STAKEHOLDER COORDINATION
The LLNRD is the sponsor of this plan, however it has been developed through a stakeholder-driven
process which included additional government agencies that will play a role in implementation. Each
agency is unique in its capabilities and its priorities. Agency and stakeholder collaboration is important,
therefor the following list summarizes the expected responsibilities of each agency to ensure clear roles
and expectations are well understood from the beginning.
LLNRD. The LLNRD will be the local champion and implementer of this plan, and will lead
and coordinate efforts among the ULNRD, TPNRD, and CPNRD, along with other agencies.
It will provide funding, education, and/or support at various levels, and work with other
partners where beneficial.
NRCS. The NRCS will lead the effort on implementing traditional BMPs. This will be
through technical support and targeted EQIP funding. Additional support may be
provided through the State or National Water Quality Initiative.
NeDNR. The NeDNR is able to provide technical assistance for projects and is a potential
source of financial assistance, either through direct funding or grant funds, depending on
the agency’s capabilities and priorities. Projects that focus on improving water supplies
within the watershed are a priority of the South Loup River Watershed.
NDEQ/EPA Section 319 Program. The NDEQ/EPA Section 319 program will provide
funding, through grant programs, to assist with implementation of BMPs. This will
typically be focused on practices which are innovative, have a high impact on water
quality, or that include public involvement.
Additional details on how NDEQ/EPA Section 319 funding may be used can be found in
Chapter 10.10.
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10.03 PRIORITIZATION

INTRODUCTION
Water quality modeling results were consulted to identify highest priority pollutant sources and locations
to target BMPs. Reviewing this information indicates there is an unequal distribution in pollutant loads
and varying concentration of loads from each source. This indicates there is an opportunity to more
successfully utilize a targeted implementation approach. These results also indicate that non-permitted
livestock are the dominant source of E. coli in the watershed. Targeting and prioritizing these sources, and
their locations for BMP implementation, is likely to be the most efficient way to achieve WQS. Figure 63
illustrates the unequal distribution of bacteria loads, as well as the following summary statistics:
•
•
•
•
•
•
•

16 HUCs out of 45 (1/3) contribute above the average HUC 12 load
10 HUCs out 45 (1/5) contribute above the average per acre load
The top 21 HUC's (combined) contribute 72% of the total watershed load (required reduction
amount)
The top 10 HUCs (combined) contribute just over 50% of the total watershed load
Of the Top 6 HUC's (annual load), 3 of them have double the average per-acre load
Of the Top 10 HUC's (annual load), only 1 of them has less than average per-acre load
Size of watershed does not seem to be a significant predictor of total load

Figure 64: Distribution of Bacteria Loading Rates Across the Watershed
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TARGET AREAS
Target areas are designated subwatersheds or defined areas within a watershed where implementation
of BMPs will be focused to improve water quality of impaired or pristine surface waterbodies or drinking
water threatened by nonpoint source pollution. The 2015 State Nonpoint Source Management Plan
specifies that target areas may only make up a maximum of 20% of a HUC 8 level watershed area, also
known as the 20% Rule. This targeting approach means that target areas do count towards the 20% Rule.
To follow these criteria, BMPs were targeted to sources within HUC 12’s which constituted the highest E.
coli loads within the watershed. Note that selection of target was not based strictly on the top-10 HUC 12
contributing the highest E. coli load, but also on what sources were in those HUCs, so that those could be
targeted as well. A full listing of the ranked annual E. coli load contribution by subwatershed can be found
in the Water Quality Modeling Report in Appendix E. Table 44 identifies the target areas within the South
Loup Watershed. Priority practices would be targetted for implementation in ten (10) of these areas, while
manure application sites would be the only targetted source in 12 of the areas.
Table 43: Overview of Target Areas in the South Loup Watershed
HUC 12 Subwatershed

All Priority Practices

Cottonwood Creek

X

Elk Creek

X

Headwaters Sand Creek

X

Kings Hill-South Loup River

X

City of Calloway-Sand Creek

X

Tarbox Lake-South Loup River

X

Otter Creek-South Loup River

X

Outlet Ash Creek

X

Outlet Spring Creek

X

Headwaters Spring Creek

X

Headwaters Ash Creek
City of Calloway-South Loup River
Riverside Cemetery-South Loup River
Devine School-South Loup River
Deer Creek
Cat Creek-South Loup River
City of Arnold-South Loup River
Sand Creek
Kilgore Creek-South Loup River
Custer Canyon
Burr Oak Creek
Lower Powell Canyon
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SPECIAL PRIORITY AREAS
Special priority areas provide flexibility to address identified small-scale areas with specific, limited and
timely needs that lie outside of the target areas within a watershed. These areas do count towards the
20% Rule. Practices are restricted to those necessary to address the specific needs of the special priority
area; however this is not intended to allow isolated projects and work in these areas should be used to
augment targeted watershed improvement goals. BMPs address specific issues within areas, many of
which cross subwatershed and target area boundaries. Stakeholders identified the following two special
priority areas:
1. Stream Corridors: This is a strip of land, generally within 1,000 feet of the South Loup River or
perennial tributaries. Due to the proximity to water resources, activities in this area have a much
higher impact on water quality than areas further upland. BMPs in these areas will be defined
based on the specific pollutant source being addressed, but BMPs targeting non-permitted
livestock and stream restoration will be considered.
2. Wellhead Protection Areas: Of the 5 WHP Areas within the watershed, only 4 have approved
WHP plans. Protection of groundwater resources in these areas (which also have an impact on
surface water) is critical to health and human safety due to its use as drinking water. Completion
of WHP plans for each area is a priority, as well as BMPs which target groundwater quality. These
would include, but are not limited to: Fertilizer at Agronomic Rates, Irrigation Water
Management, and Cover Crops.

SPECIAL PRIORITY PRACTICES
Special priority practices provide flexibility to address common site-specific deficiencies outside of the
designated target areas within a watershed. Eligible practices are restricted to those necessary to address
the specific water quality deficiencies at the site.
Special priority practices in this plan were identified to address nonpoint source pollution in a holistic
fashion. They address issues that occur widely in the watershed that may affect not only water quality,
but also the health and safety of humans. Additionally, some BMPs do not have specific targeted land uses
or an easily defined subwatershed associated with their implementation, thus the 20% Rule is difficult to
apply. After consultation with NDEQ it was determined that special priority practices do not count towards
the 20% Rule. Finally, some BMPs have a broader appeal and impact on public involvement when
implemented on a watershed-wide basis. Based on conversations with NDEQ, the following criteria were
used to identify special priority practices which were not counted toward the 20% target area:
•

•

Education or policy based BMPs, including, but not limited to:
o Education and outreach
o Pet waste ordinances
BMPs which target non-permitted livestock or underperforming septic systems:
o Non-permitted AFO waste management
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▪ Livestock waste systems
▪ Surface water diversion systems
▪ Filter strips
▪ Terrace systems
o Grazing livestock
▪ Prescribed grazing management
▪ Alternative livestock watering sources
▪ Riparian fencing
o OWTS Inspections and Retrofits
Stream Restoration and water management/hydrology based BMPs:
o Stream restoration/stabilization
o Irrigation water management
o Water Quality Treatment & Flow Augmentation Systems

SUMMARY
Utilizing the water quality model, BMPs were applied to priority areas within the watershed using the
NRCS ACT management hierarchy. As more BMPs are implemented the overall efficiency of the system
increases. An estimated cumulative load reduction is available after each BMP is implemented. Generally,
non-structural BMPs were implemented followed by implementation of structural BMPs up to the
maximum 20% target area. Table 45 provides a summary of the order each BMP was implemented within
the model, whether or not the treatment area associated with the BMP counted towards the 20% Rule,
and a short note on what source was targeted by each BMP.
Treating the target areas, special priority areas, and the pollutant sources addressed by the special priority
practices with a combination of BMPs will lead to achieving WQS. Special care was taken so as not to
double count treated acres towards the 20% Rule when more than one BMP was applied towards them.
This led to a “maximum treatment area” of 182,254 acres being treated, which is approximately 18% of
the watershed. Table 46 summarizes the treatment level of each target area. Note that this is not a
complete list of BMPs or treatment numbers for the entire watershed. Figure 64 provides an overview of
the target areas, in addition to identifying where the special priority areas and special priority practices
would be implemented.
Details on the specific numbers of each BMP for all subwatersheds and the pollutant sources they address
can be found in Table 49 of the Water Quality Modeling Report located in Appendix E.
While a targeted approach is often very effective and may be the most efficient approach on paper, there
may be times during implementation when real-world scenarios do not allow for the plan to be followed.
Flexibility and consideration for these instances must be given. However, the approach this plan outlines
does allow for this. Additionally, by utilizing methodologies for implementation versus a prescriptive fieldby-field plan, implementation of this plan may deviate slightly, yet still be effective. Opportunities outside
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of target areas, when the circumstances make sense, can and are expected to contribute to pollutant load
reductions and the eventual improvements in water quality.
Table 44: Conservation Practice Implementation Approach Summary

Model
Order

Included in
20% Rule
Area
(yes/no)

Management Practice

1
Education and Information
2
OWTS Education
3
Pet Waste Ordinances
4
Fertilizer at Agronomic Rates
5
Non-permitted AFO Waste Management
6
Livestock Grazing Management
7
Cover Crops
8
Irrigation Water Management
9
Stream Buffers
10
No Till Farming
11
Filter Strips - Farmland
12
Filter Strips - Manure Application
13
Alternate Livestock Water Sources
14
Wet Retention Ponds / Constructed Wetlands
15
Livestock Fencing
16
Stream Restoration
17
WQT-FAS Sites
*Irrigated Cropland Targeted

No
No
No
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
No
No
No

Implementation Discussion
Landuse Targeted within HUCs
with High Bacteria Load
Watershed Cropland Livestock
X
X
X
X
X
X
X
X*
Specific reaches w/I specific HUCs
X
X
Manure Application Sites
X
All Landuses within specific HUCs
X
Reaches with highest degradation
See text**

**WQT-FAS sites, while providing treatment for all landuses and pollutant sources upstream, do not count
towards targeted areas. This is because the locations for those sites were chosen based on hydrology and
position within the watershed, not on any specific upstream landuse.
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Map Label

Table 45: Summary of Treatment Levels for Target Areas

HUC 12 / Subwatershed Name

Cropland

Approximate Targeted Acres*
Wet Retention
Manure
Ponds /
Pastureland Application
Constructed
Sites
Wetlands (mixed
landuses)

Max
Treated
Acres

1 Cottonwood Creek
5,517
18,575
X
37,098
37,098
2 Elk Creek
3,360
X
35,170
35,170
3 Kings Hill-South Loup River
3,424
10,582
32,716
32,716
4 City of Calloway-Sand Creek
4,639
9,504
X
22,642
22,642
5 Tarbox Lake-South Loup River
2,231
9,659
15,375
15,375
6 Headwaters Sand Creek
809
12,029
13,535
13,535
7 Headwaters Spring Creek
7,089
632
X
8,340
8 Outlet Spring Creek
2,382
1,181
X
2,803
9 Outlet Ash Creek
X
2,343
2,343
10 Otter Creek-South Loup River
X
2,214
2,214
*Does not include acres from BMPs which don't count towards the 20% Rule or other priority areas

Figure 65: Plan Implementation Strategy Overview*
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10.04 POLLUTANT LOAD REDUCTIONS
Through the targeted implementation of BMPs, pollutant load reductions necessary to
meet WQS can be achieved. Table 47 summarizes the load reductions achieved by each
BMP to meet the pollutant load reduction goals, as identified within the water quality
model. This includes load reductions to both surface and groundwater. Additional details
on the breakout of load reductions by pollutant, pollutant source, BMP, and hydrologic transport
component can be found in the water quality modeling report in Appendix E. Finally, Table 48 summarizes
the estimated bacteria concentrations in each stream segment of the South Loup River after pollutant
load reductions are achieved, which illustrates that WQS can be met.
Table 46: Pollutant Loading Reductions Summary
Cumulative Modeled Load/ Concentration
Reductions by BMP
Conservation Practice

Existing Load/Concentration
Ongoing Information and Education
OWTS Inspections and Retrofits
Pet Waste Ordinance Development
Fertilizer at Agronomic Rates
Non-permitted AFO Waste Management
Prescribed Grazing Management
Cover Crops
Irrigation Water Management
Stream Buffer
No-Till Farming
Filter Strips - Farmland
Filter Strips - Manure Application
Alternative Livestock Watering Sources
Wet Retention Ponds/ Constructed Wetlands
Riparian Fencing
Stream Restoration
WQT-FAS Projects
Total Load Reduction
Load/Concentrations after Reductions
% Reduction
Original Reduction Goal (%)
1

E. coli
(CFU/100mL)

Total N
(lbs)

Total P
(lbs)

Sediment
(tons)

3961
40
1
1
3
59
8
5
2
29
0
2
44
4
31
1
52
6
288
108
73%
72%

687,000
40,800
1,400
0
14,100
800
100
39,500
1,800
18,200
9,800
3,900
13,300
100
5,200
0
69,200
200
218,400
468,600
32%
32%

116,800
6,000
100
0
2,100
1,400
0
700
0
3,800
1,400
900
4,600
100
2,800
0
27,800
200
51,900
64,900
44%
44%

31,700
300
0
0
0
0
0
100
0
300
200
0
0
0
200
0
22,600
0
23,700
8,000
75%
75%

396 CFU/100mL based on calibrated water quality modeling results, which is different than monitored results
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Table 47: Estimated E. coli Concentrations after Pollutant Load Reductions
Title 117
Segment ID

Existing Seasonal Mean
(CFU/100mL)

Target
(CFU/100mL)

Estimated Post Implementation
(CFU/100mL)

310
392
550
462
170

112
110
110
111
112

*
108
100
89
87

LO4-10000
LO4-20000
LO4-30000
LO4-40000
LO4-50000

*LO4-10000 segment not included in model due to Mud Creek contribution. LO4-20000 segment used to
represent the watershed through modeling efforts. E

Achievement of the South Loup River Watershed Plan endpoints indicate E. coli pollutant
loads are within the loading capacity of each impaired stream segment, the water quality
standard of 126 cfu/100 ml is attained, and full support of the designated recreational use
has been restored.
10.05 SCHEDULE
A 27-year implementation schedule has been developed, though, it is anticipated that
through adaptive management necessary changes to this schedule may be made. These
may be based on watershed needs, effectiveness of actions, monitored results, and
changes in funding sources. It should be recognized here that watershed restoration and
planning is an ongoing and iterative process and there will be opportunities moving forward to better
address currently unknown issues and “informational blind spots.” To account for these potential
changes, formal plan updates are scheduled every five (5) years. Each five-year period is identified as an
increment. Plan reviews and updates will take place at the end of each increment. As updated priorities
are identified, public involvement activities will also be modified in accordance.
The length of this plan was calculated using the estimated cost of BMPs necessary to reduce E. coli load
reductions and meet WQS. Implementation is estimated to cost approximately $37 million dollars,
however $10 million of those costs are directed at only a few specific projects. Therefore, considering
possible funding sources of approximately $1 million per year, 27 years is the projected timeframe to
meet WQS. Year-to-year costs are expected to change for various reasons; for example the first years of
implementation will likely be less than average as they are focused on building new water quality
programs and awareness. Additional discussion on costs can be found in Chapter 10.08.
Table 49 identifies the schedule associated with plan implementation. The majority of BMP
implementation is expected to take place utilizing existing programs, such as EQIP. The LLNRD will work
with the NRCS at the start of each increment to update funding priorities and assist in directing BMP
funding towards priorities in the watershed plan. Additionally, it is anticipated that 319 funding will be
utilized for part of implementation during each increment. 319 funding is typically available for 2- 3 year

JEO Consulting Group, Inc.

Chapter 10

Page 154

South Loup River Watershed Management Plan

Lower Loup NRD

projects, and will be targeted towards high impact activities and projects which also align with NDEQ/EPA
priorities. The process of obtaining 319 funding includes project design, funding application, development
of a PIP, working with landowners, and project reporting. Additional details on how NDEQ/EPA Section
319 funding may be used can be found in Chapter 10.10.
Given the long time-frame of implementation, the complexities of building some of the BMPs, and the
limited resources available, plan stakeholders have identified the following implementation
considerations:
•
•
•
•
•
•

Special priority areas
Willingness of Landowners to implement management practices
Loading reduction estimates
Infrastructure issues or opportunities
Costs or funding source changes
Potential project partners

Table 48: Implementation Schedule

2nd
Increment

4th
Increment

5th
Increment

2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043

Item

1st
Increment

Year
3rd
Increment

Plan Review & Update
NRD Initiated Monitoring
3-Year 319 Project
Implementation
Apply for 319 Funding
Work with NRCS on EQIP
funding priorities
Review or Update
Educational Materials (as
needed)
NDEQ Basin Rotation
Monitoring
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10.06 MILESTONES
Within the context of plan implementation, milestones are special events that receive
attention. Milestones are typically thought of as the “end stage” or the outcome of a
particular set of events or projects; however, they can also mark developments before
the end of events or projects. In this way, when a milestone is reached, it can be
determined whether or not the current path of a project is successful, and if not, corrective action can be
taken. In essence, milestones are the benchmarks used for evaluating the plan. The following highlights
several types of milestones:
•
•
•
•
•

Any highly significant task, event, occurrence, or decision
Significant checkpoints or phases in a project’s lifecycle
A specific “percentage complete” for any given amount of work
The production of one or more planned project deliverables
The usage of a specific amount of funding or the passage of a specific amount of time

Due to the various ways milestones and implementation progress can be tracked, and also keeping in
mind that the implementation strategy may be adjusted over time, two sets of milestones have been
identified. Both sets are based on the 5-year increments of plan implementation so they can easily be
used for plan evaluation at every update. Table 50 illustrates milestones based on the necessary level of
pollutant reductions necessary to meet WQS. Table 51 illustrates milestones based on the estimated
number of each BMP to reduction pollutant loads and meet WQS.

BMP CALCULATOR TOOL
Included as part of this plan is a “BMP Calculator Tool.” A Microsoft Excel based tool that was built using
average results from the water quality model. Note that it is specific to the South Loup Watershed. It
enables estimates of loading reductions achieved by individual BMPs. A static version of this can be found
in Appendix I, while a copy of the Excel file is provided digitally. The BMP Calculator will allow the NRD to
estimate loading reductions achieved through implementation, for use in the evaluations against these
milestones. Additionally, the BMP Calculator Tool will prove useful when estimating the benefits of future
water quality projects, which is a required item when developing a PIP for a 319 funded project. Over
time, it is recommended that the water quality model and the BMP Calculator Tool be updated as future
water quality data becomes available, and to ensure they represent the conditions of the watershed.
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Table 49: Milestones for Pollutant Loading Reductions

Pollutant
E. coli
(CFU/1oo mL)

Total N (lbs)
Total P (lbs)
Sediment
(tons)

Cumulative Load /Concentration Reduction Milestones
(by 5-year Increment)
201720222027203220372021
2026
2031
2036
2041

Final Goal to meet
WQS

58

115

173

230

288

288

43,680
10,380

87,360
20,760

131,040
31,140

174,720
41,520

218,400
51,900

218,400
51,900

4,740

9,480

14,220

18,960

23,700

23,700

Table 50: Milestones for Conservation Practice Implementation
Cumulative Installation Milestone (by Increment)
Conservation Practice / Action

Final goal to
meet WQS by
Unit

20172021

20222026

20272031

20322036

20372041

OWTS Inspections and Retrofits

46

92

137

183

229

229

each

Pet Waste Ordinance Development

1

2

4

5

6

6

each

5,890

11,780

17,671

23,561

29,451

29,451

acre

59

118

177

236

295

295

each

Prescribed Grazing Management

16,003

32,006

48,010

64,013

80,016

80,016

acre

Cover Crops

4,071

8,142

12,214

16,285

20,356

20,356

acre

Irrigation Water Management

6,930

13,859

20,789

27,718

34,648

34,648

acre

Stream Buffer

6

13

19

26

32

32

acre

No-Till Farming

1,386

2,772

4,158

5,544

6,930

6,930

acre

Filter Strips

252

504

756

1,008

1,260

1,260

acre

Alternative Livestock Watering Sources

81

162

244

325

406

406

each

Riparian Fencing

12

25

37

50

62

62

mile

Wet Retention Ponds/ Constructed Wetlands

2

5

7

10

12

12

each

Stream Restoration

22

44

66

88

110

110

mile

1

2

2

each

Fertilizer at Agronomic Rates
Non-permitted AFO Waste Management

WQT-FAS Projects
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10.07 PLAN EVALUATION

ADAPTIVE MANAGEMENT
ADAPTIVE MANAGEMENT IS A SYSTEMATIC APPROACH FOR IMPROVING RESOURCE
MANAGEMENT BY LEARNING FROM MANAGEMENT OUTCOMES.
Adaptive management is a systematic process of “learning by doing” as illustrated in Figure 65. This
process involves evaluation of alternative hypotheses through the application of an experimental
management program. This allows for improving future management decisions in ecosystems based on
knowledge gained from previous management actions. This process is utilized in situations where it is
uncertain how exactly actions taken will affect the outcome, but decisions regarding management actions
must be made. Monitoring is designed to reduce uncertainty and move decisions forward. It is a process
of using the best available science to test hypotheses, implement management actions, learn from the
results, and revise actions as required.
The premise of adaptive management will drive the plan monitoring and evaluation process. The NRD will
utilize an adaptive management scheme to evaluate, plan, implement, and adjust. Assessing through
monitoring will take place continuously, with evaluation and adjustments taking place as necessary and
formally at the 5-year plan review/update. All available data will be utilized.

Figure 66: Basic Procedural Steps of Adaptive Management
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MEASURING AND EVALUATING PROGRESS
Progress of plan implementation will be monitored by the LLNRD, who will coordinate
with other agencies to identify the extent and level of BMPs implemented in the
watershed. As progress is tracked, the NRD will evaluate these records against the
milestones identified in the plan. The BMP Calculator Tool will be useful in this regard.
Progress will be tracked annually, as the NRD works to compile BMP implementation and monitors water
quality throughout the watershed. Should it be realized that implementation is falling short of milestones,
the LLNRD should consider assembling stakeholders to review or update strategies.
Implementation records will be compiled into a summary report for review during the 5-year update
process. If necessary, these can also be incorporated back into the water quality model. At this time the
plan will be formally updated to incorporate these records, new water quality data, and lessons learned
to improve the implementation approach. Stakeholders will have an opportunity to review the plan and
their input on priorities will be considered in preparation of starting the next increment.
During the 5-year plan update an evaluation will be made as to the degree of
implementation that has occurred within the watershed. If 20% of BMPs, which were
estimated to be needed in order to meet water quality standards, have been installed, the
stream will be re-evaluated for possible delisting of the impairment on the 2022 303(d) list.
If not, Phase II of this implementation plan will begin.

10.08 ADDITIONAL MONITORING
Expansion of the existing monitoring program in the watershed is planned. This will assist
in plan implementation performance monitoring and in further pollutant source
identification. Based on the recommendations presented in Chapter 7.07, the LLNRD has
made the following monitoring strategies a priority:
•
•
•

Expansion of E. coli sampling at the St. Michael ambient site from seasonal/basin rotation to yearround
Collection of eDNA during the 2017 recreation season to help identify the exact source of E. coli
Stream gaging for improved flow monitoring

The LLNRD will work with partners to implement each one of these as first steps towards implementation,
plan monitoring, and better pollutant source identification.
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10.09 COSTS
It should be noted that as new monitoring data and public input becomes available,
implementation strategies may change over time. The relative amounts of BMP
installation and unit costs are estimates based on professional judgement and are not
intended to commit the LLNRD, or any other stakeholder, to certain funding allocations
or actions.
Table 52 summarizes the cost opinions associated with all management actions identified in this plan.
Costs opinions were calculated based on literature reviews, project team experience, and information
provided by stakeholders. Cost opinions include staff time, design costs, materials cost, and
implementations costs, as appropriate. Every effort has been made to prepare realistic cost opinions;
however, due to the comprehensiveness and long-term implementation time frame, actual costs may vary
widely. This may be due to inflation, site specific conditions for structural BMPs, varying methodologies
for BMP implementation, or changes to the plan based on monitoring results, as well as other unforeseen
changes to operational costs. Detailed cost opinions will be prepared for each water quality improvement
project. Additionally, these estimates were developed for the priority BMPs, but other practices may also
be considered. This also includes costs for plan maintenance and updates or other evaluations necessary
to implement projects.
This cost opinion should be used for general planning purposes only, as cost opinions and budgeting
techniques can vary widely based on the type of project being planned. In addition, the reader should
keep in mind that cost opinions are representative of the total cost of implementation, which may
ultimately be shared among various stakeholders and land owners through cost-share and other funding
strategies. Stakeholder coordination is discussed in Chapter 10.02, and Chapter 8 explores financial and
technical resources which could aid in the implementation of this plan.

As new monitoring data and public input becomes
available, implementation strategies may change
over time. The relative amounts of CP installation and
unit costs are estimates based on professional
judgement and are not intended to commit the
LLNRD, or any other stakeholder, to certain funding
allocations or actions.
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Table 51: Implementation Costs for the South Loup River Watershed Plan
Conservation Practice / Action

Unit

Cost/Unit

Number
of Units

Total

Ongoing Information and Education
OWTS Inspections and Retrofits
Pet Waste Ordinance Development
Fertilizer at Agronomic Rates
Non-Permitted AFO Waste Management
Prescribed Grazing Management
Cover Crops
Irrigation Water Management
Stream Buffer
No-Till Farming
Filter Strips
Alternative Livestock Watering Sources
Riparian Fencing
Wet Retention Ponds/ Constructed Wetlands
Stream Restoration
WQT-FAS Projects
Updates to the Watershed Plan
Additional Monitoring

year
each
each
acre
each
acre
acre
acre
acre
acre
acre
each
mile
each
mile
each
each
year

$10,000
$5,500
$5,000
$28
$20,000
$10
$80
$14
$550
$10
$455
$1,000
$10,560
$100,000
$125,000
$4,000,000
$75,000
$10,000

37
229
6
29,451
295
80,016
20,356
34,648
32
6,930
1,260
406
62
12
110
2
7
37

$369,218
$1,259,500
$30,000
$824,628
$5,900,000
$800,160
$1,628,480
$485,072
$17,600
$69,300
$573,300
$406,000
$654,720
$1,200,000
$13,750,000
$8,000,000
$553,827
$369,218

Total $36,890,995
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10.10 319 PROJECT FUNDING ELIGIBILITY

OVERVIEW
Guidance from the NDEQ EPA Section 319 Program has been followed to develop this plan; however other
funding sources and programs are anticipated to be used to help implement this plan. This section has
been developed in response to requests by NDEQ and EPA to clarify and summarize what BMPs are eligible
for funding and implementation through the Section 319 program.
Implementing all identified BMPs will be critical to reducing pollutant loads and allowing water bodies to
meet water quality standard. However, it is not anticipated that the Section 319 program will participate
in all identified priorities. The NDEQ/EPA Section 319 program will provide funding, through grant
programs, to assist with implementation of certain priority BMPs. 319 Eligibility of BMPs is found when a
BMP meets three criteria: addresses an impaired waterbody, is considered cost effective, and is located
within a priority or target area. This relationship is represented in Figure 67. This can be summed up by
saying the 319 program is interested in getting the most “bang for the buck”.

Figure 67: Graphical Representation of how 319 Eligible BMPs are Identified*
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ADDRESSES AN IMPAIRMENT
This plan has been written to primarily address E. coli, therefore all BMPs identified in the plan (except
no-till farming) meet the first criteria of addressing a water quality impairment. However, as can be seen
in Table 52, each BMP has a different impact on reducing E. coli loads. No-till was identified as having no
effect on E. coli loads, therefore it is removed from further consideration.
Table 52: Cumulative Modeled Impact on Water Quality Impairment by BMP
Cumulative Impact on each
Conservation Practice

Water Quality Impairment
E. coli (CFU/100mL)
3961
40
1
1
3
59
8
5
2
29
0
2
44
4
31
1
52
6
288
108
73%
72%

Existing Load/Concentration
Ongoing Information and Education
OWTS Inspections and Retrofits
Pet Waste Ordinance Development
Fertilizer at Agronomic Rates
Non-permitted AFO Waste Management
Prescribed Grazing Management
Cover Crops
Irrigation Water Management
Stream Buffer
No-Till Farming
Filter Strips - Farmland
Filter Strips - Manure Application
Alternative Livestock Watering Sources
Wet Retention Ponds/ Constructed Wetlands
Riparian Fencing
Stream Restoration
WQT-FAS Projects
Total Load Reduction
Load/Concentrations after Reductions
% Reduction
Original Reduction Goal (%)
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BMP COST EFFECTIVENESS
The next step is to identify which BMPs are a “high impact practice”, in other words identifying which
BMPs provide a high amount of pollutant load reductions per unit of cost, relative to each other. To
identify these a comparison between costs and estimated load reductions was performed. BMP load
reduction estimates were provided in Chapters 10.05 and 10.06, and cost estimates were provided in
Chapter 10.09.
Table 53 gives the ratios of BMP costs to the estimated pollutant load reductions for BMPs that were
identified as addressing E. coli. The table is sorted from lowest cost/reduction to highest. The table is then
color coded such that green indicates a high priority, yellow is a medium priority, and red is a low priority.
The priority level was determined by analyzing the combination of BMP load reductions, cost, and the
relative ability of a given BMP to meet other goals identified in the plan. Information and education and
additional monitoring were not included in this analysis because, while important, it is difficult to apply
load reductions directly to these actions. It is assumed that I&E and monitoring activities are eligible for
319 funding. It is expected that high and medium priority BMPs will be eligible for 319 funding.
High priority activities (green) have the lowest cost/reduction ratios for E. coli, which is what the South
Loup River is currently impaired. The top three BMPs identified were stream buffers, filter strips at manure
application sites, and wet retention ponds/constructed wetlands which combined account for
approximate 42% of reductions. The high priority BMPs (seven total) account for approximately 71% of all
load reductions. This also includes waste management at non-permitted AFOs, which accounts for the
largest single load reduction for a BMP.
Medium priority activities (yellow), while not having as low of cost/reduction on E. coli loads, account for
an additional 23% cumulative reduction and only consist of three BMPs. Stream restoration BMP was used
as a cut-off for this category because the high pollutant load reductions it provides (21% on its own). In
addition to the first three medium priorities BMPS, OWTS inspections and retrofits was also included here
because these activities create great visibility for the watershed improvement efforts and create
opportunities for increased promotion of watershed improvement activities and education of
homeowners.
Low priority activities (red) are also indicated on the table and are not expected to be fundable through
Section 319. Between the high and medium priority practices approximately 93% of the expected
pollutant reductions can be achieved at a relatively low cost per reduction. These practices are prime
activities for 319 project funding. Additional reductions would come from the remaining low priority
BMPs, as indicated in the table; however these reductions would become much costlier and therefor may
be better candidates for other agencies or funding programs. For example, cover crops are being strongly
promoted in Nebraska by the NRCS and they would be a strong partner in helping to implement this BMP.
These BMPs may be “low priority” for 319 funding; however many of them help to meet other
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management goals of the LLNRD and area producers, so they are still considered an important piece of
this plan.
Table 53: Identification of BMP Cost Effectiveness*

Best Management Practice

Cumulative Load
Reductions
CFU/ 100
Percent of
mL
Total
29
12%
44
29%

Total Costs

Cost / Load
Reduction
$607
$5,791

Stream Buffer
$17,600
Filter Strips - Manure Application
$254,800
Wet Retention Ponds/ Constructed
31
42%
Wetlands
$654,720
$21,120
Pet Waste Ordinance Development
1
42%
$30,000
$30,000
Non-permitted AFO Waste Management
59
66%
$5,900,000
$100,000
Prescribed Grazing Management
8
69%
$800,160
$100,020
Alternative Livestock Watering Sources
4
71%
$406,000
$101,500
Filter Strips - Farmland
2
72%
$318,500
$159,250
Irrigation Water Management
2
73%
$485,072
$242,536
Stream Restoration
52
94%
$13,750,000
$264,423
Fertilizer at Agronomic Rates
3
95%
$824,628
$274,876
Cover Crops
5
97%
$1,628,480
$325,696
Riparian Fencing
1
97%
$1,200,000
$1,200,000
OWTS Inspections and Retrofits
1
98%
$1,259,500
$1,259,500
Water Quality Treatment & Flow
6
100%
Augmentation System Projects
$8,000,000
$1,333,333
*Color coding explanation: Green = high priority, Yellow = medium priority, Red = low priority

It should be noted that while useful for planning purposes, this analysis was done on aggregated data
across the entire watershed. It does not take into account site specific differences or unknown
opportunities which may present themselves during implementation. Plan sponsors should remain
flexible to work with these situations on a case-by-case basis. Additionally, as better monitoring data is
collected in the future our understanding BMP effectiveness in the watershed may change, and cost
efficiencies may change over time as well. This analysis should be updated in future plan updates.
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SUMMARY OF 319 ELIGIBLE BMPS
Based on the 3-part analysis, it is anticipated that the following practices will be eligible for 319 funds
when they are applied to priority or target areas within the watershed:
•

•

High Priority
o Stream Buffers
o Filter Strips (Manure Application Sites)
o Wet Retention Ponds/ Constructed Wetlands
o Pet Waste Ordinance Development
o Non-permitted AFO Waste Management
o Prescribed Grazing Management
o Alternative Livestock Watering Sources
Medium Priority
o Filter Strips (Farmland)
o Irrigation Water Management
o Stream Restoration
o OWTS Inspections and Retrofits

Remaining BMPs, while not eligible for 319 funds, may be eligible for other partner funding sources.
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Table 54: General Plans, Documents, and Information Sources
Document/Plan

Source

Natural Resources Conservation
Service (NRCS)

http://www.ne.nrcs.us
da.gov

Environmental Protection Agency
(EPA)
High Plains Regional Climate
Center (HPRCC)
Nebraska Game and Parks
Commission (NGPC)
U.S. Fish and Wildlife Service
(USFWS) Information, Planning,
and Conservation System (IPaC)
Nebraska Department of
Environmental Quality (NDEQ)
Title 117
U.S. Census Bureau
University of Nebraska-Lincoln

http://www.epa.gov

http://www.hprcc.u
nl.edu/
http://outdoornebrask
a.ne.gov
http://ecos.fws.gov/ip
ac
http://www.deq.ne.go
v
http://www.deq.ne.go
v
http://factfinder.censu
s.gov
http://snr.unl.edu

USDA Census of Agriculture

http://www.agcensus.
usda.gov/

Cropland Data Layer (CDL)

http://datagateway.nr
cs.usda.gov/

NRCS Web Soil Survey

http://websoilsurvey.s
c.egov.usda.gov/
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Description
A federal agency that is under the USDA that is
responsible for conservation of natural resources on
private lands
Provides information to manage human health and
environmental risks
As one of six NOAA Regional Climate Centers,
State agency that plans and implements policies in
relation to the state's fish, wildlife, park, and
outdoor recreation resources
Provides information on threatened or endangered
species, critical habitat, or other natural resources
are within the vicinity of a proposed project
Enforce regulations and provide assistance on the
quality of Nebraska's air, land, and water resources
Nebraska surface water quality standards
Provides information about the people and housing
of the U.S. Updated 2010
GIS water and geology databases
The Census of Agriculture is a census conducted
every five years by the U.S. Department of
Agriculture’s National Agricultural Statistics Service
(NASS) that provides the only source of uniform,
comprehensive agricultural data for every county in
the United States.
The CDL is a complete, geographically referenced
classification of all satellite ortho-imagery data
within a state by crop or land cover. Created by the
USDA, National Agricultural Statistics Service,
Research and Development Division, Geospatial
Information Branch, Spatial Analysis Research
Section.
Web Soil Survey provides soil data and information
produced by the National Cooperative Soil Survey. It
is operated by the USDA - NRCS
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Back cover of plan features a “word cloud”, or a visual representation of themes discussed throughout
the plan. The relative size of each word in the image is based on the number of times used in the plan or
its relative importance to the plan.

